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GENERAL  ©  ELECTRIC

GENEF`AL    ELECTPIIC    COMPANY   ......    316     EAST    NINTH    STPIEET
OWENSBORO,    KENTUCKY    42301,    Phone    (502)    683-2401

October   25,   1972

TO:    CUSTOMERS   FOR   GENERAI.  ELECTRIC  MICROWAVE   DEVICES

ELECTRONIC
COMPONENTS
BUSINESS
DIVISION

TUBE    PRODUCTS    DEPARTMENT

Enclosed  ls  your  personal  copy  of  GE'8  '"1crowave  Devices  Reference  Manual",
TPD-6101.     Please  discard  ETD-6019,   the  previous  version  of  the  manual,   as
lt  is  now  outdated.

Note  that  we  have  included  data  sheets  on  all  "popular"  types.     If  sheets
±=±  included,  an  asterisk  (*)  will  appear  after  that  type  number  llstlng
on  the  blue  index  tabs.     If  you  require  data  sheets  for  other  types  or
need  more  lnformatlon  on  any  GE  Microwave  Device,   please  contact  the  GE
sales  office  nearest  you  (listed  on  the  back  cover  of  the  manual)  or  either
of  the  undersigned.

Thank  you  for  your  busineBs!

::€i'
^i.ife-

N.   Holeman
rowave  Devices  Products  Section

Owen8boro,   Kentucky
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•.J +i                    TO MAKE

--I. L`           GENEF3AL ELECTF3[C
•7777.`mlqiF`                   YOUF3  BEST  BUY
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Microwave  Tube  Operation
Schenectady,   New  York



I  would  oppreciale  the following  action  regarding  GE Microwc.ve  Devices:

I   Please  have a salesman call.
I   Please  provide .................... additional  copies  of  General  Electric

Microwave  Devices  Reference  Manual,  TPD-6101,  $5.00
per  copy  (complimentary to  customers).

I   Please  provide  specific  recommendations for  my  appliccition  listed  below:

Freq......................Gclin

Osc.         H
Amp.        H

Pu'sed=
Plate
Grid
Cathode

Ow

Company

Band  width

Pulse width

Interested  in:  Device  only   I
Device  and  Circuilry   I

Olher  Requiremenls:

Address

Sto,e.-----------.--.---.Zip------..-...--..

I  would  cippreciate  the following  action  regarding  GE Microwave  Devices:

H   Please  have cl  salesman  call.
I   Please  provide .................... additioncil  copies of General  Electric

Microwave  Devices  Reference  Manual,  TPD-6101,  $5.00
per  copy  (complimenlory  to  customers).

I   please provide specific recommendations for my application  listed  below:

Freq......................Gain

Osc.         H
Amp.       I

Pulsed:
Plate
Grid
Cathode

CW

Company

Address

Band  width

Pulse  width

Interested  in:  Device  only   I
Device  and  Circuitry   I

Orher Requiremenls:

---.-----...----.-.----.--   Title

Stale--------------------Zip----------------

I  would  apprecicite the following  action  regarding  CE Microwave  Devices:

I   Please  have a scllesman  call.
H   Please  provide .................... additional  copies of General  Electric

Microwave  Devices  Reference  Manual,  TPD-6101,  $5.00

per  copy  (complimentary  to customers).
H   Please  provide  specific  recommendations for  my  appliccltion  listed  below:

Freq,.....................Gain

Osc.        I
Amp.        H

Pulsed:
Plate
Grid
Colhode

CW

Name-...-----

Company

Address

Band   width .................................,.....

Pulse  width

Interested  in:  Device  only   I
Device  cind  Circuitry   I

Other Requirements:

•  Std,e .--.-.---..-..--....  Zip .--.---.--------



BUSINESS    REPLY    MAIL
First  Class  Polmit  No.  477  0wensboro,  Kentucky

R.   L.   TOTH

Mgr. - A  a  S P
General  Electric Company
Ttibe  Prodi[crs  Depdrhnenl
316 East 9Ih Street
Owensboro,  Kentucky 42301

No
Postage Stamp

Necessary
lf Malted  in  the
United States
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Postage Stamp

Necessary
lf Mailed in  the
United States
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Reference Data For
General Electric
Microwave Producls*

CONTENTS
•   Klystrons                                                             Tab  1

•   MicrowavecircuitModules(MCMS)        Tab  2

•  Planar Triodes and powerTubes             Tab  3
(Production  Types)

•  PlanarTriodes and powerTubes             Tab  4
(Development  Types)

•  Magnetrons                                                     Tab  5

•  Solid state Devices                                      Tab  6

•  Accessory components for                       Tab  7
M icrowave  Devices

•  Application  Notes                                           Tab  8

"`Capability"   is  shown  by  listing  ``Device  Performance."   lf  your  applica-

cation   is  not  covered  by  a  specific  device,  see  your  local  Sales  Repre-
sentative  for  specific  recommendations,  or  write  Customer  Information,
General   Electric,  316  E.  9th  Street,  Owensboro,  Kentucky    42301.

Microwave  Devices  Products  Section

TUBE PRODUCTS DEPARTMENT
Owensboro,  Kentucky         Schenectady,  New York

GENERAL ©  ELECTRIC

(CONTINUED  0N   REVERSE  Slt)E)
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MICROWAVE   DEVICES   OFFERED...
BY  TYPE   DESIGNATloN

KLYSTRONS
TAB    11

ZM-6800 series high-power custom designs for typical parameter combinations.

MICROWAVE   CIRCUIT   MODULES   (MCMS)
TAB2

C-2002A*
C-2003C*
C-2006C*
C-2007*
C-2013*

C-2014*

C-2015*

2822

2C39A

2C39B

2!C;3ENA

2C40A

2C42

2C43

2C46

3CX100A5

3CPN10A5

GL6251

GL6283*

6299*

6442*

6771

GL6848

C-2020A*
C-2035C*
C-2062*

C-2070Jt
C-2070Kt
C-2070Lt
C-2070Mt

C-2070Nt
C-2070Pt
C-2080
C-2080A
C-2093Bt
C-2098

PLANAR   TR]ODES  AND   POWER  TUBES
(ProdLiction  types)

TABS

6897

GL6942*

7077*

7266

7289

7296

7391

GL7399*

7462*

7486*

7588

7644

7720

7768*

7784

7815*

7815R

7841

7910*

7911*

7913

GL7985

8082

8083

GL8500*

GL8513

8751

GL8866*

GE14811*

GE1537l*

GE16231*

GE16411*

GE16841*

GE17241*

GE17701*

GE18651*

GL51025*

GL51038*

GL51038R

GL51064*

GE12661*                           GL51065*

GE13971*                          GL51070

GE14501*                          GL51074

:3Fet:j'£gpr83:atastrveeetfsoraa:tajnoc+u8#erjTyptehs:ora;nrrt%'c°u:tot#::e,ni#isatjs£,eG€°ng;a,GEreecrtar'jc,E!e]%trf£
9th  Street,  Owensboro,  Kentucky    42301.

tlndicates solid-state devlce.
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PLANAR   TRloI)ES  AND   POWER  TUBES
(Development  Types)

TAB4

A-0897                                                          Y-1530*

A-0911                                                          Y-1536

A-0913                                                         Y-1540

Y-1032                                                         Y-1541*

Y-1124*                                                       Y-1549

Y-1171*                                                        Y-1610

Y-1223*                                                      Y-1636*

Y-1251 *                                                        Y-1692*

ZM-6046

ZM-6047

ZM-6051

ZM-6085

ZM€086

ZM-6087

ZM-6203

ZM-6205*

Y-2109Ft

Y-2109Gt

MAGNETRONS
TABS

ZM-6211A

ZM-6220

ZM-6222*

ZM-6231

ZM-6238

ZM-6239

ZM-6240

ZM-6242

SOLID   STATE   DEVICES
TAB6

Y-2109Jt
Y-2140At

Y-1763*

Y-1774*

ZP-1015

ZP-1026

ZP-1034

ZP-1039

ZP-1057

ZP-1079

ZM-6243

ZM-6246

ZM-6257*

ZM-6265*

ZM€276*

ZJMRTJ|*

ZM-6287*

Y-2140Bt
Y-2140Ct

;tBh%Satj;E:?,r8o:;::asstbp:e:eot,fsok:#::.:fhu492$3#oeLr.jnty±h!:or#rrt='c°uttotk::elm?o?:S;ti:n=G:°n::aiGER±rtar'jc,Eiff6tri:

tlndicates  solid-state  device

(CONTINUED   ON   REVERSE  SIl)E)



ACCESSORIES   FOR   MICROWAVE   COMPONENTS
TAB7

A.      ISOLATORS   AND   CIRCULATORS

ZS-8000 series custom-designed stripline types (See Tab 7 for typical  Para-
meter combinations  available).

8.     TRIGGERED   VACUUM   GAPS

ZR-7512*

ZR-7513

ZR-7516

ZR-7517

C.      HYDROGEN   THYRATR.ONS

GL7390*

GL7890

GL8326

D.      HI-TECH   CERAMICS

AT-100

A-919

A-923

A-994

A-1000

A-1004

0W-6

F-118

F-202

E.      PULSEl)   IGNITRONS

GL-5630

GL-6228

GL-7171

GL-7703*

GL-37207

GL-37248

*Detailed    data    sheets    are    included    in    this    manual    on    these    types.    See   your   General    Electric

§tah'e§trE:?,reos£:iastj:?o:°ke#utack;n 4°2t3hoeLr.  types.  Or  Write  CLJstomer   Information,  General   Electric,  316   E.
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I-PRODUCT  INFOFtMATION-

MILITARY   [QIJIPMENT

TYPES   MANUAL

HIGH-POWER   KLYSTRONS

- Page-1  --127o
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IIIGIT-POWER  KLYSTRONS

General  Electric  has  I)c`cii  ni,|n``facturiiig  l`igli-power  iT```lt.iplc-rf`sonalor  amplificr  klystrons  for  nearly  two
decades  and  a§  a   res`ilt  has  cle`Jelo|)€.d  a  u'i(I(`  ant`  `'(`rs,|tilt.  design  cind  t`i.`nura{`t`iring  capal)ility.     Chc`ck  these  features
which  charac.tcri7,[`  G(-neral   Elc`(`tric  kLystroiis.

•   Entirc`ly  metal-and-ceraiT`ic  con.str``c`tioi`.     Gclleral  F,lc.c.tric  pioneci.ed  in  the  design  and  appli(-ation  of  high-
power  ceraniic  RF  o`itp`it  windows.

•   Tunable  types  are  clcsigned  s`ich  tliat  ear.h  cavity  tune..s  at  the  same  rate:  th``s,   multiple-cavity  tuners  Banged
together  will  provide  fi`ll  specification  I)erformance  a.cross  tuning  rai)ges  of  up  to  15  percent  `b.ithout  trim-
tuning  individual  resonators.

•  Electron  g`in  desigl`s  with  i`oii-intercepting  shadow  grids  are  now  available  to  simplify  mod``lator  req`iire-
ments.   I)artic`ilarly  wherc`  sophistic.ated  pu[§e  trains  or  `Jery  high  pulse  repetition  rates  are  needc`d.     Tliese
grids  ar.  c.apable  of  pulsing  beam  c`irrent  with  a  grid  voltage  swing  on  the  order  of  5  percent  of  beam  voltage.

•  Ion pumps  are  an integral  part  of each klystron.    This  device  pro`Jides  continuous  pumping  action  th`is  asBur-
ing  the  maintcna.nce  of  excellent  vac``um  conditions  conducive  to  long  life  and  reliabili.ty.     The  current  drawn
by  the  pump,   on  the  order  of a  few  mic.roanii)ere§,   is  a  direct indicator  of the  amount  of  gas  present  in  the
tubc`  and  can be  a  valuable  aid  in  detecting adverse  operating  or  environmental  conditions  and in forecasting
end  of  life.

•   Conservative  design  is  the  key  word  for  long  Life  a.nd  reliability.     With  respect  to  emission densities,   elec-
tron  beam  densitic.s,   collector-dissipation  capability,   voltage  gradients  and  RF  window  designs,   we  strive
for  reserve  capability.     Thesr`  factors  of  safety  contribute  to  stability  and  to  invulnerability  to  adverse
operating  paramet.r  adjustnients  or  fluc.tuations.

•  Our  broadband  t``bcs  exhibit  oi`tstanding  performanc.e  as  described  below and  are  completely  tunerless.     The
excellent  broadband  response  is  rigidly  and  permanently  determined in the  process  of manufacture.

•  Modular  design  facilitates  the  I)r,|clical  and  economical  repair  of General  Electric  klystrons.    Any major
subassembly  can bc  reaclily  replaced.     The  nccd  for  costly  new  replacement  tubes  is virtually  eliminated.

Types  being  produced arc  pulsed-ami)lificr  klystrons  for  radar  transmitters.    Ratings  on these  types  aLre  pre-
gently  U. S.   classified  and  can  be  made  available  on  req`ic.st  wit.h  the  establishment  of appropriate "need  to  know. "

Tunable  m`ilti-mcgawatt products  in  both  L and  S frequency bands  are  available.    Tunerless  broadband  kly-
strons  in  UHF,   L and  S  Bands  have  I)con  successfully produced  to  provide  rcsponse§  that are  flat  within  I  decibel
over  bandwidths  ranging  up to  8 perceiit  under  consta.nt  RF  drive  conditions.    Minimum  efficiencies  are  typically
35  percent.

Techniques  for  achieving  broidban{l  performance  have  been highly  refined ai`d  computer-optimized.    We  are
in a  position  to  apply  thcsc  techniques  in  dc.riving  new  types  for  bandwidths  up  to  10  percent,   depending  upon power
level  and frciquency,   with  int.rest  in the  range  from  U[IF  to X-Band.

In  o`ir  research  ancl  development a{:tivities,   too,   various  techniques  are  continually  under  investigation  for
improving  klystron  efficielicy,   with  §pclce  and  airborne  applications  in  mind.     One  experimental  computer-optimized
klystron,   for  example.   has  denionstratcd  an  efficiency  in  excess  of  60  percent  without  collector  voltaLge  depression.

Additional  information on how  these  techniques  can  be  applied  to  your  klystron needs  may bc  obtained  by  con-
tacting  your  local  GE  Electronic  Components  Sales  Office.
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C-2002A
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The   C-2002A   is   a   microwave   circuit   module   containing   a   master   oscillator   and   power   amplifier   using

planar  ceramic  triodes.    This  tube-circuit  combination   is  intended  for  pulsed  transponder  applications  at  1090
MHz   and   features   stable   operation   in   adverse   temperature  environments,   for   wide  ranges   of   duty  factor  and
under  severe  load  mismatch  conditions.    The  oscillator  stage  is  grid  pulsed  and  the  amplifier  is  F`F  drive  pulsed
with  f ixed  cathode  bias.

Frequency  (Fixed)
Peak  Power  Output
Plate  Voltages
Plate  Current  (Total)
Heater  Voltage
Heater  Current

TYP.CAL   SPECIFICATIONS
DESCRIPTloN

1090           MHz
700w

1000            Vdc
20mA

6,3±0.3            \/ac
1.1A

Osc i I lator  Bias   .........,.....,.

Amplifier  Bias

Duty  Factor
Output  Impedance

•.......- 80                  .`c,`,

L 25             Vdc

hao      ohmo:0
Output  connector                                                .........   I .....          SMC
Coupling

ENviRONmENTAL cHARACTERlsTics

. apacltance  Probe

Note:     Type   C-2002A   represents   only   one   of   several   basic   families  of  General   Electric  Mcm.s  presently  available.    For special
variations  in  electrical,  physical  and  environmental  characteristics,  contact  your  nearest  GE  Sales  Ollice  for  assistance.

WARNINC
Personliol   should   not   be   exposed   to  the   microwave   energy   which            must  be  RF  look  proof.    Never  operate  this  device  wi         -.-.. cro-
may  radiate  from  tllis  device  if  improperly  used  or  connected.    All            wave   energy   absorbing   load   attached.      Never   look        o   ..n  `pen

waveguide or antenna while the device  is energized,input   and   output  RF  connections,   waveguide  flanges  and  gaskets

TIIIi'   devlccs   and   oirong('mE.nls   di5c[os(.d   h-'reln   inor   b.    covllicd   by   pclll.nts   of   GI  I
€..al   El®clrlc   Company   a.   others    N€lther   thE   disclo!uie   ol   any   informotion   h€.r®.n   nor
ll`e   .all.   of   dev]ce!   by   General    Flo(lric   Company   (onveys   any   llcen5e   under    pol€nl
clalms   covering   combinal.on]   ol   lhe!e   devlc..S   wilh   olhol   dGwict.}   or   eleiTienls     ln    lhe

absence   of   ar.   express   w.inen   agroemei.l   lo   ll`e   corilrory,   Ceneral   Elect    `          .-,. ir.`
assumes   no   liability   fo.   palen.   infringemenl   ori!ing   oul   of   any   use   of   .I.               v.
with  olher  devices  ar  elements  by  any  purchaser  or  others.

GENEnAL ©  ELEo"IC
Supersedes  PI   Sheet  dated  12-69
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C-2003C

The  C-2003C   is  a  master  oscillator-power  amplifier  using  planar  ceramic  triodes,    This  microwave  circuit
module   is   intended  for  pulsed  transponder  applications  at  1090  MHz  and  features  stable  operation   in  adverse
temperature   environments,   for   wide   ranges  of  duty   factor   and   under  severe   load  mismatch   conditions.     The
osc'illator  stage  is  grid  pulsed  and  the  amplifier  is  RF  drive  pulsed  with  fixed  cathode  bias,

The  C-2003C  features  significant  size  reduction  over  earller  designs  specified  for  the  same  application.

|.J

I '1N a
RF UTPUT
CO NECTOR

I

I

Frequency   (Fixed)
Peak  Power  Output
Plate  Voltages  .
bi;i; 6:;;;;I_-(tut)
Heater  Voltage
Heater  Current

TYPICAL   SPECIFICATIONS

DESCRIPTION

1090           MHz
700w

1000           Vdc
20mA

6.3±0.3            Vac
1.1A

Oscillator  Bias
Amplifier  Bias
Duty  Factor
Output  Impedance
Output  Connector
Coupling

ENv I RONmENTAL  cHARACTERISTics

-80            Vdc
+ 25             Vdc
1.0%

50         Ohms

Capacitance  Probe

Note:  Type   C-2003C   represents   only   one  of   several   basic   families   of  General   Electric   MCM's   presently  available.    For special
variations   in  electrical,   physical   and  environmental   characteristics,  contact  your  nearest  GE  Sales  Olfice  tor  assistance.

=1

WARNING
Personnel   should  not  be  exFlosed  to  the  microwave  energy  which           must  be  RF  leak  proof.    Noyer  operate  this  device  without  a  micro-mayradiatefromthisd®yiceifimproperlyusedorconnected.Allwaveenergyabsorbingloadattached.NeverlookintoanopeninputandoutputRFconnections,waveguideflangesandgasketswaveguideorantennawhilethedovicoisenergized.

The  devices  and  arrangemenlg  disclosed   herein   may   be   covered   by  pot®nts  of  Gen-            absence   of   an   expr®sS   written   ogi®om®nt   to   the   contrary,   General   Electric   Company
a.al   Electric  Company  or  olhers.   Neilhor  llio  disclo!uro   of   any   informalion   heroin   nor             assume.   no   liability   for   pa.ent   in fr;ogemenl   ori.ing   oul   a;   any   use   ol   .he.e   devices
the   solo   of   device]   by   C®noral   El®ctric   Company   conveys   any   license   under   potent  .        with  other  devices  or  olemenl!  by  any  purchasol  or  othorl
claim!   covering   combinations   of   these   devices   wilh   otlier   devlce]   or  ®lomeri.s.   In   the

GENEnAL © ELEc"io
Supersedes  PI  Sheet  dated   12-69
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MCM  Oscillator
C.20060
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The  C-2006C  is  a  microwave  circuit  module designed  as  local  and/or  low  power  oscillators  at  P/L band
.frequencies.    This  tube-circuit  combination  uses  lumped  constant  circuit  components,  a  fast  warm-up  planar
triode and potted  construction.   These  features provide  small  size and  weight,  mechanical  ruggedness and
fast  warm-up  capabilities.    The  choice of  components  also  permits  operation  over  wide  temperature  ranges,
in  high  nuclear  radiation  environments,  and  at  relatively  low  voltages.

Frequency   (Fixed)
Peak  Power  Output
Plate  Voltages
Plate  Current   (Total)
Heater  Voltage
Heater  Current
Tuning   (Trimmable)

Temperature  Range
Vibration

TYPICAL   SPECIFICATIONS
DESCRIPTloN

....., 6.3

Osci I la(or  Bias
Duty  Factor
Output  Impedance
Output  Connector
Coupl ing

ENVIRONMENTAL  CHARACTERISTICS

(External  Rk)

50          Ohms

Inductive  Loop
1.3     Ounces

Note:  Type   C-2006C   represents  only   one  of   several   basic   families   of  General   Electric   Mcm's   presently  available.    For special
variations   in  electrical,   physical  and  environmental   characteristics,  contact  your  neaiest  GE  Sales  Office  for  assistance.

WARNING
Personnel   should  not  be  exposed  to  the  microwave  energy  which           mllst  be  RF  leak  proof.    Never  operate tliis device  witliout. a  micro-
may  radiate  from  this  device  if  improperly  used  or  connected.    All           wave   energy   absorbing   load   attaclied.      Never   look   into  an  open
input   and  output  RF  connections,   waveguide  flanges  and  gaskets           waveguide or antenna  while the device  is ®norgized.

GENERAL ©  ELEO"lc
Supersedes  PI   Sheet  dated  12-69
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C-2007
MCM  Oscillator

The  C-2007   is  a  microwave  circuit  module  designed  for  grid  pulsed  use  at  X-band.     This  MCM  uses  a  fast
warm-up  X-band  planar  triode  and  features  small   size  and  weight  plus  tolerance  to  high   levels  of  shock  and
vibration.      The   C-2007   consumes  only   about   1.2  watts  of   filament   power  and   can   be  pulsed  at  short  pulse
durations   of   less   than   50   nanoseconds.      The  output   connection   is   adaptable  to   strip-line   circuitry  and/or
isolator-circulators.

Frequency   (Fixed  Between)  ...........
Peak  Power  Output
Plate  Voltage
Plate  Current  (Pulse)
Heater Voltage
Heater  Current
Tuning  (Trimmable)

Temperature  Range
Frequency  Stabi I ity
Cool i ng

TYPICAL   SPECIFICATIONS

DESCRIPTloN
GHz

5.0w
350          Vdc
350            rnA
6.0          Vac

L190                 A
±15           MHz

Oscillator  Bias
Pulse  Duration
Duty  Factor
Output  Impedance
Output  Connector
COupling

-20         Vdc
500             ns
0.2%
50      Ohms

Capacitance  Probe
1.0  Ounces

-54  to  +  100  OC

50  kHz/oc
Conduction

ENVIRONMENTAL   CHARACTERISTICS

Note:     Type   C-2007   represents  only   one  of  several   basic  lamilies  of  General   Electric  MCM's  presently  available.    For  special
variations  in  electrical,  physical  and  environmental  characteristics,  contact  your  nearest  GE  Sales  Office  for  assistance.

WARNING
Personnel   should   not   be  exposed  to   the  microwave  energy   which             must  be  RF  leak  proof.    Never  operate  this  device  without  a  micro-mayradiatefromthisdevtcelfImproperlyusedorconnected.Allwav.eenergyabsorbingloadattached.NeverlookintoanopenInputandclutputRFconnections.waveguideflangesandgasketswaveguideorantennawhilethedeviceisenergized.

Tl`e   d..v  ..I  t   and   a..anc`,..ml.ni]   di!closi.d   tn  r..in   may   b[.   cov..red   by   polenls   ol   Gen-
eial   Eltc)-Ic   rompany   (»   a.hll   5     N€.lhEw   lh..   disclosure   of   any   lnforrr,ollon   h-.I-'In    nor
•he    sale    Df    devlc..I   by    Glrlt./al    EI.[lr        Comf)any   conveys   any    llcensl.    under    palenl

cloi.in   [ov..iing   (  )mbincilion!    ol    .l`I.s€     cl..vic..a    wilh    olbe.r    dt.vice.   or   elamt.nl!     In    lhe

GEN ERAL ©  ELECTRIC
Supersedes  PI  Sheet  dated   12-69
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C-2013
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The  C-2013   is  a  microwave  circuit  module  designed  for  grid  pulsed   service  at  L-band.     This  tube-cavity
combination  features  small   size  and  weight  and  high  pulsed  power  output.     A  bonded  heater  planar  triode  is
used,   resulting  in  fast  warm-up,  tolerance  to  high  levels  of  shock  and  vibration,  and  a  wide  temperature  range
of operation.    Grid  pulsed  operation  minimizes  modulating  power  requirements.

lE,D•UNTINI0LEATER
I.15"

MOUNTlHOLETUNltSCRE'±EEIDD©
rna     ``---'       I

a

C

Frequency  (Fixed)
Peak  Power  Output
Plate  Voltage
Plate  Current  (Pulse)
Heater Voltage
Heater  Current
Tuning   (Trimmable)

Temperature  Range
Shock
Life.  .

TYPICAL  SPECIFICATIONS

DESCRIPTION
1.9               GHz

1500                   w
1750              Vdc
3.5A
6.3              Vac

..1.2                       A
±10              MHz

ENVIRONMENTAL
- 40 to + 75  oC

200G  for  11  ms
50  Hours  (min)

Oscillator  Bias
Pulse  Duration
Duty  Factor
Output  Impedance
Output  Connector
COup I i ng

-80            Vdc
500                ns

0.50                   %
50          Ohms

Capacitance  Probe
4.0      Ounces

CHARACTERISTICS

Warm-up  Time,  maximum

Up  to  1.5:1
Conduction
5sec

Note:     Type  C-2013  represents  only  one  ol  several   basic  families  ol  Geneial   Electric  mcM's  presently  available.    For special
variations  in  electrical,  physical  and  environmental  characteristics,  contact  your  nearest  GE  Sales  Office  for  assistance.

WARNING
Personnel   should   not  be  exposed  to  the   microwave   energy   which               must  be  PIF  leak  proof.    Never operate  this  device  without  a  micro-mayradiatefromthisdeviceifimproperlyusedorconnected.Allwaveenergyabsorbingloadattached.NeverlookintoanopenInputandoutputRFconnections,waveguideflangesandgasketswaveguideoranter`nawhilethedeviceisenergized.

The  devices  and  arrong®menls  disclosed   heroin   may   be   covered   by  po.ents  ol  Gen-
eral   Electric  Company  or  other..  Neilhar  lh.  di"losurc  ol  any  informotion   herein   nor
the   ]ale   Of   devices   by   Cenerol   El®ctric   Company   conveys   any   license   under   p®t®nt
claims   coy.ring   combinotionS   ol   lhe!e   devices   with   other   devices   oi   ®l®m®nt..   In   the

absence  of  an   exprels  written   ogreem®nl   .a   lhe  conlrary,  Cen®r.I   Ele.lric   Company

:#mo::a:°d:i:cbj!;t!, 'e°,rempea;:.nth;n:::;Opeu::::sea,'':i,n:,ho.U,'..Ot  any  llse  of  tl`ese  devices

GENERAL ©  ELEC".0
Supersedes  PI  Sheet  dated   12-69
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C-2014

The  C-2014   is  a  microwave  circuit  module  designed  for  grid  pulsed  service  at  S-band.     This  tube-cavity
combination  features  small   size  and  weight  and  high  pulsed  power  output.     A  bonded  heater  planar  triode  is
used,  resulting  in  fast  warm-up,  tolerance  to  high  levels  of  shock  and  vibration,  and  a  wide  temperature  range
of operation.    Grid  pulsed  operation  minimizes modulating  power  requirenients.

Frequency  (Fixed)
Peak  Power Output
Plate  Voltage
Plate  Current  (Total)
Heater  Voltage
Heater  Current
Tuning  (Trimmable)

Temperature  Range

TYPICAL  SPECIFICATIONS
DESCRIPTION

2.5           GHz
1500                  w
1750           Vdc
3.5A
6.3            Vac
1.2A

±10            MHz

ENVIRONMENTAL
-40  to  +75  oC
200G   For 6 ms
50  Hours  (min)

Oscillator  Bias
Pulse  Duration
Duty  Factor
Output  lmpedance
Output  Connector
COupling

-80          Vdc
500              ns

0.50                 %
50        Ohms

Capacitance Probe
3.5    Ounces

Up  to  1.5:1
Conduction

CHARACTERISTICS

Warm-up  Time,  maximum 5sec

Note:     Type  C-2014  represents  only  one  of  several   I)asic  families  of  General   Electric  rvlcM's  presently  availal)le.    For special
variations  in  electrical,  physical  and  environmental  characteristics,  contact  your  nearest  GE  Sales  Office for  assistance.

WARNING
Personnel   should   not  be  exposed  to  the   microwave  energy  which           must  be  RF  leak  proof.    Never  operate  this  device  without  a  micro-mayradiatefromthisdeviceifimproperlyusedorconnected.Allwaveenergyabsorbingloadattached.NeverlookintoanopeninputandoutputRFconnections,waveguideflangesandgasketswaveguideorantennawhilethedeviceisenergized.

TI1(.   devlc-..  and   orrang(imenl[   d[.closed   h®ieln   may   b®   cover(.d   by   pa.enls   of   Cen-
®rol   El..ctiic   Company  oi   olhorl    Nellli.r   Ill.   dilcloiur®   of   any   mlo.mat.on   her.in   nor
•he   .ale   of   d.vice.   by   General   E]eclrlc   Company   corivey.   .ny   lic®n.e   und.I   I.tent
clailTii   covering   comblnallonf   of   lhe.a   device.   wilh   olLier   device)   or   elemenls     ln   lli.

ab.encc  of  an   expre..  writ.en   agr®emenl  to  .he  con.rary,   Conerol   Elec..ic   Colilpany
auum.!   no   liobility  for  patent  infringelTient   ori.ing   oul   of  any   ute  of  tl`es.  devic.i
wi.l`  olti®r  devices  or  .lerten.s  by  ai.y  purchaser  or  olher].

GEN ERAL ©  ELECTRIC
Supersedes  PI  Sheet  dated   12-69
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C-2015

The  C-2015   is  a  microwave  circuit  module  designed  for  grid  pulsed  service  at  C-band.     This tube-cavity
combination  featufes  small  size  and  weight  and  medium  power  output.    A  bonded  heater  planar  triode  is used,
resulting   in  fast  warm-up,   tolerance  to  high   levels  of  shock  and  vibration,   and  a  wide  temperature  range of
operation.    Grid pulsed operation  minimizes  modulating  power  requirements.
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Frequency  (Fixed)
Peak Power Output
Plate  Voltage  ..... {
plate  Current  (Total)
Heater Voltage
Heater  Current
Tuning  (Trimmable)

TYPICAL   SPECIFICATIONS

DESCRIPTION
6.0             GHz
80w

500            Vac
700               rnA
6.3             Vac

0.25                  A
± 20             MHz

Osci llator Bias
Pulse  Duration
Duty  Factor

-40            Vdc
50ns
1.0%

Output  Impedance
Output  Connector
Coupling

ENVIRONMENTAL   CHARACTERISTICS

50         Ohms

Capacitance Probe
1.5      Ounces

Note:     Type  C.2015  represents  only  one  of  several   basic  families  of  General   Electric  MCM.s  presently  availat)Ie.    For special
variations  in  electiical.  iihysical  and  environmental  characteristics,  contact  your  neaiest  GE  Sales  Oflice  tor  assistance.

WARNING
Personnel   should  not  be  exposed  to  the  microwave  energy  which             must  be  RF  leak  proof.    Never operate  this  device  without  a  micro-mayradiatefromthisdeviceifimproperlyusedorconnected.Allwaveenergyabsorbingloadattached.NeverlookintoanopeninputandoutputF`Fconnections,waveguideflangesandgasketswaveguideorantennawhilethedeviceisenergized.

The  devlcef  end  a.rangem.nl]  di)clo.ed   hereln   may   be  cov.red   by   pglen.a  of  Cen-
oral   Elecl.ic  Company  a.   oll`...    N®.lh.i   lh.  di.{lo.u..   a(  any  inlorira..on   tl.r.in   llol
the   )ole   of   device.   by   Gen®ral   Ele€lric   Campony   conv®yi   any   IIcenre   Under   pal.nt
claimi   coverino   comt)inl]IIon.   of   lheie   d.vice.   wilh   olher   devic..   or   el®m.nls    ln   llte

GEN ERAL ©  ELECTRIC
Supersedes  PI  Sheet  dated  12-69
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MOM    Oscillator
C12020A

The  C-2020A  is  a  microwave  circuit  module  designed  for  use  in  general  aviation  transponders.    This  grid
pulsed tube-cavity  combination  features stable output  with  temperature and altitude changes.   The  C-2020A  is
designed  to provide  long  service  life.

PLATE                                  COAXIAL                                     HEATER
LEAD                                      OUTPUT                                       TEf]MINALS

Io.35"   E=±"
T'.3°"i                    :E'RDMiNAL         jE

T    oo  ,==-I oloor3®f

LES

0` I
Note:    This  outline  is  subject to  chan

L/_iuNiNG/=°ZoUNT|NG= L=+GROUND
SCREW                                            (6   REQUIRED)                              TERMINAL

ge to  pemit design  improvements.

Frequency  (Nominal)
Peak Power Output
Plate  Voltage
Plate  Current  (Peak)
Heater  Voltage
Heater  Current
Tuning  (Trimmable)

TYPICAL  SPECI[lcATIONS
DESCRIPTloN

1090             MHz
500w

1400            Vac
1.0A
6.3             Vac
0.5A

±  10              MHz

Osci llator Bias
Pulse  Duration
Duty  Factor
Output  Impedance
Output  Connector
COupling

ENVIRONMENTAL CHARACTERISTICS

-80           Vdc
0.5            „s
1.0%
50         Ohms

Optional
Capacitance Probe

4.0     Ounces

Note:     Type  C-2020A  represents  only  one  of  several  basic  families  ol  General  Electric  Mcm's  presently  available.    Fo. si]ecial
variations  in  electrical,  physical  and  environmental  chaTacteiistics,  contact  your  nearest  GE  Sales  Office  for  assistance.

WARNING
Personnel   should   not  be  exposed   to  the  microwave  eTiergy  whicli            must  be  RF  leak  proof.    Never oi)erat®  this device  witltout  a  micro-mayradiatefromthisdeviceifimproperlyusedorconnected.Allwaveenergyabsorl)ingloadattached.NeverlockintoanopeninputandoLltpuitRFconnections,waveguideflangesandgasketswavoguidoorantennawliiletliedeviceisenergized.

The  device.  and  or.ongemenls  disclosed  herein  may  be  covered   by  palenls  of  Gen-            ab.ence   of  an  .xpross  w.it.on   eoreemen.  .a  lh®  contrary,  C®neral   Elec.Tic  C®mpbny
e.ol  Eleclric  CoiTipony  or  olhe.S.   Nei.her  lhe  diselofu.e   a(  ai`y  informalion   he.®in   r.or             I]rsume.   rlo   liability  for   pa.en.   infringemen.   i]riiing   out  of   any   use   ol   lhese   devic..
the   Sole   ol   devices   by   Generol   Electiic   Company   conveys   any   license   under   pa.onl            with  olher  device.  or .Iements  by  any  purchaser  o.  olhei..
cloi"   covering   combiha.ion.  of   the]c   devices   wi.h   otlier   devices  or   elemen...   In   ll`e

GENERAL © ELEC"I0
Supersedes  PI  Sheet  dated  12-69
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C-2035C
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The  C-2035C  is  a  microwave  circuit  module  designed  for  grid  pulsed  use  at  X-band.  This  MCM  uses a  fast
warm-up  X-band  planar  triode  and  features  small   size  and  weight  plus  tolerance  to  high  levels  of  shock  and
vibration.  The  C-2035C   consumes  only  about   1.4  watts  of  filament  power  and  can  be  pulsed at  short  pulse
durations  of   less  than  50  nanoseconds.     The  output   connection   is  adaptable  to  strip-line  circui(ry  and/or
isolator-circulators.

Frequency.......
Peak Power Output
Plate Voltage
plate Current  (Pulse)
Heater Vol(age
Heater Current
Tuning  (Tuneable)

Tenperature Range
Frequency  Stabi I ity
Cooling

TYPICAL  SPECIFICATIONS

DESCRIPTION
Osci I lator Bias
Pulse  Duration
Duty  Factor
Output  Impedance
Output  Connector
Coupling

-20         Vdc

500            ns
0.2%
50      Ohms

Capacitance Probe
1.5  Ounces

-54 to +85°  C
50 kHz/oc

Conduction

ENVIRONMENTAL   CHARACTERISTICS

Note:  Type  C-2035C   represents  only   one  of  several   basic  families   of  General   Electric  rvlcM's  presently  available.    For special
variations   in  electrical,   physical  and  environmental  characteristics,  contact  your  nearest  GE  Sales  Olfice  for  assistance.

WARN.NO
Personnel   should  not  be  exposed  to  the  microwave  energy  which           must  be  RF  l®ak  proof.    Never  operate  this device  without  a  micro-
•nay  radiate  from  this  device  if  improperly  used  or  connected.    All           wave   energy   absorbing   load   attached.     Never   look   into   an  open.  ,             ___I____    __L±,_  -I_  I_--i__  i-A._--i-ulwaveguide -a-r  antenna  wliil® the device  is  energized.RF  con'nections,   wavoguide  flanges  and  gasketsinput   and  output

The  devic..  and  arranoement!  di.closed  I..rein  may  ba  cove.od  l}y  paloiits  ol  G.i`-           abs.nco  of  an  .xpro!!  wrinon   Ogre.in.nt  to  tll.  contrary,  C.n.lal   ElrdJi.  Camp.ny

:;:' :'i..tl::fc :o°vTcP.:nfy°rG:'nhoe,rasi  ¥,:i;hr% tho.in:i::';!:;:v:'y.anayn;n{.:c'.::'°unndh:,'°E:,:::        :£:mo::.:°d:i:::::?, '.a,:#an':.n'b;n::i:gp..i:hn:roa,'i:i,n:tha.urn.°'  any  uco  a"hco  dchc..
claim.   covering   combin®tiom  of  tho!o   devic®i   with   other   d®vicos  oi  elom®ntr.   h   tl`e

GENERAL ©  ELECTRIC
Supersedes  PI  Sheet  dated  12-69
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MOM  Oscillator

Page   1         12-70

C.2062

The  2062  is  a  microwave  circuit  module designed  for  plate-pulsed  radar  transponder  use  at   C-band.    This
MCM  features  small  size  and  weight,  efficient  operation,  rugged  construction,  fast  warmup and  in-line  tuning
over  a  500 MHz  range.    Specific  design  and  manufacturing  efforts  also  provide  stable  operation  with  changes
in  temperature  and  duty  factor.

COAXIAL                             PLATE

H:rNTSER                             06OO;MUA:PUT                       LEAD7     TUN,NG            rfIi --.``>

8`.                                           f!

SCREW               zz---``.h

i,,,i                        `,,,;i (,i             ;),;

fE`.``-_--,,'rE A `<` ----' AUNTINCHOLES{4REQUIRED)

+,.oo,Ll 2.250"             M

Frequency
Peak Power Output
Plate Voltage
Plate Current  (Peak)
Heater Voltage
Heater Current
Tuning

TYPICAL   SPECIFICATIONS
DESCRipTldN

5.4 to 5.9           GHz
400w

2000           e py
2.8
6.3            Vac

0.71                    A
500          MHz

Self  Bias  (Internal  Resistor)                                         68  Ohms  (Typical)
Pulse  Duration
Duty  Factor
Output  Impedance
Output  Connector
COupl ing

ENVIRONMENTAL CHARACTERISTICS

0.5                 4ts
0.1%

50         Ohms

Capacitance Probe

±1   MHz

....  ±3  MHz

Note:     Type  C-2062  represents  only   one  of  several   basic  lamilies  ol  General   Eleclric  MCM.s  presently  available.    Foi  special
variations  in  electrical,  physical  and  environmental  characteristics,  contact  yoiir  nearest  GE  Sales  Office  for  assistance.

WARNING
Personnel   should   not   be  exposed   to  the   microwave   energy  which            must  be  RF  leak  proof.    Never  operate  this  demayradiatetromthisdeviceifimproperlyusedorconnected.Allwaveenergyabsorbingloadattached.NeveinputandoutputFtFconnections,wa`/eguideflangesandgasketswaveguideoTantennawhilethedeviceisenerg ce  without  a  micro-lookintoanopenzed.

oENEnAL © ELEc"ic
Supersedes  PI  Sheet dated  12-69
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Heater Voltage* .....
IIeater Current. . .
Cathode Heating Time
Amplification     Factor.

G2  to  Gi,  Eb= 1000V
DC;  Eg2 = 275V DC;
Ib-0.2  A  DC ....

Peak Cathode Curreht+
Direct Interelectrode

Capacitances
Cathode  to Plate{ .  .
Input, G2 tied to Gi .
Output, G2 tied to Gi.

RADIO-FREQUENCY   AMPLIFIER
CW   SERVICE
GROuNDED-GRID   OPERATION

The GL-6283 is a reliable power tetrode
that delivers useful output to 1250 mega-
cycles or higher. This tube is particularly
suitable for application in the final output
or  driver  stage  of  military-communica-
tions systems.

As  a  Class  a  linear  amplifier  in  the
225-400-megacycle  range,  the  tube  will
deliver 110 watts of carrier  power  modu-
lated  up  to  loo  percent.  Since  a  power
gain of 20 may be realized, drive require-
ments  are  low-approximately  5  watts
at carrier level.

Elec',ical
Mir.imum      Bogey     M®xiiiium

6.8      Volts-     Amperes
-     Minutes

14

0.006
18.25

6.4

Mechanical
Mounting Position-Any
Net Weight, approximate ....

1.75      Amperes

-     plrf
-        L=LE]
-      IIIrf

1.0      Pounds

l=ORCED-AIR   COOLED
METAL   AND   CERAMIC
INTEGRAL   RADIATOR

Operating  as  a  Class  C  CW  amplifier
at  900  megacycles,  the  gain  is  approxi-
mately 15 at the 200-watt level.

Features  of the  GL-6283  include  long
life    and   reliability,    high    gain,    high
linearity,   and  resistance  to  shock  and
vibration.

These together with such design factors
as  an  oxide-coated  cathode,  coaxial  ele-
ments,   and   metal-ceramic  construction
make  the  tube  well  adapted  to  applica-
tion  in  modern  systems  where  perform-
ance  and reliability are important.

Thermal
Ccoling-Forced Air §
Through  Radiator,   at

Sea Level**
Plate  Dissipation.  .  .
Air  Flow,  45   C  In-

coming   Air   Ten-
perature,  mini-
mum.  . .

Static  Pressure,   ap-
proximate.......

Radiat:or  Hub  Ten-
perature, fat  point
Adjacent to Anode
Seal .  .  .

Seals
Screen-Grid  to  Con-

trol-Grid,  approxi-
mate .  .  .

Heater   to   Cathode,
approximate......

Ceramic    Temperature
at  Any  Point,  maxi-
mum.  .  .

500             400           300      Watts

17.0                12.0

0.9                 0.5

6.5      Cubic  Feet
per Minute

0. 2       Inches-
Water

250C

1      Cubic Feet
per Minute

1      Cubic  Feet
per Minute

200C

RADIO-FREQUENCY   POWER   AMpllFIER-CLASS   8   LINEAR

Carrier  condilions I.er  lub®  for  use  with  a  maximum  modulalion  factor of I.0

GENERAL ©  ELEO"10
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RADIO-FREQUENCY   AMPLIFIER-CLASS   a   TELEVISION   SERVICE
Synchronizing-Level  Conditions  Per Tube  unless  Olher\^rise  Specified

Maximurn  Ralihgs,  Absolul®  ValLl®s

DC Plate Voltage
DC  Grid-No.  2  Voltage. . .
DC Plate Current. . .
Plate Input .  . .
Cirid-No.  2  Input
Plate Dissipation .  ,  ,

1600 Max Volts
. 320  Max Volts

0.400 Max Amperes
. 600 Max Watt:s

15 Max Watts
.  .  . 500  Max Watts

Grid-No.  1  Dissipation ...... 2  Max Watts

Typical  OperationT-rounded-Grid  Circl.il  lJp  .o  900  Megacycl®s
Bandwidth 6 Megacycles

DC plate  voltage ...... 1500             Volts
DC  Grid-No.  2  Voltage ...... 250              Volts
DC  Grid-No.1  Voltage. .  .
Peak RF Plate Voltage

Synchronizing Level . . .
Pedestal  Level . . .

Peak  RF Driving Voltage
Synchronizing Level . . .
Pedestal  Level . . .

. -25            Volts

...1100               Volts
...825              Volts

...35              Volts

...27              Volts

DC Plate Current
Synchronizing Level
Pedestal  Level .  .  .

0.400
0.295

DC Grid-No .2 Current (PedestalLevel) . 0.007
DC  Grid-No.  1  Current

Sync.hronizing Level .  .  .
Pedestal  Level .  .  .

Driving Power at Tube, approximate
Synchronizing  Level . . .
Pedestal  Level. . .

Power Output, approximat:c
Synchronizing LevelIT .  .  .
Pedestal  LevelIT .  .  .

. 0.036

. 0.016

..25
15

260
145

Amperes
Amperes
Amperes

Amperes
Amperes

Watts
Watts

Watts
Watts

RADIO-FREQUENCY   POWER   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY

Key-down  condilions  per  rube  without  amplitude  modulolionLL

Maximum  RalirLgs
DC Plate Voltage. . .
DC  Cirid-No.  2  Voltage. . .
DC  Grid-No.1  Voltage. .  .
DC Plate Current .  .  .
DC Grid-No.  1  Current .  ,
Plate  Input .  .  .
Grid-No.  2  Input.  .  .
Plate  Dissipation .  .  .
Grid-No.  1  Dissipation .  .  .

900                 400
M®9ecy(l®s     M®gacycl®.

1600
320

-loo
0.300
0.050

480
15

500
2

2000     Volts
320     Volts

-100    Volts
0.300     Ampcre
0.050     Ampere

600    Watts
15     Watts

500     Watts
2     Watts

Typical  Op®ralion
Grounded-Grid Circuit at

DC Plate Voltage. . .
DC  Cirid-No.  2  Voltage.
DC  Grid-No.1  Voltage.
DC Plate Current.  .  .
DC Grid-No.  2 Current,

approximate .  .  .
DC Grid-No.  I  Current,

approximate......._rr .-.- ` ----- _' -` ` '  '  '
Driving power, approximate...               14
Power output, approximateT[...            205

900  Megacycles
1500

210-40
0.300

0.010

0.020

2000     Volts
225     Volts

-40    Volts
0.250     Ampcre

0.010     Ampere

0.020     Amperc
15     Watts

300     Watts

*  Because the temperature of the cathode is increased by back bombardment of electrons at UHF, required heater voltage for optimum
life decreases with increasing  frequency.  The amount of heater-voltage reduction  is dependent on operating conditions.  However,
this voltage  should  not  be less  than  5.5  volts.

t  Represents maximum usable cathode current (plate current plus current to each grid) for any condition of operation.
I  Measured  with  a  6-inch minimum  diameter flat metal  disk attached to the screen-grid ring.  Control  grid  connected  to the screen

grid.
•  Output capacitances measured between anode and screen grid.  Control grid connected directly to screen grid.

Forced-air cooling to be applied before and during the application of any voltages.
*Provi§ion must be made for unobstructed passage of cooling air between radiator fins and between the anode terminal and adjacent
radiator fin.

#S:;::P;:¥::::::::?:cTu|edai;ugre£;nero:rtapnustf-ecr;rrec:;fr:°maddriverstage.outputcircuitefficiencyapproximately80percent.
AModulation essentially negative may be used  if the positive peak of the envelope does not exceed 115  percent of the carrier condi-

tions.
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CONSTANT  CURRENT  CIIARACTERISTIC
SCREEN  VOLTAGE   =  250  VOLTS

ALL  VOLTAGES  REFELENCED  TO  CONTROL  GRID

4oo                          Coo                         12oo                         I Coo                        2OOo

PLATE  VOLTAGE  IN  VOLTS

A69087  -72867 1-30-63

CONSTANT  CURRENT  CHARACTERISTIC
SCREEN  VOLTAGE  =  350  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID

400                        coo                        1200                       1600                      2000

PLATE  VOLTAGE  IN  VOLTS
A69087  -  72868 1-30-63

CL-6283
ET-T1050B
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FILAMENT  CUP   TEFiMINAL

(BOTTOM   OF   CUP  MUST
NOT   BE   USED   AS   A   SOCKET    STOP)

CONCE NTH I C I  T I ES

THE    FOLLOWING    TOTAL    INDICATOP    BEADINGS    AF}E    MEASURED   WITH
fiESPECT   TO   A   CENTEFiLINE    DETERtuHNED   BY    THE     CENTEPS    OF   THE
ANODE    TEPMINAL    AND    CONTROL     G.BID    TERMINAL

DIAMETEP    A-O.030    INCHES
DIAMETEP    a-0.016     INCHES
DIAMETEfi    C-O.036    INCHES
DIAMETER   D-O.042    INCHES

TOTAL   INDICAT0B    READING    OF    FILAMENT    CUP    TEPMINAL    DIAMETEP

(D}   MEASuBED    WITH    fiESPECT    TO    CENTEB    OF    CATHODE    AND    FILAMENT   TERMINAL
DIAMETER     (C)-O.016   INCHES

+

K-6P087-72^578

GENERTLBELD8RT:ELN:OTR.0
0wensboro, Kentucky

a-1.62
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Planar  Triode
FOR   GROUNDED-GRII)   CLASS  A

UHF  AMPLIFIER   APPLICATIONS
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The  6299   is  a  high-mu,  metal-and-ceramic  triode   intended  for  operation  as  a  grounded-
grid,  Class  A  radio-frequency  amplifier  at  frequencies  as  high  as  3000  megacycles.

Features  of  the  tube  include  small  size,  planar  electrode  construction  with  close
spacing,   inherent  rigidity,   and  an  envelope  structure  convenient  for  coaxial  circuit
applications .

At  1200  negacycles  a  noise   figure   of   less   than  8.5  decibels  may  be  obtained  when  the
6299   1s  used  in  a  grounded-grid  coaxial  circuit.

In  radar  receivers,   or  similar  applications,  where  the  grid  of  the  tube  may  be  driven
positive  by  leakage  pulses,   consideration  should  be  given  to  use  of  the  76441n  place  of
the   6299.

CENERAL

ELECTRICAL

Cathode  -  Coated  Unipotential
Heater  Characteristics  and  Ratings
Heater  Voltage,   AC   or  DC* ....   6.3±0.3     Volts
Heater  current±   .......
Direct  Interelectrode  Capacitances§

Grldtoplate:     (gtop)   .     .      .
Grid  to  Cathode  atid  Heater:

g   to   (h  +  k)    ......
Plate  to  Cathode  and  Heater:

p   to   (b  +  k)    ......

.     0.3     Amperes

'   1.75     pf

'   3.65     pf

0.015     pf

ABSOLUTE-MAXIMUM   VALUES
Plate  voltage .........
Positive  DC  Grid  voltage   .....
Negative  Ix3  Grid  voltage   .....
Plate  Dlsslpation     .......
I)a  plate  current ........
DC  Grid  current# ........
Envelope  Temperature  at  Hottest  Point.

MECHANICAL
Operating  Position  -  Any
Net  weight,   approximate     .      .
Cooling  -  Conductionlr

JVLAXIJVLUJVL   RATINGS

1/6     Ounce

200              Volts
0             Volts

15              Volts
2.0               Watts

12                M1111amperes
OA             M1111amperes

150C

Absolute-Maximum  ratings are  limiting Values of operating
and  environmental  conditions  applicable  to  any  electron  de-
vice of a specified type as defined  by its published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for.equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially  and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component  variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of  the   device   under   consideration   and   of  all   other
electron devices in the equipment.

The  devices  and  arrongemonts  disclosed   herein   may   be  covered   by   patents   of  Gen-
ei.ol   Electric  Company  or  others.   Neither  the  disclosure   of  any   information   herein   nor
the   sale   of   devices   by   General   Eleclric   Company   conveys   any   license   under   pcllent
claims   covering   combinations  of   these   devices   with   other   devices   or   elements.   In   the

absence   of   an   express  written   ogroement  lo  the   contrary,   Genorol   Eleclric   Company
assumes   no   liability   for   poteilt   infringement   arising   oul   of   any   use   of  these   devices
wilh  other  devices  or  olemerits  by  any  purchaser  or  olhers.

GENERAL ©  ELEOTRlo
Supersedes  PI  Sheet  dated  10-66
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cHARACTEkisTics  AND  TTpicAL  opEnATloN
AVERAGE   CHARACTERISTICS
Plate  voltage ............
Grid  voltage¢ ............
Amplif ication  Factor     .........
Plate  Resistance,   approximate     ......
Transconductance...........
Plate  current ............
Plate  Voltage,   approximate,   Ib  =  10  Milliamperes,

Ec  =   0  volts    ...........

CLASS   A,   RF   AMPLIFIER-GROUNDED-GRID,   COAXIAL-TYPE  CIRCUIT
Frequency.........
Plate  voltage ........
Plate-Supply  voltage±± .....
Resistor  in  Plate  Circuit   (bypassed)
Grid  voltage§§      .......
Plate  current ........
Bandwidth,   min      .......
Gain          ®       ,,,,,..,.
Noise  Figure,   Power-Matched   .      .      .

450           1200             1200           1200
**                              "          175

300
---        17500

.   175               Volts
•---              Volts
.Ilo

7 300                 Ohms
15000               Micromhos
.     10              Milllamperes

.   125               Volts

00              Megacyc lea
**             Volts

Volts
Ohms

.   0                0                   0              rm              0              volts
10               10                 10               10            10              Milliamperes

.   9                10                  10               10             10               Megacycles
17.5                 17                   17                 17              11                Decibels
4.5             8.2                8.0             8.5        13.2                Decibels

NOTES
*    The  equipment:  designer  should  design  the  equipment  so  that  heater  voltage   is  centered  at  the  specified

bogey  value,  with  heater  supply  variations  restricted  to  maintain  heater  voltage  within  the  specified
tolerance .

i     Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

§     Without  external  shield.
fT    Good  thermal  contact   to  the  anode  and  cathode  must  be  provided  to  conduct  heat  from  1:he  elements.     The

anode  contact  must  be  sufficiently  flexible  to  keep  lateral  force  on  the  anode  terminal  at  a  minimum.

#    The   6299   is   rated  only  for  Class  A  amplifier  service.

A    Does  not  apply  to  initial-emission-velocity  current.

¢     Adjusted  for  lb  =   10  milliamperes.
**    Adjust  for  Ib  =   10  milliamperes;   range  must  be  variable  from  75   to  200  volts.

±±     Supply  should  be  regulated.

§§    For  operation  above   1000  megacycles,   the  minlmun  noise  figure  will  generally  be  obtained  by  operation
at  zero  bias.     For  operation  below  1000  megacycles,   the  use   of  a  cathode  resistor  or  grid  bias   should
be  evaluated  for  the  particular  application.

"T    Adjusted  for  lb  =   10  mllllamperes;   200  ohm  variable  cathode  resistor  reco[Imended.
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INITIAL   CHARACTERIST.CS   LIMITS

Heater  Current
Ef   =   6.3   volts      ..............

Plate  Voltage
Ef  =  6.3  volts,   Ec  =  0  volts,   Eb  adjusted   for  lb  =  10  rna

6299
Page   3

12-7

Mih.      Bogey   Max.
.   280            300          320              Milliamperes

.      75              125           175                Volts

Transconductance
Ef  =  6.3   volts,   Eb  =   175  volts,   Ec   adjusted   for   Ib  =   10  rna.      .      .      11500        15000

Amplif ication  Factor
Ef  =  6.3  volts,   Eb  =   175  volts,   Ec  adjusted  for  Ib  =   10  rna 85             ilo          140

Interelectrode  Leakage  Resistance
Ef  =  6.3  volts,   Polarity  of  applied  d-c  interelectrode
voltage   is  such  that  no  cathode  emission  results.

Grid  to  cathode  and  Heater  at:  45  volts  d-a   .......        0.25
Grid  to  plate  at  500  volts  d-c   ...........          5.0

Interelectrode  Capacitances
Grid   to  plate:      (g   to  p)    ...............   1.5
Grid   to  cathode  and  lleater:     g   t:o   (h  +  k)      .........   3.0
Plate   to  cathode  and  Heater:     p  to   (h  +  k)   .........---

SPECIAL   PERFORMANCE   TESTS
Noise   Figure   -   450  MC

Ef  =  6.3  volts,   Ec  =  0  volts,   Eb  adjusted  for  Ib  =   10  rna,   F  =  450±5  RE

Noise   Figure   -   1200  MC
Ef  =  6.3  volts,   Ec  =   0  volts,   Eb   adjusted   for   Ib  =   10  rna,   F  =   1200±5  MC

Noise   Figure   -   3000  MC
Ef  =   6.3   volts,   Ec  =  0  volts,   Eb   adjusted   for   lb  =   10  rna,   F  =  3000±5  MC

Power  Gain   -  450  Mc
Ef  =  6.3  volts,   Ec  =  0  volts,   Eb  adjusted  for  lb  =   10  rna,   F  =  450±5  RE,
Bandwidth  =   9  ne,   min   .................

Power  Gain   -   1200  MC
Ef  =   6.3   volts,   Ec  =   0  volts,   Eb   adjusted   for   Ib  =   10  rna,   F  =   1200±5  RE,
Bandwldth  =   10   RE,   mln .................

Power  Gain  -   3000  MC
Ef   =   6.3   volts,   Ec  =   0  volts,   Eb   adjusted   for   Ib  =   10  rna,   F  =  3000±5  MC,
Bandwldth  =   10  RE,   min .................

Micromhos

Me8ohms
Megohms

1.75          2.0               Picofarads
3.65          5.0              Picofarads

0.015     0.025               Picofarads

Min.     Max.
---         5.0              Decibels

---         8.5              Decibels

---        13.5              Decibels

15 Decibels

15         ---              Decibels

10 Decibels

DEGRADATION   RATE   TESTS
1000-Hour  Life

Stati.stlcal  sample  operated  for  1000  hours   to  evaluate  changes   in  transconductance  and  noise  figure
with  life,
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PHYSICAL   DIMENSIONS

-PLATE  TERMINAL

GRID   TERMINAL

W.   RAD.
F`EF.  P LANE

CATHODE  AND

HEATER   TERMINAL

GETTER   TERMINAL
(DO    NOT  USE   FOR   ANY

DC   OR    RF   CONNECTION)

HEATER    TEf]MINAL

ALIGNMENT   GAUGE

Ref. INCHES NILLIMETERS
Mlnlmum maximum Minimum Mxinum

A 0 . 960 1. 040 24.38 26 .42
8 0 . 530 0.590 13 .46 14 . 99
C 0.410 0.470 10 .41 11. 94
D 0.272 6.91
E 0.475 12 . 07
F 0 .163 0 .193 4.14 4.90
G 0.060 1.52
H 0.030 0.76
J 0 .190 0.210 4.83 5.33
K 0 . 009 0.015 0.23 0.38
M 0 . 040 0.070 1.02 1.78
N 0 . 059 0 . 065 1.50 1.65
P 0.257 6.53

Q 0.326 0 . 334 8.28 8.48
R 0.385 9.78
S 0 .483 0.497 12 . 2 7 12 . 62
T 0 .435 0 . 445 11. 05 11.30
U 0.385 9.78
V 0 . 088 0 . 094 2.24 2.39
W 0 . 008 0.20
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AVERAGE   PLSTE   CHARACTERISTICS
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DESCRIPTloN   AND   RATING
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FOR GROUNDED-GRID OSCILLATOR AND AMPLIFIER SERVICE
Metal and ceramic                                                                    Small size

Two Kilowatts Useful Pulse Power Output
The  6442  is  a  high-mu,  metal-and-ceramic  triode  intended for operation

as  a  plate-pulsed,  grounded-grid  oscillator  at  frequencies  as  high  a§  5000
megacycles. The 6442 is also useful as a CW, radio-frequency power'amplifier
or frequency multiplier at frequencies as high as 2500 megacycles.

Features of the 6442 include small size, planar electrode construction with
close spacing, inherent rigidity, an envelope structure convenient for coaxial
circuit applications, and excellent resistance to vibration and shock.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings

E::::: !:`rtrae:et,aAtcE:r-P.Svo|ts..         o.;t  x:tpseres
Direct lnterelectrode Capacitances|

Gridtoplate:  (gtop) ...... 2.3     pf
Gridto  cathode:  (gtok) ..... 5.0     pf
Plateto cathode: (ptok), in;i...:.. :.0.045     pf

MECHANICAL

Mounting Position-Any
Net weight,  approximate .....   I     Ounce
Cooling-Conduction and Convection

MAXIMUM  RATINGS

ABSOLUTE-MAXIMUM   VALUES

PLATE-PuLSED   OSCILLATOR   SERVICE

Heater  voltage* ..... 5.7to6.3     Volts
Cathode Heating Time, minimum .
Frequency.    .
Peak Positive-Pulse Plate Supply

Voltage .  .
DutyFactor.;f.i'i;t.e.i'.u.1sefl#....
Pulse Duration ,  ,
Plate Current

Average # . . .
Average During Plate PulseA .  ,

..60     Seconds
...5000     Megacycles

...3000     Volts
.   .   .  0.001

..2.0     Microseconds

...2.5     Milliamperes

...2.5     Amperes

Negative Grid Voltage
Average During plate pulse ...... 100     Volts

Grid Current
Average # .....  1.25     Milliampercs
Average During plate pulse ..... 1.25     Amperes

Plate Dissipation # ...... 7.5     Watts
Peak Heater-Cathode Voltage

Heater Positive with Respect to
Cathode ...... 90     Volts

Heater Negative with Respect to
Cathode ...... 90     Volts

Envelope Temperature at Hottest point  175    C

Absolute-Mclximum  rcitings  ore  limiting  values  of operciting cill  other  electron  devices  in  the  equipment.
and    environmental    conditions    appliccible    to   any   electron The   equipment   mcinufacturer   should   design   so   that   ini-
tube  of  a   specified   type  as  defined   by  its  published  data tially   and   throughout   life   no   absolute-maximum   value   for
and  should  not  be  exceeded  under  the  worst  probable  condi- the   intended   service   is   exceeded   with   any   tube  under   the
tions. worst  probclble  operating  conditions  with  respect  to  supply-

The   tube   manufcicturer   chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equlp-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control    adiustment,    load   vciriation,   signcil    variation,
for  equipmei`t  variations,  environmentcil  varicitions,  and   the environmental   conditions,   and   variations   in   lhe  chciracteris-
effects  of  cha.`ges  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  cind  of  all  other  electron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

GENERAL ©  ELECTRIC

Supersedes  ET-T1167B  dated  3-60
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MAXIMUM  RATINGS  (Continued)

RADIO-FREQUENCY POWER AMPLIFIER AND OSCILLATOR-
CLASS   C   TELEGRAPHY
Key-down Conditions per Tube Without Amplitude Modula-
tion**
Heatervoltage* ........ 4.5 to  5.7    Volts
Cathode Heating Time, minimum ..... 30    Seconds
Frequency
DC Plate Voltage. . .
Negative DC Grid Voltage
DC Plate Current .  .
DC Grid Current
Plate Dissipation. . .
Peak Heater-Cathode Voltage

Heater Positive with Respect to
Cathode

Heater Negative with Respect to
Cathode.  . .

2500    Megacycles
..350     Volts
...50     Volts
...35     Milliamperes

15    Milliamperes
.8.0    Watts

...90     Volts

...90     Volts
Envelope Temperature at Hottest point.175    C

CHARACTERISTICS   AND

AVERAGE   CHARACTERISTICS

Heater Voltage `
Plate Voltage .  .
Grid Voltage.  . .

6.3    Volts
..350     Volts
-4.25    Volts

PLATE-PuLSED   OSCILLATOR

Frequency.  .
Heater Voltage .  . .
Duty Factor .  .
Pulse Duration .  .  .
Pulse Repetition Rate .  .
Peak Positive-Pulse Plate

Supply Voltage .  .
Negative Grid Voltage

Average During Plate Pulse
Grid-Bias Resistor. .  .
Plate Current

Average.  .  .
Average During Plate Pulse.

Grid Current
Average ,  .
Average During Plate Pulse.

Useful Power Output
Average .  .
Average During Plate Pulse

RADIO-F:REOUENCY POWER AMPLIFIER AND OSCILLATOR-
CLASS   C   TELEPHONY
Carrier  Conditions  per  Tube  For  Use  With  a  Maximum
Modulation Factor of 1.0
Heater voltage* ........ 4.5 to  5.7     Volts
Cathode Heating Time, minimum ...... 30    Seconds
Frequency
DC Plate Voltage. . .
Negative DC Grid Voltage. . .
DC Plate Current .......
DC Grid Current . . .
Plate Dissipation
Peak Heater-Cathode Voltage

Heater Positive with Respect to
Cathode.  .  .

Heater Negative with Respect to
Cathode.  . .

2500    Megacycles
..27S     Volts
...50     Volts
...35     Milliamperes
...15    Millianperes

6.0    Watts

.90    Volts,

.90    Volts
Envelope Temperature at Hottest point.175    C

TYPICAL   OPERATION

Amplification Factor .
Transconductance .  .  .
Plate Current .

6.0
0.001

1.0

1000

. 3000

75
50

2.5

2.5

.1.25

2.0

2.0

RADio-FnEOuENcy  powER  AMPLIFIER-cLAss  c  TELECRAPHy

Frequency
Heater Voltage .  .  .
DC  Plate Voltage .  .
DC Plate Current .  . .
DC  Grid Current. . .
Driving Power .  . .
Useful Power Output

.  .  .  50

..16500     Micromho§
35    Millianperes

5000    Megacycles
6.0     Volts

0.001
1.0     Microseconds

1000    Pulses  per  Second

3000     Volts

75    Volts
50    Ohms

2.5     Milliamperes
2.5     Amperes

1.25     Milliamperes
I.25    Amperes

0.5    Watts
0.5    Kilowatts

...1000     Megacycles
...5.7      Volts
...250     Volts
...23     Milliampere§
...6.0     Milliampercs

0.35    Watts
.2.8     Watts
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*  The equipment designer should design the equipment so that heater voltage is centered at some value within
the  range  of  4.5  to  5.7  volts  for  CW operation,  or  5.7  to  6.3  volts  for  pulse  operation.  Heater voltage
variations  about  the  center value should be kept as small as practical and should not, in any case, exceed
±5%. The  optimum  center value  of heater  voltage  depends  on the cathode current and on other param-
eters of circuit  design  and operation.  For specific  recommendations,  contact  your  Cieneral  Electric  tube
sales representative.

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Measured in a special shielded socket.

fl Applications with a duty factor  greater than  0.001  should be  referred to your General Electric tube Sales
representative for recommendations.

# In any 5000 microsecond interval.

AThe regulation and/or series plate-supply impedance must be such as to limit the peak current, with the
tube considered a short circuit. to a maximum of 25 amperes.

**Modulation essentially negative may be used if the positive peak of the audio-frequency envelope does not
exceed  115 percent of the carrier conditions.

INITIAL   CHARACTERISTICS   LIMITS

Min.           B®gey          Max.
Heater Current

Ef = 6.3 volts .
Grid Voltage

Ef = 6.3 volts, Eb =350 volts
Ib -35 rna

Transconductance
Ef = 6.3 volts, Eb = 350 volts
Ec adjusted for Ib =35 rna .  .

Amplification Factor
Ef = 6.3 volts, Eb =350 volts
Ec adjusted for Ib =35 rna .

Negative Grid Current
Ef = 6.3  volts, Eb = 350 volts
Ec adjusted for Ib =35 rna. .

840              900              960    Milliamperes

-2.5         -4.25        -5.75    Volts

...13500          16500          19000     Micromhos

...35                     50                     65

Interelectrode Leakage Resistance
Ef = 6.3 volts, Polarity of applied d-c interelectrode volt-
age is such that no cathode emission results

Grid to Cathode at  100 volts d-c .
Grid to Plate at  500 volts d-c . . .

0.5    Microamperes

25........Megohms
.250                                     ...     Megohms

Heater-Cathode Leakage Current
Ef = 6.3 volts, Ehk = 100 volts

Heater Positive with Respect to Cathode ........
Heater Negative with Respect to Cathode. . .

Interelectrode Capacitances
Grid to Plate:  (g to p) ....
Grid to Cathode:  (g to k)
Plate to Cathode:  (p to k)

2.10                    2.3

4.60                  5.0

100    Microamperes
100    Microamperes

2.45    Picofarads
5.45    Picofarads

0.045    Picofarads
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SPECIAL  PERFORMANCE  TESTS

Pulsed-Oscillator Power Output
Tubes  are  tested  for  power  output  as  an  oscillator  under the  following
conditions:  Ef=6.0  volts;  F=3450  MC,  min.;  epy=3000  volts;  tp=
1.0   4sec.±10%;   prr   adjusted   for   Du=0.001±5%;   Rg   adjusted   for
Ib -2.5 rna.

Min.         Max,

.   .  .1.75

Pulse Emission
Tubes are tested for pulse emission under the following conditions: Ef =
6.3  volts;  tp = 1  to  3  4isec. ;  Du = 0.0005,  min. ;  prr = 500  pps,  max. ;  eb =
ec and adjusted for is =8 amp .  .  .

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of 250 mm
Hg.  Tubes  Shall  not  give  visual  evidence  of flashover  when  3000  volts
RMS, 60 eps, is applied between the plate and grid terminals

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown  at  a pressure of 20 mm
Hg.  Tubes  shall  not  give  visual  evidence  of  flashover  when  500  volts
RMS, 60 eps, is applied between the plate and grid terminals

Watts

175     Volts

DEGRADATION   RATE  TESTS
Shock

Statistical sample subjected to 5 impact accelerations of approximately 400 G and 1.0 milliseconds duration
in  each  of four  positions.  The  accelerating  forces  are  applied  by  the  Navy-type,  High  Impact  (flyweight)
Shock Machine.
500-Hour Life Test

Statistical sample operated for 500 hours as a pulsed oscillator to evaluate changes in power output with life.
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PHYSICAL  DIMENSIONS

I I16MAX.

2

APP"rl I

_ NOTE•368" „±.003"DIA.    NOTE  I

:MAX.•cO7":.a,a"NOTE12

CHAMFER  64`
7"lM'N.

I'±£
NOTE 9 13E#GATNHOD°EF3%RiAfi|TEPMINALNOTE

:..Vex       !„ 8,4;I:A004n     #pg,ax H'

NOTE  5

4    NOTE4            !2'"„+.oce':NOT2

I ul.;.ooi2
432®RIDD¢a

REFEFtENSUFtFACE\ NOTE-.3    I       ,- I A-F  TERNIN I---
'1

•!

16.i-32
''4MAXL25iz

'    i.     I       I       I 39 . I)'A                 I

I    ,±'

35L+ I           64  MAX.                   NAX                   "
64

a"MAX. Not•E13 32Ml

LENGSURFACATHOANDRNOTE

#D:E°:i£=L±'rmN6
t               NOTE  9

;±I

NOTE .

HEATER            1TEFtMINALNO.I

A- -S\

HEATEf}   TERMINA

I

I NOTE    10

IA.

ENDS    NAY   BE

NO.2

.e

I . '®5.i.005
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6442
I:T-T I 1 67C

Page  5
1 2 -6 I

-59

Note    1.   Applies to minimum surface for anode d-c and r-f terminal only. Other surfaces must not be used for these terminal
purposes.

Note   2.   Applies to minimum surface for grid d-c and r-f terminal only. Other surfaces, except for Notes 3 and 4, must not be
used for terminal purposes.

Note   3.   Applies to minimum surfaces for grid d-c and r-f terminal only.
Note   4.   The cylindrical surface of this diameter may be used for grid d-c and r-f terminal purposes.
Note    5.   The surfaces defined by Notes 2, 3, and 4 shall be the only surfaces used for tube stops and clamping purposes.
Note    6.   Other surfaces shall not be used for cathode d-c and r-f terminal purposes.
Note    7.   Other surfaces shall not be used for anode d-c and r-f .terminal purposes.
Note   8.   Applies to surface designated  for cathode d-c and r-f terminal.  Solder at brazed joint  will not exceed  the maximum

diameter.
Note   9.   The maximum eccentricity of the anode and cathode with respect to the grid terminal in a prescribed jig is  0.010  (or

maximum total runout of o.020) and is measured by indicators at the points designated.           .
Note  10.   The maximum eccentricity of heater-terminal No.  1  and heater-terminal No.  2  with respect to the grid terminal in a

prescribed jig is 0.015  (or maximum total runout of 0.030) and is measured by indicators at the points designated,
Note 11.   Exhaust tubulation must not be subjected to any mechanical Stress.
Note  12.   For reference only. Dimension docs not include any possible solder fillet.
Note 13.   This area is reserved for tube stamping and coding.
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Heater  Voltage* .........

ONE   KILOWATT   UHF   TELEVISION   OuTPUT                    FORCED-AIR   COOLED

UHF   TETRODE                                                                                        METAL   AND   CERAMIC

CROUNDED-GRID   CIRCUITS                                                           INTEGRAL   RADIATOR

THORIATED-TUNCSTEN   CATHODE

The GL-6942  is a four-electrode trans-
mitting   tube   featuring    a   metal-and-
ceramic  envelope  designed  for  use  as  a
power amplifier or oscillator in grounded-
grid  circuits  with  both  grids  maintained
at radio-frequency ground potential. The
output  circuit  is  connected  between  the
anode  and  the  screen  grid.  The  anode  is
capable  of  dissipating  one  and  one  half
kilowatts.   Cooling   is   accomplished   by
forced air  with  the  radiator  an  integral
part  of  the  anode.   The  cathode  is  in-
directly heated thoriated tungsten. Maxi-
mum ratings apply upto 1000 megacycles.

When used as a Class 8  grounded-grid
broadband  television  amplifier  this  tube
has   a  useful   synchronizing   peak-power
output   of  one   kilowatt   at   900   mega-

Eleclrical

Mini-                                  Maxi.
mum           B®gey            mum

-            5.7               6.0    Volts

Heatercurrentat5.7Volts       22              24                26    Amperes

Heater Starting Current . .

Heater  Cold  Resistance . . .

Cathode Heating Time .  . ,

Amplification   Factor,    G2
to  Gi,  Eb=2000  Volts,
Ib =  0.200Ampere, Ec2 =
475   Volts ..........

Peak Cathode Currentt  . .

Direct   Interelectrode   Ca-
pac.itances
Cathode  to Plate± .  .  .
Input,  G.2 tied  to Gi . .  .
Output,  G2 tied to Gi§  .

36     Amperes

0.02              -    Ohms
-   Minutes

12                   17                      22

3.0     Amperes

cycles;  in  narrow  band  Class  C  service
the output is one kilowatt  of continuous
power  as  an  amplifier  or  oscillator.  Be-
cause of its  ratings,  the tube  is  also  well
adapted    to    use    in    dielectric-heating
equipment.

High   operating   efficiency   is   assured
because of the small size and close spacing
of the tube  electrodes,  the ring-seal  con-
struction,  and the low-loss factor  due to
the  silver-plated  external  parts  and  the
ceramic    insulators.    In    addition,    the
grounded-grid construction eliminates the
necessity for  neutralization in  a properly
designed  circuit.   The  small   size  of  the
GL-6942 permits compact mounting, and
the   ring-seal   construction   allows   quick
plug-in installation.

Mechanical
Mounting Position . . .
Net Weight, approximate

Thermal
Air Flowfl

Through     Radiator-See
drawing    for    air    duct
form on page 3.
Plate Dissipation .
Air Flow.  .  .
Static Pressure` . .
Heater-to-Cathode Seals
Screen-Grid to Control-

Grid  Seals.    .
Anode   to   Screen-Grid

Ceramic  Insulator .  .  .

.  -  . A;ITry

3.6  Pounds

I.5               Kilowatts
60  Min    CubicFeetperMinutc

1.5              Inches  water
8 Min    CubicFeetper Minute

4 Min    CubicFeetperMinutc

6 Min    CubicFeetperMinute
Incoming Air Temperature.     45 Max   C
Radiator  Hub  Temperature

at Fin Adjacent to Anode
Seal .....    180  Max    C

Ceramic     Temperature     at
Any  point   ....   200  Max   C

Forced-air   cooling   to   be   applied   before   and   during    the
application of any voltages.  Forced-air  cooling must be main-
tained for one minute after  the removal  of all voltages.

GENERAL ©  ELEOTRlo
Supersedes  ET-T1384B  dated  2-65
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RADIO-FREQUENCY   AMPLIFIER-CLASS   a   TELEVISION   SERVICE

Synchronizing-Level  Conditions  per  Tube  unless  Olherwise  Specified

Maximum  Ralings,  Ab5®ILile  Vqluos

DC Plate Voltage .  . .
DC  Grid-No.  2  Voltage .  .  .
DC Plate Current . .  .
Plate  Input---
Grid-No.  2  Input   . .
Plate  Dissipation. . .

.  ,  . 4000  Max
.  .    600  Max

0.7  Max
2.5  Max

.      25Max

.     I.SMax

Volts
Volts
Amperes
Kilowatts
Watts
Kilowatts

Typi(al  Operalion-.-Oroundod-Orid  Circuit  up lo 900 Megacycles
Bandwidth  6 Megacycles,  measured  to  1

decibel point
DC  Plate Voltage .  .  .
DC  Grid-No.  2  Voltage
DC Grid-No.  I  Voltage
Peak RF Plate Voltage

Synchronizing Level .
Pedestal  Level .  .  .

. 3500                Volts
..    500                Volts

. -40              Volts

...2500                  Volts

...187S                  Volts

Peak RF Driving Voltage
Synchronizing Level   .  .
Pedestal Level .  .  .

DC Plate Current
Synchronizing Level .  .  .

..110                  Volts
...70                 Volts

.    .0,520                Amperes
Pedestal Level ...... 0.360               Amperes

DC Grid-No.  2
Pedestal  Level ...... 0.035               Amperes

DC Grid-No.  I  Current
Synchronizing Level ..... 0.110               Amperes
Pedestal  Level .  .  .

Driving Power at Tube, approximate
Synchronizing Level   .  .
Pedestal  Level .  .  ,

Power Output, approximate¢
Synchronizing Level   .  .
Pedestal Level.  .  .

0.03 5               Amperes

.   .   .loo

.   .   .  25

•  .1000
.      .560

Watts
Watts

Watts
Watts

PLATE-MODULATED   RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   C   TELEPHONY

Carrier  Condilions  with  a  MaximulTI  Madulation  Factor  of  1.0

Maximum  Ralings,  Absolute  Volu®s
DC Plate Voltage .  . .
DC  Cirid-No.  2  Voltage .  .  .
DC  Grid-No.  1  Voltage .  .  .
DC Plate Current .  .  .
Dc  Grid-No.1  Current.    .
Plate Input   . -
Grid-No.  2  Input. . .
Plate Dissipation   . ,

.  .  .3200  Max    Volts
.  .  . 600  Max    Volts
. -120 Max   Volts

.    .0.35  Max   Amperes
.  .0.10  Max   Amperes
.  .1.12  Max    Kilowatts
.  .  .10  Max    Watts

.  .  .1200  Max    Watts

Typicdl  Operalion,  Crounded-Grid  Circuil  up  lo  900  Megocycles
DC plate voltage ..,.. 3000
DC  Grid-No.  2  Voltage .... 500
DC  Grid-No.  1  Voltage ....- 100
Peak  RF  plate voltage ..... 2300
Peak  RF  Driving voltage ...... 137
DC plate  current ...... 0.25
DC  Grid-No.  2  Current ..... 0.01
DC  Grid-No.  1  Current,  appro;imate .  . 0.047
Driving power,  approximate ..... 38
Power output¢ .... 565

Volts
Volts
Volts
Volts
Volts
Amperes
Amperes
Amperes
Watts
Watts

RADIO-FREQUENCY   POWER   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY

Key-Dovln  C:ondilions  per  Tube  wilhoul  Amplilude  ModulolionL

M-ximl.in  R.lings,  Absolute  ValtJes

DC Plate  Voltage .  .  .
DC  Grid-No.  2  Voltage .
DC  Grid-No.  I  Voltage
DC Plate Current .  .  .
DC Grid-No.  1  Current
Plate Input---
Grid-No.  2  Input .  .  .
Plate Dissipation .  .  .

4000 Max
600 Max

- 150 Max
0.7  Max

0.10  Max
2.5  Max
25  Max

1.5  Max

Volts
Volts
Volts
Amperes
Amperes
Kilowatts
Watts
Kilowatts

Typical     Oporali®n-Grounded-Grid    Circuit    al     1000    Megl]cycl®s,
'A^  Ou'pu'

DC plate voltage.    .                                        4000              Volts
DC  Grid-No.  2  Voltage ..... 500                Volts
DC  Grid-No.1  Voltage.                               .  -110               Volts
DC plate  current ...... 0.42               Amperes
DC  Grid-No.  2  Current ...... 0.011                Amperes
DC Grid-No.  I  Current,  approximate.. 0.055              Amperes
Driving power, approximate                            65             Watts
Power output, useful¢..                             .1000              Watts

*  The cathode of the GL-6942 because of transit-time effects which raise the temperature of the cathode, is subjected to considerable
back  bombardment  in  ultra-high-frequency  service.  The  amount  of heating  due  to  bombardment  is  a  function  of the  operating
conditions and frequency, and must be compensated for by a reduction of the heater input to prevent overheating of the cathode
with resulting short life. For long life, the GL-6942 should be put in operation with rated heater voltage. After the circuit has been
adjusted for proper tube operation the heater voltage should be reduced to a value slightly above that at which c.ircuit  performance
is affected.  At a frequency of 900 megacycles and with typical operating conditions the heater voltage can  be reduced to ap|)roxi-
mately 5.3 volts. At lower frequencies, the reduction will be less. Minor curcuit readjustment may be necessary after this adjustment.

t  Represents maximum useable cathode current (plate current plus current  to each grid)  for any condition of operation.
I  Measured  with complete  external  shielding  between  cathode  and  anode.
§   Output capacitance  measured  between  anode and  screen  grid.  Control  grid connected  directly  to screen  grid.
fl  The  volume  of cooling  air  indicated  for  the  various  seals  is  for  sea-level  conditions  and  approximate  only.  Distribution  of cooling

air  will  vary  with  the  cavity  c.onfiguration  about  the  tube.  For  most  staisfactory  operation  the  maximum  temperature  of  any
point  on  the  tube  should  be  below  200  C.

¢  Useful  power output including power transferred  from  driver stage.
t  The carrier of the driver modulated  loo  percent.
^Modulation essentially negative may be used if the positive peak of the envelope does not exceed 115 percent of. the carrier conditions.
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.oo8" DIA.   tNOTE  3)

TOTAL   INDICATOR   READINGS

The  above   readings   are   measured   wilh   respecl  lo  a
cenlerline determined  by the cehlers  of the anode terminal
and  control-grid  terminal.

OENERT;BiD8RTfiNETOTR.o
Schenectady,  New York  12305
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7077
METAL-CERAMIC  TRloDE

FOR   UHF   AMPLIFIER   APPLICATIONS

DESCRIPTloN   AND   RATING

7077
Page  1

10-62

The  7077  is  a  high-mu.triode  of ceramic  and  metal  planar  construction
primarily intended for use as an r-f amplifier in the  UHF range.  It features
an  extremely  low  noise  figure  throughout  its  frequency  range.  The  7077  is
especially  suited for use where unfavorable  conditions of mechanical  shock,
mechanical vibration,  and nuclear radiation are encountered.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater voltage,  AC  or DC* .... 6.3 ±0.3
Heater  currentt ..... 0.24
Direct  Interelectrode Capacitances i

Grid  to  plate:  (g to  p) .... 1.0

±n:P:i;rt:o:°:0;:(hto:)ek)(htok)               0:0:

MECHANICAL

Mounting Position-Any

See  Outline  Iirawing  on  page  3 for dimensions and electrical
connections

MAXIMUM  RATINGS
ABSOLUTE-MAXIMUM   VALUES

Plate voltage ..... 250    Volts                                    Heater positive with Respect to
Positivepeak andDC Gridvoltage .... 0    Volts                                        Cathode...
Negative peak and DC Grid voltage .... 50    Volts                                   Heater Negative with Respect to

:]€tecpt;hs:£dpeat6::rent                                  11.i    #]::]tasmperes              Envefoa::OTd:mperature§

..50     Volts

..50     Volts

.250      C
Heater-Cathode voltage                                                                                      Grid-Circuit  Resistance ...... 0.01     Megohms

Absolute-Maximum  ratings  are  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicable   to    any    electron The   equipment   manufacturer   should    design   so   that   ini-
tube   of  a   specified   type   os   defined   by   its  published  data ticllly   and   throughout   life   no   absolute-maximum   value   for
and  should  not  be  exceeded  under  the  worst  probcible  condi- the   intended   service   is   exceeded   with   any   tube   under  the
lions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltage   varicltion,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  mclking  no  allowance ment   control    adiuslment,    load   variation,   signal   variation,
for  equipment  variations,   environmentcll   variations,   and   the environmental   conditions,   and  varicitions   in   the  charocteris-
effects  of  changes   in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  c]nd  of  all  other  electron
in  the  charcicteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

GENERAL  ©  ELECTRIC

Supersedes  ET.T1488  dclted  3-58  and  10-59
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CHARACTERISTICS  AND   TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS

Plate  supply voltage ...... 250     Volts
Resistor in Plate  Circuit  (bypass.ed) , .18000     Ohms
Cathode-Bias  Resistor ......... 82     Ohms
Amplification  F`actor    ,....,.. 90
Plate Resistance,  approximate .,.. 9000     Ohms

GROUNDED-GRID   AMPLIF:IERul50   MEGACYCLES

Plate supply voltageTL                           ,    . 250    Volts
Resistor in plate circuit (bypas;ed)tl   18000     Ohms
Cathode-Bias Resistor .....   82     Ohms
Plate  current .... 6.5     Milliamperes
Bandwidth,  approximate ...,.. 7.5     Megacycles

Transconductance   .
Plate Current
Grid Voltage,  approximate

Gin = 50  Micromhos .  .

•10000     Micromhos
.6.5     Milliamperes

.-5     Volts

Power Gaiii,  approximate    .                          14.5     Decibels
Noise  Figure  (Measured  with  power-

matched  input,   using   argon   lamp
noise  source),  approximate    .                  .    5.S     Decibels

FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so

that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Measured using a grounded adapter that provides shielding

between  external terminals of tube.
§  Operation below the rated maximum envelope temperature

is   recommended   for   applications   requiring   the   longest

OUTLINE   DRAWING

.335''MAX.   DIA.

ALL  INSuLATORS

.275''±.004',

ANODE

lNSuLATof`

lNSuLAT0f`

lNSuLATof`

H I AT E R

bj o-.'±.a a 6.                                _I_•   _--_I___

.0 9 9 '' i .a a 5''

possible tube life.  The  7077  is  also  capable of operation  at
envelope  temperatures  much  higher  than  the  rated  maxi-
mum   values.   For   specific   recommendations   concerning
higher    temperature    operation,    contact    your    General
Electric tube sales representative.

tl  Lower supply voltage and a lower value of resistor may be
used  in  the  plate  circuit  with  some  sacrifice  in  uniformity
of performance.

TYPICAL   GROUNDED-GRID   AMPLIFIER   CIRCUIT   USING   THE
7rfi'7

. I 05 ''
I .00 9 ,,

.loo"t±.Oqu2ftJ2Q±

illiiiRIIIIIN
. I 00 I, ± , 00 5,,

. a 55 " i .000 ''

. 2 80 ,,
±.0'2„

r     --       --         .  I             a     OF   CRiD   RiNG.ooo..IDIA.

I .0 I 3 ,,

"°°4{{`±'~!]!!`t'i\/\'`ooo±j°:4

1-Maximum   eccentricity   of   anode,  grid,   cind   cathode   0.005"  .
from  center  line.

2-Maximum  eccentricity of  insulators  0.010"  from  center  line.
3-Center  line  of  grid  ring  used  as  reference  line  for  horiz6ntal

tolercinces.
4-Bottom  surface  of  grid   ring  used  as  reference  line  for  verti-

col  tolerances.
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INITIAL   CHARACTERISTICS   LIMITS

Min.                Bogey
Heater Current

Ef = 6.3  volts .  .

Plate Current
Ef = 6.3 volts, Ebb = 250 vcilts,  RL = 18000 ohms,  Rk = 82  ohms
(bypassed) .  .

222                       240

4.5                         6.5

Transconductance
Ef=6.3  volts,  Ebb=250  volts,  RL=18000  ohms   (bypassed),
Rk =82  ohms  (bypassed)..                                                                            .    7000               10000

Transconductance Change with Heater Voltage
Difference between Transconductance measured at Ef = 6.3 and
Ef=6.0  volts  (other  conditions  the  same)  expressed  as  a  per-      .
centage

Amplification Factor
Ef=6.3  volts,  Ebb=250  volts,  RL=18000  ohms   (bypassed),
Rk =82  ohms  (bypassed)..                                                                                    65                      90

Interelectrode Capacitances
Grid to Plate:  (g to p) .  .
Input:  gto  (h+k)    .
Output: p to  (h+k) .  .
Heater to  Cathode:  (h to k)    .

Heater -Cathode Leakage Current
Ef = 6.3 volts,  Ehk = 100 volts

Heater Positive with Respect to  Cathode .  .  .
Heater Negative with Respect to Cathode .  .

.      0.84                       1.00

.       1.25                           1.70

..   0.004                    0.010

.      0.80                         1.10

Interelectrode Leakage Resistance
Ef = 6.3  volts,  Polarity  of  applied  d-c  interelectrode  voltage  is
such that no cathode emission results.

Grid to All  at  100 volts  d-c.
Plate to All at 300 volts d-c

100

100

Cirid Emission Current
Ef = 7.0  volts,  Ebb = 250  volts,  Eec =  -20  volts,  Rk = 82  ohms
(bypassed),  Rg = 0.1  meg,  RL = 18000  ohms  (bypassed) .  .

SPECIAL   PERFORMANCE  TESTS

Min.                Bogey
Noise Figure

Ef = 6.3 volts, Ebb = 250 volts, Rk = 82 ohms, RL = 18000  ohms,
F -450 mc .. .

Noise Figure at Reduced Heater Voltage
Ef = 6.0 volts, Ebb = 250 volts, Rk = 82 ohms, RL ± 18000  ohms,
F -450 mc

Power  Gain
Ef = 6.3 volts, Ebb = 250 volts, Rk = 82 ohms, RL = 18000  ohms,
F =450  mc ....      12.5

5.5

14.5

7077
Page 3
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N\a*.

258     Milliamperes

8.5     Milliamperes

13000     Micromhos

20    Percent

115

20    Microamperes
20     Microampercs

.     Megohms

.     Megohms

2.0     Microamperes

Max.

6.6     Decibels

8.1     Decibels

Decibels
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SPECIAL  PERFORMANCE  TESTS  (Continued)

Grid Recovery
Change in Average Plate Current.
Peak Plate Current Backswing

Tubes with poor grid recovery affect circuit operation, when
the grid is driven positive by a pulse of signal or noise, some-
what  as if a parallel RC  circuit were in series with the  grid.
This effect may occur in tubes of any type, but is unimportant
in  many  applications.  In  the  majority  of  7077  tubes  the
effect is negligible, but to eliminate,the few in which it may
be excessive, tubes are tested under the following conditions :
Ef = 6.3 volts, Ebb = 250 volts, RL = 0.01 meg. Ec is  adjusted
for  Ib = 3.0  rna.

Upon  application  to  the  grid  of  a  5  volts  positive  pulse
(prr=60  pps,   duty  factor=0.0012)   the  change  in  average
plate current is noted, and the peak plate current backswing
is  measured.  The following  diagram  shows  qualitatively the
plate  current-time  relationship  for  a  tube  (with  poor  grid
recovery)  subjected to this test.

Low Frequency Vibrational Output .  . .

Statistical  sample  is  subjected  to  vibration  in each of two
planes   at   40   cps,   with   peak  acceleration   15G.  Tube  is

Variable Frequency Vibrational Output

The  tube  is  designed  to  be  free  of vibrational  outputs  in
excess  of  15  mv  RMS  at  any  frequency  within  the range
100-2000  eps,  when vibrated in  either  of two  planes  at  10G

Low Pressure Voltage Breakdown Test

Statistical sample tested for voltage breakdown at a pressure
of   8mm   Hg,   to   simulate   an   altitude   of   100,000   feet.
Tubes  shall  not  give  visual  evidence  of flashover  cir  corona

0.6     Milliamperes
1.0     Milliamperes

PLATE    CURRENT   VS.   TIME
-GRID   RECOVERY   TEST

Min.                Bogey N\ax.
10  Millivolts  RMS

operated  with  Ef =6.3  volts,  Ebb= 150  volts,  Rk =82  ohms
(bypassed),  RL = 10000 ohms.

peak  acceleration.  Electrical  conditions  for  this  test  are the
same as for Low Frequency Vibrational Output.

when  300  volts  RMS,   60  cps,  is applied between the plate
and grid terminals.

DEGRADATION   RATE  TESTS

Fatigue
Statistical sample vibrated for a total of 96 hours, 48 hours
in   each  of  two  pla.nes,   at   a  peak   acceleration  of  loG.
Frequency  is  60  cps.  Tubes  are  operated  during  the  test
with  Ef=6.3  volts  (no  other  voltages  applied).  Following
the test, tubes are evaluated for low frequency vibrational
output,    heater-cathode   leakage,    heater   current,    noise
figure, and gain.

Shock
Statistical  sample  subjected  to  S  impact  accelerations  of
approximately 450G in each of four positions. The acceler.-
ating forces  are  applied  by  the  Navy-type,  High  Impact
(flyweight)   Shock  Machine  using   a   30°   hammer   angle.
Tubes  are  operated  during  the  test  with  Ef± 6.3  volts,
Eb=150   volts,   Ehk=+100   volts,   and   Rk=82   ohms.
Following the test, tubes are evaluated for low frequency
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Elect,ical

Heater Voltage (See Note  1) .
Heater  Current. .  .
Amplification .  .

Factor,  G2  to Gi .  .

PULSED   SERVICE
CR0uNDED-GRID   OPERATION

INTEGRAL   RADIATOR

The    GL-7399    is    a    small-size,    four-
electrode    transmitting    tube    especially
designed for pulsed-amplifier or -oscillator
service     at     L-band    frequencies.     This
tetrode  is  particularly  well  suited  for  use
in  airborne  or  ground-based  radar  equip-
ment.

The tube is capable of providing useful -
output at frequencies up to approximately
1500 megacycles.

Features  of  the  GL-7399  include  long

Mini-                Maxi.
mum  Bogey  mum
--      6.3      6.8        Volts

.      5.6                     Amperes

..10.5

Eg2 = 275 Volts DC, Ei, = 1000 Volts DC,
Ib = 200 Milliamperes DC

Cathode  Heating Time .  .  .
Direct Interelectrode Capacitances *

Cathode to platet.    .
Input. ,
Output .  .  .

1                              Minute

•.0.012                        4(4f

-..24.0                     „4f
•..9.3                      „„f

Mechanical
Mounting Position-Any
Net  Weight .  .  . 1.0                     Pounds

FORCED-AIR   COOLED
METAL   AND   CERAMIC

life  and reliability,  long pulse width,  high

peak power and high gain, broad-banding
capability,   and  resistance  to  shock  and
vibration.

These together with such design factors
as     an     oxide-coated     cathode,     coaxial
elements, and metal-c.eramic construction
make the tube well adapted to application
in   modern   systems   where   performance
and reliability are important.

Thermal

Cooling-Forced Air I
Radiator§

PlateDissipation .....    500     400     300     Watts
Air Flow, 45  C incoming air
temperature .....  17.012.0      6.5     Min  cut)icFeet

per Minute
Static Pressure, approximate

anode  at  room   tempera-
ture,  .  .

Anode Hub' i.emperatLre^ .
Sea]§

Screen   and   Control   Grid,
approximate .  .  .

Heater   and   Cathode,   ap-
proxlmate .

0.9      0.S      0.2     Inches-Water
...250     Maxc

...I     CubicFoot
per Minute

I     CubicFoot
per Minute

Ceramic  Temperature  at  any
Point ...... 200     Maxc

RADIO-FREQUENCY   POWER   AMPLIl:IER-CLASS   a

MaximulTt  Rolings

Plate- and Screen-Grid Pulsed,  500  Megacycles
DC plate  Voltage,  during pulse.  .  .
DC  Plate  Current,  during  pulse .  .  .
DC  Grid-No.  2  Voltage,  during pulse
DC Grid-No.  2  Input+   .  ,
Plate Dissipation + .  .
DC Grid-No.  1  Voltage, not pulsed .  .
DC  Grid-No.  1  Current, during pulse
Pulse Width Y ....
Duty Factor Y¢ . .

...10      Kilovolts

...10     Amperes

.2000     Volts

...15      Watts
.500     Watts

-175     Volts,
.     .2.5     Amperes
...15     Microseconds

0.0012

Typical  Operalion

Grounded-grid Circuit,  500  Megacycles
DC  Plate  Voltage,  during pulse. . . 9     Kilovolts
DC  Grid-No.  2  Voltage,  during pulse. . .1400     Volts
DC Grid-No.1  Voltage, not pulsed ....- 125     Volts
Peak  RF Plate  Voltage.  .  .
Peak  RF  Grid Voltage .  .  .
DC  Plate  Current,  during pulsc` .  . .
DC  Grid-No.  1  Current, during pulse
DC  Grid-No.  2  Current,  during pulse
Driving Power at Tube,  during pulse
Power Output,  during pulse (useful) .
Pulse Width .....
Duty Factor . . .

.7000     Volts

..300     Volts
..9.2     Amperes

`1.1      Amperes
.0.47     Amperes
..2.6     Kilowatts
...52     Kilowatts
.-.. 15     Microseconds
0.001

Note  1 : Because the  temperature of the cathode is increased by back bombardment of electrons at UHF. required heater voltage for
optimum  life decreases with increasing  frequency.  The amount of heater-voltage reduction is dependent on operating condi-
tions.  However,  this voltage should not be less than  5.5 volts.

GEN ERAL ©  ELECTRIC

Supersedes  ET-T1598C  dclfed  4-64
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RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   C

Maximum  Rolings

Pulsed Drive,1250 Megacycles
DC Plate Voltage ....
DC Plate Current, during pulse .
DC  Grid-No.  2  Voltage ,  .  .
DC  Grid-No.  2  Input.  .  .
DC  Grid-No.  1  Voltage .  . .
DC  Grid-No.1  Current.  .  .
Plate  Dissipation .  .  .
Pulse Width Yt
Duty Fac.tor Y¢¢

.  ,.5     Kilovolts

...6     Amperes
...1.1      Kilovolts

..-5     Watts
.-225     Volts
...1.5     Amperes
...500     Watts

15     Microseconds
0.01

Typical  Oporati®n

Grounded-grid  Circuit  at  1100  Megacycles,  %^  Output  Circuit
DC plate voltage** .... 4.8     Kilovolts
DC plate current,  during pulse .,... 4.2     Amperes
DC  Grid-No.  2  Voltage .....    I     Kilovolt
DC  Grid-No.  2  Current,  during  pulse .... 100     Milliamperes
DC  Grid-No.  1  Voltage ....- 200     Volts
DC  Grid-No.  1  Current,  during  pulse .... 200     Milliamperes
Driving Power at Tube, during pulse
Power Output,  during pulse  (useful) .
Pulse Width.
Duty Factor

1.5     Kilowatts
11      Kilowatts
15     Microseconds

Control grid connected  directly to screen grid.
Complete external Shielding between cathode  and plate.
Forced air cooling should be applied during the application of any voltages.
Provision must b; made for un-o-bstructed passage of cooling air between radiator fins, and between the anode terminal and adjacent

Measured at the base of the fin adjacent to the plate terminal. See outline drawing on  page 4.
Maximum average value.
For applications that require longer pulses or higher duty refer to the tube  manufacturer  for recommendations.
Pulse duration measured between points at 70 percent of peak value. The peak value is defined as the maximum value of a smooth
curve through the average of the fluctuations over the top portion  of the pulse.

¢  Maximum ratio of on-time to elapsed time during any  12.5-millisccond period.
¢¢Maximum ratio of on-time to elapsed time during any  1.5-millisecond period.**A minimum surge-limiting resistance of 50 ohms must be placed between the plate of the tube and the 13 + power supply at Steady-

state voltages greater than 3.5  kilovolts.
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FILAMENT  CUP  TERMINAL

tBOTTOM   OF  CUP  MUST
NOT   BE   USED   AS   A  SOCKET   STOpt

C 0 N C E N T ft I C I T I E S

THE   FOLLOWING   TOTAL    INDICATOB   READINGS   APE    MEASURED  WITH
f}ESPECT   TO  A   CENTERLINE   DETERMINED   BY   THE    CENTEf}S   OF  THE
ANODE   TEPM`NAL   AND    CONTROL    GRID   TERMINAL

DIAMETER   A-O.030   INCHES
DIAMETEf]    a-0.016     lNCHES
DIAMETER   C-O.036    INCHES
DIAMETER   D-O.042   INCHES

TOTAL   INDICATOR   READING    OF   FILAMENT   CUP   TERMINAL    DIAMETER
(D)  MEASuf}ED   WITH    RESPECT   TO   CENTER   OF   CATHODE   AND   FILAMENT   TERMINAL
DIAMETER    (Cl-O.016   lNCHES

GENERTUABELD8RT:ELN[o".o
Scheneclady,  New  York   12305
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METAL-CERAMIC  TRIODE

DESCRIPTION   AND   RATING
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The  7462  is  a  high-mu  triode  of ceramic-and-metal  planar  construction
primarily intended for radio-frequency amplifier service from low frequencies
into the  ultra-high-frequency range.  It is  similar to the  7077  in  character-
istics but differs in having terminal lugs for use in print-board circuits.

GENERAL

ABSOLUTE-MAXIMUM   VALUES

JVLAXIJVLUM   RATINGS

Heater-Cathode Voltage

Platevoltage ................. 25o    volts                                      He€::iodpe°.Sit;r.e..T::?.  Respect   to

Positive peak and DC Grid voltage ...... 0    Volts                                    Heater Negative with Respect to

Negative peak and DC Gridvoltage...   5o    Volts                                        Cathode
Grid-Circuit Resistance, with Fixed

P|ateDissipation ................. 1.1     Watts                                         Bias§

.50    Volts

50    Volts

0.01     Megohms
DC cathode current ............ 11    Milliamperes                 Bulb Temperature at Hottest pointfl 250    C

Absolute-Maximum ratings are limiting values of operating all  other  electron  devices  in  the  equipment.
cind    environmental    conditions   applicable   to   any   electron The   equipment   manufacturer   should   design   so   that   ini-
tube  of  a  specified  type  as  defined   by  its  published  data tially   and   throughoul   life   no   absolule-maximum   value   for
and  should not be exceeded under lhe worsl  probable condi- the  intended   service  is  exceeded   wirh  any  tube  under  the
ions, worst  probable operaling  condilions  with  respect  lo  supply-

Tlle   tube   manufacturer  chooses   these   values   to   provide voltage   variation,   equipment   component   variation,   equip-
occeptoble  serviceability  of  the  tube,  making  no  allowclnce ment   control   qdiuslmenl,   load   variation,   signal   variation,
for  equipment  variations,  environmental  variorions,  and  the environmental  conditions,  and  variations  in  the  chorocteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  lube  under consideration  and  of all  olher  eleclron
in  the  characteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS
Platevoltage ........ 150     Volts

Gridvoltage .................  +6.0     Volts

Cathode-Bias Resistor ...... 910     Ohms
Amplification  Factor .............. 94

GENEnAL

Plate Resistance, approximate ,..... 9000    Ohms
Transconductance..........
Plate Current. . .
Grid Voltage, approximate

lb ± 100 Microamperes. . .

© ELECTnic

Supersedes 7462  D  &  R  sheet  ET-T1540A,  daled  2-60

.10500    Micromhos
...7.2     Milliamperes

.-2.4    Volts
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FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at  the  specified

bogey value, with heater supply variations restricted to maintain heater voltage within the specified tolerance.
t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Without external shield.
§   If a cathode bias resistor is used, the grid-circuit resistance may be as high as  (10,000 +100 Rk +RL) ohms,

where Rk is the value of the  cathode-bias resistor  in  ohms  and  RL is the  value  of tbe plate-load resistor
in ohms.

fl For applications where long life is a primary consideration, it is recommended that the envelope temperature
be maintained below  175  C.

NOTE:     Maximum  eccentricity of
insulators 0.010 in.
from  center  line.

GeTnheer±rbEf=c5r=€€=ma3g=Teonr'So#eser's=Sste..#hee{,e.`,nhem°d¥scfoesucr°eveortedanbyy.`Ftao`remn£,.,a+n%ee=eern:is.E`inec::.=€8=pnacney°a'ssaunmees*np=eis,Sabtt\{i'v'e,no,a9p#==,e.#n',,!,=q=hm.enc,a"a':.,£.`'.Yd

::5:!rn  3::o'nhte c5|%'iems°fc'ouvbeer;n:yc::3:n':;:oE|:Ct:.|`  fu°bme:a:¥,hc°:i:?rs  adneyv;::::n;er       :uub'e°sfoarn?thu::s.°f  the  tubes With   other devices  or  elements  by  any  purchciser of

INITIAL  cHARACTEnisTics  LiMiTs

Min.           Bogey            Max.

Heater Current
Ef=6.3  volts .  .  .

Plate Current
Ef = 6.3 volts, Eb = 150 volts,  Rk = 82  ohms  (bypassed) .

222               240               258     Milliamperes

4.5                7,5                  11     Milliamperes
Transconductance

Ef=6.3 volts, Eb= 150 volts, Ec± +6 v,olts, Rk=910 ohms (bypassed)..        8000          10500          13000     Micromhos
Amplification Factor

Ef = 6.3 volts, Eb = 150 volts, Ec = +6 volts, Rk = 910 ohms (bypassed) . 65                    94                 115
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lNIT.AL  CHARACTERISTICS  LIMITS  (C®ntinued)

Min.          Bogey            Max.
Transconductance Change with Heater Voltage

Difference between transconductance at Ef = 6.3 volts and trans-
conductance  at  Ef =6.0  volts  (other  conditions  the  same)  ex-
pressed as a percentage of transconductance at Ef = 6.3 volts. . .

Cirid Voltage Cutoff
Ef = 6.3 volts, Eb = i5o volts, Ib = loo pe .

Interelectrode Capacitances
Grid to Plate: (g to p)
Input: g to (h+k) .  .
Output : p to (h +k) . ..
Heater  to  Cathode:  (h to k) .......................

Heater-Cathode Leakage Current
Ef = 6.3 volts, Bhk = loo volts

Heater Positive with Respect to Cathode . .
Heater Negative with Respect to Cathode ...............

Interelectrode Leakage Resistance
Ef = 6.3 volts. Polarity of applied d-c interelectrode voltage
is such that no cathode emission results.

Grid to All of 100 volts d-c .
Plate to All at 300 volts d-c

Grid Emission Current
Ef = 7,0 volts, Eb = 100 volts, Ecc = -10 volts, Rg = 0.1 meg ..........

15    Percent

-2.4         -4.5    Volts

1.25              1.45     pf
1.8              2.25     pf

0.032           0.045    pf
1.5                 1.9     pf

7462 .
Page 3
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20    Microamperes
20    Microamperes

.....     Megohms
.     Mcgohms

2.0    Microamperes

SPECIAL   PERFORJVLANCE  TESTS

Low Frequency Vibrational Output
Statistical sample i` subjected to vibration in each of two planes
at  40  eps,  with peak  acceleration  15  G.  Tube is  operated  with
Ef=6.3  volts,  Ebt`=150  volts,  Rk=82  ohms  (bypassed),  R|,=
10000  ohms .........

Variable Frequency Vibrational Output
Statist.ical  sample is  subjected  to  vibration  according to the  pro-
cedure given below. Tube is operated with Ef = 6.3 volts, Ebb =
150 volts,  Rk = 82  ohms  (bypassed)  R|. = 10000  ohms ............

10    Millivolts  RMS

15    Millivolts  RMS

The variable-frequency vibration test shall be performed as follows :

1.     The frequency shall be increased from 100 to 2000 eps with approximately logarithmic progression in 3 ± 1 minutes.
The return sweep  (2000 to  100 eps)  is not required.

2,     The tube shall be vibrated with simple harmonic motion in each of two planes: first, parallel to the cylindrical
axis; Second, perpendicular to the cylindrical axis and parallel to a line through the major axis of a terminal lug.
At all frequencies from  loo to 2000 cps, the total harmonic distortion of the acceleration waveform shall be less
than 5%.

3.     The peak acceleration shall be maintained at 10 ±1.0 G throughout the test.

4.     The value of the alternating voltage produced across the load resistor  (RL), as a result of the vibration, shall be
measured with a suitable device having a response to the RMS value of the voltage to within  ±0.5 db of the re-
sponse at 400 eps for the frequency range of 100 to 3000 eps, and having a band-pass filter with an attenuation rate
of 24 db per octave below the low frequency cutoff point of 50 cps and above the high frequency cutoff point of
5000 eps. The meter shall have a dynamic response characteristic equivalent to or faster than a VU meter (oper-
ated in accordance with ASA Standard No.  C16.5-1954).

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure of
8 mm Hg, to simulate an altitude of loo,000 feet. Tubes shall not
give visual evidence of flashover or corona when 300 volts RMS,
60 cps, is applied between the plate and grid terminals.



DEGRADATION   RATE  TESTS

Fatigue
Statistical sample vibrated for a total of six hours, three hours in each of two planes, at a peak acceleration of 10 G.

Frequency is continuously varied from 30 cps to 2000 eps and back to 30 cps, with a period of ten minutes. Tubes are oper-
ated during the test with Ef = 6.3 volts, Eb = 150 volts, and Rk = 82 ohms. Following the test, tubes are evaluated for low
frequency vibrational output, heater-cathode leakage, heater current, and transconductance.

Shock

Statistical sample subj ected to 5 impact aceelerations of approximately 450 G in each of four positions. The accelerating
forces are applied by the Navy-type, High Impact (flyweight) Shock Machine using a 30° hammer angle. Tubes are operated
during the test with Ef = 6.3 volts, Eb = 150 volts, Ehk = + 100 volts, Rg = 0.1 meg, and Rk = 82 ohms. Following the test,
tubes are evaluated for low frequency vibrational output, heater-cathode leakage, heater current, and transconductance.

Slabilily  Life  Tesl

The statistical sample subjected to the Intermittent Life Test is ev`aluated for percent change in transconductance of
individual tubes, from the initial reading to readings following 2 hours and 20 hours of the life test.

Survival  Role  Life Test

The statistical sample subjected to the Intermittent Life Test is evaluated for shorted and open elements, and trans-
conductance, following approximately  100 hours of life test.

InlermiHenl  Life Tesl

Statistical sample operated  1000 hours under the following conditions: Ef = 6.3 volts,  Eb = 150 volts, Eec = +6 volts,
Ehk = -70 volts, Rk = 910 ohms, Rg = 0.1 meg. Heater voltage is cycled (on 1 % hours, off % hour). Tubes are evaluated,
following 500 and  1000 hours of life test, for shorted or open elements,  heater current, transconductance,  heater-cathode
leakage,  and interelectrode leakage resistance.

Interface  Life Tesl
Statistical  sample operated for  500  hours  with  Ef=6.6 volts,  no other voltages  applied,  and  evaluated  for  cathode

interface resistance following the life test.

Healer-Cycling  Life Tesl

Statistical  sample operated for  2000  cycles minimum to  evaluate and  control  heater-cathode defects.  Conditions  of
test include Ef = 7.0 volts cycled for one minute on and one minute off, Eb =Ec = 0 volts, and Ehk = 70 volts with heater
positive  with  respect  to  cathode.  Following  the  test,  tubes  are  evaluated  for  open  heaters,  heater-cathode  shorts,  and
heater-cathode leakage.
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7486
METAL-CERAMIC  TRIODE

FOR   uHl=   OSCILLATOR   AND   POWER   AMPLIFIER

APPLICATIONS

DESCRIPTloN   AND   RATING

7486
Pc,ge   1

'0-62

The  7486  is  a  high-mu  triode  of  ceramic-and-metal  planar  construction
intended  for  use  as  an  oscillator  or  radio-frequency  power  amplifier  in  the
ultra-high-frequency range.  The  7486  is  especially suited  for  use where  un-
favorable conditions of mechanical shock,  mechanical  vibration,  and nuclear
radiation  are encountered.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heatervoltage,ACorDC*   .       ,.6.3±0.3    Volts

:iFraetcetr|:::::inetctrode capacttances±      0.24    Amperes
Grid to Plate:  (g to p) .  .  .
Input: g to  (h+k) .  .
Output: p to  (h +k) .  .
Heater to Cathode:  (h .to k)

MECHANICAL

Mounting Position-Any

See  Outline  Drawing  on  page  3  for  dimensions  and  elec-
trical  connections

JVLAXIMUM   RATINGS

ABSOLUTE-MAXIMUM   VALUES
Plate voltage ..... 250     Volts
Positive DC  Grid voltage ..... 0     Volts
Negative DC  Grid voltage ..... 50     Volts
Plate  Dissipation ..... 1.0     Watts
DC  Grid  current ..,.. 2.2     Milliampercs
DC  cathode current .... 11     Milliampercs
Peak  cathode current ...,. 40    Milliamperes

Heater-Cathode Voltage
Heater Positive with Respect to

Cathode.  .  .
Heater Negative with Respect to

Cathode.  .  .

.50     Volts

.50     Volts
Grid  circuit Resistance ..... 10000     Ohms
Envelope Temperature at Hottest
Point§ ..... 250      C

Absolute-Maximum  ratings  are  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmental    conditions    applicoble    to    any   electron The   equipment   manufacturer   should    design   so   that   ini-
tube  of  a   specified   type   as   defined   by   its  published  dcita tiQIIy   and    throughout   life   no   absolute-maximum   vcilue   for
and  should  not  be  exceeded  under  the  worst  probable  condi- the   intended   service   is   exceeded   with   clny   tube   under   the
tions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   vcilues   to   provide voltcige   variation,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,   mciking   no  ciHowcince ment   control    adiustment,   load   variation,    signal   variation,
for  equipment   varicltions,   environmentcil   variations,   and   the environmental   conditions,   clnd   variations   in   the   charocteris-
effects  of  changes  in  operating  conditions  due  to  varicitions tics  of  the  tube  under  consideration  and  of  clll  other  electron
in  the  chciracteristics  of  the  tube  under  consideration  and  of devices  in  the  equipment.

OENEnAL © ELEo"Io
Supersedes  ET-T1531  daled  6-59



CHARACTERISTICS  AND  TYPICAL  OPERATION
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AVERAGE   CHARACTERISTICS

Plate Voltage .  .
Grid Voltage.  . .
Cathode-Bias Resistor. . .
Amplification Factor .  . .
Transconductance .  .
Plate Current .  . .

UHF Oscillator Service
Plate Voltage .
Grid  Resistor ...........
Plate Current .
Grid Current .
Frequency .  . .
Power Output, approximate. .

Class C RF Amplifier
Plate Voltage .  .
Grid Resistor .  .
Plate Current .  .  .
Grid Current. . .
Frequency .  .  .
Power Output, approximate. . .

100                      150     Volts
0                        ,     Volts

82    Ohms
90

.      11500                10500     Micromhos
8.0                     7.5     Milliamperes

FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so

that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef = 6.3 volts.
I  Measured using a grounded adapter that provides shielding

between external terminals of tube.

Heater Current
Ef = 6.3 volts

150     Volts
1000     Ohms

8.0     Milliamperes
2.0     Milliamperes

1200     Megacycles
300    Milliwatts

150     Volts
3000     Ohms

5.0     Milliamperes
1.0     Milliamperes

450     Megacycles
300    Milliwatts

§  Operation below the rated maximum envelope temperature
is   recommended   for   applications   requiring   the   longest
possible tube life. The  7486 is also capable of operation  at
envelope temperatures  much  higher  than the rated maxi-
mum   values.   For   specific   recommendations   concerning
higher    temperature    operation,    contact    your    General
Electric tube sales representative.

INITIAL  CHAnACTERisTics  LiMiTS
Min.               Bogey               Max.

222                    240                    258     Milliamperes

Plate Current
Ef = 6.3 volts, Eb = 150 volts, Rk =82  ohms  (bypassed) .....

Zero-Bias Transconductance
Ef = 6.3 volts, Eb = loo volts, Ec = 0 volts. . .

Transconductance Change with Heater Voltage
Difference between Zero-Bias Transconductance measured at
Ef= 6.3  volts  and Ef =6.0 volts  (other  conditions the same)
expressed as a percentage

Amplification Factor
Ef = 6.3 volts, Eb = 150 volts, Rk = 82 ohms  (bypassed) . . .

Grid Voltage Cutoff
Ef = 6.3  volts,  Eb = 150  volts,  Ib = 100  pa .........

Interelectrode Capacitances
Cirid to Plate:  (g to p) .  .
Input: g to  (h+k) . .
Output: p to  (h +k) . . :
Heater to Cathode:  (h t; k)

4.5

8000                 11500

11     Milliamperes

.     Micromhos

20    Percent

65                           90                        115

-2.4               -4.5    Volts

0.84                    1.00                    1.16     Picofarads
1.25                    1.70                    2.15     Picofarads

0.004                0.010                0.016     Picofarads
0.80                   I.10                   1.40     Picofarads
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lNITIAL  CHARACTERISTICS  LIMITS  (Continued)
Heater-Cathode Leakage Current

Ef = 6.3 volts, Ehk = loo volts
Heater Positive with Respect to Cathode .  . .
Heater Negative with Respect to Cathode .......

Interelectrode Leakage Resistance
Ef = 6.3  volts.  Polarity  of applied  d-c interelectrode  voltage
is such that  no cathode emission results.

Grid to All at  loo volts d-c .  .
Plate to All at 300 volts d-c .  .

Grid Emission Current
Ef = 7.0  volts,  Eb = 150 volts, Ecc =  -20 volts,  Rg =0.1  meg

Min.               Bogey

loo
100

SPECIAL   PERFORMANCE  TESTS

1200 Megacycle Oscillator Power Output
Tubes are tested for power output as an oscillator under the
following  conditions:  F= 1200  mc±50  mc,  Ef=6.3  volts,

Pulse Emission .  .  .
Tubes  are  tested  for  pulse  emission  under  the  following
conditions:  Ef = 6.3  volts,  Eb = 150  volts,  Ec =  -10-volts,

Grid Recovery
Change in Average Plate Current. .  .
Peak Plate  Current Backswing.  .  .

Tubes   with   poor   grid   recovery   affect   circuit   operation,
when the grid is driven positive by a pulse of signal or noise,
somewhat as if a parallel RC  circuit were in series with th:
grid.  This  effect  may  occur  in  tubes  of  any  type,  but  is
unimportant  in many  applications.  In the majority of  7486
tubes the effect is negligible, but to eliminate the few in which
it may be excessive, tubes are tested under the following con-
ditions: Ef = 6.3 volts,  Ebb = 250 volts, RL  = 0.01  meg.  Ec is

OuTLINE   DRAWING

Min.
200

74e6
Page  3

'042

Max.

20    Microamperes
20    Microamperes

.....      Mcgohms

....,     Megohms

2.0    Microamperes

Bogey             Max.
Milliwatts

Eb=150  volts,   Rg=1000  ohms,   Ib=8.0  rna  maximum,
Ic = 1.6 -2.0 rna

90.....Milliamperes

cgk=+7   V,   prr=1000   pps,   duty   factor=0.01.   Pulse
cathode current is measured

0.6    Milliamperes
1.0    Milliamperes

adjusted for  Ib = 3.0 rna.
Upon   application  to  the   grid   of  a   5-volt   positive   pulse
(prr =60  pps,  duty  factor=0.0012)   the  change  in  average
plate current is noted, and the peak plate current backswing
is measured.  The following diagram  shows qualitatively the
plate  current-time  relationship  for  a  tube  (with  poor  grid
recovery)  subjected to this test.

PLATE   CURRENT  VS  TIME-
GRID   RECOVERY  TEST

1-Mciximum       eccentricity      of
anode,   grid,   and    cathode
0.005"  from  center  line.

2-Maximum      eccenlricity      of
insulalors   0.010"   from   cen-
ter  line.

3-Center    line    of    grid    ring
used   as   reference   line   for
horizontal  tolercinces.

4-Bottom  surface  of  grid  ring
used   as   reference   line   for
vertical  tolerances.
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SPECIAL  PERFORMANCE  TESTS  (Continued)

Low Frequency Vibrational  Output .  . .
Statistical  saulble is  subjected  to vibration in  each  of two
planes   at   40   cps,   with   peak   acceleration   15G.   Tube   is

Variable Frequency Vibrational  Output
The  tube  is  designed  to  be  free  of  vibrational  outputs  in
excess  of  15  mv  RMS  at  any  frequency  within  the  range
loo-2000 cps, when vibrated in  either of two planes at  I OG

Low Pressure Voltage Breakdown Test
Statistical   sample   tested   for   voltage   breakdown   at   a
pressure of 8 mm Hg, to simulate an altitude of 100,000 feet .
Tubes shall not give visual  evidence of flashover or corona

Min.                Bogey               Max.
10   Millivolts RMS

operated with Ef = 6.3 volts, Ebb = 150 volts, Rk = 82 ohms
(bypassed),  R|j  = 10000  ohms.

peak acceleration. Electrical conditions for this test are the
same as for Low Frequency Vibrational Output.

when  300  volts  RMS,  60  cps,  is  applied  between the  plate
and  grid terminals.

DEGRADATION   RATE  TESTS
Fatigue

Statistical  sample vibrated for  a total of six hours, three hours in  eac.h of two planes,  at  a peak  acceleration  of
10G. Frequency is continuously varied from 30 c.ps to 2000 eps and back to 30 cps, with a period of ten  minutes.
Tubes  are operated  during the test  with  Ef = 6.3  volts,  Eb = 150  volts,  and Rk =82  ohms.  Following the  test,
tubes are evaluated for low frequency vibrational output,  heater-cathode leakage,  and  heater current.

Shock
Statistical  sample  subjected  to  5  impact  accelerations  of  approximately  450G  in  each  of four  positions.  The
accelerating forces are applied by the Navy-type, High Impact  (flyweight)  Shock Machine using a 30° hammer
angle.  Tubes  are  operated  during the test  with  Ef = 6.3  volts,  Eb = 150  volts,  Ehk = + loo  volts,  and  Rk = 82
ohms.  Following  the  test,  tubes  are  evaluated  for  low  frequency  vibrational  output,  heater-cathode  leakage,
and heater current.

Stability Life Test
The statistical  sample  subjected to  the  Dynamic Life  Test  is  evaluated for  percent  change  in  zero-bias  trans-
conductance of individual  tubes,  from the  initial  reading to readings following  2  hours  and  20  hours  of the life
test.

Survival Rate Life Test
The combined statistical samples subjected to the Dynamic and Pulse Life Tests are evaluated for shorted and
open elements following approximately  100 hours of life test.

Dynamic Life Test
Statistical sample operated,  with  a  60 cps grid signal,  at  maximum rated DC grid current  and  cathode current
for  a period of 1000  hours.  Heater  voltage is  cycled  (on  194'  hours,  off  lj  hour).  Tubes  are evaluated,  following
500  and  1000  hours of life test,  for shorted  or  open  elements,  heater  current,  oscillator  power  output,  zero-bias
transconductance,  heater-cathode  leakage,  and  interelectrode  leakage  resistance.

Pulse Life Test
Statistical sample operated with  120 rna peak cathode current,  0.01  duty factor,  for  1000 hours.  Heater voltage
is cycled  (on  191. hours,  off  }4  hour).  Tubes are  evaluated,  following 500  and  1000 hours of life test,  for  shorted
or  open  elements,  heater  current,  pulse  cathode  current,  heater-cathode  leakage,  and  interelectrode  leakage
resistance.

Interface Life Test
Statistical sample operated for  1000 hours with Ef = 6.6 volts,  no other voltages applied,  and evaluated for cath-
ode interface resistance following the life test.

Heater-Cycling Life Test
Statistical sample operated for  2000 cycles minimum to evaluate and control heater-cathode defects. Conditions
of test include Ef = 7.0 volts cycled for one minute on and one minute off, Eb = Ec = 0 volts,  and Ehk = 70 volts
with heater positive with respect to cathode.  Following this test,  tubes  are  evaluated for open  heaters.  heater-
cathode shorts,  and  heater-cathode leakage  current.

Note:  The conditions for  some of the indicated tests  have  deliberately been  selected to  aggravate tube  failures  for
test and evaluation purposes.  In no sense should these conditions be interpreted as suitable circuit operating
conditions.
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AVERAGE  TRANSFER  CHARACTERISTICS
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DESCRIPTION   AND   RATING

FOR   BROADBAND   RADIO-FREQUENCY   AMPLIFIER
APPL.CATIONS

The  7768  is  a  high-mu  triode  of  ceralnic-and-me.tal  planar   construction
primarily  intended  for  use  as  a  broadband  radio-frequency  am`plifier.  The
7768 is especially suited for  use where unfavorable conditions of mechanical
shock, mechanical vibration, and nuclear radiation are encountered.

GENERAL

ELECTRICAL

Cathode-Coated Unipotential
Heater Characteristics and Ratings
Heater voltage,  AC  or  DC* .... 6.3 ±0.3
Heater  currentt .... 0.4
Direct lnterelectrode Capacitances i

Grid to  plate:  (g to  p) ..... 1.7
Input:  g to  (h+k)    .... 6.0

%::::rt;oP:Oat(hho[ek:)(h t; k).           :..02::

ABSOLUTE-MAXIMUM   VALUES

MECHANICAL

Mounting Position--Any

See  Outline  Drawing on page  3 for dimensions and electrical
connections

MAXIMUM  RATINGS

Heater Positive with Respect to
Plate voltage ..... 330     Volts                                           Cathode...

Positive DC Grid voltage ..... o    Volts                                   Heater Negative with Respect to
Negative DC  Grid voltage   .... 50    Volts

..50      Volts

Cathode ...... 50     Volts
Grid Circuit  Resistance

Plate Dissipation_                                      ..5.5     Watts                                   with cathode Bias ...... 0.01     Megohms
DC cathode current                                 .    . 30    Milliamperes               Envelope Temperature at Hottest
Heater-Cathode voltage                                                                                            Point§ ..... 250     C

Absolute-Moxjmum  ratings  are  limiting  values of operating all  other  electron  devices  in  the  equipment.
and    environmentcll    conditions    applicable    to    any    electron The   equipment   manufacturer   should    design   so   that   ini-
tube  of  a   specified   type  as  defined   by   its  published  data ticilly   and    throughout    life   no   cibsolute-mclximum   value   for
and  should  not  be  exceeded  under  the  worst  probcible  condi- the   intended   service   is   exceeded   with   any   tube   under   the
lions. worst  probable  operating  conditions  with  respect  to  supply-

The   tube   manufacturer   chooses   these   values   to   provide voltcige   varicition,   equipment   component   variation,   equip-
acceptable  serviceability  of  the  tube,  making  no  allowance ment   control    adiustment,    load   varicition,   signal   variation,
for  equipment  variations,  environmentcil   variations,   and   the environmental   conditions,   and   variations   in   the   charclcteris-
effects  of  changes  in  operating  conditions  due  to  variations tics  of  the  tube  under  consideration  and  of  all  other  electron
in  the  chorocteristics  of  the  tube  under  considercition  and  of devices  in  the  equipment.

GENERAL ©  ELEOTRlo
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CHARACTERISTICS  AND   TYPICAL  OPERATION  .

AVERAGE   CHARACTERISTICS
Plate Voltage .  . ...200     Volts              Transconductance..
Grid voltage ....  +6.0    Volts             Plate current..
Cathode-Bias Resistor ..... 270    Ohms            Grid voltage,  approximate
Amplification  Factor ...... 225
Plate Resistance,  approximate .... 4500    Ohms

Ib = 100 Microamperes

FOOTNOTES
*  The  equipment  designer  should  design  the  equipment  so

that heater voltage is centered at the specified bogey value,
with heater supply variations restricted to maintain heater
voltage within the specified tolerance.

t  Heater current of a bogey tube at Ef = 6.3 volts.

Heater Current
Ef ± 6.3  volts .

...50000     Micromhos
.    .24     Milliamperes

.-3    Volts

i  Without external  shield.
§  Operation below the rated maximum envelope temperature

is   recommended   for   apblications   requiring   the   longest
possible tube life.

INITIAL   CHARACTERISTICS   LIMITS

Min.               Bogey               Max.

370                    400                    430     Milliampcres

Plate Current
Ef=6.3  volts,  Eb=200 volts,  Rk =22  ohms  (bypassed)...                  14                     22                     30     Milliamperes

Transconductance
Ef=6.3  volts,  Eb=200  volts,  Rk=22  ohms  (bypassed) ....      40000               50000              60000     Micromhos

Amplification Factor
Ef=6.3 volts,  Eb=200  volts,  Rk=22  ohms  (bypassed)...                170                   225                    280

Grid Voltage Cutoff
Ef =6.3  volts,  Eb =200  volts,  Ib = 100  pa .  .

Noise Figure
Ef = 6.3 volts, Ebb = 280 volts, RL = 3300 ohms,  Rk = 22 ohms
(bypassed),  F = 200 MC ± 10 mc .  .  .

Interelectrode Capacitances
Grid to  Plate:  (g to p) .  .
Input: g to  (h +k) .  .
Output: p to  (h+k) .  .
Heater to Cathode:  (h i; k) .  .

Negative Grid Current
Ef = 6.3 volts, Eb = 200 volts, Eec = -I.0 volts, Rk = 22 ohms
(bypassed),  Rg = 0.1  meg

-3.0               -5.0    Volts

3.0

Heater-Cathode Leakage Current
Ef = 6.3 volts,  Ehk = 100 volts

Heater Positive with Respect to Cathode   . .
Heater Negative with Respect to Cathode .  .  .

Interelectrode Leakage Resistance
Ef = 6.3 volts. Polarity of applied d-c interelectrode voltage is
such that no cathode emission results.

Grid to All  at  100  volts d-c.  .
Plate to All  at 300 volts d-c.  . .

Grid Emission Current
Ef = 7.0 volts, Eb = 200 volts, Ecc ±  -15 volts, Rg = 0. I meg. .

50
50

4.8     Decibels

2.1      pf
7.5     pf

0.026     pf
3.3     pf

0.5     Microamperes

20     Microamperes
20    Microamperes

.     Megohms

.     Megohms

2.0     Microamperes
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SPECIAL   PERFORMANCE  TESTS

Min.               Bogey              Max.

Grid Recovery
Change in Average Plate Current. `  .
Peak Plate` Current Backswing .  .  .

Tubes  with poor  grid recovery affect  circuit  operation when the
grid is driven positive by a pulse of signal .or noise, somewhat as if a
parallel RC  circuit were in series with the grid.  This  effect may
occur in tubes of any type, but is unimportant in many applica-
tions. In the majority of 7768 tubes the effect is negligible, but to
eliminate the few in which it may be excessive,  tubes are tested
under  the  following  conditions:  Ef= 6.3  volts,  Ebb = 250  volts,
RL = 0.01  meg. Ec is adjusted for Ib = 10 rna.

Upon application to the grid of a 3 volt positive pulse (prr = 60
pps,  duty factor = 0.0012)  the change in  average plate current  is
noted,  and  the  peak  plate  current  backswing  is  measured.  The
following diagram sho`ws qualitatively the plate current-time rela-
tionship for a tube (with poor grid recovery) subjected to this test.

Low Frequency Vibrational Output
Statistical  sample  is  subjected  to  vibration  in  each  of two
planes  at  40  eps, with  peak acceleration  15G.  Tube is oper-
ated with Ef = 6.3 volts,  Ebb = 250 volts,  Rk = 68 ohms  (by-
passed), RL = 2000 ohms

Low Pressure Voltage Breakdown Test
Statistical sample tested for voltage breakdown at a pressure
of 8mm Hg, to simulate an altitude of 100,000 feet. Tubes shall
not give visual evidence of flashover or corona when 300 volts
RMS, 60 cps, is applied between the plate and grid terminals.

OUTLINE   DRAWING

7768
Page  3
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1.0     Milliamperes
2.0     Milliamperes

5b    Millivolts  RMS

PLATE   CURRENT   VS.   TIME
utRID   RECOVERY  TEST
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DEGRADATION

F`atigue `
Stati-stical  sample  vibrated  for  a  total  of six  hours,  three
hours in each or two planes,  at a peak acceleration of 10G.
Frequency is  continuously varied from  30  eps to  2000  eps
and back to 30 eps, with a period of ten minutes. Tubes are
operated during the test with Ef = 6.3 volts, Eb = 250 volts,
and Rk ± 68 ohms.  F`ollowing the test, tubes are evaluated
for   low   frequency   vibrational    output,    heater-cathode
leakage,  heater  current,  and  transconductance.

Shock
Statistical  sample  subjected  to  5  impact  accelerations  of
approximately 450G in each of four positions.  The acceler-
ating  forces  are  applied  by  the  Navy-type,  High  Impact
(flyweight)   Shock   Machine   using   a   30°   hammer   angle.
Tubes  are  operated  during  the  test  with  Ef=6.3  volts,
Eb±250   volts,   Ehk±+100   volts,   and   Rk=68   ohms.
Following  the test,  tubes  are  evaluated for low frequency
vibrational output, heater-cathode leakage, heater current,
and transconductance.

Stability Life Test
The  statistical  sample  subjected  to  the  Intermittent  Life
Test  is  evaluated  for  percent  change  in  zero-bias  trans-
conductance of individual tubes, from the initial reading to
readings following  2  hours and  20  hours of the life test.

Survival  Rate Life Test
The  statistical  sample  subjected  to  the  Intermittent  Life
Test is evaluated for shorted and open elements and trams-
conductance following approximately  100 hours of life test.

RATE  TESTS

Intermittent Life Test
Statistical sample operated for  1000 hours under the follow-
ing  conditions:  Ef±6.3  volts  (cycled-on   1 :,i,i'  hours,  off
}{  hour),  Eb = 200 volts,  Ecc = +7 volts,  Ehk =  -70 volts
d-c,  Rk =270  ohms,  and  Rg=0.01  meg.  Tubes  are  evalu-
ated,  following 500 and  1000 hours of life test, for shorted
or   open   elements,   heater   current,   grid   current,   trams-
conductance,   noise   figure,   heater-cathode   leakage,   and
interelectrode leakage resistance.

Interface Life Test
Statistical  sample  operated  for   1000  hours  with  Ef=6.6
volts, no other voltages applied, and evaluated for cathode
interface resistance following the life test.

Heater-Cycling Life Test
Statistical  sample  operated  for  2000  cycles  minimum  to
evaluate and control heater-cathode defects.  Conditions of
test include Ef = 7.5 volts cycled for one minute on and one
minute  off,   Eb=Ec=O   volts,   and  Ehk=70   volts   with
heater positive with respect to cathode. Following this test,
tubes are evaluated for open heaters, heater-cathode shorts,
and heater-cathode leakage current.

Note:  The  conditions  for  some  of the  indicated  tests  have
deliberately  been  selected  to  aggravate  tube  failures
for  test  and  evaluation  purposes.  In  no  sense  should
these   conditions   be   interpreted   as   suitable   circuit
operating conditions.
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The  7815   is  a  high-mu,   ceramic-and-metal,   planar  triode  designed  for  use  as  a  grid-
pulsed  or  plate-pulsed  oscillator,   frequency  multlpller,   or  power  amplifier  at  frequencies
up   to  3000  megacycles.

CENERAL

ELECTRICAL

Cathode  -  Coated  Unipotentlal

Heater  Characteristics  and  Ratings
Heatervoltage,   ACorDC      ....     *         Volts
Heater  current±                                                  1.0      Amperes
Direct  Interelectrode  Capacitances§

Grldtoplate:     (gtop)      .      .       2.05       pf
Grldtocathode:      (gtok).      .      .6.3       pf
Plate   to  Cathode:      (p   to  k),

Maximum   .......      0.035        pf

MECHANICAL

Operating  Position  -  Any
Cooling  -  Conduction  and  Convection
Net  weight,   approximate ....
Maximum  Anode  Temperature   .      .      .

JVLAXIJVLUJVI   RATINGS   AND   TYPICAL   OPERATION

PLATE-PULSED   OSCILLATOR   0R   AMPLIFIER-CLASS   C

MAXIMUM   RATINOS-ABSOLUTE-MAXIMUM   VALUES
Peak  pulse  plate-Supply  voltage ..............
Pulse  Length   ....................
Duty  Factor      ....................
Negative  DC  Grid  voltage   ................
Positive  peak  Grid  voltage     ...............
Negative  peak  Grid  voltage     ...............
Plate  Dissipation     ..................
Grid  Dlsslpatlon ...................
Average  plate  current   .................
Peak  plate  current   ..................
Average  Grid  current     .................
Frequency.....................

TYPICAL   OPERATION-OSCILLATOR  AT   2500  MEGACYCLES
Heater  voltage     ........
Peak  plate-Supply  voltage .....
Pulse  Length   ........,
Duty  Factor     ........,
Peak  plate  current   .......
Average  plate  current   ......
Average  Grid  current     ......
Peak  Useful  Power  Output,   approximate.

The  devices  and   arrangements  disclosed   herein   mcly   be  covered   by   pqtonrs   of  Gen-
eral   Electric  Company  or  others.   Neither  the   disclosure   of   any   information   herein   nor
the   Sale   of   dBvice5   by   General   Electric   Company   conveys   any   license   under   patent
claims   covering   conlbinotions  of   these   devices   with   other   devices   or  elements.   In   tl`e

3500
.6

0 . 0033
.150
.250
.750
.10
.2.0
.10
.3.0
.5.0
3000

.5.8
3500
.5

0 . 0030
.3.0
.9.0
.3.0
2000

.   1.7        Ounces

.   250        C

Volts
Microseconds

Volts
Volts
Volts
Watts
Wat:ts
Milliamperes
Amperes
Milliamperes
Megacyc leg

Volts
Volts
Microseconds

Amperes
Milliamperes
Milliamperes
Watts

qbsonce   of   an   express  written   agreement   to  the   contrary,   General   Electric   Company
assumes   no   liability   for   pcitent   in{ringemont   arising   out   of   any   use   of  these   devices
wilh  other  devices  or  olemen.a  by  any  purchaser  or  others.

GENERAL  ©  ELECTRIC
Supersedes  PI  Sheet  dated   10-66
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MAXIMUM   nATINOS   AND  TYPICAL  OPERATION   (Continued)

GRID-PULSED   OSCILLATOR   OR   AMPLIFIER-CLASS   C

MAXIMUM   RATINGS-ABSOLUTE-MAXIMUM   VALUES
DC  plate  voltage ...................
Pulse  Length   ....................
Duty  Factor      ....................
Negative  DC  Grid  voltage   ................
Posltlve  peak  Grid  voltage     ...............
Negative  peak  Grid  voltage     ...............
Plate  Dlsslpatlon     ..................
Grid  Dlsslpatlon ...................
Average  plate  current   .................
Peak  plate  current   ..................
Average  Grid  current     .................
Frequency.....................

TYPICAL   OPERATION-AMPLIFIER   AT    1100   MEGACYCLES
Heater  voltage     ...................
DC   plate  voltage ...................
DC   Grid  voltage   ...................
Pulse  Length   ....................
Duty  Factor      ....................
Peak  plate  current   ..................
Peak  Grid  current     ..................
I)rlvlng  power  during  pulse,   approximate   ...........
Peak  useful  power _Output,   approximate ............

2000         Volts
.       6         Micros econds

0.0033
.   150         Volts
.   250         Volts
.   750         Volts
•      10          Watts
.   2.0          Watts
.     10         Milllamperes
.   3.0          Amperes
.   5.0          M1111alnperes
3000         ifegacycles

•   6.0         Volts
1700         Volts

•   -45         Volts
.   3.5         Mlcro8econds
0 . 001
.1.9          Amperes
.1.1          Aaperes
I   400         Watts
.1500          Watts

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable  to  any  electron  de-
vice of a  specified type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable  serviceability  of the  device,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron  devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   oi   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES
*    Tbe  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at  some  value  wlthln

the  range  of  5.0  to  6.0  volts.    Heater  voltage  varlatlons  about  the  center  value  should  be  kept  as  small  as
practical  and  should  not,   in  any  case,   exceed  ±5%.     The  optimum  center  value  of  heater  voltage  depends  on
the  cathode  current  and  on  other  parameters  of  circuit  design  and  operation.    For  8peciflc  recormendatlon8,
contact  your  General  Electric  tube  sales  representative.

I    Heater  Current  of  a  bogey  tube  at  Ef  =  6.0  volts.

§    Measured  without  heater  voltage.
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SURFACE
ANODE
NOTE3&7

NOTE  3

HEATER
NOTE  3

&LL
CATHODE
HEATER

Ref. Inches
Minitnum Maximum.

A 1. 815 1.875
8 1.534
C I.475
D 1.289 1.329
E 0 .100
F 0.970 1 . 010
G 0.462 0.477
H 0.040
I 0 .185
J 0.766 0 . 82 6
K 0.427 0 .447
L 0 . 840 0 . 860
M 1.180 1.195
N 1 . 02 5 I.035
P 0.752 0.792
Q 0 . 086
R 0.655 0.665
S 0.545
T 0 . 213 Q.223
U 0.315 0.325

DIMENSIONS   FOR   ELECTRODE
CONTACT   AREA   (INCHES)

Ref. D illie ns 1 on Contact
V 0 .198±0 .163 Anode
W 1. 2 25±0 . 040 Grid
X 1. 631±0 .097 Heater
Y 1. 645±0 .170 Cathode

AVERAGE   PLATE   CHARACTERISTICS
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-PRODUCT  INFORMATION-

Planar  Triode
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The 7910  is  a  triode  of  ceramic-and-metal  planar  construction  primarily  intended  for  use  as  a  plate-pulsed  oscillator or
amplifier  at  frequencies  up  to 7500  megahertz.

CHARACTERISTICS   AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Heatervoltage,ACorDC* .......... #     E#    #    vo|¥
Heater Current
Plate Current
Amplification  Factor
Transconductance  . .

268                 290                 312              Mi I I iamperes
7                     12                      18               Milliamperes

50                   75                  100
•..12000           16000             20000              Micromhos

Grid  Voltage,  Cutoff  ..............
Direct  lnterelectrode  Capacitances.

Grid  to  Plate:  (g  to p)   . .
nput:  g  to  (h +-k)   .-....

Output:  p to  (h+k)  .....
Cathode  Heating  Time .....

-3.5                 -6            Volts

•.....   0.85                1.05                   1.25               pf
•.....       1.5                   2.1                      2.7               pf

60
0.018              0.026             pf

---           Seconds

PLATE-PULSED   OSCILLATOR   SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

Peak  Posit,ive -Pulse  Supply  Voltage
Plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power Output:    Average  During  Pulse

Test  Conditions
Eb           I b              Eg
VMaV

5900         Megahertz
0.001

1           Mi croseconds
1000          Pulses  per

Second
1000          Volts

0. 6          Amperes
0. 2         Amperes
100           Watts

NOTES

*   The  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at  the  specified  bogey  value,  with  heater
supply  variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.    In  some  applicatiions,  longer tube  life  may
be obtained  at  reduced  heater  voltage.    For  specific recommendations,  contact  your  General  Electric  sales  representative.

•   Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GENERAL ©  ELECTRIC

Supersedes  PI   Sheet  dated  7-64



ABSOLUTEIM^XIJVLUJVL   RATINGS

PLATE-PULSED   OSCILLATOR   SERVICE
Peak Positive-Pulse  Plate  Supply  Voltage

1  Microsecond  Pulse  Duration
4 Microsecond  Pulse  Duration

Duty  Factor  of  Plate  Pulse
Plate  Current:    Average  During  Pulse#
Negative  Grid  Voltage:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Plate  Dissipation
Peak  Heater-Cathode  Voltage

Heater Positive  with  Respect  to  Cathode
Heater Negative  with  Respect  to Cathode

Envelope  Temperature  at  Hottest  Point A
Temperature Differential  Between  Two  Adjacent  Electrodes.
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

Volts
Volts

0.6          Amperes
50          Vo Its

0.2          Amperes
1.5           Watts

50          Volts
50          Volts

250           OC
75OC
10          G  peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions applicable  to  any  electron  de-
vice of a specified type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially  and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component  variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

#   The regulation  and/or  series plate supply  impedance  must be such  as  to  limit the  peak  current,  with  the  tube  considered  a  short
circuit,  to  a  maximum  of  10 tiimes  the  maximum  plate  current  rating.

i   For  specific  recommendations  concerning  higher temperature operation,  contact  your General  Electric  sales  representative.

•    This  assumes  no  thermal  heat  sinking  to  any  insulator.

The  devices  and  arrangemonls  disclosed  tierein   may  be  covered   by  patents  of  Gen-
eral   Electric  Company  or  others.   Neitl`or  the   disclosure   of   any   informolion   herein   nor
lhe   .ale   of   devices   by   General   Eloctric   ComF)any   coliveys   any   license   under   palenl
claims   covering   combinolions   of   lhese   devices   wltli   other   devices   or   elemenls.   In   the
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AVERAGE   CONSTANT-CURRENT   CHARACTERISTICS
PLATE  PULSED
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PHYSICAL   DIMENSIONS

CATHODE

HEATEFt

TERmNALs

FI     J              I    '   T
TK

''
L

INOTES:

+R
1,    Net  Weight  -0.057  0unces

`                                                          1.61    Giams
2.    Mounting  Position  -Any

Ref.
lNCHES MILLIMETERS

Min. Nom. Max, Min. Nom, Max,
A 0.357 0.360 0.363 9.068 9.144 9.220
8 0.285 7.239
C 0.108 0.110 0.112 2.743 2.794 2.845
D 0.095 0.1100 0.105 2.413 2.540 2.667
E 0.095 0.100 0,105 2.413 2.540 2.667
F 0.025 0.028 0.031 0.635 0.711 0.787
G 0.315 0.325 0.335 8.001 8.225 8.509
H 0.2116 0.224 0.232 5.486 5.690 5.893
J 0.094 0.098 0.102 2.388 2.489 2.591
K 0.143 0.150 0.157 3.632 3.810 3.988
L 0.165 0.175 0.185 4.191 4.445 4.699
M 0.476 0.480 0.484 • 1 2 . 09 12.19 12.29
N 0.330 8.458
P 0.130 0.136 0.142 3.302 3.454 3.607

a 0.048 0.051 0.054 1.219 1 .295 1.372
S 0.060 1.524

T 0.623 0.650 0.677 15.82 16.51 17.20

TUBE   PRODUCTS   DEPARTAAENT

GEN ERAL ©  ELEOTRlo

Owensboro,  Kentucky  42301



JVLAXIJVLUJVL    RATINGS

PLATE-PULSED   OSCILLATOR   OR   AMPLIFIER  SERVICE-ABSOLUTE-MAXIMUM   VALUES
Cathocle  Heating  Time,  minimum
Peak  Positive-Pulse  Plate  Supply  Voltage
Duty  Factor  of  plate  Pulse.A
Pulse  Duration
Plate  Current

Averagel.............

Average  During  Plate  Pulsen
Negative  Grid  Voltage

Average  During  Plate  Pulse  .  .  .
Grid  Current

Averagel
Average  During  plate  Pulse

Cathode  Current
Average^.
Average  During  Plate  PulseE

Plate  Dissipationi.
Peak  Heater-Cathode  Voltage

Heater  Positive  with  respect  to  Cathode
Heater  Negative  with  respect  to  Cathode

Envelope  Temperature  at  Hottest  Point.

.. 60         Seconds
3000        Volts

0. 001
2.0        Microseconds

..2.5          Milliamperes

....  2.5         Amperes

..........  100           Volts

......,...   1.0           Milliamperes

1.0         Amperes

3.0          Milliamperes
3.0        Amperes
6.5          Watts

50        Volts
50         Volts

........  250           C

rl

I
I
I
I

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable to  any  electron  de-
vice of a  specified type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron  devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value   for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

OENEHAL ©  ELEOTRlo
Supersedes  PI   Sheet  dated   12-68
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CHARACTERISTICS   AND   TYPICAL  OPERATION
AVERAGE   CHARACTERISTICS
Plate  Voltage
Cathode-Bias  Resistor
Amplification   Factor  ....,.......

Plate  Resistance,  approximate
Transconductance
Plate  Current
Grid  Voltage,  approximate

lb  =  100  Microamperes   .................

PLATE-PULSED   OSCILLATOR   SERVICE
Frequency..........

Heater  Voltage ..............

Duty  Factor ...........

i         Pulse  Duration..
Pulse  Repetition  Ra(e

Peak  Positive-Pulse  Supply  Voltage  ` ..........
Plate  Current

Average
Average  During  plate  Pulse  .  .  .

Grid  Current
Average.........

Average  During  Plate  Pulse  ....
Useful  Power  Output

Average
Average  During  Plate  Pulse

...................  58

Volts
Ohms

........ 2300          Ohms

...,... 25000          Mjcromhos
23         Milliamperes

-5        Vol ts

4100          MHz
.........   6.3            Volts

1.0         Microseconds
1000         Pulsesper

Second
3000        V.olts

........   2.5

03
..03

Mi 11 i amperes

Amperes

M i I I i amperes
Amperes

Watts
Ki lowatts

NOTES
*     The  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at  the  specified  bogey  value,  with  heater

supply  variations  restricted  to  main(ain  hea(er  voltage  within  the  specified  tolerance.

•     Heater  current  of  a  bogey  tube  at  Ef  =  6.3  volts.

•     Measured  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  the  tube.

I     Applications   with   a   duty   factor   greater   than   0.001    should   be   referred   to  your   General    Electric  tube  sales  representative  for
recommendat i on .

A     In  any  5000  microsecond  interval.

H     The  regulation  and/or  series  plate-supply  impedance  must  be  such  as  to  limit  the  peak  current,  with  the  tube  considered  a  short
circuit,  to  a  maximum  of  25  amperes.
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AVERAGE   CONSTANT-CURRENT   CHARACTERISTICS
PLATE  PULSED
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PLATE

PHYSICAL   DIMENSIONS

'f-G

CATHODE         i

HEATER
TERMINALS

''LLJi
450  LE                 i

Notes:
1.  Net  Weight  -0.21  Ounces

-5.95 Grams
2.  Mounting  Position  -Any

Rot,
lNCHES MILLIMETERS

Min, Nom, Max. Min, NomI Max,

A 0.122 0.125 0.128 3.099 3.175 3.251

8 0.030 0.762

C 0.005 0.127

D 0.220 0.225 0.230 5.588 5.715 5.842

E 0.040 0.050 0.060 1.016 1. 270 1.524

F 0,120 0.125 0.130 3.048 3.175 3.302

G 0.025 0.028 0.031 0.635 0.711 0.787

H 0.167 0.172 0.177 4.242 4.369 4.496

J 0.025 0.028 0.031 0.635 0.711 0.787

K 0.170 0.175 0.180 4.318 4.445 .     4.572

L 0.170 0.175 0.180 4.318 4.445 4.572

M 0.047 0.050 0.053 1.194 1.270 1.346

N 0.185 0.200 0.215 4.699 5.080 5.461

P 0 .535 0.550 0.565 13.59 13.97 14.35

R 0.598 0.603 0.608 15.19 15.32 15.44

S 0.748 0.753 0.758 19.00 19.13 19.25

T 0.897 0.928 0.959 22.78 23.57 24.36

TUBE  PRODUCTS  DEPARTMENT

GENERAL  ©  ELECTRIC

Owensboro,  Kentucky  42301
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Heater  Voltage* .  . .  `  .
Heater Current. . .
Cathode Heating Time
Amplification     Factor,

G2  to  Gi,  Eb= 1000V
DC;  Eg2=275V DC;
Ib-0.2  A  DC ....

Peak Cathode Curreht i
Direct Interelectrode

Capacitances
Cathode to  PlateI . .
Input,  G2 tied to Gi.
Output, G2 tied to Git

GL-8500

TETR®DE
RADIO-FREQUENCY   AMPLIFIER
CW   SERVICE
OROUNDED-GRID   OPERATION

The GL-8500 is a reliable power tetrode
that delivers useful output to 1250 mega-

:¥,ft]::,:rf:r{gahpcpr].;cTa:::nt:::i:B:I,i:E`tapr:¥
or  driver  stage  of  military-communica-
tions systems.

As  a  Class  8  linear  amplifier  in  the
225-400-megacycle  range,  the  tube  will
deliver  110 watts of carrier power modu-
lated  up  to  100  percent.  Since  a  power
gain of 20 may be realized, drive require-
ments are low-approximately 5 watts at
carrier level.

Eleclrical
Minimum      Bogey    Maximum

6.8      Volts-      Amperes
-     Minutes

14

0.006
19.5

6.4

Mechanical
Moun ting Position-Any
Net Weight, approximate. . .

1.75      Amperes

-      p lrf
-      I, Irf
-pp£

1.0      Pounds

OL-e5OO
ET'T'7'3

Page  I
3J4

l=ORCED-AIR   COOLED
METAL   AND   CERAMIC

INTEGRAL   RADIATOR

Operating  as  a  Class  C  CW  amplifier
at  900  megacycles,  the  gain  is  approxi-
mately 15 at the 200-watt level.

Features  of the  GL-8500  include  long
life    and    reliability,    high    gain,    high
linearity,   and  resistance  to  shock  and
vibration.

These together with such design factors
as  an  oxide-coated  cathode,  coaxial  ele-
ments,   and  metal-ceramic   construction
make the tube well adapted to application
in   modern   systems  where   pefrormance
and reliability are important.

Thermal
Ccoling-Forced Air §
Through   Radiator,   at

Sea Level**
Plate  Dissipation .  .
Air  Flow,   45   C   In-

coming   Air   Tcm-
peraturc,  mini-
mum.  .  .

Static  Pressure,   ap-
•  proximate. . .

Radiator  Hub  Ten-
perature,  at  Point
Adjacent to Anode
Seal .  .  .

Seals
Screen-Grid  to  Con-

trol-Grid,  approxi-
mate .  ,  .

Heater   to   Cathode,
approximate. . .

Ceramic    Temperature
at  Any  Point,  maxi-
mum.  .  .

GENERAL ©  ELEO"10

500              400            300      Watts

17.0                12.0

0.9                  0.5

6.5      Cubic  Feet
per Minute

0.2       Inches.
Water

250C

1       Cubic:  Feet
per Minute

1      Cubic  Feet
per Minute

200C
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Maximum  Ralings
•`   DC Plate Voltage

DC  Grid-No.  2  Voltage
DC Plate  Current. . .
Plate Input
Grid-No.  2  Input
Plate  Dissipation

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   a   LINEAR

Cclrrier  conclilions  per  tube  for  use  viilh  a  maximum  moclulalion  factor  of  1.0

2000     Volts
320     Volts

0.250     Amperes
500     Watts

5     Watts
500     Watts

Typical  Operation

Grounded-Grid  Circuit at 225400  Megacycles

E: !`:a::e:£|t:ag¥e:i::!:, appr.x.rna,e             1_I;:   ¥;;::
Peak RF plate voltage  #, approximate ....      1250     Volts
Peak RF Grid-No. 1  Voltage #, approximate
DC Plate Current .  .  .
zero signal Dc plate CLi;e.tit (E:,. aajj;t.ea.)
DC  Grid-No.  2  Current .  .  .
DC  Grid-No.1  Current.  .  .
Driving Power,  approximate .  .  .
Power Output Y .  , .

40     Volts
0.200     Amperes
0.020     Amperes
0.005     Amperes
0.010     Amperes

5    Watts
110     Watts

RADIO-FREQUENCY   POWER   AMPLIFIER   AND   OSCILLATOR-CLASS   C   TELEGRAPHY

Key.down  condl.lions  per  tube  without  arnplitude  modulatjonA

MaximlJm  Rdljngs
DC Plate Voltage. . .
DC  Grid-No.  2  Voltage. .
DC  Grid-No.1  Voltage. .
DC Plate  Current .  .  .
DC Grid-No.1  Current.
Plate  Input .  .  .
Grid-No.  2  Input .  .
Plate  Dissipation .  .
Grid-No.  1  Dissipation    .

goo                 400
Megacycles     Megocycl®s

1600                   2000     Volts
320                     320     Volts

-100               -100     Volts
0.300                 0.300     Arnpere
0.050                0.050     Ampere

480                   600     Watts
15                       15     Watts

500                   500     Watts
2                        2     Watts

Typical  Operation
Grounded-Grid  Circuit  at 900  Megacycles

DC Plate Voltage. . .
DC  Grid-No.  2  Voltage.
DC  Grid-No.  I  Voltage.
DC Plate  Current .  .  .
DC  Grid-No.  2  Current,

approximate .  .  .
DC  Grid-No.  1  Current,

.      1500           2000     Volts
210              225      Volts

-40         -40    Volts
.     0.300         0.250     Amperc

.     0.010         0.010     Ampere

approximate. . .
Driving Power,  approximate .  .  .
Power  Output,  approximateT[ . . .

0.020         0.020     Amperc
14               15     Watts

205            300     Watts

*  Because the temperature of the cathode is increased by back bombardment of electrons at UHF, required heater voltage for optimum
life decreases with  increasing  frequency.  The  amount of heater-voltage reduction  is dependent on  operating conditions.  However,
this  voltage  should  not  be  less  than  5.5  volts.
Represents  maximum  usable cathode current (plate  current plus current  to  each grid) for  any  condition  of operation.
Measured  with  a  6-inch minimum  diameter  flat  metal  disk attached  to  t:he screen-grid ring.  Control  grid  connected  to the screen
grid.
Output capacitances measured between anode and  screen  grid.  Control  grid connected directly to screen grid.
Forc.ed-air  cooling  to be applied  before  and during  the  application  of any voltages.I-    .         r-          _  _  J  L  _LL_.____  LL_  __-I_  .^--:-^1  A-I   ^|;^^a-+•ruLt.cu-all   i`+u.JIL5   i`+   L+`  .^[.~i+ ..---------------        c.                 .  .
Provision must be made for unobstructed passage of cooling air between iadiatoF fins and between the anode terminal and adjacent

\J®+\|\\   r`J,,+\   \,\^+I,-\  _-`-`_-`-__ -_  _               ,
Useful  power output  including  power transferred  from  driver stage.  Output  circuit  efficiency approximately 80  percent.

AModulation essentially negative may be used if the positive peak of the envelope does not exceed  115 percent of the carrier condi-

radiator  fin.
Useful power output as measured in output-circuit load.

tlons.
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CONSTANT  CURRENT  CIIARACTERISHC`
SCREEN  VOLTAGE   =  250  VOLTS

ALL `VOLTAGES  REFERENCED  TO  CONTROI.  GRID

•co                       Boo                       12oo                       16oo                     2ooo                    24oo

PLATE  VOLTAGE  IN  VOLTS

A69087  -  72867 1-30-63

CONSTANT  CURRENT  CHARACTERISTIC
SCREEN  VOLTAGE  =  350  VOLTS

ALL  VOLTAGES  REFERENCED  TO  CONTROL  GRID

coo                         800                        1200                       1600                       2000                      24cO

PLATE  VOLTAGE  IN  VOLTS
A69087  -  72868 1.30-63

CL-8500
ET-T17'3

P.ge 3
3-64
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SEAL-C)FF
PROTECT`YE  CAP
(NOT  TO e,E  ilsEO FOR
ELEC:TFl\ GAL  C)R
MECHAN\CAlcoNTAC,T)``\

•33'i=T

2.3\3"i.C,,ar3\A.`F+
-\.a)z5"±.C),

.ZCpGI'±.a ` 0'  2HC)LE5
FOR  EXTRACTOR
T.HEZU  TOP  F`N  ONL.Y

+i.M,N.
illH

2.281'.±.010"   Dl^.

2. `25"±.0l o" D

CATHODE  AND                 MAX
F`|AMENT TERtvt`NA|
F I lAM ENT CIJP TEfzM `NAl

( eoTTOM c>F c.up Must
NOT BE  USE.D AS A
SOCKET  STC)FJ)

~ANODE TEl"INAL

£R. I,'AX.

6=4R.M!¥:
SCREEN-GRID  TERMINAL

I.3lz"±.0lo"DIA.

Sut2FACE

SUP.FA C. i `A"

±MIN.OUTBEDEEAcONrm

CONTROL-GRID TERMINAL

186±.005" DIA. `D"
324'±.004-OIA."C.

REFEt2ENCE
SIJRFACE

CONCEN1`RICIThis:

The  following  t,otal  indicator  readings  are  measured  with
respect  t,o  a  cent,erline  detelTnined  b.y  t,he  cent,erg  of  t,he
ancde  t,arminal  and  cont,rol  grid  terminal.

Diameter   A  -  0.030  inches
Diameter  a  -  0.016  inc},es
Diameter  C   -0.036   inches
Diarnet,er  I)  -0.042  inches

Tot,al  indicat,or  reading  of  f llament,  cup  t,erminal  dlarneter

i:itn::::e:LwidiL::::ei:) t: 8:gtL:rin°:hec::node  and  fila-

A-69087  -72858

- .93r7 5 I . o o ` o

L.e>`z5t.OO\O

r"5^O_:::5^:::il

J.3B_O±:OC)I+

1+I+

D\f2.E.CT\ON  OF
\ NSE.PT ` a N
\ NTO Tl)E>E.

•\25±,C)05    /
+

1  ±-.6-o55i
'%D,A. J

eAGE. i '

ri.i5O±.005D\A.- C)`RECT`ON  OF
\ N 5E.t2| ` a N
\ NTO  Tite>E

_riill
.?543
I.0005__i

zp-1030
CA"ODE   AND   FIIjAMENT   TERMINAL   GAGES

When  inserted  over  the  cathode  and  filament  terminal,
gage  #1  ± p±  contact  the  tube  REFERENCE  SURFACE
at   gage   SURFACE   .'A.I.

LJ

I
I
I
u

when  inserted  over  the  cathode  and  filament  terminal,   :,
gage  #2  ±g±  contact  the  tube  REFERENCE  SURFACE
at  gage   SURFACE   "A".

12-31-62

cENERTUABELD©RT:ELN:cTR[c
Owehsboro, Kenlucky
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Tetrode
GL-8866
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Electrical
Mini-

GRID-PULSED   SERVICE                          HEAT-SINK   AND   FORCED-AIR   COOLED

GROUNDED-GRID   OPERATION

The  GL-8866  is  a  reduced-size  heat-
sink-cooled    version    of    the    GL-6283
especially   designed  for   pulsed-amplifier
or  oscillator  service  at  L-band  frequen-
cies.   This   tetrode   is   particularly   well
suited  for  use  in  airborne  radar  equip-
ment such as IFF transponders.

Maxl.
mum    Bog.y    milm

Heater voltage (See Note 1) .....-      6.3

g=ta£:iecfirer:tn;;.gTfme ....      i     3|:i
D£€eactth[£teerteo]e£::#f .f:Pa.Cftinces*  _      o.oo6

Input.,.......-20'
Output...-8.9

Mechanical
Mounting Position-Any
Net weight, approximate ........       9

-   Volts
-   Amperes
-   Minute
-   I,Pt
-ppt
-   I,Pt

Ounces

METAL   AND   CERAMIC

The tube is capable of providing useful
output   at   frequencies   up   to   approxi-
mately  1500 megacycles.

Features  of the  8866  include  long  life
and reliability, long pulse width and high
gain.

The,mal
Cooling-Heat-sink and Forced-Air i

AnodeTemperature§, maximum ...,.... 250    C
Seals

Screen and control Grid, approximate ....     1    Cubic Foot
per Minute

Heater and cathode,  approximate .......     1     CubicFoot
per Minute

Ceramic Temperature at Any Point,
aaximum .......... 200      C

RADIO-FREQUENCY   POWER   AMPLIFIER-CLASS   C

Meximtim  Raling.
Pulsed Drive,  1250 Megacycles

DC plate voltage ..... 3.5     Kilovolts
DC Plate Current, duringpulse .......... 5     Amperes
DC Grid-No.  2  Voltage ....... 750     Volts
DCGrid-No.2  Input ........ 5     Watts
DC Grid-No.  1  Voltage .......- 200     Volts

Pulse widthvt ............  : :  : :  ' :  . :  : ..... 15      Microseconds
Plate Dissipation ..... 150     Watts

Duty Factor Y¢ ......... 02

Typical  Op®ral(®n

Grounded-Cirid Service at 1100 Megacycles,  j4^ Output Circuit
DC plate voltage ..... 2.5        2.5     Kilovolts
DC plate current, during pulse .... 1.4       1.0    Amperes
DCGrid-No.  2  Voltage ...... 600       600     Volts
DC    Cirid-No.    2    Current,    during

pulse ...... 50            0     Milliampcres
DC Grid-No.1  Voltage ....- 70     -70    Volts
DC    Grid-No.    1    Current,    dliiing

pulse .............. 90           80      Milliampcrc§
Driving Power at the Tube, during

pulse ....... 165          95     Watts
Power  outbii.t; .djr'iL:'  i.u.1;: .(i:§c-
ful).......,.1.6

Pulse width ...... 6
Duty Factor ....... 02

Kilowatts
Microseconds

Note 1 :  Under the typical operating conditions shown the heater voltage should be reduced to approximately 6.0 volts because of
back-heating resulting from transit-time effects.

*  Control grid connected directly to screen grid.
t  Complete external shielding between cathode and plate.
I  Forced air cooling should be applied during the application of any voltages.
§  A Suitable heat-sink clamping arrangement must be provided to linit the anode hub temperature to the value specified; the ten-

Eeorrata¥pe,;i:a¥::Sffiidtar:::ieiofnntge¥dp£:fsteesdo:nh:gfe:udt|;tnyerderf:ri:gthetubemanufacturcrfoHccommendations.
t  Pulse duration measured between points at 70 percent of peak value. The peak value is defined as the maximum value of a smooth

curve through the average of the fluctuations over the top pot.tion of the pulse.
¢  Maximum ratio of on-time to elapsed time during any 7.5-millisecond period.

GENERAL ©  ELECTRIC
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THE   FOLLOWING   TOTAL   INDICATOB   BEADINGS  Af}E   MEASUBED  Wl"  BESPECT
T0  A  CENTEPLINE   DETERMINED   BY   THE   CENTEPS   OF  THE   ANODE  TERMINAL
AND   CONTPOL-GPID   TERMINAL.

DIAMETER   "A" -0.030  INCH
.       DIAMETEf]    "a"-O.016INCH

DIAMETER   "C"-0.036  INCH
DIAMETER    "D"-    0.042  INCH

TOTAL    INDICATOP   F]EADING   OF  FILAMENT   CUP-TERMINAL   DIAMETEP   (D}
MEASURED   WITH   BESPECT   TO   CENTEP    OF   CATHODE    AND    FILAMENT-
TERMINAL    DIAMETEfi   (C)    O.016lNCH

GENERTUABELD6RT:ELN:OTR,o
Scheneclady,  N.  Y.12305
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Planar  Triode

Page   1       12-70

GE12661

The  GE12661   is  a  planar  triode  of  ceramic-metal  construction  primarily  intended  for  use  as  a   long  life  power oscil-
lator.    This  tube  is  designed to  perform  in  applications  requiring  high  current  densities  at  lower voltages,    with  a  low
input to grid-plate  capacitance  ratio  to  provide  extra  feedback  in  self  excited  oscillators.

cHAnACTEk.sTics  AND  Typ.CAL  opEnATloN

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum                Units

Heater voltage,  AC  or  DC*                               6.0
Heater Current
Plate Current
Amplification  Factor  ..................    30
Transconductance..................6500
Grid  Voltage,  Cutoff  .................
Direct  lnterelectrode  Capacitances.

Grid  to  Plate:   (g  to  p)   .............    1.15
Input:  g  to  (h + k)   .................       1.3
Output:  p  to  (h + k)  ................

Cathode  Heating  Time .................. 60

UHF    OSCILLATOR   SERVICE
Frequency
DC  plate  Voltage
Grid  Resistor
Plate  Current
Grid  Current
Power  Output

6.3                6.6              Volts
240                258               M i I I iamperes

25                    32               Mi I I iamperes
4050

8500                                     M i cromhos
-5               -8            Volts

1.35                1.55               pf
1.6                    1.9                Pf

0.015            0.023              Pf
Seconds

Test  Conditions
Eb            I b              Eg
VMaV

Adjusted

Megahertz
Volts

Mi I I iamperes
Mi I I i amperes
Watts

NOTES

*      The  equiprient  designer  should  design  the  equipment  so  that  heater voltage  is  centered  at the  specified  bogey value,  with  heater
supply  variations  restricted  to  maintain  heater voltage  within  the  specified  tolerance.

•      Measured  at 450 KHz  using a  grounded  adapter that  provides  shielding  between  external  terminals  of tube.

GENERAL ©  [LEOTRIO
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ABSOLUTE-MAXIMUM   VALUES
plate  Voltage
Positive  DC  Grid  Voltage
Negat,ive  DC  Grid  Voltage
Plate  Dissipation
DC  Grid  Current
DC  Cathode Current
Peak Cathode  Current
Heater{athode Voltage

Heater Positive  with  Respect  to  Cathode
Heater  Negative with  Respect  to  Cathode

Grid  Circuit  Resistance
Envelope  Temperature  at  Hottest  Point A

JVLAXIJVLUM   RATINGS

Temperature Differential  Between  Two Adjacent  Electrodes.
Mechanical  Vibration  (20-2000  Hz   Sinusoidal)

350          Volts
0         Volts

50          Volts
4          Watts

15           Mi lliamperes
40           Mi lliamperes

120           Milliamperes

50          Volts
50          Volts

10000          Ohms
250           OC

75           c'C
10          G  peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable to  any  electron  de-
vice of a specified type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   cill   other
electron devices in the equipment.

NOTES

A   For  specific  recommendations  concerning  higher  temperature  operation,  contact  your  General  Electric  sales  representative.

•   This  assumes  no  thermal  heat  sinking  to  any  insulator.
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PHYSICAL   DIMENSIONS

rB|

Ref.
lNCHES MI LLIMETERS

Min. Nom. Max, Min. Nom. Ivlax,

A 0.477 0.480 0.483 12.12 12.19 12.27

8 0.246 0.250 0.254 6.248 6.350 6.452

C 0.330 8.382

D 0.357 0.360 0.363 9.068 9.144 9.220

E 0.048 0.050 0.052 1 . 21 9 1 .270 1 .321

F 0.092 0. 1 00 0.108 2.337 2.540 2.743
G 0.095 0.099 0.103 2 . 41 3 2.515 2.616

H 0.094 0.098 0.102 2.388 2.489 2.591

d 0.143 0.150 0.157 3.632 3.810 3.988

K 0.165 0.175 0.185 4.191 4.445 4.699

L 0.025 0,028 0.031 0.635 0.711 0.787

M 0.025 0.028 0.031 0.635 0.711 0.787

N 0.130 0.136 0.142 3.302 3.454 3.607
P 0.030 0.762
R 0.614 0.650 0.686 15.60 16.51 17.42

TUBE   PRODUCTS   DEPARTJVIENT

GENERAL  ©  ELECTRIC

Owensboro,  Kentucky  42301
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GE13971
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The  GE  13971   is  a  planar  triode of  ceramic  and  metal  construction  intended  for  use  as  a  plate-pulsed  osci llator  or  ampli-
fier  at  frequencies  up  to  6000  megahertz.    This  tube  was  designed  primarily  for  zero  bias  operation  in  long  life  broadbanded
amplifier  chains.

CHARACTERISTICS  AND   TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS

Minimum

Heater voltage,  AC  or DC*                              6.0
Heater Current
Plate  Current
Amplification  Factor  ..................     48
Transconductance..................19000
Grid  Voltage,  Cutoff  .................
Direct  lnterelectrode  Capacitances .

Grid  to  Plate:   (g  to  p)   ..........
nput:  g  to  (h +k)   ..............

Output:  p  to  (h + k)  ....
Cathode  Heating  Time ....

...1.3

.  .  .   3.9

Bogey         Maximum               Units

i:I       6.6       Vo itT
550                590               Mi I I iamperes

23                   30               Milliamperes
5868

25000           31 000              Micromhos
-5                -9            Volts

1.5                   1.7                pf
4.8                5.7              pf

0. 05            0. 075              pf
...    60                                                             Seconds

PLATE-PULSED   OSCILLATOR  SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

Peak  Positive-Pulse  Supply  Voltage
Plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power  Output:    Average  During  Pulse

NOTES

Test  Conditions
Eb           I b              Eg
VMaV

Mega hertz

Microseconds
Pulses  Per
Second
Volts
Amperes
Amperes
Watts

*      The  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at  the  specified  bogey  value,   with  heater
supply  variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.    In  some  applications,  longer  tube  life  may
be  obtained  at  reduced  heater  voltage.    For  specific  recommendations,  contact  your  General  Electric  sales  representative.

•     Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GEN ERAL ©  ELEOTRlo



GE13971
Page   2
12-70 ABSOLUTE-AAAXIMUWL   RATINGS

PLATE-PULSED   OSCILLATOR   SERVICE

Peak Positive-Pulse  Plate Supply  Voltage
1  Microsecond  Pulse  Duration
4  Microsecond  Pu lse  Duration

Duty  Factor of  Plate  Pulse §
Plate  Current:    Average  During  Pulse ®
Negative  Grid  Voltage:    Average  Duriing  Puls8
Grid  Current:    Average  During  Pulse
plate  Dissipation
Peak  Heater-Cathode  Voltage

Heater Positive  with  Respect to  Cathode
Heater Negative  with  Respect  to  Cathode

Envelope  Temperature at  Hottest  Point A
Temperature  Differential  Between  Two  Adjacent  Electrodes.
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

...... 100

......................  1.0

Volts
Volts

Absolute-Maximum  rcitings are  limiting values of operating
and  environmental  conditions  applicable  to  clny  electron  de-
vice of a specified type as defined  by  its published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  mciking  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   thcit   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

§    ln  any  5 millisecond  interval.

®   The  regulation  and/or  series  plate  supply  impedance  must  be  such  as  to  limit  the  peak  current,  with  the tube  considered  a  short
circuit,  to  a  maximum  of  10  times  the  maximum  plate  current  rating.

A    For  specific  recommendations  concerning  higher temperature  operation,  contact  your  General  Electric  sales  representative.

•    This  assumes  no  thermal  heat  sinking  to  any  insulator.
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AVERAGE   CONSTANT-CURRENT   CHARACTERISTICS
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PHYSICAL   DIMENSIONS

NOTES:

1.  Net  Weight  -0.205  Ounces
-  5.82  Grams

2.  mounting  Position  -Any

Ref.
INCHES M I LLlmETERs

Min. Mom. Max. Min. Mom. Max.

A 0.122 0.125 0.128 3.099 3 . 1 75 3.251

8 0.030 0.762
C 0.005 0 . 1 27

D 0.220 0.225 0.230 5.588 5.715 5.842
E 0.040 0.050 0.060 I.016 1 . 270 1.524

F 0.120 0.125 0.130 3.048 3.175 3.302

G 0.025 0.028 0.031 0.635 0.711 0.787
H 0.167 0.172 0.177 4.242 4.369 4.496

J 0.025 0.028 0.031 0.635 0.711 0.787
K 0.170 0.175 0.180 4.318 4.445 4.572
L 0.170 0.175 0.180 4.318 4.445 4.572
M 0.047 0.050 0.053 1.194 1.270 11.346

N 0.185 0.200 0.215 4.699 5.080 5.461

P 0.543 0.548 0.553 13.74 13,92 14.05

R 0.598 0.603 0.608 15.19 15.32 15.44

S 0.748 0.753 0.758 19.00 19.13 19.25

T 0.897 0.928 0.959 22.78 23.57 24.36

TUBE   PRODUCTS   DEP^RTJVLENT

GENERAL  ©  ELECTRIC

Owensboro,  Kentucky  42301
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The  GE14501   is  a  high-mu  triode  of  ceramic-and-metal  planar  construction  intended  for  use  as  an  oscillator   or   radio-
frequency  power  amplifier  in  the  ultra-high-frequency  range.    This  tube  is  especially  suited  for   use   where   unfavorable
conditions  of  mechanical  shock¢  mechanical  vibrationo  and  high  temperature  are  encountered.    The  outline  of  this  device
is  ideally  suited  for  coaxial  type  circuitry.

CHARACTERISTICS   AND   TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS

Minimum

Heater  Voltageo  AC  or  DC* ............  6.0
Heater  Current
Plate  Current
Amplification  Factor  ..................    65
Transconductance...................9000
Grid  Voltageo  Cutoff  .................

Direct  lnterelectrode  Capacitances.
Grid  to  Plate:   (g  to  p)   .............. 1.10

Input:  g  to  (h +k)    .................. 1.40

Output:  p  to  (h + k)  ...............   0.004

Cathode  Heating  Time   .................  60

UHF    OSCILLATOR   SERVICE
Frequency
DC  plate  Voltage
Grid  Resistor
Plate  Current
Grid  Current
Power  Output

Bogey         Maximum                Units

its-       6. 6        vo itT
240                258               Mi ll iamperes
9.5                     13                Mi Hiamperes
90                  115

12500                                        Mi cromhos
-2.8              -5.1               Volts

1.25                1.40                pf
1.75                2.10                pf
0.01                0.16                pf

Seconds

Test  Conditions
Eb            I b               Eg

VMaV

450        Megahertz
250        Volts

1000         Ohms
15          Milliamperes

6.0         Milliamperes
2.3         Watts

NOTES

I      The  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at  the  specified  bogey  value,  with  heater
supply  variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.

•      Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GENEnAL © ELEC"Io
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Plate  Voltage
Positive  DC  Grid  Voltage
Negative  DC  Grid  Voltage
Plate  Dissipation
DC  Grid  Current
DC  Cathode  Current
Peak Cathode Current

ABSOLUTEIMAXIMUJVI   RATINGS

Heater-Cathode  Voltage
Heater  positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Grid  Circuit  Resistance
Envelope  Temperature  at  Hottest  Point .
Temperature  Differential  Between  Two  Adjacent  Electrodes  A
Mechanical  Vibration  (20-2000  Hz    Sinusoidal)

250        Volts
0        Volts

50        Volts
2.0        Watts
6.0         Milliamperes
21          Mi lliamperes
80         Milliamperes

50        Volts

Absolute-Maximum  rating.s are  limiting values of operating
and  environmental  conditions  applicable  to  any  electron  de-
vice of a  specified type .as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  charcicteristics  of  the  device  under  consideration  and

of all other electron  devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially  and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltoge   variation,   equipment   component.  variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of  .all   other
electron devices in the equipment.

NOTES

•      For  specific  recommendations  concerning  higher  temperature  operation,  contact  your  General  Electric  sales  representative.

A     This  assumes  no thermal  heat  sinking  to  any  insulator.
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-8-6L4+20-2-4-6

\

\ Ef  =  6.3  VOLTS

L,PiM
.

\ \0,,> 3o  ±\±_<
-

2:6

_-
-- -

2.0- --
[' k

15
/6`

',
-80"/`4,

4„ps--
1,,

- -- --
10-- F€s

?a

', -
5.03.0

60

A,,

Iiii= 1.0
60

-- qo

30

20

70

5.o3.o

7.0

a

I
0                                    50                                    100                                150                                200                                 250

PLATE  VOLTAGE  IN  VOLTS

GE14501
Page   3

12-70



GE14501
Page  4
12-70

PHYSICAL   DIMENSIONS

Ref.
lNCHES MILLIMETERS

Min. Mom. Max. min. Mom. Max.
A 0.328 8.331
8 0.272 0.275 0.278 6.909 6.985 7.061
C 0.035 0.040 0.045 0.889 1 . 01 6 1 . 1 43
D 0.156 0.165 0.174 3.962 4.191 4.420
E 0.095 0.099 0.103 2.413 2.515 2.616
F 0.024 0.027 0.030 0.610 0.686 0.762
G 0.242 0.250 0.258 6.147 6.350 6.553
H 0.096 0.100 0.104 2.438 2.540 2.642
J 0.024 0.027 0.030 0.610 0.686 0.762
K 0.120 0.125 0.130 3.048 3.175 3.302
L 0.165 0.175 0.185 4.191 4.445 4.699
M 0.357 0.360 0,363 9.068 9.144 9.220
N 0.130 0.136 0.142 3.302 3.454 3.607
P 0.477 0.480 0.483 12.12 12.19 12.27
R 0.048 0.051 0.054 1.219 1.295 1.372
S 0.563 0.590 0.617 14.30 14.99 15.67

TUBE   PRODUCTS   DEP^RTJVLENT

GENERAL  ©  ELECTRIC

0wensboro,  Kentucky  42301
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GE14811

The  GE14811   is  a  planar  triode  intended  for  use  as  a  plate-pulsed,  C-band oscillator  at  relatively  low  plate  voltage
levels.    It  is  useful  in  medium  power  applications  where  very  short  pulses  are  required,  such   as   radar  altimeters  and
beacons.
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CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum               Units

Heater Voltage,  AC  or  DC* ............  6.0
Heater Current
Plate Current
Ampl ification  Factor  ..............
Transconductance................
Grid  Voltage,  Cutoff  ..............
Direct  lnterelectrode  Capacitances.

Grid  to  plate:  (g  to  p)   ,......
nput:  g  to  (h +k)   ...........

Output:  p  to  (h +k)  . . ' .......

"45
23000

6.3                6.6              Volts
360                390              Mi I I iamperes

27                   34              Milliamperes
6075

29000          35000             M i cromhos
ng.5                -10             Volts

1.65                1.85                Pf
4.4                 5.3              Pf

0.036             o.o55             Pf
Cathode  Heating  Time .................    60

PLATE-PULSED   OSCILLATOR   SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

Peak Positive-Pulse  Supply  Voltage
Plate  Current:  Average  During  Pulse
Grid  Current:  Average  During  Pulse
Power Output:  Average  During  Pulse

---.   Seconds

Test  Conditions
Eb           I b              Eg
VMaV

4300          Mega hertz
0.col

0.1           Microsecond
10000          Pulses per

Second
800          Volts
1. 0          Amperes
0. 2          Amperes
190           Watts

NOTES

I   The  equipment designer  should design the  equipment  so  that  heater  voltage  is  centered  at  the  specif ied  bogey value,   with   heater
supply  variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.    In  some  applications,  longer tube  life  may
be obtaiined  at  reduced  heater  voltage.    For specific  recommendations,  contact  your General  Electric  sales  representative.

•   Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals of  tube.

GENERAL ©  ELEO"10
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ABSOLUTE-JVLAXIJVLUJVL   RATINGS

PLATE-PULSED   OSCILLATOR   SERVICE
Peak  Positive-Pulse  Plate  Supply  Voltage

1  Microsecond  Pulse  Duration
4  Microsecond  Pulse  Duration

Duty  Factor  of  Plate  Pulse
plate  Current:    Average  During  Pulse§
Negative  Grid  Voltage:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Plate  Dissipation
Peak  Heater-Cathode  Voltage

Heater Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to   Cathode

Envelope  Temperature  at  Hottest  Point 1
Temperature  Differential  Between  Two  Adjacent  Electrodes.
Mechanical  Vibration   (20-2000  Hz  Sinusoidal)

1200          Volts
800          Volts

1.0          Amperes
50          Volts

0.5          Amperes
6.5          Watts

50          Volts
50          Volts

250           OC
75OC
10          G  peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable to  any  electron  de-
vice of a  specified  type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable .operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

§   The  regulation  and/or  series  plate  supply  impedance  must  be  such  as  to  limit  the  peak  current,with  the  tube  considered  a  short
circuit,  to  a  maximum  of  10  times  the  maximum  plate  current  rating.

i   For  specific  recommendations  concerning  higher temperature operation,  contact  your  General  Electric  sales  representative.

•    This  assumes  no  thermal  heat  sinking  to  any  insulator.
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PLATE

PHYSICAL   DIMENSIONS

CATHODE          i

HEATER
TERMINALS

'HT''LLJi
450  LE                 i

Notes:
1.  Net  Weight  -0.210unces

-  5.95  Grams

2.  Mounting  Position  -Any

Ref.
lNCHES MILLIMETERS

min. Mom. max. Min. Mom. Max.

A 0.122 0.125 0.128 3.099 3.175 3.251

8 0.030 0.762

C 0.005 0.127

D 0.220 0.225 0.230 5.588 5.715 5.842

E 0.040 0.050 0.060 1 . 01 6 1.270 1.524

F 0.120 0.125 0.130 3.048 3.175 3.302

G 0.025 0.028 0.031 0.635 0.711 0.787

H 0.167 0.172 0.177 4.242 4.369 4.496

J 0.025 0.028 0.031 0.635 0.711 0.787

K 0.170 0.175 0.180 4.318 4.445 .     4.572
L 0.170 0.175 0.180 4.318 4.445 4.572

M 0.047 0.050 0.053 1 .1 94 1.270 1.346

N 0.185 0.200 0.215 4.699 5.080 5.461

P 0 .535 0.550 0.565 13.59 1 3 . 97 14.35

R 0.598 0.603 0.608 15.19 15.32 15.44

S 0.748 0.753 0.758 19.00 19.13 19.25

T 0.897 0.928 0.959 22.78 23.57 24.36

TUBE   PRODUCTS   DEP^RTJVLENT

GENERAL  ©  ELECTRIC

Owensboro,  Kentucky  42301



-PRODUCT  INFORMATION-

Planar  Triode

Page   1           12-70

GE15371

The  GE15371  is  a  metal-ceramic  planar  triode  intended  for plate-pulse  oscillator  and  amplifier  service.

cHARACTEnisTics  AND  TyplcAL  opEnATioN

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum                Units

Heatervoltage,  AC  or  DC* ............  6.0                  6.3
Heater Current
Plate  Current
Amplification  Factor  ..............
Transconductance................
Grid  Voltage,  Cutoff  ..............
Direct  lnterelectrode  Capacitances.

Grid  to Plate:  (g  to  p)
npl,t:  9  to  (h + k)   .  . .

Output:  p  to  (h+ k)  . .
Cathode  Heating  Time   . ,

465                500
1217
65   .               85

17000           22000

1.6                      1.9

3.8                  5.0
--           0.035
60

PLATE-PULSED   OSCILLATOR    SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

Peak Positivepulse Supply Voltage
Plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power Output:    Average  During  Pulse

6.6              Volts
535               Mi I I iamperes

22               Mi lliamperes
105

27000             M i cronhos
-25            Vol ts

2.2             pf
6.2              pf

0.05             pf
Seconds

Test  Conditions
Eb            lb               RL
V           Ma        Ohms

Rk
Ohms    .

1090           Megahertz

1            Mi crosecond
1000           Pulses per

Second
1800           Volts

1.5           Amperes
0. 5          Amperes
700           Watts

NOTES

*      The  equipment  designer  should  design  the  equipment  so that  heater voltage  is  centered  at the  specified  bogey  value,  with  heater
supply  variations  restricted  to  maintain  heater voltage  within  the  specified tolerance.  In  some  applications,   longer  tube  life  may
be obtained  at  reduced'heater voltage.    For  specific  recommendations,  contact  your General  Electric  sales  representative.

•      Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GENERAL ©  ELEOTRIO
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ABSOLUTE-JVLAXIJVLUJVL   RATINGS

PLATE-PULSED   OSCILLATOR   SERVICE
Peak  Positive-Pulse  Plate  Supply  Voltage

1  Microsecond  Pulse  Duration
4  Microsecond  Pulse  Duration

Duty  Factor  of  Plate  Pulse §
Plate  Current:    Average  During  Pulse©
Negative  Grid  Voltage:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Plate  DissipationE
Peak  Heater{athode  Voltage

Heater Positive with  Respect  to Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope Temperature  at  Hottest  Point A
Temperature  Differential  Between  Two  Adjacent  Electrodes.
Mechanical  Vibration  (20-2000  Hz  Sinusoidal )

2000           Volts
1500           Volts

0.002
2.0          Amperes
100           Volts
0.8           Amperes
10           Watts

50          Volts
50           Volts

250            OC
75OC
10           G  peak

Absolute-Maximum  ratings cire  limiting values of operating
and  environmental  conditions  applicable  to  any  electron  de-
vice of a specified type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  cind

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially  and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signcil   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

§    In  any  5  millisecond  interval.

©  The  regulation  and/or  series  plate  supply  impedance  must  be  such  as  to  limit the  peak  current,  with  the  tube  considered  a  short
circuit,  to  a  maximlim  of  10  times  the  maximum  plate  current  rating.

I   With  adequate  heat  sink.

A   For  specific  recommendations  concerning  higher  temperature  operation,  contact  your  General  Electric  sales  representative.

•   This  assumes  no  thermal  heat  sinking  to  any  insulator.

The  devices  and   arrangements  disclosed   herein   may   be  covered   by  patents  of   Gen-
eral   Electric  Company  or  others.   Neither  the  disclosure   of   any   informolion   herein   nor
the   sale   of   devices   by   Generol   Electric   Company   conveys   any   license   under   potent
cloim5   covering   combinations   of   these   devices   with   other   devices   or   elements.   In   the

absence   of   an   express   wrinen   agreement   lo   lhe   conlrory,   General   Electric   Company
assumes   no   liability   for   potent   infringement   arising   out   of   any   use   of   tl`ese   devices
with  olher  devices  or  elements  by  ariy  purchaser  or  olhers.
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PHYSICAL   DIMENSIONS

CATHODE

HEATER
TERMINALS

lJ

LLJ['
I

apLE      i

NOTES:

1.   Net Weight -0.23  Ounces
-  6.45  Grams

2.    Mounting  Position  -Any

Ref.
lNCHES MILLIMETERS

min. Mom. Max. Min, Nom. Max,

A 0.245 0.250 0.255 6.223 6.350 6 .477

8 0.030 0.762

C 0.005 0.127

D 0.245 0.250 0.255 6.223 6.350 6.477

E 0.040 0.050 0.060 1 . 01 6 1.270 1.524

F 0.145 0.150 0.155 3.683 3.810 3.937

G 0.025 0.028 0.031 0.635 0.711 0.787

H 0.167 0.172 0.177 4.242 4.343 4.496

J 0.025 0.028 0.031 0.635 0.711 0.787
K 0.170 0.175 0.180 4.318 4.445 4.572

L 0.170 0.175 0.180 4.318 4.445 4.572
M 0.535 0.550 0.565 13.59 13.97 14.35

N 0.185 0.200 0.215 4.699 5.089 5.461

P 0.047 0.050 0.053 1 . 184 1.270 1.346

R 0.598 0.603 0.608 15.19 15.32 15.44

S 0.947 0.978 1 . 009 24.05 24.84 25.63

TUBE   PRODUCTS   DEPARTJVLENT

GEN ERAL ©  ELECTRIC

Owensboro,  Kentucky  42301



CHARACTERISTICS   AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum                Units

Heater  Voltage,  AC  or  DC * ......
Heater Current
plate Current
Amplification  Factor
Transconductance  . .
Grid  Voltage,  Cutoff  ..............
Direct  lnterelectrode  Capacitances.

Grid  to  Plate:  (g  to  p)
nput:  g  to  (h+k)   .  .  .

Output:  p  to  (h+k)  .  .
Cathode  Heating  Time . .

6.0                 6.3
370               400
1422

....  180                  225

..  40000           50000
-2.0

PLATE-PULSED    AMPLIFIER    SERVICE

Frequency
Bandwidth  (Single-tuned  3  db)
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

Peak Positive-Pulse  Supply  Voltage
Plate  Current:    Average  During  Pulse
Power  Input:    Average  During  Pulse
Power  Output:    Average  During  Pulse

6.6              Volts
430               Mi lliamperes

30               Milliamperes
270

60000              Micromhos
-5.0             Volts

2.1               pf
7.5

0.026
pf
pf
Seconds

Test  Conditions
Eb            I b              Eg
VMaV

Megahertz
r...'1.egahertz

4          Microseconds
1000           Pulses  per

Second
1000           Volts

0. 4          Amperes
1,0           Watts
20           Watts

NOTES

+   The  equipment  designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at  the  specified  bogey  value,  with  heater
supply  variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.

•   Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GENERAL ©  ELEC"10
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^BSOLUTEIJVLAX[JVLUJVL   RATINGS

PLATE-PULSED    AMPLIFIER   SERVICE
Peak  Positive-Pulse  Plate  Supply  Voltage

1  Microsecond  Pulse  Duration
4  Microsecond  Pulse  Duration

Duty  Factor of  Plate Pulse §
Plate  Current:    Average  During  Pulse®
Negative  Grid  Voltage:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Plate  Dissipation
Peak  Heater-Cathode  Voltage

Heater Positive with  Respect  to Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point 1
Temperature  Differential  Between  Two  Adjacent  Electrodes.
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

1500           Volts
1250          volts

0.004
0.5           Amperes
50           Volts

0.2          Amperes
6.5           Watts

50          Volts
50           Volts

250             OC
75OC
10           G.Peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable  to  any  electron  de-
vice of a  specified  type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  mciking  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   cind   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

§    ln  any  5  millisecond  interval.

®  The  regulation  and/or  series  plate  supply  impedance  must  be  such  as to  limit  the  peak  current,  with  the  tube  considered  a  short
circuit,  to  a  maximum  of  10  times  the  maximum  plate  current  rating.

A   For  specific  recommendations  concerning  higher  temperature  operation, contact  your General  Electric  sales  representative.

•  This  assumes  no  thermal  heat  sinking  to  any  insulator.

The  devices  and   arrangements  disclosod   heroin   may  I)e  covered   by  patents   of  Gen-
eral   Electric  Company  or  others.   Neittier  the  disclosure   of  any   il`formcition   herein   nor
the   sale   of   devices   by   General   Electric   Company   conveys   any   license   under   patent
cloims   covering   combinations   of   lheso   devices   vi.h   other   devices   or   elemE!nts.   In   the
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PHYSICAL   DIMENSIONS
Ah-L8

iT
C -I- ,-G i

I

tfiT
''

LLJ1
450  LE                 I

I

CATHODE              i

HEATER
TERMINALS

Ref,
lNCHES mlLLiMETERS

Min, Mom. RAax, Min. Mom, max,

A 0.122 0.1125 0.128 3.099 3 .175 3.Z51

8 0.030 0,762

C 0.005 0.127

D 0.170 0.175 0.180 4.318 4.445 4.572

E 0.040 0.050 0.060 1.016 1.270 1.524

F 0.170 0.175 0.180 4.318 4.445 4.572

G 0.025 0.028 0.031 0.635 0,711 0.787

H 0.167 0.172 0.177 4.242 4.369 4.496

J 0.025 0.028 0.031 0.635 0.711 0.787

K 0.170 0.175 0.180 4.318 4.445 4.572

L 0.170 0.175 0.180 4.318 4.445 4.572

M 0.047 0.050 0.053 1.194 1.270 1.346

N 0.185 0.200 0.215 4.699 5.080 5.401

P 0.535 0.550 0.565 13.59 13.97 14.35

R 0.598 0.603 0.608 15.19 15.32 15.44

S 0.748 0.753 0.758 19.00 19.13 19.25

T 0.897 0.928 0.959 22.78 23.57 24.36

TUBE  PRODUCTS   DEPARTWLENT

GENEHAL ©  ELEO"10
0wensboro,  Kentucky  42301
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Planar  Triode
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GE16411
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The  GE16411   is  a  high-mu-triode  of  ceramic-and-metal  planar  construction  intended for  use  as  an  oscillator  or radio-
frequency  power  amplifier  in  the  ultra-high-frequency  range.   This tube  is  especially   suited  for   use   where   conditions
of  extreme  mechanical  shock,  mechanical  vibration,  and  high  temperature   are   encountered.   The   rugged  bonded-heater
construction  also  provides  fast  cathode  warm-up.

CHARACTERISTICS   AND   TYPICAL.  OPERATION

AVERAGE   CHARACTERISTICS

Minimum

Heater  Voltage,  AC  or  DC* ............  6.0

Heater  Current
Plate  Current
Amplification  Factor  ...............

Transconductance...................9000
Grid  Voltage,  Cutoff  ..................---
Direct  lnterelectrode  Capacitances.

Grid  to  Plate:   (g  to  P) ..............   1.15

Input:  g  to   (h+ k)    .................   1.20

Output:   p  to  (h+ k)  ................ 0.004

Cathode  Warm-up  Time ...............

UHF   OSCILLATOR   SERVICE

Frequency
DC  plate  Voltage
Grid  Resistor
Plate  Current
Grid  Current
Power  Output

Egg±](           Maximum               Units
6.6              Volts

M i I I i amperes
M i 11 i amperes

Micromhos
-5.8              Volts

1.45
1.80

0.016
5

pf
pf
pf
Seconds

Test  Conditions

Eb           lb             Eg

VMaV

1200        Megahertz
150        Volts

1000         Ohms
8.0         Milliamperes
2.0         Milliamperes
300         Milliwatts

NOTES
*   The  equipment  designer  should  design  the  equipment  so that  heater  voltage  is  centered  at  the  specified  bogey  value,  with  heater

supply  variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.

•   Measured  at  450  KHz  using  a  grounded  adapter  that  provides shielding  between  external  terminals  of  tube.

•    Time  required  for  plate  current  to  reach  80%  of  its  steady-state  value.

GEN ERAL ©  ELECTRIC
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Plate  Voltage
Positive  DC  Grid  Voltage
Negative  DC  Grid  Voltage
Plate  Dissipation
DC  Grid  Current
DC  Cathode  Current
Peak Cathode  Current

ABSOLUTE-JVLAXIJVLUJVL   RATINGS

Heater€athode Voltage
Heater  Positive with  Respect to Cathode
Heater  Negative  with  Respect to  Cathode

Grid  Circuit  Resistance
Envelope  Temperature  at  Hottest  Point A
Temperature  Differential  Between  Two  Adjacent  Electrodesi]
Mechanical  Vibration  (20-2000  Hz   Sinusoidal)

250        Volts
0        Volts

50        Volts
1.0         Watts
2.2         Milliamperes
11          Milliamperes
40         Milliamperes

50        Volts
50        Volts

10000        Ohms
250         OC
75OC

30        G  peak

Absolute-Maximum  ratings are limiting values of operating
and  environmental  conditions applicable  to  any  electron  de-
vice of a specified type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptcible serviceability of the  device,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron  devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

I    For  specific  recommendations  concerning  higher temperature  operation,  contact  your  General  Electric  sales  representative.

D    This  assumes  no thermal  heat  sinking  to  any  insulator.
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PHYSICAL   DIMENSIONS

NOTES:

1.  Net  Weight  -0.0565  Ounces
-  1.6  Grams

2.  mounting  Position  -  Any

lNCHES MILLIIVIETERS

Min. Nom. Max. Min. Mom. Max.
A 0,268 0.280 0.292 6.807 7.112 7.417

8 0.477 0.480 0.483 12.12 12.19 12.27

C 0.156 0.165 0.174 3.962 4.191 4.420
D 0.328 8.331

E 0.282 0.285 0.288 7.163 7.239 7.315

F 0.272 0.275 0.278 6.909 6.985 7.061

G 0.095 0.099 0.103 2.413 2.515 2.616

H 0.096 0.100 0.104 2.438 2.540 2.642
J 0.035 0.040 0.045 0.889 1.016 1 .1 43

K 0.047 0.055 0.063 1.194 1 .397 1.600
L 0.024 0.027 0.030 0.610 0.686 0.762
M 0.055 0.068 0.081 1 . 397 1.727 2.057
N 0.032 0.813

P 0.087 0.090 0.093 2.210 2.286 2.362
R 0.022 0.025 0.028 0.559 0.635 0.711
S 0.430 0.445 0.460 10.92 11.30 11.68

TUBE   PRODUCTS   DEPARTWLENT

GENERAL  ©  ELECTRIC

0wensboro,  Kentucky  42301
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GE16841

The  GE16841   is  a  metal-ceramic  planar  triode  intended for  use  as  a  CW  oscillator  or  amplifier.    This  tube  is  rated  for  long  life
primarily  as  a  local  oscillator  up  to  about  6000  megahertz.

CHARACTERISTICS   AND  TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum                Units

Heater  Voltage,  AC  or  DC * ............  5.4
Heater Current
Plate  Current
Amplification  Factor  ..................    55
Transcondut:tance  ..................   12000
Grid  Voltage,  Cutoff  .................
Direct  lnterelectrode  Capacitances.

Grid  to  Plate:  (9  to  p)
nput:  a  to  (h +k)   . .  .

Output:  p to  (h+k)  . .
Cathode  Heating Time . .

......   0.85

......        1.5

6.0            Volts
290             Mi I I iamperes

19              Mi lliamperes
100

---           Micromhos
-5.5           Volts

1.05                  1.25             pf
2.1                     2.7

0.018             0.026
......        60

CW   OSCILLATOR   SERVICE
Frequency
DC  plate  Voltage
Grid  Resistor
Plate  Current
Grid  Current
Power  Output

pf
pf
Seconds

Test  Conditions
Eb            I b              Eg
VMaV

4300
100

Adjusted

Megahertz
Volts

#ii!ii::B::::
M i I I i watts

NOTES

*   The equipment  designer should  design  the equipment  so that  heater voltage  is  centered  at  the  specified bogey value,.with  heater
supply  variations  restricted  to  maintain  heater  voltage  within  the  specif,ied  tolerance.

•   Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GENERAL ©  ELEOTRIO
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Plate  Voltage
Positive  DC  Grid  Voltage
Negative DC  Grid  Voltage
Plate  Dissipation
DC  Grid  Current
DC  Cathode Current
Peak  Cathode  Current

ABSOLUTEIMAXIMUJVL   RATINGS

Heater-Cathode Voltage
Heater  Positive with Respect to  Cathode
Heater  Negative  with  Respect  to  Cathode

Grid  Circuit  Resistance
Envelope Temperature at  Hottest  Pointt
Temperature  Differential  Between  Two  Adjacent  Electrodes 1
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

250          Volts
0          Volts

50           Volts
1.b            Watts

5            Milliamperes
20           Mi lliamperes
80            Milliamperes

50          Volts
50           Volts

10000           Ohms
250            OC
75OC
10            G  peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions applicable  to  any electron  de-
vice of a  specified type os defined  by its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron  devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially  and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adjustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

•    For  specific  recommendations  concerning  higher  temperature  operation,  contact  your  General  Electric  sales  representative.

A   This  assumes  no  thermal  heat  sinking  to  any  insulator.
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PHYSICAL   DIMENSIONS

ODE-

A8+c+hjiiiiiiiiiiiiiiiiiid

I

ItD

++FJ     E    t
D

+]'
FIJ'-

TK

''

:RNALS N+
L

I
M

R +L+R NOTES:

I           I                                 1.    Netweight-0.05
7 Ounces

1.61 Grams

I           I            I                           2.    mountingposition-Any

Ref.
'NCHES MILLIMETERS

Min. Nom. Max. Min. Mom. Max.
A 0.357 0.360 0.363 9.068 9.144 9.220
8 0.285 7.239
C 0.108 0.110 0.112 2.743 2.794 2.845
D 0.095 0.100 0.105 2.413 2.540 2.667
E 0.095 0.100 0.105 2.413 2.540 2.667
F 0.025 0.028 0.031 0.635 0.711 0.787
G 0.315 0.325 0.335 8.001 8.225 8.509
H 0.216 0.224 0.232 5.486 5.690 5.893
J 0.094 0.098 0.102 2.388 2.489 2.591
K 0.143 0.150 0.157 3.632 3.810 3.988
L 0.165 0.175 0.185 4 . 1 91 4.445 4.699
in 0.476 0.480 0.484 12.09 12.19 12.29
N 0.330 .   8.458
P 0.130 0.136 0.1142 3.302 3.454 3.G07
Ft 0.048 0.051 0.054 1.219 1 .295 1.372
S 0.060 1.524
T 0.623 0.650 0.677 15.82 16.51 17.20

TUBE   PRODUCTS   DEP^RTJVLENT

GENERAL  ©  ELECTRIC

Owensboro,  Kentucky  42301



-PRODUCT  INFORMATION I               page 1            12-7o

Planar  Triode

FOR   PULSED   OSCILLATOR
0R   AMPLIFIER   APPLICATIONS

OE17241

The  GE17241   is  a  metal-ceramic  triode  intended  for  grid-pulsed  or  plate-pulsed  oscillator  and  amplifier
Service.  This  tube  was  designed  specifically  for  use  in  general  aviation  transponders.

GENERAL

ELECTRICAL

Cathode  -Coated  Unipotential

Heater Characteristics  and  Ratings
Heater  Voltage,  AC  or  DC*  .... :  ........  6.0±0.3
Heater  Current.

n            Dir%::dl::eiii:::r#:ocpa)p:?i.I.a.n.c::}

Input:  g  to  (h+k)
Output:  p to  (h+k),  Maximum  .  . 0.035

Volts
Amperes

pf
pf
pf

MECHANICAL

Operating  Position  -Any

See  Outline  Drawing  on  page  4  for  dimension.s  and
electrical  connections

JVLAXIJVLUJVL   RATINGS

GRID-PULSED   OSCILLATOR   0R   AMPLIFIER   SERVICE-ABSOLUTE-MAXIMUM   VALUES
plate  Voltage
Plate  Dissipationl
Peak plate  Current .
Peak Grid  Current
Duty  Factor
Pulse  Duration
Envelope  Temperature  at  Hottest  Point

1750             Volts
10             Watts

2.0            Amperes
1.0             Amperes

0.01
4            Microseconds

250              OC

PLATE-PULSED   OSCILLATOR   0R   AMPLIFIER  SERVICE-ABSOLUTE-MAXIMUM   VALUES
Peak  Positive-Pulse  Plate  Supply  Voltage
Plate  Dissipation^
Peak  Plate  Current
Peak Grid  Current
Duty  Factor
Envelope Temperature at  Hottest  Point

2500            Volts
10             Watts

2.5            Amperes
1.0             Amperes

0.01
250            oC

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable  to  any  electron  de-
vice of a specified type as defined  by its published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron  devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value   for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component  variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

GENEHAL ©  ELEOTRlo
Supersedes  PI  Sheet  dated  5-70
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cHAnACTERlsTlcs  AND  TTpicAL  opERATloN

AVERAGE   CHARACTERISTICS
Heater  Voltage
Plate  Voltage
Grid  Voltage  (Vary  for  lb  @  25  Milliamperesj
Amplification  Factor
Transconductance
Plate  Current
Grid  Voltagep  Maximum

lb  =  1.0  Milliampere  @  Eb  =  2000  Volts

GRID-PULSED   RADlo-FREQUENCY   AMPLIFIER
Frequency
Heater  Voltage
DC  Plate  Voltage
DC  Grid  Voltage
Pulse  Length
Duty  Factor ......
Peak  Plate  Current
Peak  Power  Output,  Approximate

NOTES
*  The  equipment  designer  should  design  the  equipment  so  that

heater   voltage   is   centered   at   the   specified   bogey  value,
with   heater  sup!)ly  variations  restricted  to  in,]intain   heater
voltage   within   the   specif ied   tolerance.   When   used   at   low

peak  plate  current  the  heater  voltage  should  be  reduced for
longer  life.

•  Heater  current  of  a  bogey  tube  at  Ef  =  6.0  volts.

The  devices  and   arrangements  d:sclosed   herein   may   be   covered   by   pa.ents  of  Con,
eral   Electric  Company  or  others.  Neither  ltie   disclosure   of  any   information   herein   nor
the   sole   of   devices   by   Goiieral   Elec.ric   Company   conveys   any   license   under   patenl
claims   covering   combinations   of   these   devices   with   other   devices   or   elements.   Ih   the

6.0            Volts
600            Volts
-5            Volts
95

13500             M icromhos
25              Mi I liamperes

-50            Volts

1100             Megahertz
6.0             Volts

1500             Volts
-115           .Volts

M i croseconds

Amperes
Watts

t  Without   external   shield.

A  With  adequate  heat  sink.

I  The  impedance  of the  plate  supply  should  be  such  as  to  limit
the   plate   current   to   10  times   the   normal   operating   plate
current  if  the  tube  is  considered  a  short  circuit.

absence  of   an   express  written   agreement   to   the   contrary,   General   Electric   Company
cissiimes   no   liability   for   pa`en.   ii`fringemerit   arising   out   of   aTiy   use   of  these   devices
wilh  olher  devices  or  oloments  by  any  purchaser  or  olhers.
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AVERAGE   CONSTAN.T-CURRENT   CHARACTERISTICS
PULSED  OPERATloN
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REF

lNCHES

mlNIMUM mAxiMUM

A 1.365 1.425

8 - 1 .084

C - 1 . 025

D 0.850 0.900

E - 0.320

F 0.520 0.560

G - 0.040

H 0.030

J - 0.340

K - 0.600

L 0.760 0.800

rvl 0.655 0.665

N 0.545

P 0.213 0.223

Ft 0.315 0.325

S 0.086

ELECTRODE  CONTACT  AREA

REF LIMITS  (lNCHES) CONTACT

AB 0. 775 ± 0.040 GRID

AC 1.181  ± 0.097 HEATER

AD 1.195 ± 0.070 CATHODE

NOTES:
1.  Do  not  clamp on this suiface.
2.  Thread  3/8"  -  UNC  2A.
3.  Electrode  Contact Surface,  Anode.
4.  Measure  Anode  Shank temperature here.
5.  Electrode Contact Surface,  Grid.
6.  Electrode  Contact Surface,  Heater.
7.  Electrode  Contact  Surface,  Heater and  Cathode  rf .

TUBE  PRODUCTS   DEPARTMENT

GENERAL ©  ELEOTRlo

Owensboro,  Kentucky  42301
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The  GE17701   is  a  planar  metal-ceramic triode  intended  for use  as  a  plate-pulsed  oscillator  or  amplif,ier.   This  tube  was
designed  primarily  for  zero-bias,  long  life,  high  power,  broadbanded  amplifiers.

CHARACTERISTICS   AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum                Units

Heatervoltage, AC or DC* .......... ii:FT      i:5-          6.6           VoiiT
Heater Current
Plate Current
Amplification  Factor  ..............
Transconductance................
Grid  Voltage,  Cutoff  ..............
Direct  lnterelectrode Capacitances.

Grid to  Plate:  (g  to  p)   . .
nput:  g  to  (h+k)   ......

Output:  p to  (h+k)  .....
Cathode  Heating  Time .....

1.15                1.25               1.35               Amperes
24                   34                   44              Mi I I iamperes

...    43                  58                  73
•  19000           26000           33000              Micromhos

---- 100            Volts

.......   1.95                2.15                2.35                pf

.......      7.0                    9.0                  11.0                 pf
0.1                0,15               pf

.......      10                                      ---             Seconds

PLATE-PULSED   OSCILLATOR   SERVICE

Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

Peak  Pos,itive-Pulse  Supply  Voltage
Plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power  Output:    Average  During  Pulse

Test  Conditions
Eb            I b             RL
V           Ma        Ohms

0.1    100000

Rk
Ohms

1200         Megahertz
0.004

4         Microseconds
1000         Pulse  per

Second
2500         Volts

4         Amperes
2         Amperes

3.5         Watts

NOTES

*   The  equipment designer  should  design  the  equipment  so that  heater  voltage  is  centered  at  the  specified  bogey  value,
with  heater  supply  variations  restricted  to  maintain  heater voltage  within  the  specified  tolerance.    In  some  applications,
longer tube  life  may  be  obtained  at  reduced  heater  voltage.    For  specific  recommendations,  contact  your  General  Electric
sa les  representative.

•  Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GENERAL ©  ELECTRIC
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ABSOLUTE-WLAXIJVLUM   RATINCS

PLATE-PULSED   OSCILLATOR   SERVICE
Peak  Positive-Pulse  Plate  Supply  Voltage

1  Microsecond  Pulse  Duration
4  Microsecond  Pulse  Duration

Duty  Factor of  Plate Pulse §
plate  Current:    Average  During  Pulse©
Negative  Grid  Voltage:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Plate  Dissipation
Peak  Heater-Cathode  Voltage

Heater  Positive with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point A
Temperature  Differential  Between  Two  Adjacent  Electrodes.
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

3500         vo Its
2500         volts

0.004
5.0         Amperes
120          Volts
2.0          Amperes

30         Watts

50         Volts
50         Volts

250          OC
100           OC
30         G  peak

Absolute-Maximum  rcitings are  limiting values of operating
and  environmental  conditions  applicable  to  ciny  electron  de-
vice of a  specified type cis defined  by its published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron  devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is`exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

§    ln  any  5  millisecond  interval.

©   The  regulation  and/or  series  plate  supply  impedance  must  be  such  as  to  limit  the  peak  current,  with  the  tube  considered
a  short  circuit,  to  a  maximum  of  10 times  the  maximum  plate  current  rating.

I   For  specific  recommendations  concerning  higher  temperature  operation,  contact  your  General  Electric  sales  representative.

•    This  assumes  no  thermal  heat  sinking  to  any  insulator.
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PHYSICAL   DIMENSIONS

NOTES:

1.  Net  Weight  -  0.307  Ounces
-8.7       Grams

2.  mounting  Position  -  Any

Ref.
lNCHES MILLIMETERS

Min. Mom. Max. Min. Nom. Max.

A 0.247 0.250 0.253 6.274 6.350 6.426

8 0.190 4.826

C 0.130 0.150 0.170 3.302 3.810 4.318

D 0.070 0.080 0.090 1.778 2.032 2.286

E 0.005 0.127

F 0. 075 0,085 0.095 1.905 2.159 2.388

G 0.182 0.187 0.192 4.623 4.750 4.877

H 0.025 0.028 0.031 0.635 0.711 0.787

J 0.170 0.175 0.180 4.318 4,445 4.572

K 0.025 0.028 0.031 0.635 0.711 0.787

L 0.170 0.175 0.180 4.318 4.445 4.572

IVI 0.170 0.175 0.180 4.318 4.445 4.572

N 0.047 0.050 0.053 1.194 1.270 1 .346

P 0.635 0.650 0.665 16.13 16.51 16.89

Ft 0.186 0.200 0.214 4.724 5.080 5.436

S 0.698 0.703 0.708 17.73 17.86 17.98

T 0.748 . 0.753 0.758 19.00 19.13 19.25

U 0.040 0.050 0.060 1 . 01 6 1.270 1.524

W 0.942 0.998 1 . 054 23.93 25.35 26.77

TUBE   PRODUCTS   DEPARTJVLENT

GENERAL ©  ELEOTRlo
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GE18651

The  GE18651   is  a  planar  triode  of  ceramic  and  metal  construction  intended  for  use  as  a  plate-pulsed  oscillator  or   amplifier
at frequencies  up  to  6000  megahertz.   This  tube  was designed  primarily  for  zero  bias operation  in  long  life  broadbanded  ampli-
fier  chains.    The  GE18651  features  a  lengthened  anede  to  permit  circuit  tuning  along  its  length.

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum                Units

Heatervoltage, AC or DC+ .......... ii:FT      IT          6.6          Voitr
Heater Current
Plate Current
Amplification  Factor  ..............
Transconductance................
Grid  Voltage,  Cutoff  ..............
Direct  lnterelectrode  Capacitances.

Grid  to  Plate:  (g  to  p)   ..........

510                 550                 590              Milliamperes
14                    21                    28               Milliamperes
48                 58                 68

..16000           22000           28000              Micromhos
-5               -9           vol ts

1.45
nput:  g  to  (h +k)   .........

Output:  p  to  (h + k)  ........
Cathode  Heating  Time ........

......       4.1

......        60

PLATEIPULSED   OSCILLATOR   SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Fiepetition  Rate

Peak Poiitive-Pulse  Supply  Voltage
Plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power  Output:    Average  During  Pulse

1.75              Pf
5.7             Pf---         pf

___            Seconds

Test  Conditions
Eb           I b              Eg
VMaV

6.3------
6.3         200     ---
6.3        200    ---
6.3         200    ---
6.3           200        0.1

Megahertz

Microsecoiids
Pulses Per
Second
Volts
Amperes
Amperes
Watts

NOTES

*   The  equipment  designer  should design  the  equipment  so that  heater  voltage  is  centered  at the  specified  bogey value,  with  heater
supply  variations  restricted  to  maintain  heatei.  voltage  within  the  specified  tolerance.    In  some  applications,  longer tube  life  may
be  obtained  at  reduced  heater  voltage.    For  specific  recommendations,  contact  your General  Electric  sales  representative.

•   Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GENERAL ©  ELEOTRlo
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PLATE-PULSED   OSCILLATOR   SERVICE
Peak  Positive-Pulse  Plate  Supply  Voltage

1  Microsecond  Pulse  Duration
4  Microsecond  Pulse  Durat,ion

Duty  Factor  of  Plate  Pulse§
Plate  Current:    Average  During  Pulse®
Negative  Grid  Voltage:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Plate  Dissipation
Peak  Heater-Cathode  Vol tage

Heater Positive  with  Respect to Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope Temperature  at  Hottest  Pointl
Temperature  Differential  Between  Two  Adjacent  Electrodes.
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

2500           Volts
1500           Volts

0.004
2.0          Amperes
100           Volts
1.0           Amperes
6.5           Watts

50           Volts
50          Volts

250            OC
75OC
10           G  peak

Absolute-Maximum  ratings are limiting values of operating
and  environmental  conditions  applicable to  any  electron  de-
vice of a  specified type as defined  by its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially  and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

§    ln  any  5  millisecond  interval.

©  The  regulation  and/or  series  plate  supply  impedance  must  be  such  as  to  limit  the  peak  current,  with  the  tube  considered  a  short
circuit,  to  a  maximum  of  10  times  the  maximum  plate  current  rating.

A   For specific  recommendations  concerning  higher temperature  operation,  contact  your General  Electric  sales  representative.

•    This  assumes  no  thermal  heat  sinking  to  any  insulator.
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AVERAGE   CONSTANT-CURRENT   CHARACTERISTICS
PULSED  OPERATION
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PLATE

PHYSICAL   DIMENSIONS

't

D---I- ,-G  6-
tAT

CATHODE

HEATER
TERMINALS

''LLJi
450  LE                  I

'

Re',
INCHES mlLLIMETERS

min. Mom, max, Min, Mom, Max.

A 0.122 0.125 0.128 3.099 3.175 3.251

8 0.030 0.762
C 0.005 0.127

D 0.345 0.350 0.355 8.763 8.890 9.017

E 0.040 0.050 0.060 1 . 01 6 1.270 1.524

F 0.120 0.125 0.130 3.048 3,175 3.302

G 0.025 0.028 0.031 0.635 0.711 0.787

H 0.167 0.172 0.177 4.242 4.369 4.496

J 0.025 0.028 0.031 0.635 0.711 0.787

K 0.170 0.175 0.180 4.318 4.445 4.572

L 0.170 0.175 0.180 4.318 4.445 4.572

NI 0.047 0.050 0.053 1 .1 94 1.270 1.346

N 0.185 0.200 0.215 4.699 5.080 5.461

P 0 .535 0.550 0.565 13.59 13.97 14.35

R 0.598 0.603 0.608 15.19 15.32 15.44

S 0.748 0.753 0.758 19.00 19.13 19.25

T 1.022 1.053 1.084 25.96 26.75 27.53

TUBE  PRODUCTS  DEPARTMENT

GENERAL © ELEOTRlo

Owehsboro,  Kentucky  42301
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Triode GL-51025

INTERNAL   FEEDBACK   FOR   OSCILLATOR   SERVICE
GROuNDED-GRID   OPERATION

METAL   AND   CERAMIC
HEAT-SINK   AND   FORCED-AIR   COOLED

The   GL-51025    is   a   heat-sink-cooled
triode   especially   designed   for  pulsed
oscillator  service  in  L-band.  This  type
is   particularly   well   suited   for  use   in
airborne  or  ground-based  radar  equip-
ment.

Electrical

Heater Voltage* .............................
Heater  Current  .............................
Cathode Heating Time .........................
Direct hterelectrode Capacitances

Cathode  to Plate   .........................
Input.................................
Output..........................'.....

Mechanical

Mounting Position - Any
Net Weight,  approximate  ........

Thermal

Cooling - Heat-Sink and Forced Air

Anode Temperature§   .......

H

The   tube   features   internal  feedback
which eliminates the need for the com-

plicated  external  circuit  arrangements
normally  required in  oscillator  service.

Other  features  include  small  size,  hich
peak  power,  long-pulse-width  capabil-
ity,  long  life  and  reliability.

Minimum     Bogey     Maximum

6.3
3.5                     3.8
1

0.45
15.5

5.9

Ceramic Temperature  at Any Point,  maximum  .....................

PLATE-PuLSED   OSCILl.ATOR   -   CLASS   C

Maximum  Ratings

DC  Plate Voltage,  During Pulse  ......
DC  Plate Current,  During Pulse ......
DC  Grid Voltage,  During Pulse .......
DC  Grid  Current,  During Pulse   ...............................
Plate Dissipation  § .  .  .
Grid Dissipation   ....
Pulse Width 0   ......
Duty  Factor ¢  ......

Volts
4.0           Amperes

Minute

4Llf
L|„£
quf

31/4        Ounces

250C
200C

8. 0            Kilovolts
10. 0            Amperes
-400            Volts

5.0           Amperes
110            Watts
3. 5            Watts
10            Microseconds

.......    0.003
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Typical  Operation

Grounded-Grid Service at  1300 Megacycles,  3/4 \ Output Circuit

DC  Plate Voltage,  During Pulse  ...................
DC  Plate  Current,  During Pulse ...................
DC Grid Current,  During Pulse (Grid Resistor = 50 Ohms)  .
Power Output,  During Pulse  (useful)  ................

8. 0           6. 0           Kilovolts
9. 0          7. 0           Amperes
4.0           4. 3           Amperes

40. 0        24. 0           Kilowatts
Pulse Width   .......................................          10
Duty  Factor   .......................................   0.003

GRID-PuLSED   OSCILLATOR   -   CLASS   C

Maximum  Ratings

DC  Plate Voltage  ...................................
DC Plate Current,  During Pulse .........................
DC  Grid Voltage   ...................................
Plate Dissipation ...................................
Pulse Width a   ...................-.................

10           Microseconds
0.001

....        2.5            Kilovolts

....        3.0           Amperes

....- 200            Volts

....        100            Watts

....          15           Microseconds
Duty  Factor  ¢¢   ..........................................      0.02

Typical  Operation

Grounded-Grid Circuit at 1100 Megacycles,  1/41 Output

DC  Plate Voltage  .......................
DC Plate Current,  Ifuring Pulse  .............
DC  Grid Voltage  Supply**   .................
DC Grid Current,  During Pulse ..............

1750
2.2
-97

1.05
Power Output,  During Pulse  (useful)   ...................    1.5
Pulse Width ....................................       10
Duty  Factor .........................,..........   0.02

19.50       2200
2.6           2.7

-104      -104
1.2         1.25
2.0           2.4
1010

0.02        0.02

Volts
Amperes
Volts
Amperes
Kilowatts
Microseconds

*Because of back-heating due to transit time effects,  it may be necessary to reduce the heater voltage.  For the
1100 mcs,  2 kw,  0.02 duty condition,  the typical heater voltage is 5.5 volts.  The optimum heater voltage for any
application should be determined by RF performance testing.

§ A suitable clamp-on radiator or heat-sink clamping arrangement must be provided to limit the anode hub ten-
perature to the value specified.   Higher plate dissipation is allowable with provision for proper cooling.

a Pulse duration is measured between points  at 70 percent  Of  the  peak  value.    The peak value is defined as the
maximum value Of  a  smooth curve through  the  average Of the fluctuations  over the top  portion   of  the  pulse.
For applications requiring longer pulses,  refer to the tube manufacturer.

¢Maximum ratio of on-time to elapsed time during any 3. 3-millisecond period.
¢¢Maximum ratio of on-time to elapsed time during any 75-millisecond period.
**With a series  grid resistance Of  50 ohms.



I

n

I

GL-5'025
ET-T2015

Page 3
8-70

8cO                               12cO                               16cO
PLATE  VOLTAGE  IN  VOLTS
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CONCENT.ICITIES!

THE  FOLLOWINC  TOTAL  INDICATOR   READINCS  AFtE  NEASuftED
wiTN  fREspECT  TO A cENTEFiLiNE  DETERwlNEO  or  THE  cENTERs
OFTHE ANODE  TERNINAL  AND  cONTftoi-eftlD  TERN"AL.

DI^WETEft    A-O.OJO   INCHES
DiAWETER   e-O.Ore   iNCHEs
DIANETER   C-O.O.2   lNCHES

TOTAL   INDICAToft  READING  OF  FIL^NENT-Cup TERN"AL
DIANETEFt (C) MEASURED  WITH  RESPECT  TO  CENTER  OF CATHODE
AND  FILANENT-TERN"AI  DIAWETER  (Bl-O.016   "CHES.

TUBE   PRODUCTS   DEPARTWLENT

GENERAL  ©  ELECTRIC

Schenectady, New York 12305
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GL-51038
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PULSED  SERVICE

CROUNDED -GRID 0P ERATloN

INTECRAL  RADIATOR

The  GL-51038  is  a  small-size,
four -electrode  tr a n s in i t t i n g  tube
especially   designed   for   RF   grid-
pulsed  or  plate-and-screen  pulsed
amplifier   service   at   L-band   fre-
quencies. This tetrode is particularly
well   suited  for  use   in   airborne  or
ground -based radar equipment.

The  tube  is  capable  of providing
useful  output  at  frequencies  up  to
approximately 1500 megacycles.

Features of the GL -51038 include

Elect,ical

Heater  VoltaLge  (See  Note  1)     .......
Heater  Current   ................
Cathode  Heating  Time ............
Direct Interelectrode Capacitances*

Input.....................

FORCED-AIR  COOLED

METAL  AND  CERAMIC

long  life  and  relial]ility,  long  pulse
width, high peakpower and high gain,
broad-bending capchility,  and resist-
ance to shock and vibration.

These  together  with  such  design
factors  as  an oxide-coated cathode,
coaxial elements , and metal -ceramic
construction    make   the   tube   well
adapted   to   application   in   modern
systems  where high performance  and
reliability  are  important.

Minimum      Bogey      Maximum

6.8

1

Output............................

Mechanical

Mounting Position  - Any
Net  Weight        .........   I   ..............................

Thermal

Cooling -  Forced Air±
Radiator§

Plate mssipation .  . ............         600               400

Air  Flow,  45 C incoming air temperature,
atsealevel     ......................              9               4.5

Volts
Amperes
Minute

„Hf
JJwf

0. 8            Pound s

StaticPressure,approximate .............        0.5             0.2
Anode  Hub  Temperature A  ...............................     250

Seals
Screen and  Control  Grid,  approximate  .......................          1
Heater  and  Cathode,  approximate   ..........................          1

Ceramic  Temperature  at any  Point  ...........................     200

Watts

Min Cubic  Feet per  Minute
Inches-Water
MaxC

Cubic  Foot per  Minute
Cubic  Foot per  Minute
mxC

Note 1:   Because  the temperature  of the cathode  is increased  by back bombardment  of electrons  at  UHF,  required
heater voltage for optimum life decreases with increasing frequency.   The amount of heater -voltage reduction
is dependent on operating conditions.   However,  this voltage should not be less than 5.5 volts.

GENERAL ©  ELEC"IC
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RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS  a

Maximum  Ratings
Plate-and Screen-Grid P`ilsed,  500 Megacycles

DC   Plate Voltage,  during pulse   .,............
DC   Plate  Current,  during pulse  .............
DC   Grid-No.  2 Voltage,  during pulse ..........
DC   Grid-No.   2  Input ....................
Plate  mssipation + ......................
DC   Grid-No.  1  Voltage,  not pulsed   ...........

....    10      Kilovolts

....    10      Amperes

..      2000      Volts

....    15       Watts

..  .     500      Watts

...- 175       Volts

15      Microseconds
DC   Grid-No.1  Current,  duringpulse    .........................      2.5       Amperes
Pulse Widthv
Ifuty  Factor t ?       :::::::::::::::::::::::::::.....................................       0.0012

Typical  Opelation
Grounded-grid Circuit,  500 Megacycles,1/4 A  Output Circuit

DC  Plate Voltage,  during pulse   .......
DC  Grid-No.  2 Voltage,  during pulse ....
DC  Grid-No.  1  Voltage,  not pulsed   .....
Peak  RF  Plate Voltage   .............
Peak RF  Grid Voltage ..............
DC  Plate  Current,  during pulse  .......
DC  Grid-No.  1  Current,  during pulse   .  .  .
DC   Grid-No.  2 Current,  during pulse   .  .  .
miving Power at Tube, during pulse  ....
Power  Output,  during pulse  (useful) .....
Pulse Widtho     .........
mty  Factor   .  .

.      9      Kilovolts
1400      Volts

..............- 125        Volts

..............      7000        Volts

................  300        Volts

...............      9.2       Amperes
..........      1.1       Amperes
..........   0.47       Amperes
..........      2.6       Kilowatts
..........        52       Kilowatts
...........    15       Microseconds
.......... 0.001

RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS  C
Maximum  Ratings
Pulsed  Drive,   1250 Megacycles

DC   Plate  Voltage     ...........
DC  Plate Current,  during pulse  .  .
DC   Grid-No.  2 Voltage  ........
DC   Grid-No.   2  Input ...............
DC   Grid-No.  1  Voltage  .............
DC   Grid-No.  1  Current .............
Plate  Dissipation  .................
Pulse  Width.  a  ..................
Duty  Factor.  ¢¢  .........

5      Kilovolts
6      Amperes

1. 1      movoits
..........       5       Watts
........- 225       Volts

Typical  OpeTation

Grounded-grid Circuit at 1100 Megacycles,  3,/4} Output Circuit
DC   Plate  Voltage **  ...............................
DC  Plate  Current,  during pulse  .......
DC   Grid-No.  2 Voltage  .............
DC  Grid-No.  2 Current,  during pulse   .  .  .
DC   Grid-No.  1  Voltage  .........
DC  Grid-No.  1  Current,  during pulse
miving Power at Tube, during pulse
Power Output,  during pulse  (useful) .
Pulse Widtho    ..........
nity  Factor    ...........

1.5       Amperes
5 00      Watts
15      Microseconds

0.01

4.8     movoits
4.2      Amperes

1      Kilov o lt
100      Milliamperes

-200      Volts
200      Milliamperes
1. 5      RIlowatts
11      Kilowatts
15      Microseconds

0.01

*  Control grid connected directly to  screen grid.
I  Forced air  cooling should be applied during the application of any voltages.
§   Hovision must be made for unobstructed passage of cooling a.ir through the radiator  fins,  and between the anode

terminal and adjacent portion of the radiator.
A   Measured at the base of the radiator and adjacent to the plate terminal.
•  Maximum average value.
•  For applications that  require  longer pulses or higher duty refer to the tube manufacturer for recommendations.
a   Pulse duration measul.ed between points at 70 percent of peak value.    The peak value is defined as the maLximum

value of a  smooth curve through the average of the fluctuations over the top portion of the pulse.
¢  hhaximum ratio of on-time to ela.psed time during any  12.5-minisecond period.

#  Maximum ratio of on-time to elapsed time during any  1.5-millisecond period.
**  A minimum  surge-limiting resistance of 50 ohms must be  placed between the  plate of the tube and the a+ power

supply at steady -state voltages greater than 3. 5 kilovolts.
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CONCENTRICITIES:

The  following total  indicator  readings  are  measured  with  respect  to  a  centerline  determined  by the  centers  of the  anode  termincll  and
control  grid  terminal.

Diameter  A  -0.030  inches
Diameter 8   -0.016  inches
Diameter C  -0.036  inches
Diameter  D  -0.042  inches

Total  indicator  reading  of filament   cup  termincil  dicimeter  (D)   measured  with  respect  to  center  of cathode  cind  filament  terminal  di-
ameter  (C) '-0.016  inches.

TUBE   I]EPARTMENT

GENERAL ©  ELEC"10
Schenectady, N. Y.12305
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Tetrode
GL-51064

Elec,,ical

Heater Voltage *   .......
Heater  Current  at  5.7 Volts

VHF-UHF METAL CERAMIC  TETRODE
4 KILOWATTS USEFUL  CW OUTPUT
750W^TTS CLASS B LINE^ROUTPUT

The   GL-51064   is   a  forced-air
cooled  power  tetrode  that  delivers
useful  output to  approximately  1250
inegacycles.   This  tube  is  particu-
larly  suitable  for  application  as  an
AM   or   FM   power   amplifier   in  the
final output or driver stage of VHF -
UHF    military   communications
systems.

The   tube   features   high   power
gain,    as    much    as    14    db,   while
delivering  up to 4000 watts  of use-
ful   CW   power   as   a  grounded-grid
Class   C   amplifier   at   400   mega-

FORCED ^lR COOLED
INTEGRAL  RADIATOR

THORl^TED-TUNGSTEN  CATHODE

cycles.   An   output   capacitance   of
only 6.0 pwf, which is  significantly
low for a tube of its power handling
capability,    makes    the   GL-51064
well suited for application in eqLiip-
ments    requiring    broad   electronic
bandwidth.

Other   features    include   metal-
ceramic   construction,   a  high  effi-
ciency  axial  flow  radiator  capable
of  dissipating   2750  watts,   and  an
indirectly heated thoriated tungsten
cathode.

Minimum     Bogey      Maximum

Heater Starting  Current   .....  a  .........  a  ...........  a
Heater  Cold Resistance    ..............  ®  a  a  ...........
Cathode  Heating Time ............................  ®  a
Amplification Factor,  G2 to G|
Eb  =  2000 Volts,  Ib  =  0.200 Ampere,  Ec2  =  475 Volts  .........

Direct hterelectrode Capacitances
Cathode to Plate|    ..........................  o  .  .
Input,   G2  tied  to  Gi    ................  a  a  a  .....  a  .  .  .

1

1217

15.5

Output,  G2  tied  to  G|  §    .....................  o  ....

Mechonicol

Mounting  Position   ....
Net Weight, approximate

Thermal

Cooling-Forced Air fl
Through Radiator,  at Sea Level

Plate Dissipation
2.75 Kilowatts
2.0    Kilowatts
1.5    Kilowatts

Seals
Screen-Grid to Control-Grid  .
Heater-to-Cathode........
Anode to Screen-Grid Ceramic

Air  Flow
140  Min CFM
90 Min CFM
55 Min  CFM

Vertical
5. 0         Pounds

Static Pressure
1.9 Inches Water
0.8 Inches Water
0.4 Inches Water

Insulator   .............  ®  .  ®  a  ......  a  .  a  .  o  .........
Incoming Air  Temperature   .............  ®  ®  .  .
Radiator Hub Temperature  (Adjacent to Anode Seal) .
Temperature at Any Chher  Point ........  a  .....

4 Min  CFM
8 Min CFM
6 Min CFM

25
180
200

Forced-air cooling to be applied before and during the application Of any voltages.   Forced-air cooling mustbe main-
tained for one minute after the removal Of all voltages.

GENERAL ©  ELECTRIC
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Maximum  Ratings,  Absolute  Values

DC  Plate Voltage    ....
DC Grid-No.  2 Voltage  ,
DC Grid-No.  1 Voltage  ,
DC Plate Current .....
DC Grid-No.  1  Current .
Plate input  .........
Grid-No.  2 hput   .....
Plate Dissipation .....

420 mcs

8000
650

..........,.......                 0.TOO

..................                0.175

......,........,..                        5.6

Typical  Operation  -G.ounded-Grid Circuit   @   400 mcs

DC Plate Voltage    ....,
DC Grid-No.  2 Voltage  .  ,
DC  Grid-No.  1 Voltage  .  .
DC  Plate Current ......
DC  arid-No.  2 Current .  .
DC  Grid-No.  1  Current .  .
Driving Power,  approx  .  .
Fbwer Output,  useful ¢  .  .
Power  Gain,  approx  ....

25
2.75

5500
600

-100
0. 450
0. 0 1 2
0. 08 5

90
....................                  2000

....................                      13.5

1000 mcs

6000   Mar Volts
650   Max Volts

-175   Ma]rvolts
0.700  Max chperes
0.175   Max Amperes

4. 2   Max Kilowatts
25   Max watts

2.75   Max mlowatts

7 500             Volts
600             Volts

-I 00            Volts
0. 650            Amperes
0. 016             Amperes
0.155            Amperes

150            Watts
4000            Watts
14. 3              db

RADIO-FREQUENCY  POWER  AMPLIFIER  -CLASS  a  LINEAR  SERVICE

Maximum  Ratings  at 420 Megacycles,  ^bsoli)te Voltles

DC  Plate Voltage ............
DC  Grid-No.   2 Voltage  ........
DC  Plate  Current ............
Plate  Input  ................
Grid-No.  2 hput   ............
Plate Dissipation ............

Typical  Operation  at 400 Mcs,  Ca.riel Conditions  for Maximum Modulation  Factor of  I.0

DC  Plate  Voltage  .................
DC  Grid-No.  2 Voltage  ......
DC Grid-No.  1 Voltage,  approx.
DC  Plate  Current ..........
DC  Grid-No.  2 Current ......
DC  Grid-.No.   1  Current  ......
Driving Fewer,  approx.
Power Cfutput,  useful ¢
Fbwer  Gain,  approx  .  .

8000   MaLx Volts
650   Max Volts
585   Max Millia,mperes

4150   Max Watts
16   Maxwatts

2750   Max wa.tts

7 500             Volts
600             Volts
-50             Volts
3 30            Milliamperes        `

5            Milliamper es        L
3 0            Milliamper e s

17. 5             Watts
7 50            Watts
16db

* Because the temperature of the cathode is increased by back bombardment of electrons at  UHF,  required heater
voltage for optimum life decreases with increasing frequency.   The amount of heater voltage reduction is dependent
on operating conditions.

I Measured with complete external shielding between cathode and anode.
§ Output capacitance measured between anode and screen grid.   Control grid connected directly to screen grid.
fl The  volume  of  cooling  air  indicated  for  the  various  seals  is  for  sea-level  conditions  and  approrimate  only.

Distributionof coolingair willvary with the cavity colifiguration about the tube.    For  most  satisfactory  operation
the maLximum temperature of any point on the tube should be below specified limits.

¢ Useful power output including power transferred from driver stage.
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11/16"  MAX.

5/8"  DIAMETER   MAXIMUM

4.076" ± a.020"

iLseEII/32"MIN.2.7

2

't„8"i,/,6,:,/i:i/,6"

13,4

lI/32''MIN.        2.T
'

'± I/16"

+11/32"M'N.

tT

55 ±0.010  D'A.

115/32"±1/16"          7y32"±I/I

I.532±0.010

0.375 ±0.010

7yl6" MAX.   DIA.

0.250 ± a.008  DIA.
(NOTE  3)

ANODE    TERMINAL

NOTE    I

SCREEN-GRID
TEl]MINAL

CONTROL-GRID
TERMINAL

I I/32" MIN

CATHODE    AND    FILAMENT-
F)ETURN     TERMINAL

FILAMENT    TERMINAL

a.660±0.008  DIA.  (NOTE  2)
NOTES
I.  MAXIMUM    ECCENTPICITY     0.010
2. MAXIMUM   ECCENTRICITY     0.015
3.  MAXIMUM    ECCENTRICITY     0.030

WITH    RESPECT    TO    CENTERLINE    DETERIVIINED    BY   CENTEFts    OF   ANODE
TERMINAL    AND    CONTROL-GFtlD   TERMINAL

TUBE  l]EPARTMENT

GENERAL ©  ELEC"10
Sclienectatry, N. Y.1 Z3115
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Tetrode
GL-51065

fi

I
I
I
h

I           Elec''ical
Heater.Voltage*..............
Heater  Current   ..............
Cathode  Heating  Time ..........
Inrect Interelectrode  Capacitances**

Cathode to  Plate  t  ..........
input.............

Output............

IPl

I
n
r'

Mechanical
Mounting Position   ....
Net Weight, approximate

GRID-PULSED  SERVICE

CROUNDED-GRID  OPERATION

The   GL-51065   is   a  high-per-
formance,  forced -air cooled,  metal -
ceramic  tetrode especially designed
for   grid-pulsed    anplifier   service
(pulsed  RF  drive  only)   at  L-band
frequencies.  This  tetrode  is  parti-
cularly  well  suited  for use  in radar
equipment such as advanced ground -

Minimum      Bogey

1

FORCED-AIR CcOLED
METAL  AND CERAMIC

based,   ship-board  or  airdome  IFF
inteITogators.  It  is  capable  of  pro-
viding  useful  output  at frequencies
up to approxinately 1500 megacycles.

Features of the GL-51065 include
long  life  and  reliability,  high  gain
with   pulsed   RF   drive   only,   long
pulse width, and highrduty capchility.

Maximum

Volts
Amperes
rmnute

u„f
Lluf
I,Hf

...............,..,,,,,,,,,,,,,,,

•.....................................            13

Tl'elmal
Cooling  -  Forced-Air|

Through Radiator,  at Sea  Level
Plate  Dissipation  ...............................     600
Air  Flow,  45  C Incoming Air  Temperature,  minimum .......         9
Static  Pressure,  approximate .......................      0.5

Radiator  Hub Temperature at Point Adjacent to Anode Seal,
maximums....................................

Seals
Screen and  Control  Grid,  approximate  ......................
Heater  and  Cathode,  approximate   .........................

Ceramic  Temperature at  Any  Point,  maximum   ..................

RADIO-FREQUENCY  POWER  AMPLIFIER
Maximum  Ratings

P`ilsed  Hive,  1250 Megacycles
DC  Plate Voltage  .........
DC  Plate Current,  dul.ing pulse
DC  Grid-No.  2 Voltage  .....

Any
Cwhces

400      Watts
4.5      Cubic  Feet per  Minute
0.2      Incheswater

....          250        C

1      Cubic  Feetper  Minute
1      Cubic  Feetper  Minute

....         200        C

5      RIlovo lt s
6      Amperes
1       Efilovolt

IX=Grid-No.2hput  ..................,...................,               5        Watts
DCGrid-No.1Voltage   .....................................- 200       Volts
Plate  Dissipation  ...................,...,.............
mlse  Width a    ......................-................
Ifuty   Factor  ¢   ........................................

GENERAL © ELEC"IC

..  .        600      Watts

.  .  .          10      Microseconds

.   .   .        0.01
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RADIO-FREQUENCY  POWER  AMPLIFIER (CONT'D)

Typical  OpeTation

Grounded-Grid Service at  1030 Megacycles,1/4`  Output Circuit
Ire  Plate Voltage ¢¢  .............................
DC  Plate  Current,  during pulse    .....................
DC  Grid-No.   2 Voltage   ...........................
DC  Grid-No.  2  Cfurrent,  during pulse ..................
DC  Grid-No.  1  Voltage,  approximate  ..................
DC  Grid-No.  I  Curl.ent,  during pulse ..................
Diving  Power at the  Tube,  during pulse   ........
Power  Output,  during pulse  (useful) ............
Pulse Width    ...........................
Duty  Factor    ...........................

3. 5     movolts
3.0      Amperes
750      Volts

0.065      Amperes
-75      Volts

0.400     Amperes
0.5     mowatts
4.5      Kilowatts
10     mcro seconds

0.03

*  Under  the typical operating  conditions  shown  the filament voltage  should be reduced to approximately 6.0 volts
because of back -heating resulting from transit time effects.

**  Control grid connected directly to  screen grid.
t  Complete eaternal  shielding between cathode and plate.
I  Forced-air cooling should be applied during the application of any voltages.
§  Provision  must be made for  unobstructed passage of cooling air to limit  the anode hub temperature to the value

specified.
a  mlse durationismeasuredbetweenpointsat 70 percent of the peak value.   The peak value is defined as the maxi-

mum value of a smooth curve through the average  of  the  fluctuations over the top portion of the pulse.
¢  Maximum  ratio  of on-time  to  elapsed  time  during  any 1-millisecond period.    Higher duty  may be allowed with

lower tube input as indicated under typical operation at 0.03 duty.   For applications that require longer pulses or
higher duty refer to the tube manufacturer for recommendations.

¢¢  A minimum  surge-limiting resistance of  50 ohms  must be placed between the plate of the tube and the 8+ power
supply at steady-state voltages greater than 3.5 kilovolts.

CONSTANI  cuRRErut  ci+ARACTERlsTic
SCREEN  veLTAGE = iooo  volts

ALL   VOLTAGES   REFEFHNCED   TO   CONTROL   GRID

-ac

-2cO

-150

;-,oo
Z

la
7a.

IfA

•

i I 0 Q2/ t'` .3 Ib'aA

7
3 I- Lf,\

Ill.I `

2
•

1

.5 •E=

.I
_

I

.5

0

vr:I:I.                 2f :I :I.               ef :I jf.                 zJr:I :A j               5f :I :I.                er:I:rj               nco

PLATE  veLTAGE  iN   \OiTs



I
r]

I
I
fl

I

I
n

Tl

n

rl

I
I
I
I

CONCENTRICITIES:

GL-51065
ET-T2010

pTi:63

The following total indicator readings are measured with respect to a centerline determined by the  centers of the
anode terminal and control grid terminal.

Diameter  A -  0.030 inches
Diameter  8 -  0.016 inches
Diameter  C  -  0.036 inches
Diameter D -  0.042 inches

Total indicator reading of filament cup terminal diameter  (D) measured with respect to center of cathode and fih-
ment terminal diameter  (C) -0.016 inches.

TllB[  DEPARTMENT

GENEnAL © ELEc"IC
Schen€ctady, N. Y.12sO5
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Planar  Triode
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Y-1124

Development Type *
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The  Y-1124  is a  triode  of  ceramic  and metal  planar  construction  primarily  intended  for  use  as  a  grid-pulsed  oscillator
at frequencies  up  to 6000 megahertz.   The Y-1124 features  a  bonded-heater  construction  resulting  in  usefulness   in   fast
warm-up  and  extreme  environment  applications.

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum               Units

Heatervoltage,  AC  or  DC.        .                     6.0
Heater Current
Plate Current
Amplification  Factor
Transconductance  . .
Grid  Voltage.  Cutoff  ..............
Direct  lnterelectrode  Capacitances.

Grid to plate:  (a to p)
nput:  9  to  (h+k)   . . .

Output:  p to  (h+ k)  . .
Cathode  Warm-up  Time §

6.3
215

12.5
75

16000
-3.5

1.05
2.1

0.018

GRID-PULSED   OSCILLATOR   SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

Plate  Supply Voltage
Plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power  Output:    Average  During  Pulse

6.6              Volts
M i I I iamperes
Milliamperes

Micronhos
Volts

pf
pf
pf

3            Seconds

Test  Conditions
Eblb
VMa

6.3------
6.3         125    ---
6.3         125    ---
6.3         125    ---
6.3           125         0.1

RL
Ohms

Rk
Ohms

Megahertz

Microseconds
Pulses Per
Second
Volts
Amperes
Amperes
Watts

NOTES

*   Both  electrical  and  mechanical  characteristics  of  development  types  are  subject  to  change;  therefore,  it  is  recommen`ded  that  de-
signers  consult their General  Electric field  representative  before  designing  equipment  around  developmental  types.

•   The  equipment designer  should design  the  equipment  so  that  heater  voltage  is  centered  at  the  Specified  bogey  value,  with  heater
supply  variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.    In  some  applications,  longer  tube  life may
be obtained  at  reduced  heater voltage.    For specific  recommendations,  contact  your General  Electric  sales  representative.

•   Measured  at  450 KHz using  a  grounded  adapter that provides  shielding  between  external  terminals of tube.

§   Time required for plate current  to  reach  80  percent  of  its steady-state value.

OENERAL ©  ELEC"10
Supersedes  PI  Sheet  dated  8-67
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ABSOLUTE-AAAXIAAUM   RATINGS

GRID-PULSED   OSCILLATOR   SERVICE

Plate  Supply  Voltage
Pulse  Duration
Duty  Factor
Plate  Current:    Average  Duriing  Pulse®
Negative  DC  Grid  Voltage
Grid  Current:    Average  During  Pulse
Plate  Dissipation
Peak  Heater-Cathode  Voltage

Heater  Positive  with  Respect to  Cathode
Heater  Ni}gative  with  Respi}ct  to  Cathode

Envelope  Temperature at  Hottest  Pointl
Temperature Differentia I  Between  Two Adjacent  Electrodesi]
Mechaniical  Vibration  (20-2000  Hz  Sinusoidal )

400          Volts
2         Mi croseconds

0.6          Amperes
50         Volts

0.3         Amperes
3.5          Watts

50         Volts
50          Vo Its

250           OC
75OC
30         G  peak

Absolute-Maximum  ratings are limiting values of operating
and  environmental  conditions  applicable to  any  electron  de-
vice of a specified  type as defined  by its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device, making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer  should   design   so  that   ini-

tially   and   throughout   life   no   absolute-mc)ximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental  conditions,   and  variations  in   the  character-
istics   of  the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES
®  The regulation  and/or  series plate supply  impedance must  be  such  as  to  limit the  peak current,  with the  tube  considered  a  short

circuit,  to  a  maximum  of  10  times  the  maximum  plate  current  rating.

I   For  specific  recommendations  concerning  higher temperature  operation,  contact  your  General  Electric  sales  representative.

D   This  assumes  no  thermal  heat  sinking  to  any  insulator.

TIIo  devices  and  arrangements  disclosed  he.ein  may  I)e  covered   by  patents  of  Cen-
®ral   Eloctric  Company  or  others.   Neither  lh®  disclosure   of  any  informcition   herein   nor
the   solo   of   devices   by   Gonerol   Electr;c  Conipany   conveys   any   licel]!e   under   patent
claims   covering   combinations   of   these   devices   with   other   devices   or   elements.   In   the

absence   of   an   express  written   agreemenl   lo   .ho   contrary,   General   Eleclric   Company
assumes   no   liability  tor   potent  infringomont   arising   out   of   any   use   ol   these   devices
witl.  other  devices  or  olomonl!  by  any  purct`aser  or  others.
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PHYSIC.AL   DIMENSIONS
Y-1124.

Page  3
12-70

CATHODE

HEATER
TErmiNALs

FI      J               1     '   T
TK

'Y

L

+ I

`+ R NOTES:
1.    Net Weight -0.057 Ounces

1.61     Grams
2.    Mounting  Position  -Any

Ref. INCHES MILLIMETERS

Min. Mom. Max, Min. Mom, Max.
A 0.357 0.360 0.363 9.068 9.144 9.220
8 0.285 7.239
C 0.108 0.110 0.112 2.743 2.794 2.845
D 0.095 0.100 0.105 2.413 2.540 2.667
E 0.095 0.100 0.105 2.413 2.540 2.667
F 0.025 0.028 0.031 0.635 0.711 0.787
G 0.315 0.325 0.335 8.Col 8.225 8.509
H 0.216 0.224 0.232 5.486 5.690 5.893
J 0.094 0.098 0.102 2.388 2.489 2.591
K 0.143 0.150 0.157 3.632 3.810 3.988
L 0.165 0.175 0.185 4.191 4.445 4.699
M 0.476 0.480 0.484 12.09 12.19 12.29
N 0.330 8.458
P 0.130 0.136 0.142 3.302 3.454 3.607
a 0.048 0.051 0.054 1.2119 1.295 1.372
S 0.060 1 .524
T 0.623 0.650 0.677 15.82 16.51 17.20
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Y-1171

Development Type *

The  Y-1171  is  a  metal-ceramic,  planar  triode  intended  for use  as  a  CW  oscillator  at  frequencies  through  X-band.
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CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum               Units

Heater voltage.  AC or  DC.                             6.0
Heater Current
plate  Voltage
Amplification  Factor  ..............
Transconductance................
Direct  lnterelectrode Capacitances.

Grid  to  Plate:   (g  to  p)   ..........
Input:  g  to  (h + k)   ..............

Cathtide  Heating  Time

. .20000

........    60

CW   OSCILLATOR   SERVICE
Frequency
DC  plate  Voltage
Grid  Resistor
Plate  Current
Grid  Current
Power  Output

6.6              Volts
Milliamperes

140              Volts

Micronhos

pf
pf
Seconds

Test  Conditions
Ef              Eb           lb
VVMa

6.3
6.3
6.3
6.3

Eg

u
0
0
0

Rk
Ohms

10       Gigahertz
150        Volts

2200        Ohms
30         Milliamperes

§         Milliamperes
10          Milliwatts

NOTES

*   Both  electrical  and  mechanical  characteristics of  development  types  are  subject  to  change;  therefore,  it  is  recommended  that de-
signers  consult  their  General  Electric field  representative  before  designing  equipment  around  developmental  types.

•   The  equipment designer  should  design  the  equipment  so  that  heater voltage  is  centered  at the specified  bogey value,  with  heater
supply variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.

t    Measured  at 450  KHz  using  a grounded  adapter  that provides  shielding  between  external  terminals  of tube.

§    To  be determined.

GENERAL ©  ELEOTRI0
Supersedes  PI  Sheet  dated  5-64
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Plate  Voltage
Positive  DC  Grid Voltage
Negative  DC  Grid  Voltage
Plate  Dissipation
DC  Grid  Current
DC  Cathode  Current
Peak  Cathode  Current

ABSOLUTE-JVIAXIJVLUJVL   RATINGS

Heater-Cathode Voltage
Heater  Positive  with  Respect to Cathode
Heater  Negative  with  Respect to  Cathode

Grid  Circuit  Resistance
Envelope  Temperature  at  Hottest  Point A
Temperature  Differential  Between  Two  Adjacent  ElectrodesH
MEchanical  Vibration  (20-2000  Hz  Sinusoidal)

200       Volts
0       Volts

4.5       Volts
45        Watts

5.0        Milliiamperes
30        Milliamperes
80        Milliamperes

50       Volts
50       Volts

10000       Ohms
250        OC
75OC
10       Gpeak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable  to  any electron  de-
vice of a specified  type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component  variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

A   For  specific  recommendations  concerning  higher  temperature  operation,  contact  your  General  Electric  sales  representative.

I   This  assumes  no  thermal  heat  sinking  to  any  insulator.
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PHYSICAL   DIMENSIONS

OBE`-

A8+c+I

I

1'D

T

+TFJ     E    I
D !t

FIJ'' '                  -I-

=R

'TK

'Y

L

NALS NM
I

R R+hi+ NOTES:

1.    Net Weight -0.057  Ounces
1.61     Grams

2.   mounting Position  -Any

Ref, lNCHES miLLIMETERs
Min. Mom, Max. Mid, Mom, Max,

A 0.357 0.360 0.363 9.068 9.1144 9.220
8 0.285 7.239
C 0.tog 0.110 a,112 2 .743 2.794 2.845
D 0.095 0.100 0.105 2.413 2.540 2.667
E 0.095 0.100 0.105 2.413 2.540 2.667
F 0.025 0.028 0.031 0.635 0.7111 0.787
G 0.315 0.325 0.335 8.001 8.225 8.509
H 0.2116 0.224 0.232 5.486 5.690 5.893
J 0.094 0.098 0.102 2.388 2.489 2.591
K 0.143 0.150 0.157 3.632 3.810 3.988
L 0.165 0.175 0.185 4.1191 4.445 4.699
M 0.476 0.480 0.484 12.09 12.19 12.29
N 0.330 8.458
P 0.130 0.136 0.142 3.302 3.454 3.607
R 0.048 0.051 0.054 1.219 1 .295 1.372
S 0.060 1.524
T 0.623 0.650 0.677 15.82 16.51 17.20

Y-1171
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-PRODUCT  INFORMATloN-

Planar  Triode

Page   1      12-70

Y-1223
Development Type *
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The Y-1223  is  a  triode  of  ceramic-and-metal  planar  construction  intended for  use  as  a radio-frequency  CW  amplifier
or oscillator at frequencies  up to 2500  megacycles.   This triode features  very  high  transconductance  desirable  for
maximum  gainbandwidth  in  broadbanded  power  amplifiiers.

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum

Heater Voltage,  AC  or  DC .............  6.0
Heater Current
Plate Current
Amplification  Factor  .................
Transconductance...................
Grid  Voltage,  Cutoff  .................
Direct  lnterelectrode Capacitances .

Grid  to  Plate:  (g  to  p)   .............
nput:  g  to  (h +k)   .................

Output:  p to  (h + k ,................
Cathode  Heating  Time   ..,............

UHF    OSCILLATOR   SERVICE
Frequency
DC  Plate  Voltage
Grid  Resistor
plate Current
Grid  Current
Power Output

60

Units
VOFT
Milliamperes
Milliamperes

Micronhos
Volts

pf
pf
p'f
Seconds

Test Conditions
Eb           lb              RL
V           Ma        Ohms

0.1   100000

Adjusted

Rk
Ohms

Megahertz
Volts

Milliamperes
Mi 11 iamperes
Watts

NOTES
*   Both  electrical  and mechanical  characteristics  of  development  types  are subject  to change;  therefore,     it   is    recommended   that

designers  consult their General  Electric  field  representative  before  designing  equipment  around  developmen.tal  types.

•   The  equipment  designer  should  design  the  equipment  so that  heater voltage  is  center.ed  at the specified bogey  value,  with  heater
supply  variations  restricted to maintain  heater voltage within  the  specified  tolerance.

•   Measured  at  450 KHz  using  a grounded  adapter  that provides  shielding  between  external  terminals of tube.

GENEHAL ©  ELEO"10
Supersedes  PI   Sheet  dated  3-66
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Plate  Voltage
Positive  DC  Grid  Voltage
Negative DC  Grid  Voltage
Plate  Dissipat,ion
DC  Grlid  Current
DC  Cathode  Current
Peak  Cathode Current
Heater-Cathode Voltage

Heater Positive  with  Respect  to Cathode
Heater  Negatiive  with  Respect  to Cathode

Grid  Circuit  Resistance
Envelope  Temperature at  Hottest Point A
Temperature Differentia I  Between  Two  Adjacent  Electrodes§
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

600           Volts
0           Volts

50           Volts
30           Watts
20           Mi lliamperes

100            Mi liiamperes
500            Mi ll iamperes

50          Volts
50           Volts

10cOO           Ohms
250            OC
75OC
10           G  peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable to any electron  de-
vice of a specified  type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially  and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

A   For  specific  recommendations concerning  higher temperature operation,  contact your  General  Electric  sales  representative.

§   This  assumes  no  thermal  heat  sinking  to  any  insulator.
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PHYSICAL   DIMENSIONS

10-32  THFIEAO

:J'J
K

J- LM

F

'

I

I

NOTES:
1.    Net Weight -0.25 Ounces

7.09  GTams
2.    Mounting  Position  -  Any

Ref. INCHES MILLIMETERS

min. Nom, Max. Min. Mom. Max,

A 0.247 0.250 0.253 6.274 6.350 6.426
8 0.190 4.826

C 0.125 0.145 0.165 3.175 3.683 4.191

D 0.090 0.100 0.110 2.286 2.540 2.794
E 0.005 0.125

F 0.040 0.050 0.060 1.016 1.270 1.524

G 0.145 0.150 0.155 3.683 3.810 3.937
H 0.025 0.028 0.031 0.635 0,711 0.787
J 0.166 0.171 0.176 4.216 4.318 4.470
K 0.025 0.028 0.031 0.635 0.711 0.787
L 0.170 0.175 0.180 4.318 4.445 4.572
M 0.170 0.175 0.180 4.318 4.445 4.572
N 0.047 0.050 0.053 1 .1 94 1.270 1.346

P 0.535 0.550 0.565 13.59 13.97 14.35

R 0.186 0.200 0.214 4.724 5.080 5.436
S 0.598 0.603 0.608 15.19 15.32 15.44

T 0.748 0.753 0.758 19.00 19.13 19.25

u 0.916 0.972 1 . 028 23.27 24.69 26.11

TUBE   PRODUCTS   DEP^RTJVLENT

GENERAL ©  ELECTRIC

Owensboro,  Kenlucky  42301
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Planar  Triode

Page   112-70

Y-1251

Development Type *

The  Y-1i251  is  a  highinu  triode  of  ceramic-and-metal  planar  construction  intended  for  use  as  an  oscillator  or  radio-frequency
power amplifier  up  to 6000 megahertz.

II
I
I
I
n

n

fl

I
rl

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum

Heater Voltage,  AC  or DC .. . : . . .
Heater Current
Plate Current
Amplification  Factor  ..............
Transconductance................
Grid  Voltage,  Cutoff  ,........,....
Direct  lnterelectrode  Capacitances.

Grid  to  Plate:  (g  to  p)   ..........
nput:  g  to  (h +k)   ..............

Output:  p to  (h + k)  ............,
Cathode  Heating  Time ............

CW  OSCILLATOR   SERVICE
Frequency
DC  Plate  Voltage
Grid  Resistor
plate Current
Grid  Current
Power Output

60

Units
voriT
Milliamperes
M i I I iamperes

Micromhos
Volts

pf
pf
pf
Seconds

Test  Conditions
Eb           I b              Eg
VMaV

6.3------
6.3        150    ---
6.3         150     ---
6.3        100    ---
6.3          150        0.1

5900       Megahertz
150        Volts

Adjusted
15        Milliamperes
§         Milliamperes

20        Milliwatts

NOTES

*   Both  electrical  and  mechanical  characteristics of  development  types  are  subject  to  change;  therefore,  it  is  recommended that de-
signers  consult their General  Electric field  representative before designing  equipment  around developmental  types.

•::gpiSujE#:Tito::Sr`8snt:ic::8ut'od#i¥aninthhee:Teurjgroftnatgs°wtjht:{nh:ha:e:pve°c'jtf:gede{:,::ani:::datthespecifiedbogeyvalue,withheater

•   Measured  at  450  KHz  using  a  grounded  adapter that  provides  shielding  between  external  terminals of  tube.

§   To  be determined.

GENERAL ©  ELEO"I0
Supersedes  PI  Sheet  dated  10-68
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Plate  Voltage
Positive  DC  Grid  Voltage
Negative  DC  Grid  Voltage
Plate  Dissipation
DC  Grid  Current
DC  Cathode  Current
Peak Cathode Current

ABSOLUTEIMAXIJVLUJVL   RATINGS

Heater-Cathode Voltage
Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Grid  Circuit  Resistance
Envelope Temperature  at  Hottest  Point^
Temperature  Differential  Between  Two  Adjacent  ElectrodesH
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

200       Volts
0        Volts

50       Volts
2.5        Watts
5.0        Milliamperes
20        Milliamperes
80        Milliamperes

50       Volts
50       Vo Its

10000       Ohms
250        OC
75OC
10        G  peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable to  any  electron  de-
vice of a specified  type as defined  by its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  character.istics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental  conditions,   and  variations   in   the  character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

A   For  specific  recommendations  concerning  higher temperature operation,  contact  your General  Electric  sales  representative.

I   This  assumes  no  thermal  heat  sinking  to  any  insulator.

absence   of   an   express  wrilten   agreement   lo  the   corilrory,   General   Eleclric   Company
as§iimes   no   liability   for   palonl   infringement   arising   oul   Of   any   I/se   of   these   dovicof
wi.h  olher  devices  or  elements  by  any  purcl.aser  or  others.
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I
I
I
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12-70 PHYSICAL   DIMENSIONS

ODE-I

A8+c+

1

''D

T

+fFJ     E    tI_H
D _LFi       :        I        1      '

•NALS

't1
111±               I ''

L

N+M
I

R REIIIIii= NOTES:

Ref. lNCHES MILLIMETERS
Min. Mom. Max. Min Nom Max

A 0.357 0.360 0.363 9.068 9.144 9.220
8 0.285 7.239
C 0.108 0.110 0.112 2 . 743 2.794 2.845
D 0.095 0.100 0.105 2.413 2.540 2.667
E 0.095 0.100 0.105 2.413 2.540 2667
F 0.025 0.028 0.031 0.635 0.711 0.787
G 0.315 0.325 0.335 8.001 8.225 8.509
H 0.216 0.224 0.232 5.486 5.690 5.893
J 0.094 0.098 0.102 2.388 2.489 2.591
K 0.143 0.1150 0.157 3.632 3.810 3.9884.699
L 0.165 0.175 0.185 4.191 4.445
M 0.476 0.480 0.484 12.09 12.19 1229
NP 0.330 8.458

0.130 0.136 0.142 3.302 3.454 3.607
RST 0.048 0.051 0.054 1.219 1 .295 1 .372

0.060 1.524
0.623 0.650 0.677 15.82 16.51 17.20

TUBE  PRODUCTS  D[PARTM[NT

GENEflAL©ELECTRIC

Owensboro,  Kentucky  42301
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Y-1530
Development Type *
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The Y-1530  is  a  planar triode of metal-ceramic  construction  primarily  intended  for  use as  a broadband  radio-frequency
amplifier.    A feature  of  this tube  is fast  warm-up.

AVERAGE   CHARACTERISTICS

Minimum          Bogey         Maximum               Units

Heater Voltage,  AC  or  DC .............  6.0
Heater Current
Plate Current
Amplification  Factor  .................
Transconductance...................
Grid  Voltage,  Cutoff

6.3                6.6              Volts
500                                       Mi I I iamperes

22                                        Mi I I iamperes
225

50000
-3

Direct  lnterelectrode Capacitances.
Grid  to  Plate:  (g  to  p)   .............
nput:  g  to  (h +k)   .................

Output:  p  to  (I, + k)  ................

Cathode  Warm-up  Time §  ..............

Micronhos
Volts

1.7                                       pf
6.0                                    pf

0.018                                     pf
4             Seconds

NOTES

Test Conditions
Eb            I b              Eg
VMaV

*   Both  electrical  and mechanical  characteristics of  development  types  are  subject  to change;  therefore,  it  is  recommended  that  de-
signers  consult their General  Electric  field  representative before designing  equiipment  around  developmental  types.

•   The  equipment  designer  should design  the  equipment  so that  heater  voltage  is  centered  at the  specified bogey value.  with  heater
supply  variations restricted to maintain  heater voltage  within  the  specified tolerance.

•   Measured  at  450 KHz  using  a grounded  adapter that  provides shielding  between  external  terminals of tube.

§   Time  required  for plate cu}rent  to reach  80  percent of  its  steady-state  value.

GENERAL ©  ELEomlo
Supersedes  PI  Sheet  dated  9-65
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plate  Voltage
Positiive  DC  Grid  Voltage
Negative  DC  Grid  Voltage
Plate  Dissipation .......
DC  Grid  Current
DC  Cathode  Current
Peak Cathode  Current

ABSOLUTEIJVIAXIJVLUM   RATINGS

Heater-Cathode Vol tage
Heater  Positiive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Grid  Circuit  Resistance
Envelope  Temperature  at  Hottest  Point A
Temperature  Differential  Between  Two  Adjacent  ElectrodesE
Mechanical  Vibration  (20-2000  Hz  Sinusoidal )

330          Volts
0          Volts

50          Volts
5.5          Watts
10           Milliiamperes
30           Milliamperes

120           Mill iamperes

50          Volts
50          Volts

10000          Ohms
250           OC
75OC
30         G  peak

Absolute-Maximum  ratings are limiting values of operating
and  environmental  conditions applicable to any  electron  de-
vice of a  specified type as defined  by  its published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufclcturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component  variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

A   For  specific  recommendations  concerning  higher  temperature  operation,  contact  your  General  Electric  sales  representative.

I   This  assumes  no  thermal  heat  sinking  to  any  insulator.

absence  of   an   express   wrillen   agreemenl   lo  tl`e  coritrary,   General   Eleclric   Company
assumes   no   liability   (or   po.eril   inlringemenl   arising   out   of   any   Lise   of   .I.ese   devices
wilh  olhor  devices  or  elements  by  any  purchaser  or  others.
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AVERAGE   PLATE   CHARACTERISTICS
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PLATE

PHYSICAL   DIMENSIONS

'!E=Ii--I-TGi
tAT
'''
tat
''LLJi

450  LE                 i

CATHODE              i

HEATER
TERMINALS

Ref,
INCHES miLLiMETERs

min. Mom, Max, min, Mom, Max,

A 0.122 0.125 0.128 3.099 3.175 3.251

8 0.030 0.762
C 0.005 0.127

D 0.170 0.175 0.180 4.318 4.445 4.572

E 0.040 0.050 0.060 1 . 01 6 1.270 1.524

F 0.170 0.175 0.180 4.318 4.445 4.572

G 0.025 0.028 0.031 0.635 0.711 0.787

H 0.167 0.172 0.177 4.242 4.369 4.496

J 0.025 0.028 0.031 0.635 0.711 0.787

K 0.170 0.175 0.180 4.318 4.445 .     4.572
L 0.170 0.175 0.180 4.318 4.445 4.572
M 0.047 0.050 0.053 1.194 1.270 1.346

N 0.185 0.200 0.215 4.699 5.080 5.461
P 0.535 0.550 0.565 13.59 13.97 14.35

R 0.598 0.603 0.608 15.19 15.32 15.44

S 0.748 0.753 0.758 19.00 19.13 19.25

T 0.897 0.928 0. 959 22.78 23.57 24.36

TUBE   PRODUCTS   DEPARTJVLENT

GENERAL ©  ELECTRIC

Owensboro,  Kentucky  42301
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Planar  Triode
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Y-1541

Development Type *
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The Y-1541  is  a  highThu  triode  of  ceramic  and  metal  construction  intended  for  use  as  a  grid-pulsed  oscillator or  amplifier
at  frequencies  up to 6000  megahertz.   The  rugged  bonded-heater  construction  provides fast  cathode warm-up.

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum

Heater Voltage,  AC  or  DC .......
Heater Current
Plate Current
Amplification  Factor  .............,
Transconductance................
Direct  lnterelectrode Capacitances.

Grid  to  Plate:  (9  to p)
nput:  g  to  (h +k)   . . .

Output:  p to  (h + k)  . .
Cathode  Warm-up  Time §

1.5
4.8

0.05

Units

voitT

Test Conditions
Ef              Eb           I b              RL             Rk
V             V           Ma        Ohms      Ohms

Milliamperes          6.3      ------------
___          100
---        100
___          100

Mi I I iamperes             6.3          200
6.3         200

M i cromhos                  6.3          200

pf
pf

4
pf
Seconds

GRID-PULSED   OSCILLATOR   SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

Plate  Supply Voltage
DC  Grid  Voltage
Plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power Output:    Average  During  Pulse

4300         Megahertz
0.001

1          M i crosecond
1000          Pulses  per

Second
1150           Volts

-40          Volts

1.5          Amperes
0.5          Amperes
400           Watts

NOTES

+   Both  electrical  and  mechanical  characteristics of development  types  are  subject  to  change;  therefore  it  is  recommended that de-
signers  consult  their General  Electric  field  representative  before designing  apuipment  around developmental  types.

•   The equipment designer  should  design  the  equipment  so  that  heater  voltage  is  centered  at the  specified  bogey value,  with  heater
supply  variations  restricted  to maintain  heater  voltage  within  the  specified  tolerance.    In  some  applications,  longer tube  life  may
be  obtained  at  reduced  heater voltage.    For  specific  recorrmendations,  contact your  General  Electric  sales  representative.

t   Measured  at 450 KHz  using  a grounded  adapter that  provides  shielding  between  external  terminals  of tube.

§   Time  required  for  plate  current  to  reach  80  percent  of  its  steady-state value.

GENERAL ©  ELEO"10
Supersedes  PI  Sheet  dated  10-68
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ABSOLUTEIMAXIJVLUJVL   RATINCS

GRID-PULSED   OSCILLATOR   0R   AMPLIFIER  SERVICE
Plate  Supply  Voltage ................
Pulse  Duration
Duty  Factor
Plate  Current:    Average  During  Pulset
Negative  DC  Grid  Voltage
Grid  Current:    Average  During  Pulse
Plate  Dissipatio[i
Peak Heater{athode Vol tage

Heater  Positive  with  Respect  to  Cathode
Heater  Negative  with  Respect  to  Cathode

Envelope Temperature at  Hottest  Point^
Temperature  Differential  Between  Two  Adjacent  ElectrodesD
Mechanical  Vibration  (20-2000  Hz  Sinusoidal )

Volts
Microseconds

1.5          Amperes
100          Volts
0.5          Amperes
6.5          Watts

50         Volts
50         Volts

250          OC
75OC

30         G  peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable to  any  electron  de-
vice of a specified type as defined  by its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable servicecibility of the device, making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   mclnufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  ciny  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and  variations   in  the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

t   The  regulation  and/or  series  plate  supply  impedance must  be  such  as  to  limit  the peak  current,  with the  tube  considered
a  short  circuit,  to  a  maximum  of  10  times  the  maximum  plate  current  rating.

A   For specifie  recommendations  concerning  higher  temperature operation,  contact  your General  Electric  sales  representative.

n   This  assumes  no  thermal  heat  sinking  to  any  insulator.
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PLATE

PHYSICAL   DIMENSIONS

CATHODE

HEATER

''LLJi
45. LE               i

Notes:
1.  Net Weight  -0.210unces

-5.95 Grams
2.  mounting  Position  -Any

Re',
INCHES MiLLlmETERs

min. Mom, max. min. Nom, Max,3.251

A 0.122 0.125 0.128 3.099 3.175

8 0.030 0.762

C 0.005 0.127

5.8421.5243.302D 0.220 0.225 0.230 5.588 5.715

E 0.040 0.050 0.060       - 1 . 01 6 1.270

F 0.120 0.125 0.130 3.048 3.175

G 0.025 0.028 0.031 0.635
'     0.7114.359

0.7874.496

H 0.167 0.172 0.177 4.242

J 0.025 0,028 0.031 0.635 0.711 0.787

K 0.170 0.175 0.180 4.318 4.445 4.572

L 0.170 0.175 0.180 4.318 4.445 4.5721.3465.46114.35

M 0.047 0.050 0.053 1.194 1. 270

N 0.185 0.200 0.215 4.699 5.080

P •   0.535 0.550 0.565 13.59 13.97

Ft 0.598 0.603 0.608 15.19 15.32 15.4419.25

S 0.748 0.753 0.758 19.00 19.13

T 0.897 0.928 0.959 22.78 23.57 24.36

TUBE  PkoDUCTS  DEPARTMENT

GENEnAL © ELEo"io
Owensboro,  Kentucky  42301
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The  y-1636  is  a  metal-ceramic  planar  triode  intended  for  use  as  a  plate-pulsed  and  grid  pulsed  oscillator or   amplifier.
This  tube features a  large  cathode  area  to  size  ratio for added capabi lities  and/or  lower  current density  resulting  in  longer
I i fe.

CHARACTERISTICS  AND  TYPICAL  OPER^T[ON

AVERAGE   CHARACTERISTICS

Minimum

Heater  Voltage,  AC  or  DC ..............  6.0
Heater Current
plate  Current
Amplification  Factor  ..............
Transconductance................
Grid  Voltage,  Cutoff  ..............
Direct  lnterelectrode Capacitances .

Grid  to  Plate:   (g  to  p)   ..........
nput:  a  to  (h +k)   .  .  .

Output:  p  to  (h +k)  .  .
Cathode  Warm-up  Time §

GRID-PULSED   OSCILLATOR   SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Rate

plate  Supply Voltage
Plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power  Output:    Average  During  Pulse

Units
VOFT
Amperes
Milliamperes

Micromhos
Volts

3.25                                     pf
8.7                                     pf

0.04                                    pf
5            Seconds

Test  Conditions
Eb            lb             RL
V           Ma       Ohms

1.0100000

2000         Mega hertz

1.0          Mi croseconds
10000          Pulses  per

Second
1600          Volts

3          Amperes
1.2         Amperes

1500          Watts

NOTES

+   Both  electrical  and  me.chanical  characteristics  of  development  types  are  subject  to  change;  therefore,  it  is  recommended  that  de-
signers  consult their General  Electric  field  representative before designing  equipment  around developmental  types.

•   The  equipment designer should design  the  equipment  so that  heater  voltage  is  centered  at the  specified bogey value,  with  heater
supply  variations  restricted  to maintain  heater voltage  within  the  specified  tolerance.    In  some  applications,  longer  tube  I,ife  may
be  obtained  at  reduced  heater  voltage.    For specific recommendations,  contact  your  General  Electric sales  representative.

•   Measured at 450 KHz  using  a grounded  adapter  that  provides  shielding  between  external  terminals of tube.

§   Time required  for plate  current to  reach  80  percent  of  its  steady-state value.

GENEnAL ©  ELE0TRI0
Supersedes  PI   Sheet  dated   11-68



Y-1636
Page   2
12-70

ABSOLUTEIJVL^XIJVLUJVL   RATINGS

GRID-PULSED   OSCILLATOR   0R   AMPLIFIER   SERVICE
plate  Supply  Voltage
Pulse  Duration
Duty  Factor
Plate  Current:    Average  During  Pulset
Negative  DC  Grid  Voltage
Grid  Current:    Average  During  Pulse
Plate  Dissipation
Peak Heater-Cathode  Voltage

Heater Positive with  Respect  to  Cathode
Heater Negative  with  Respect  to  Cathode

Envelope  Temperature  at  Hottest  Point A
Temperature  Differential  Between  Two  Adjacent  ElectrodesE
Mec-hanical  Vibration  (20-2000  Hz  Sinusoidal)

Volts
Microsecond

4         Amp eres
100           Volts
1.5          Amperes
50          Watts

50          Volts
50          Volts

25 0           OC
100            OC

30         G peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable  to  any  electron  de-
vice of cl specified  type as defined  by its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-.ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no  absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component   variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

t   The  regulation  and/or  series  plate  supply  impedance  must be  such  as to  limit the peak  current,  with  the tube  considered  a  short
ciircuit,  to  a  maximum  of  10  times  the  maximum  plate  current  rating.

A   For specifiic recommendations  concerning  higher temperature  operation,  contact  your General  Electric  sales  representative.

I   This  assumes  no  thermal  heat  sinking  to  any  insulator.

The   d..vic..a   ancl   arrangi.ml.n's  di.closecl   I.E.rein   may   be   covered   by   patents   of   Gi.n
erol   Eleclrre   Company   oi   olhE.rs    Ni.ilhor   lhe   d.!closuie   ol   any   in[ormalion   he.oin   nor
llie    sali.   of   d..vices   by    Gt.ni.rol    EII.clric   Company    coiiveys   any    lict.n!i.    under    palenl
cloii``.    covoring   combinallons   o`    Ihlse    devicl  s    wilh    olher    di.vict.s   or   elt.mE.nls     ln    lhl.
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NOTES:

1.    Net  Weight  -0.42  Ounces
-11.84  GTams

2.    Mounting  Position  -Any

Ref.
INCHES miLLIMETERs

min. Mom. Max. Min. Mom. Max.

A 0.387 0.390 0.393 9.830 9.906 9.982

8 0.311 7.8994.0642.743

C 0,140 0.150 0.160 3.556 3.810

DE 0.098 0.103 0.108 2.489 2.616

0.005 0.127

1.5244.877F 0.040 0.050 0.060 1 . 01 6 1 .270

G 0.182 0.187 0 . 1 92 4.623 4.750

H 0.025 0.028 0.031 0.635 0.711 0.787

J 0.169 0.174 0.179 4.293 4.420 4.547

K 0.025 0.028 0.031 0.635 0,711 0.7874.572

L 0.170 0.175 0.180 4.318 4.445

M 0.170 0.175 0.180 4.318 4.445 4.5721.346

N 0,047 0.050 0.053 1 .1 94 1 . 270

P 0.635 0.650 0.665 16.13 16.51 16.89

R 0.186 0.200 0.214 4.724 5.080 5.436

S 0.698 0.703 0.708 17.73 17.86 17.98

T 0.748 0.753 0.758 19.00 19.13 19.25

U 0.979 1.020 1.061 24.87 25.91 26.95

TUBE   PRODUCTS   DEPARTJVLENT

GENERAL  ©  ELECTRIC

Owensboro,  Kentucky  42301
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Planar  Trioile

Page   1       12-70

Y-1692
Development Type *

The Y-1692  is a  triode  of ceramic-and-metal  planar construction  intended  for  use  as  a  CW   amplifier or oscillator at
frequencies  up to 2500 megacycles.   The Y-1692  is  specifically designed  for  lower voltage-higher current  applications.

CHARACTERISTICS  AND  TYPICAL  OPERATION

AVERAGE   CHARACTERISTICS

Minimum

Heater Voltage,  AC  or DC .......
Heater Current
Plate Current
Ampl ification  Factor
Transconductance  . .
Grid  Voltage,  Cutoff  .................
Direct  lnterelectrode Capacitances.

Grid  to  plate:  (g  to  p)   .............
Input: g to (h+k)                                         :::
Output:  p to  (t, + k)  ................---

Cathode  Heating  Time ................       10

n           CW   AMPLIFIER   SERVICE
)

I

n

fl

n

rl

n

I
I
R

I

Frequency
DC  plate  Voltage
Grid  Bias
plate  Current
Power  Input
Power Output

Maximum               Units

6.6             Volts
Amperes
Milliamperes

Micromhos
Volts

pf
pf
pf
Seconds

Test Conditions
Eb           lb             RL
V           Ma       Ohms

900         Mega hertz
400         Volts
7.2         Volts
200          Milliamperes

3          Watts
42          Watts

NOTES

+   Both  electrical  and  mechanical  characteristics of development  types  are  subject  to  change;  therefore  it  is recommended  that de-
signers  consult  their General  Electric field  representative before designing  equipment  around  developmental  types.

•   The equipment designer  should  design  the  equipment  so that  heater voltage  is  centered  at the  specified bogey value,  with  heater
supply variations  restricted to  maintain  heater voltage  within  the  specified  tolerance.

•   Measured  at  450 KHz  using  a  grounded  adapter that  provides  shielding  between  external  terminals of tube.

§   To  be determined.

GENEnAL © ELEc"ic
Supersedes  PI  Sheet  dated  12-68
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ABSOLUTE-MAXIMUAA   RATINGS

CW   OSCILLATOR    OR   AMPLIFIER   SERVICE
Plate  Voltage
Plate  Dissipation©
Average  Cathode  Current
Average  Grid  Current
Envelope Temperature at  Hottest  Point 1
Temperature Differential  Between  Two  Adjacent  Electrodesn
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

600         Volts
50          Watts

250          Mi lliamperes
50           Milliamperes

250           OC
75OC
30         G peak

Absolute-Maximum  ratings are limiting values of operating
and  environmental  conditions  applicable to  any  electron  de-
vice of a specified type as defined  by its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  considercition  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltage   variation,   equipment   component  variation,   equip-
ment   control   adiustment,   load   variation,   signal   variation,
environmental   conditions,   and   variations   in   the   character-
istics   of  the   device   under   consideration   and   of  all   other
electron devices in the equipment.

NOTES

©   With adequate  heat  sink attached  to threaded  plate  stud.

A   For  specific recommendations  concerning  higher temperature operation,  contact your  General  Electric sales  representative.

D   This  assumes  no  thermal  heat  sinking  to  any  insulator.
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PHYSICAL   DIMENSIONS

CATHODE           =

HEATER
TERMINALS

NOTES:

1.   Net Weight -0.42  Ounces
-11.84 Grams

2.   Mounting  Position  -  Any

rKf-t1
I

44S. I       '
LN

Ref.
lNCHES IvllLLIMETERS

Min. Nom, Max, min. -      Mom. max.

A 0.387 0.390 0.393 9.830 9.906 9.98Z

8 0.311 7.899
C 0.140 0.150 0.160 3.556 3.810 4.064
D 0.098 0.103 0.108 2.489 2.616 2.743
E 0.005 0.127

F 0.040 0.050 0.060 1 . 01 6 1 .270 1.524

G 0.182 0.187 0.192 4.623 4.750 4.877
H 0.025 0.028 0.031 0.635 0.711 0.787
J 0.169 0.174 0.179 4.293 4.420 4.547
K 0.025 0.028 0.031 0.635 0.711 0.787
L 0.170 0.175 0.180 4.318 4.445 4.572
M 0.170 0.175 0.180 4.318 4,445 4.572
N 0.047 0.050 0.053 1.194 1 . 270 1.346

P 0.635 0.650 0.665 16.13 16.51 16.89

R 0.186 0.200 0.214 4.724 5.080 5.436

S 0.698 0.703 0.708 17.73 17.86 17.98

T 0.748 0.753 0.758        I 19.00 19.13 19.25

U 0.979 1.020 1.061 24.87 25.91 26.95

Y-1692
Page  3
'2.70
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Y-1763
Development  Type *
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The  Y-1763   is   a   planar   ceramic  triode  with  exceptionally  large  cathode  area.    This  results  in  the  ability   to  develop
high  values  of  peak  power  at  lower  current  densities  resulting  in  longer  tube  life.    The  ability  to  dissipate  large  amounts
of   heat   produces   high   powercapabilities  under  high  duty  pulsed  and  CW  conditions.

CHARACTERISTICS   AND   TYPICAL   OPERATION

AVERAGE   CHARACTERISTICS

Heater  Voltage,  AC  or  DC .......
Heater  Current
Plate  Current
Amplification   Factor  ...............

Transconductance................

Grid  Voltage,   Cutoff  ...............
Direct  lnterelectrode  Capacitances.

Grid  to  Plate  (g  to  p)  ............

Input.   g   to   (h+k)    ...............

Output:   p  to   (h  +  k)  .............

Minimum

.   12._ 0

Units

voTTir
Amperes
M i 11 i amperes

Micromhos
Volts

4.7                                         pf
20pf
•06                                          pf

Cathode  HeatingTime ...............       15                                                                       Seconds

CATHODE-PULSED   AMPLIFIER   SERVICE
Frequency
Duty  Factor
Pulse  Duration
Pulse  Repetition  Fiate
Peak  Positive-Pulse  Supply  Voltage
plate  Current:    Average  During  Pulse
Grid  Current:    Average  During  Pulse
Power  Output:    Average  During  Pulse

Test  Conditions

Eblb
VMa

500       Megahertz
0.002
0.033       Microsecond
67000       Pulses per second

2500       Vo Its
10       Amperes

3.4       Amperes
10,000       Watts

NOTES
*    Both  electrical  and  mechanical  characteristics  of  development  types  are  subject  to  change;  therefore  it  is  recommended  that

designers  consult  their General  Electric  field  representative  before  designing  equipment  around  developmental  types.

•    The  equipment  designer  should  design  the  equ`ipment  so  that  heater  voltage  is  centered  at  the  specified  bogey  value,  with  heater
supply  variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.    In  some  applicationso   longer  tube  life  may
be  obtained  at  reduced  heater  voltage.    For  specif ic  recommendations,  contact  your  General  Electric  sales  representative.

t    Measured  at  450  KHz  using  a  grounded  adapter  that  provides  shielding  between  external  terminals  of  tube.

GENERAL ELECTRIC
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ABSOLUTE-MAXIMUM   kATINOS

GRID/CATHODE-PULSED  OSCILLATOR   OR   AMPLIFIER   SERVICE
Plate  Voltage
Plate  Dissipation A
Peak Cathode  Current
Peak  Grid  Current
Duty  Factor
Pulse  Duration
Envelope  Temperature  at  Hottest  Point®
Temperature  Differential  Between  Two  Adjacent    ElectrodesD
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

CWOSCILLATOR   0R   AMPLIFIER   SERVICE
Plate  Voltage
Plate  Di 3sipation A
Average  Cathode  Current
Average  Grid  Current
Envelope  Temperature  at  Hottest  Point ©
Temperature  Differential  Between  Two  Adjacent  ElectrodesD
Mechanical  Vibration  (20-2000  Hz  Sinusoidal)

2500       Volts
200        Watts

15       Amperes
4       Amperes

5       Microseconds
250        OC
100         OC
30         G  peak

1500        Volts
200       Watts
500        Milliamperes
100        Milliamperes
250        OC
100         OC
30       G  peak

Absolute-Maximum  ratings are  limiting values of operating
and  environmental  conditions  applicable  to  any  electron  de-
vice of a specified type as defined  by  its  published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no  allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   c]bsolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supply-
voltc)ge   variation,   equipment   component   variation,   equip-
ment   control   cidiustment,   load   variation,   signal   variation,
environmental   conditions,   and   vciriations   in   the   character-
istics   of   the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES

i   With  adequate  heat-sink attached  to  threaded plate  stud.

©   For  specific  recommendations  concerning  higher  temperature  operation,  contact  your  General  Electric  sales  representative.

H   This  assumes  no  thermal  heat  sinking  to  any  insulator.

I
I
I
I
I
I



R

I
I
R

I
I

I
n

I

AVERAGE   CONSTANT-CURRENT   CHARACTERISTICS
PULSED  OPERATloN
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PHYSICAL   DIMENSIONS

Ref.
'NCHES IvllLLIMETERS

Min. Mom. Max. Min. Mom. Max.

A 0.225 5.715

8 0.025 0.635
C 0.075 1.905

D 0.075 1 . 905

E 0.250 6.350
F 0.025 0.635
G 0.175 4.445
H 0.175 4.445

J 0.050 1.270

K 0.175 4.445

L 0.200 5.080

M 1.100 27.94

N 1.050 26.67
P 1.000 25.40

R 0.675 17.15

S 0.050 1.270

T 1.125 28.58

GENERAL  ©  ELECTRIC

TUBE   PRODUCTS   DEPARTJVLENT
OWENSBORO,  I(ENTuCKY  42301
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Y-1774
Development Type *
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The V-1774  is  a  planar  metal-ceramic  triode  intended for  use  in  long  pulse  amplifiier  chains.    This  tube  features  a  large
cathode  area  to provide  long  life  through  lower  current  densities and  speoif ic design  features for  long  pulse applications.

AVERAGE   CHARACTERISTICS

Minimum

Heater Voltage,  AC  or  DC .............  6.0
Heater Current
Plate Current
Amplification  Factor
Transconductance  . .
Grid Voltage,  Cutoff

Maximum Units
Volts
Amperes
M i I I iamperes

Micronhos
Volts

ABSOLUTE-M4XIMUJVL   RATINGS

GRID/CATHODE-PULSED  AMPLIFIER   SERVICE
Plate Voltage
Plate Dissipation A
Peak  Cathode  Current
Peak Grid  Current
Duty  Factor
Pulse  Duration
Envelope  Temperature at  Hottest  Point.
Temperature  Differential  Between  Two  Adjacent  ElectrodesH
Mechanical  Vibration  (20-2000  Hz  Sinusoidal )

Test  Conditions
Eb            I b              RL
V           Ma        Ohms

Ftk

Ohms

Volts
Watts
Amperes
Amperes

Microseconds
OC

OC

G  Peak

Absolute-Maximum ratings are limiting values of operating
and  environmentcll  conditions  applicable to  any  electron  de-
vice of a specified type as defined  by its published  data  and
should   not   be   exceeded   under   the   worst   probable   con-
ditions.

The  device  manufacturer  chooses  these  values  to  provide
acceptable serviceability of the device,  making  no allowance
for  equipment  variations,  environmental  variations,  and  the
effects  of  changes  in  operating  conditions  due  to  variations
in  the  characteristics  of  the  device  under  consideration  and

of all other electron devices in the equipment.
The   equipment   manufacturer   should   design   so   that   ini-

tially   and   throughout   life   no   absolute-maximum   value  for
the  intended  service  is  exceeded  with  any  device  under  the
worst  probable  operating  conditions  with  respect  to  supp[y-
voltage   variation,   equipment   component   varicition,   equip-
ment   control   odiustment,   load   variation,   signal   variation,
environmental   conditions,  and   variations   in   the   character-
istics  of  the   device   under   consideration   and   of   all   other
electron devices in the equipment.

NOTES
*   Both  electrical  and mechanical  characteristics  of development  types  are subject  to  change;  therefore  it  is  recommended  that de-

signers  consult their General  Electric field  representative before designing  equipment  around developmental  types.

•   The equipment designer  should design  the equipment  so that  heater  voltage  is  centered at the  specified bogey value,  with  heater
supply variations  restricted  to  maintain  heater  voltage  within  the  specified  tolerance.    In  some  applications,  longer tube  life
may be obtained  at  reduced  heater voltage.   For  specific recommendations,  contact  your  General  Electric  sales representative.

A   With adequate  heat-sink  attached to threaded  plate stud.

•   For specific  recommendations  concerning  higher temperature operation,  contact your General  Electric  sales  representative.

D   This  assumes  no  thermal  heat  sinking  to  any  insulator.

®raT,h:,:cot:i:e:oa::a:;'aonro:,mh:::: £:o¥,':::d,hhe®rd®:!s:,oms:¥e bo°f ca°nvy°':ndfo?ra::ao':niso,°®:ncn®:;         :±Sue:::  :`o i:na b:,i:Ptyr°:: rw;:a|:: , ::;:i::::'on': ::;:,n=n;'ua,ry;, Cqennye'uai E|:ct,'j:soC°dmo::c:{
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PHYSICAL   DIMENSIONS

7/16` -20  THREAD

CATHODE

HEATER
TERMINALS

c`1
EI8'Tti

Ref.
INCHES Ml LLimETERs

Min. Mom. Max. Minl Mom. Max,

A 0.490 1 2 . 45

8 0.110 2.794

C 0.005 0.127

D 0.310 7.874

E 0.050 1.271'

F 0.187 4.750

G 0.025 0.635

H 0.175 4.445

J 0.025 0.635

K 0.175 4.445

L 0.175 4.445

M 0.825 20.96

N 0.200 5.080

P 0.050 1.270

R 0.900 22.86

S 1.072 27.20

TUBE  PRODUCTS   DEP^RTAAENT

GENEnAL ©  ELEOTRio

Owensboro,  Kentucky 42301
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PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6205
PH-153A

Page 1
2-66

2750-3090  MEGACYCLES 1.00-WATT  OUTPUT

The  ZM-6205 is a voltage-tunable  magnetron  with integral load isolator for voltage-tunable operation in the
2750-3090 megacycle frequency range.   It is a complete r-I power  source package requiring only input power  con-
nections and an r-I power-output connection  and has  a  minimum  CW power output of  1.00 watt across the entire
frequency range.   The tube may bevoltage tuned over aportion or allot the frequency range for whichit is designed.

The   ZM-6205  has  a  noise  level  of  -95  decibels  with  respect  to  carrier,   a power variation  limited to  1.2
decibels over its entire frequency range and is environmentalized for airborne applications.

GENERAL
Electrical

Cathode -  Directly Heated
Filament Voltage*  .............
Filament  Current*  .............

Mechanical
Mounting Position -  Any
Net  Weight   ..................

M in.             Bogey            Max.

...             2.0                      2.5
....          1.95                      2.0

3.0
2.05

...........         2.75

Thermal'rype of Cooling -  Conduction or  Convection
Ambient Air  Temperature,  operating    ........................... +85

MAZHMUM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS
Maximum Ratings,  Absolute Values

Anode  Voltage  ..............................
Anode  Current     ..............,..............
Power  Input,  with  Forced Air  Cooling  ..........................
Injection-Electrode  Voltage  .................................
Injection-Electrode  Current     ................................
Filament  Current     .......................................

1000
.12
.18

205
0.1

2.05

Voltage  Standing Wave Ratio of  Load,  maximum   ..,................      3: 1
Typical Operating  Conditions
Operation with 60-cycle  Sweep Voltage

Filament  Voltage*,  approximate  ..............................    2. 50
Filament  Chrrent*  .......................................       2.0
Tunable  Range #     ....................................    27 50-3090
Tuning  Sensitivity,  approximate   ..............................   3.35
Anode  Voltage  at  2.945  gigacycles     ............................     850

.......     8

.   .   .    75-205

......   0.0

......   1.0

......- 95

......    1.2

......   ±5

Anode  Current,  average    ..........................
hjection-Electrode Voltage,  Positive with Respect to  Cathode .
Injection-Electrode  Current    ......
Power Output,  minimum  .........
Noise t      ....................

Power  Variation I   ..,.....
Dynamic  T\ining Rate Variation

Volts
Amperes

Pounds

Volts
Milliamperes
Watts
Volts
Milliamperes
Amperes

Volts
Amperes
Megacycles
Megacycles per  Volt
Volts
Milliamperes
Volts
Microamperes
WaLtts
Decibels/mc
Decibels
Percent

!*:T:[%i:i;,:j°onrs::m':|Ssj?n¥::::::je#°rc®hcaonn:°j.n?o°r'iY:,%n°fc:::epr::'ng°n:e'h;a::js":fn:hjs°fd£=e°,:f®t:sod:a:::,;my:fvyrr:::in;::e°;:i::*#n,°fketyg:oe:arfsthai:h°che;:e.
ET-J38
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* Fihment current should be adjusted to 2.0 amperes.

# Frequency controlled by anode voltage.

t This noise level is measured with respect to car'rier level,  30 mc away from car'rier.

I Measured across the entire £I`equency band and over a -55 C to +95 C magnet temperature range.

NOTE:   Since a change inanode voltage of one voltproducesafrequency change of approximately 3. 35 megacycles,
the anode supply should have sufficiently low ripple and high regulation to prevent an excess of frequency
modulation.

CAUTION:   A clearance of 6 inches between ferromagnetic  materials and the tube will prevent serious change of
the operating characteristic s.

OUTL\NE   ZM-G205
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2000-4000 Megacycles

OBJECTIVE
TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for  this

product.   Refer   to   the   Preliminary   Technical   Information
sheet   for   ratings   currently   achieved   in   the   progression
towards  design  objectives.  If  PTl  sheets  do  not  exist,  con-
sult your  local  Tube  Department  Regional  Sales  Office.

This techwind irifermatton is proprieeary and is furrided only as c. service to  oustoTners.

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6222
On-107B

Page 1
9-67

1.0 Watt CW Output

The ZM-6222 is a magnetically shielded voltage-tunable oscillator which operates at  a  minimum power output Of one
watt over the  2000 to 4000-megacycle  frequency  range.    Unlike conventional electron devices  employing magnetic fields,
this shielded  VTM  is unaffected  by  passive magnetic materials.   It  does not require  special  tools,  storage facilities or
handling other than that  normally  given to  a  non-magnetic  electron  device.    This  shielded  VTM  also  incorporates  RFI
shielding to attenuate stray radio-frequency  on  the d-c leads  to  levels below -40 dbc.    It is  a  complete  radio-frequency
power source  which  requires    only  d-c input  power  and  generates  radio-frequency  power  over  its  electronicallytuned
octave frequency range.    This voltage-tuned  magnetron  may be operated over  a portion  or  all of the frequency range or
operated at a fixed frequency.   Its frequency versus voltage-tuning characteristic is essentially linear.

GENERAL

Electrical
Cathode - Directly Heated
Filament Voltage *
Filament Current .

Mechanical
Mounting Position - Any
Net Weight,  maximum .  .

Minimum        Bo gey        Maximum

2.5                    3.0
2.0

Volts
Amperes

1. 5               Pounds

Thermal
Type Of Cooling -  Forced Air

AirFlow   ...........................................         5                CubicFeetperMinute

AmbientAirTemperature,marimum   ...........................       50               C

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage*,  approximate ...................
Filament  Current .............................
Tunable  Ranget  ..............................
Tuning Sensitivity,  approximate  ...................
Anode Voltage  at  3.0 Gigacycles  ...................
Anode  Current,  average   ........................
hjection Electrode Voltage,  positive with respect to cathode
Injection Electrode  Current ......................
Voltage Standing Wave Ratio of Load ................
Power Output,  minimum  ........................

Variation over Band ........................

2. 5               Volts
....      2.0
2000.4000
....      2.3
....  1300
.  .  .   10_15
.     100-400
....   0.01

Amperes
Megacycles
Megacycles per Volt
Volts
Millianperes
Volts
Milliamperes

.......   1.15

.......     1.0                Watts
Less than 2.5: 1

* Filament voltage should be adjusted  to  provide 2.0 amperes  Of  filament current under broaapand swept oscillating con-
ditions,

t Frequency controlled by anode voltage.

Of lhi. fyp. or. ovbi.a lo ¢lie.nd«rfuioo.
chor®'cl.r"c.  ®r  dilri.flof®Ii..  For  th.  tnost.  rac®nl  iiiformgivion  €odeerhing
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2500-3500  MEGACYCLES

OBJECTIVE

TECHNICAL   INFORMATION

These   ratings   represent   the   design   objective   for   this

product.    Refer   to    the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in   the    progression
towards  design  objectives.   If  PTl   sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

This technieal informathor. ie proprietwtl  and ds furviched ondu  a8 a 8erviee to ou8tomer8

ZM-6265A

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6265A              I
OTI-214

Page  1              I
12-68

10  WATT  OUTPUT

The  ZM-6265A is a small,  lightweight,  magnetically  shielded  voltage-tunable  oscinator  with  an  integral  isolator
which  operates  at a  minimum power  output Of  10 watts  over the  2500-3500 megacycle  frequency range.  Unlike conven-
tional electron devices employing magnetic fields, this shielded V" is unaffected by paLssive magnetic materials. When
specified, the ZM-6265A can be aligned for low-noiseperformance.  Its noise power is at least 80 decibels per  megacycle
below the carrier at one megacycle away from the carrier.  It is a complete radio-frequencypower source requiring only
d-c input power and generates radio-frequency power over its electronically tuned frequency range.   This shielded VTM
may  be  operated  over  a  portion  or  au  of  the  frequency range  or operated  at a fixed frequency.   Its frequency versus
voltage-tuning characteristic is essentially linear.

GENEEL

Electrical
Cathode -  Directly Heated
Filament Voltage* , approximate
Filament Current*  .........

Min.            Bogey            Max.

2.2 2.5                    2.7
3.0

Mechanical
Mounting Position -  Any
Net Weight   ............................................

Thermal
Type. o£ Cooling -  Forced Air

Air  Flow   ...........
Ambient Air Temperature .  .

1.0

......................             30

......................             50

MAX"UM  RATINGS  AND  TYPICAL  OPERATING  CONDITIONS

Absolute Values
Anode  Voltage  ..........................................
Anode  Current ..........................................
Power  mput,  with  Forced Air  Cooling  ..........................
Injection Electrode Voltage   .................................
Injection Electrode  Current  .................................
Filament  Cfurrent ........................................

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage*,  approximate  ..............................
Filament  Current ..............................
Tunable  Range#  ...............................
Tuning Rate,  approximate  ........................
Anode Voltage at  3 Kilomegacycles  .............-....
Anode  Current,  Average  .........................
hjection Electrode Voltage,  Positive with Respect to Cathode

2500
40
85

700
1.0
3.5

2.50
3.0

2500-3500
..           1.8
..1850

20-30
300-600

Injection Electrode  Current .................................
Voltage Standing Wave Ratio of Load ...........................
Power  Chltput,  Minimum  ...................................
Noise t ...............................................

0.1
2.0

10.0
-80

Volts
Amperes

Pounds

Cubic  Feet per Minute
C

Volts
Milliamperes
Wa.tts
Volts
MilliaLmperes
Amperes

Volts
Amperes
Megacycles
Megacycles per Volt
Volts
Miniamperes
Volts
Miuiamperes

Watts
Decibels per Megacycle

* Filament voltage shouldbe adjustedto provide a filament current Of 3.0 amperes under broadband swept oscinating con-
ditions.

# Frequency controned by anode voltage.

:::ns,pe,::;:CraL':a,:a.nofco'nh::r:¥:::hr::,uab,ju®scto:a,f}sandge:.ei:hp::edn:}!Cpeioj:sen°c:8:uni?e;a::Y:i:apim;:kanDdej:,rm¥ne,::::i'oanb:i!:[e:X8;;i:cm®:n::'cE::goo,se;I:I?LyE-n:;r¥::hn|:ai
Information  fo. the  Samo  colalog  numb.I.
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ZM-6265A
OTI-214
page2    `
12-68

NOTE:   Since a change in anode voltage of one volt prod`ices alrequency chaLnge of approximately 1.8 megacycles, the anode
Supply should have sufficiently low ripple and high regulation to prevent an excess Of frequency modulation.

tMeaLsured at 1.5 megacycles away Iron carrier with respect  to  carrier power level. Thi8is anoptional Parameter which
is included on special order only.

# 20 Awe x 12 LG  MIN.

GENERT;BELD6RTrELN:c".0
Scheneclady, N. Y.  12305
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OBJECTIVE
TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for   this

product.    Refer   to   the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in   the    progression
towards  design  objectives.   If  PTI  sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

The teehahoal inforrmaton ie propricta:vy and ie furvi8hed oalw as a 3ewice to cuchmm8

ZM-6257

P.ACKAGED  VOLTAGE-TUNABLE   MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6257
Orl-207

Page  1
9-67

3500-4500 Megacycles                                                                                                                                                          10 Watt cw ouput
The  ZM-6257 is a magnetically shielded voltage-tunaLble oscillator which operates at a minimum power output

of 10 wa,tts over the  3500to 4500-megacycle frequency range.   Unlike conventional electron devices employing mag-
netic  fields,  this  shielded  VTM  is  unaffected  by  passive  magnetic  rna;terials.   It does notrequire  specialtools,
storage  facilities  or  handling  other than  that normally given to a non-magnetic  electron device. It is a, complete
radio-frequency power  source which requires only d-c input power and generates radio-frequency power over its
electronically tuned  frequency range.   This  voltage-tuned  magnetron may be operated over a portionor all of the
frequency  range  or  operated  at a fixed  frequency.   Its  frequency  versus voltage-tuning characteristic is essen-
tially linear.
GENERAL

Electrical
Cathode - Directly Heated
Filament Voltage *  .....
Hlament  Cnrrent    .....

Minimum      Bogey     Maximum

2.0                   2.3                   2.6
3.0

Volts
chperes

Mechanical
Mounting  Position .........................................                                Any
NetWeight,maximum ......................................         1.5              Pounds

Thermal
Type o£ Cooling -  Forced Air

Air  Flow   .......... ...   30            Cubic  Feet per Minute

AmbientAirTemperature,marimum   .....................,.......    50             C

Typical Operating Conditions
Opera.tion with 60-cycle Sweep Voltage

Hlament Voltage *, approximate
Hlanient  Current ..........
Tunable Range t ...........
Tuning Sensitivity, approximate
Anode Voltage at 4.0 Gigacycles
Anode  Cfurrent,  average   .....

.......        2.3

.......       3.0

.  .  .   3500-4500

.......        2.2

.......   1700

..,....          20

.......      400

.......    0.01

.......    1.15

........      10

Less than 2.5:1

Injection Electrode Voltage, positive with respect to cathode
Injection Electrode  Qirrent  ......................
Voltage Standing Wave Ratio of Load ................
Power  Chitput,  minimum   .,.................,....

Variation  over  Band  ........................

Volts
Amperes
Megacycles
Megacycles per Volt
Volts
Milliamperes
Volts
Miuiamperes

Watts

Filament voltage should be adjusted to provide 3. 0 amperes of filament current under broadband swept oscinating conditions .

Frequency controlled by anode voltage.

T|ie  .pocifications  af lliis  type  are  SL.biect +o  chane®.  Delivery  of  .ample.  end  the  Cxislenco  Of  tbes.  dqfa  do  not  I mply  continv®d  ovgflchillfy  of  type.  vilh  lhe  lane
I              characteristic.  or  dim®nsi.ons.   For  llie  ITiost  resent  inform.alioll  concemihg  the  status  Of thi.  device,  pleoe®  con.Lill  your  lo€al  Tvbe  D®i.orlm;nl  Rea'io]ial  Sole.  Office.

ET-J38
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ZM-6257
Orl-207
Page 2
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2600-3200 Megacycles

OBJECTIVE

TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for   this

product.    Refer    to    the    Preliminary   Technical    Information
sheet   for   ratings   currently   achieved    in   the    progression
towards  design  objectives.  If  PTl  sheets  do  not  exist,  con-
sult  yoiir  local  Tube  Department  Regional  Sales  Office.

The techabeal informchon i8 propr¢aleyry and ie fun;Ached only ae a 8errii3e to ou3tomer8

ZM-6276

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

DEVELOPMENTAL

TYPE

ZM-6276
0TI-215

Page  1
12-68

100 Watts  Minimum  CW Cfutput
Integral Magnet and lsolator

The  ZM-6276 is  a magnetically shieldedvoltage-tunable oscillator which operates at a minimum power output of  100
watts  over  the  2600 to 3200-megacycle  range.    It is  designed  for CW/FM transmitting-tube  operation at low-  or high-
modulation frequencies.    The high efficiency  allows air cooling  to be used and in many applications heat-sink cooling is
adequate.    The integral isolator  protects the tube a.gainst  load mismatches thus minimizing interface problems between
the VTM and its a.ssociated equipment.

This shielded  tube  is  unaffected  by  passive magnetic materials  and  does  not require the special tools,  storage and
handling necessitated by conventional electron devices employing magnetic fields.  It is  aL complete radio-frequency power
source which requires only  d-c  input power and generates radio-frequency power  over its  electroliically tuned frequency
range.   This voltage-tuned magnetron may be operated over  a  portion or all of the frequency range or operated at a. fixed
frequency.   Its frequency versus voltage-tuning characteristic is essentially linear.

GENERAL
Electrical

Cathode  (filament)  - Directly Heated
Warm-up Time,  marimum ....

Cathode Input Capacitance
Maximum...............

10      Seconds

40       Hwf
Typical    ................,..........................,..........     35        /I/if

Mechanical
Mounting  Position    .................................................                    Any
NetWeight   .............................,........................      4.5       Pounds

Thermal
Cooling  -  Forced Air `

Air  Temperature,  maximum.  .
Body  Temperature,  maximum t

.............................  110         C

.............................  125         C

MAXIMUM  RAHNGS  AND  TYPICAL   OPERATING  CONDITIONS
Maximum Ratings,  Absolute Values

Filament  Voltage      ...............................
Filament  Current|     .......................,......
Anode  Voltage  ..................................
Sweep  Voltage  ..................................
Anode  Qlrrent,  swept  .............................
Power  Input    ...................................
Injection  Electr.ode  Voltage   ............,............
Voltage  Standing Wave Ratio of  Load        .................

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage,  approximate    ......................
Filament  Cfurrent±  ...............................
Swept  Frequency Range     ...........................
Sweep  Voltage,  Peak to  Peak,  typical    ..................
Anode  Voltage at  2.9  Gigacycles    .....................
Anode  Current ..................................
Injection Electrode Voltage,  positive with  respect to cathode  .   .  .
Injection Electrode Current,  may be either polarity but less than

.  2.5        Volts

.6.0       Amperes
3400       Volts
. 700        Volts
.   80       Milliamperes
. 250       Watts
1700       Volts

2.0

.......  2.3         Volts
5. 3        Amperes

2600  to  3200        Megacycles
......     600        Volts
......  3000        Volts
......       65        Milliamperes

700 to  1700        Voltsfl
......     0.5        Milliamperes

Tl.a  Specifications  of  ltiis  type  are  subioct  to  change.  Tl`ig  device  is   now  under  development  and   is   mode   avoilable  for  experimental   purposes  only.   For  lllo   most
recent   informalion   concerning   the   status   of   lhis   developmen.,   please   consult  youi   local  Tube   Department   Regional   Sales   Office,   or   current   Preliminary  Technical
Information  for  the  same  cotalog  number.
ET-J37
842



ZM-6276
0TI-215
Page 2
12-68

MAHMUM  RAHNes  AND  TYPICAL  OPERAnNG  CormlHONS  (Cont'd.)
Typical Operating Conditions (Cont'd. )
Operation with 60-cycle Sweep Voltage (Cont'd.)

Power Cbtprt
Average,SweptAcrossFullBaLnd  ....................................   1.v       „.._
Minimum,AtAnyPointWithoutSweepVoltage  ...........................   100      Watts***
Varlatlon Across Band

Typical...................................................
Mardmum.................................................

Efflclency,  minimum
At Any  Frequency   ...............................................
Swept Across  F\ill  Band   ...........................................

120      Watts*t*

I.4      Decibels
2.0      Decibels

55     Percent
60     Percent

•Hold temperature to  125 C or less at point shown on the outline drawing.  AI the maximum inlet tempera.ture of  110 C,
loo cubic feet per minute is required but this drops rapidly for lower inlet temperatures.

t Measured at point shown on the outline drawing.

ts::::Vflf;:eanmo¥ek::r°rnenTb==¥Tfno:a:ea:ipffne.±2miiiianperes.
•+.Mea,sured with load VSWR < I.2; for loads between I.2 and 2.0 VSWR the power output is diminished by the amount re-

tlected,  plus a positive or negative change due to resldua.I pulling.   At 2.0 VSVR the theoretical reduction at the worst
load phase is down to 85 percent,  and the guaranteed performance is not less than 75 percent of ra.ted power.
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2860-3460 Megacycles

OBJECTIVE

TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for   this

product.    Refer   to   the    Preliminary   Technical    Information
sheet   for    ratings   currently   achieved    in    the    progression
towards  design  objectives.   If  PTI   sheets  do  not  exist,  con-
sult  your  local  Tube  Department  Regional  Sales  Office.

This tohaha} irformafroT. i8 propritwry and ie furn:ished arty as a 8cawie to oufromer8

ZM-6277

PACKAGED  VOLTAGE-TUNABLE  MAGNETRON

Integral Magnet and lsolator

DEVELOPMENTAL

TYPE

ZM-6277
0TI-216

Page  1
12-68

loo Watts  Minimum  CW Chitput

The  ZM-6277 is a magneticallyshieldedvoltage-tunable oscillator which operates at a minimum power output o£  100
watts  over  the  2860-3460-megacycle  range.    It  is  designed  for  CW/FM  transmitting-tube  operation  at  low-or high-
modulation frequencies.    The high efficiency allows  air  cooling to be used and in many  applications heat-sink cooling is
adequate.   The integral isolator protects  the tube against load  mismatches thus  minimizing interface problems between
the VTM and its associated equipment.

This  shielded  tube  is  unaffected  by  passive magnetic  materials  and  does  not require the special tools,  storage and
handling necessitated by conventional electron devices employing magnetic fields.  It is a complete radio-frequency power
source which requires only  d-c  input power and generates radio-frequency power  over its  electronically tuned frequency
range.   This voltage-tuned magnetron may be operated over  a  portion or a.11 of the frequency range or operated at a fixed
frequency.   Its frequency versus voltage-tuning characteristic is essentially linear.

GENERAL
Electrical

Cathode (filament) -  Directly Heated
Warm-up Time,  maximum ....

Cathode Input Capacitance
Maximum...............

.................................     10        Seconds

_    _    ______-_    ------..-....    4    .....      40           H4f

Typical    ......................................................    35        Htlf

Mechanical
Mounting  Position   .................................................
Net Weight   ......................................................

Thermal
Cooling -  Forced Air *

Air  Temperature,  maximum .......................................,
Body  Temperature,  maximum t    .....................................

MAIHMUM  RAHNGS  ANI)  TYPICAL  OPERATING  CONDITIONS
Maximum Ratings,  Absolute Values

Filament  Voltage      .......................,........................,
Filament  Current|     ...............................................,
Anode  Voltage  ...................................................
Sweep  Voltage  ...................................................
Anode  Current,  swept  ..........................................,...
Power  Input   ................
Injection Electr`ode Voltage  ......
Voltage Standing Wave Ratio of Load

Typical Operating Conditions
Operation with 60-cycle Sweep Voltage

Filament Voltage,  approximate    .  .  .
Filament Current* ............
Swept  Frequency Range    ........
Sweep Voltage,  Peak to Peak,  typical
jinode Voltage at  3.16 Gigacycles  .  .
Anode  Current ...............................
Injection Electrode Voltage,  positive with respect to cathode

Any
4. 5      Pounds

110C
125C

.  2.5        Volts

.  6.0       Amperes
3400        Volts
. 700        Volts
.   80       Milliamperes
. 250        Watts
1700        Volts

2.0

.......  2.3         Volts
5.3        Amperes

2860to 3460       Megacycles
......     550         Volts
......  3000         Volts

.....       65        Milliamperes
700 to  1700        Voltsfl

\\,\\,\,\'*`,`---__--__-`  ---- _,  I__ -----  _   __
InjectionElectrode  Current,  maybe  eitherpola,ritybutlessthan    .................     0.5       Milliamperes

::eens,peg:C,aL':a,r:n°:o'nhj:r#nng:h':::abtjuescto:a,;}§°ndge:.ei::i:®dn:y!:|ejossen°c:n:un|f°;a::i:::im;:beanDdej:rrm°edn®,;::1,I:nb::i:io:X&e;i:cme:n::fc::::n°ts®;r:.?Lyj.nap;r#:hn|:.i
lnformelion  for the Same  catalog  numb®i'.
FT-J37
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ZM-6277
0TI-216
Page 2
12-68

MAHMUM  RATINGS  AND  TYPICAL  OPERATING  CONDIHONS  (Cont'd.)
Typical Operating Conditions  (Cont'd.)
Operation with 60-cycle Sweep Voltage  (Cont'd.)

Power Ouput
Average,  Swept Across  Full  Band  ...................
Minimum,  At Any Point Without Sweep Voltage  ..........
Variation Across Band

Typical..................-..............
Maximum...............................

110       Watts*++
100      Watts***

I.4      Decibels
2.0      Decibels

Efficiency,  minimum
AtAnyFrequency    ...............................................    55       Percent
SweptAcrossF`illBand   ........................................,..    60       Percent

•Hold temperature to  125 C or less at point shown on the outline drawing.  At the maximum inlet temperature of  110 C,
100 cubic feet per minute is required but this drops  rapidly for lower inlet temperatures.

t Measured at point shown on the outline drawing.
{ Set to value marked on tube within i 0.1  ampere.
1 Set to give a.node current marked on tube within i 2 milliamperes.

*** Measured with load VSWR < 1.2;  for  loads between  I.2 and 2.0 VSWR the power output is diminished by the amount re-
flected,  plus a positive or negative change due to residual pulling.   At 2.0 VSWR the theoretical reduction at the worst
load phase is down to 85 percent,  and the guaranteed performa,nce is not less than 75 percent of rated power.
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OBJECTIVE
Technical  Information

These  ratings  represent  the  design  objective  for  this
product.   Refer  to   the   preliminary   Technical   Infor-
mation   sheet   for   ratings   currently   achieved   in  the

progression  towards  design  objectives.   If  PTl   sheets
do  not exist, consult your local Tube Products Depart-
ment  Regional Sales Office.

This  technical   information   is  proprietary  and  is  furnished  only  as  a  service  to  customers.

DEVELOPMENTAL
TYPE

ZM-6287
0TI-218

1 2-70
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918  Megahertz
Forced-Air Cooled

ZM-6287

INDUSTRIAL  HEATING  MAGNETRON

1000 Watts Output Power
Integral Series  Field Coils

The  ZM-6287  is a low-voltage CW magnetron assembly  for use in the 915-MHz ISM Band for micro-
wave  heating applications.  It is  designed  for operation from  a low cost, voltage  doubler  circuit,  con-
nected to  a  240-volt  a-c line.  Approximately  50 volts a-c  boost from an autotransformer is needed to
achieve  the  looo-watt  output(Fig.1 ).  It  contains an  integral  electromagnet energized by  the voltage
doubler output(series  connection).  The I-f output line contains a d-c bypass arrangement which allows
the body of the tube to run off ground.

GENERAL

Mechanical

Mounting Position - Tube axis vertical
Weight   .........................................................       1 7  Pounds

Thermal

Forced-Air Cooled .....
Thermostat Temperature

MAXIMUM   RATINGS
(Absolute  Values)

Electrical

Filament
Voltage

Starting................................

Standby...............................

Operating(650  watt level)  ..................
Operating( 1000  watt level)  .................

Current
Starting
Surge.........

Stabilized  (1  min.)
Standby.......
Operating (650 watt)

Min.

Operating  (1000  watt)    ..........................           0

.100 Cu. ft/min.
..  2300 F

Max.

6.3 Volts
5.5 Volts
1.5  Volts
0  Volts

75  Amperes
18 Amperes
15  Amperes
5 Amperes
0 Amperes
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Preheat  Time   ...................................-

Plate  Voltage      .................................

Plate  Current     .................................

Load VSWR
Opposite  Sink    ..............................

In  Sink      .......---...........-.............

A-C  Input  Voltage  to  Doubler   ....................
Power Output (300 V   AC Matched Load)  ...........
Frequency,  Matched  Load   .......................

TYPICAL  OPERATING  CONDITIONS

Min.                        Max.
50

1000

Seconds
725 Volts DC
3.5 Amperes DC

3/1  VSWR
2/I  VSWR
300 V  AC

Watts
913                      923 MHz

Input   to   Doubler       .....................................     290   V   AC
Output Power  (Matched)  .............................................     Figure  2
Output  Power  (Mismatch)   ............................................     Figure  3

K-2

K-1

K-2

K-3

K-4
C-1,  2

Main Contactor
DC    Overload  (4A)
Time  Delay  Relay

(Thermal  Type)
Short Time  Delay  Relay
500 Hf, 500V

FIGURE   1

R-1                 25n, 25w
R-2                     .5r},100W  (Open coil  of

Nichrome or equiv.)
Fi-3, 4            20,Ooon, 25w
T-1                   Filament Transformers

(6.3V,18A)
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45 Kilovolts
50, 000 Amperes
15,000 Joules

OBJECTIVE
TECHNICAL   INFORMATloN

These   ratings   represent   the   design   objective   for   this

product.    Refer    to    the    Preliminary    Technical    Information
sheet  for    ratings    currently    achieved    in    the    progression
towards  design  objectives.   If  PTl   sheets  do  not  exist,  con.
sult  your  local  Tube  Department  Regional  Sales  Office.

This  technieal iriforn.ation ±8  proprietary  and i3 fiirni8hed only  cl.s  a sery`ice to ou8torner8

ZR-7512

TRIGGERED  VACUUM  GAP

DEVELOPMENTAL

TYPE

ZR-7512
0TI-99D

Page  1
12-68

Fires at 300 Volts
Ceramic Envelope

The  ZR-7512 is a cold-cathode, vacuum, triggered spark gap capable of switching 15,000 joules  at highvoltage.
Unique design combines the desirable features of vacuum and gas  devices.  These include extremely wide voltage
range,  ease of triggering, high voltage capability, rapid recovery time, stability of characteristics and reliability.

Although capable Of withstanding a hold-off voltage o£ 55 kilovolts indefinitely, the  ZR-7512 win fire reliably at
voltages as low as 300 volts.  It will reliably switch non-repetitive high-current pulses with minimum delay and jitter
in high-voltage circuits.   Applications include  "crowbars''*  and switching stored electrical energy systems into
low-impedance loads,  or  energy-storage capacitors into resistive or inductive loads.

ELECTRICAL

Heater  Voltage   ....................................................   None  Required

MECHANICAL

Mounting Position - Any
Net Weight  ......... Approx.  4 lbs.

MAXIMUM  RATINGS

Interelectrode Leakage Resistance  ...................
Main Gap

Operating Voltage ...........................
Hold-Orf Voltage, Indefinite Time,  minimum ..........
Peak Current

Unidirectional  Pulse,  maximum  ...................
Charge Conducted Through Gap per  Operation**,  maximum .

Discharge  Rate,  maximum ..........................
Delay Time t, V app. = 45 KV,  maximum
Jitter t,  V app. =  45 KV,. maximum  ...,

Trigger Gap
Typical Trigger  Firing Circuit:

Peak Voltage±,  typical  ........,
Short-Circuit Current ", typical  .  .  ,

.........     10,000         Megohms

........ 30Ovto45        Kilovolts
..   55        Kilovolts

50, 000        Amperes
..  0.7         Coulombs
.  ..  2        PerMinute
.. 0.I        Microseconds
.. 0.1        Microseconds

........   5         Kilovolts

.......   40         Amperes
* In a " crowbar" application the gap acts as a short-circuiting switch to protect vulnerable high-voltage equipment

by removing the direct-current supply voltage within tenths of a microsecond after initiation Of the trigger-pulse.
Unless the fault is self-clearing, the circuit must subsequently be opened in the usual manner.

** This rating refers tothe charge originating from the capacitor bank.   For further information concerning ` `follow-
thru" current from the power supply in a given application consult the General Electric Microwave Tube Business
Section,

t From trigger-gap breakdown to main-gap breakdown.
I The voltage  rise time  should be as fast  as is consistent with the firing speed and accuracy required.   The trigger will

fire typically  at  1 to 3 kilovolts  on  the  leading  edge  of  the  pulse  but  may  fire at lower trigger voltages.   Only Pulse
voltage  shall be applied to the trigger.

fl Delay time and litter  may bedecreased and gaplife increased by increa.singtriggershort-circuit current.   Cur-
rents upto 100 amperes  may be used.   The pulse width should preferably not  exceed 2 microseconds.

The  specifications  of  this  type  are  subject  to  change.  This  device  is  now  under  development  and  is  made  available  for experimental  purposes  only.  For the
most  recetlt  information  concerhing  the  status  of  this  developmetit,  p'oase consult your local  Tube  Department F]egional Sales Office, or current Preliminary
Technical  Information for the same catalog number.

ET-J37   (8-62)
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OPERATING  NOTES

When discharging or crowbaring energy-storage capacitors, repetitive firing for short periods may be necessary
to maintain sufficiently low voltage to protect electrical equipment until circuit is cleared.  Restoration Of power-
supply voltage to maintain service continuity without circuit-breaker action after a self-clearing fault is feasible in
a typical  circuit by blocking the trigger pulse.  This is due tothe rapid deionizationtime and excellent voltage re-

s:X:::cctaapd#uNLteyw°#:iz=EL2a.n:::2f)uLr,thEe::nf:]ro¥a:i°2:oC7°.nsulttheMicrowaveTubeBusinesssection,B|dg.269,
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CL-7390
ET.T1526A

Pal)®  I3«

GL-7390

HYDR®CEN  THYRATR®N
40   KILOVOLTS   PEAK
33  MECAWATTS   AT  60   KILOWATTS

The GL-7390 is a hydrogen thyratron
for  radar  modulating  and  other  pulsing
applications.  It will calTy high peak cur-
rents and withstands very high voltages.

Mechanically   the   tube   features    a
heavy-duty  ceramic  envelope  and exter-

Eleclrical

Minlmum     Bog.y       M.xlmum
Cathode-Indirectly Heated

Cathode is Tied to Heater Midpoint
Heater Voltage .........    6.0
Heater Current,

Ef = 6.3  volts .........      27
Reservoir

Hcatcr Voltagc* ........    3.5
Heater Curent

Emu =4.5  Volts .......,..         8
E" = 5.5 volts ..........

Cathode  and   Reservoir
Heating Time I * ........      I 5

Direct Interclectrodc Capacitances
Anode to Grid ..........
Grid to Cathode ........

Anode Curcnt Time Jitter    =
Ionization Time t,

a::Pfi=v¥Iate.....

Maximum Peak Anode Voltage
Inverse^
Forward,  . minimum supply

voltage=3500 volts d-c. . .
Maxifnum Cathode Current

Average

6.3        6.6    Volts

32         3S     Ampere8

4.5        5.5     Volts

9         10    Amperes
-        12    Amperes

---.   Minutes

40      -   „„f
30      -   „„f
-     0.01    Microseconds

-         1    Microseconds

CERAMIC   ENVELOPE
EXTERNAL   ELECTRODES

nal electrodes to improve heat dissipation.
The  high-peak-power  ratings  of  this

tube  and its mechanical  design features
assure reliable service under the stringent
operating conditions encountered in high-
powcr pulse equipment.

M®chanical

Mounting Position-Vertical, Base Down
Net Weight, approximate 9    Pounds

Th®Ima'

Type of Cooling-ConvectionTh
Ambient Temperature Limits ......- 55 to  +75    C

MAXIMUM   RATINGS-ABSOLUTE  VALUES

........     33,000     Volts

2000    Ampcres
4.0    Ampercs

Maiimum Averaging Time ........              1     Cycle
75    Ampcre8

fa¥£:seip+eaegti°tipv:a::rtr?I..did
Voltage before Conduction ....

Maximum Rate of Rise of
Anode  Current ..............

.   30 I 10,

..          650    Volts

..10,000    Amperespcr
rmcrosecond

The above limits are interrelated and it docs not necessarily follow that combinations of limits can bc attained simultancously. For
further information  consult the  Tube  Department,  Schencctady  5,  N.  Y.
+  The optimum reservoir voltage for operation at maximum tube voltage, marimun peak and average tube currents, and at a repeti-

tion corresprding to the rated operation factor is inscribed on the base of the tube and must be held within  ± 2.5 percent. Applica-
tion8 involving operation at other conditions will necessitate a redetermination of the optimum reservoir voltage.•.Stand-by operation with heater and rcscrvoir voltages is not recommended. Where necessary, the tube should bc operated at full
equipment conditions for a minimum of two hours during each twelve-hour period of stand-by.

t  The time interval between the point on the rising portion of the grid pulse which is 26 percent of the peck unloaded pulse anpli-
tude, and the Start of the anode-current pulse.

I  Driver pulse mca§ured  at  tube socket with  thyratron-grid  discormected;  anplitudc = 1300  volts minimum,  2500 volts  maximum
above 0; time of rise = 0.35 microsecond maxilnum, measured from 26 percent to 70 percent of peck value; grid pulse duration = 2
micro8cconds minimum, measured  between  70 percent of peak on  rising side to 70 percent of peck on falling side; impedance of
drive circuit = 10 to 25 ohms maximum.

fl An air blast may be directed at the anode and upper portions of the tube envelope to extend performance under high-anode-dissipa-
tion-factor  operation,  provided  envelope  and  anode  temperatures  exceed  150  C.

^Thc minimum inver8c anode voltage permissible is 5 percent of the peak forward voltage and the mexinum is 5000 volts during
the first 25 microseconds following the anode pulse exclusive of a spike of 0.OS microsecond meximun duration.

•  Instantaneous starting is not recommended.  However,  in cases where it is ncces§ary to apply anode voltage instantaneously.  the
maximum perlnissible forwal.d Starting voltage is 22,000 volts peak. The power-supply filter should I)e designed to limit the rate of
application of this voltage to 550,000 volts per second.

'5F#:fct=:e=taEffi:::r=Eenantfyeravt:,ot::ci::::§:qr::rceti:=i::tte?ea:aog:aci::£:::=r:f:.andpeckcurrcnts.
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X-RAY  WARNING  NOTICE

If the  GL-7390  is  operated  at  anode  voltages  in  excess  of 16  kilovolts,  X-ray  radiation  shielding may be  necessary  to
protect the user  against possible danger of personal injury from prolonged exposure  at close range.  For further information
consult the following references or other standard texts on the subject :

(a)   X-RAY PROTECTION DESIGN, Handbook No.  50. National Bureau of Standards, Washington,  D.  C.
(b)   X-RAY PROTECTION, Handbook No. 60. National Bureau of Standards, Washington, D.  C.

The above references are available from the Superintendent of Documents, Government Printing Office, Washington
25'  D.  C.

(c)   SAFETY CODE FOR THE INDUSTRIAL USE OF X-RAYS, Bulletin No. Z54-1. American Standards Associa-
tion,  New York  17,  N. Y.

(d)   Schneider,  S.  and Reich,  a.,  "X-Ray Emission from High-Voltage Hydrogen Thyratrons,"  PROC.  IRE,  Vol.  43,
No.  6,  June,  1955.
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Elec'rical
Cathode Excitation-Cyclic
Cathode Spot Starting-Ignitor
Number of Electrodes

Main Anodes
Main Cathodes
Ignitors

CL-7703

ICNITR®N

CAPACITOR-DISCHARGE   SERVICE

CL-7703
ET.T'®2J

^®I  Iun

20,000  VOLTS  PEAK
DC  SHokT-CIRCulTINC-SWITCH   SERVICE                  loo,000  AMPERES   PEAK

The GL-7703 is a scaled, stainless-stecl-
jacketed  ignitron for use  as  a  switch  in
capacitorrdischarge circuits operating up
to  20,000 volts.  In this  service the tube

will  carry  peak  currents  up  t®  loo,000
amperes. The anode seal is enclosed in an
insulating compound to prevent cxtemal
voltage flashover.

Mech®nic®l
Envelope+Stainless Steel
Mounting Pcoition-Axis Vertical, Anode ref.minal Up

Net Weight 2    Pound8

The,m®l
Type of Cooling-Air or Liquid, by clamp around lower portion
of tube

ClampTempcrature .............. 10to30     C
Cathode Temperature, marimurn ........ 35    C
Anode  Insulating-Compound  Temperature.,

70C

Capacitor-Di.charge  Service,  Int®rmiH®n.  Pul.®  Duly,  Sing.®idel  Curr®n.t
Peak Anode voltage I                                                                                Anode currentfl

Forwaf.d
lnver8c .

20,000    Volts                           Peak, for % cycle of l20 mircecconds  60,000    Amperca
20,000    Volts                             Peck, for 3€ cycle of 20 micrcoecondr  loo,OOO    Amperes

Critical Anode Starting Voltage, minimum  loo    Volts                        Maximum Discharge Rate ................. 2    Per Minute
Rate  of  Rise of Current§,  tube inductance

o.04    Microhcnrys
Ionization  Time 0.5    Microucconds

Peak Anode Voltage t
Forward
lnver8c .

DC  Shor.-Cir(uilihglswilch  S®rvic®
Jinode Current

20,000    Volts
20,000    Volts

Critical Anode Starting Voltage, minimum  100    Volts

35.000    inpere8
0.25    Iinperca

Maximum AveragingTimc ............ I     Cycle
Rate  of Rise of Current§, tube inductancc

approx.
Ionization Time

0.04    Microhcnry8
0.5    Microseconds

lgnilor  R®.ing.
Mlnlmum     M.xlmvrn

Separate Bxcitation
Ignitor Voltage

Forward opencircuit ........ 1500    3000    Volts
Inverse, maximum .......,..-           5    Volts

lgnitor short-Circuit current... ~  200       2S0    Amperes
Length ofFiring pulse, sine wave.       5         10    Micro8cconds

Nlblnvin    N.*ln.tim
Anode Firing

lgnitor Voltage
Forward,maximum ,.........-    3000    Volt3
Inver8c.marim`im ...........-           5    Volt.

PcaklgnitorCurrent .,........   200       2SO    Alnperee

*  Anode-seal, insulating-compound temperature must always be higher than the cathode temperature to prevent mercury condcn3a-
tion on the anode and anode Seal. Before tube operation, the anode 8eal8 must be heated long enough to vaporize all mcroury from
the seal area.

t  The tube may become a closed Switch (docs not open) carrying current in both dircction3  until the c`irrent dampens out.
I  The tube cannot hold off this voltage immcdintely after conduction. A  1-to-10-Second delay may bc required before rcapplication of

voltage.
fl Dampened oscillations  are permiseiblc provided the oscillating cyclc8 do not exceed 20. The peak current value  for one-half cycle

must not be exceeded.
§  Rate of rise depends on circuit.
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•   NOISE  FIGURE  AND  THE  GRIDDED  VACUUM  TUBE
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•   SOCKETLESS  TUBE  CIRCUIT  TECHNIQUES

•   SAFETY  PRECAUTIONS  (ET-T2004)

•   PRECAUTIONS TO  BE OBSERVED  IN  TESTING  HIGH  FREQUENCY  PLANAR

TUBES    (El-49)

•   PERFORMANCE  AND  APPLICATION   0F   MICROWAVE   GRIDDED  VACUUM

TUBES  AND  MICROWAVE  CIRCUIT  MODULES  (ETD-5195A)

•   PLANAR TRloDE LIFE TEST AND  RELIABILITY SUMMARY

•    MEDIUM    POWEP   COAXIAL   TETPIODES:    BASIC    CONSIDEPATIONS

pERTiNENT  TO  BpOADBAND  BF  pOwEp  AMPLiFiEF`  cmcuiTs  FOPI
TBANSMITTEPI  APPLICATIONS  (ETD-5188)
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•   H/-TECH CEPIAMICS  (ETD-4840)
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NolsE  FIGunE  AND  THE  GRIDDH)  vAcuuM  TunE

The  three  most  important  types  of  noise  in  the  gridded  triode  vacuum  tube
a.re  shot  noise,   flicker  noise,  and  induced  grid  noise.

Shot  noise  is  cha.racterized  by  its  independ.ence  from  frequency  effects  and
its  dependence  upon  tube  currents  and  bra,nsconductance.

Flicker  noise  or  one-over-frequency-noise  usually  follows  the  simple  rule
of  varying  inversely  with  f.requency  at  the  rate  of  three  d.ecibels  per
octave.    Flicker  noise  usually  limits  the  sensitivity  of  very  low  fre-
quency  amplifiers  a.nd  produces  instability  in  DC  amplifiers.    The  exact
cause  of  I.licker  noise  is  not  well  defined  but  reduction  of  this  effect
can  be  best  obtained  by  using  triodes  with  high  transconductance  at  low
plate  currents.    To  red.uce  both  shot  a.nd  flicker  noise  effects,  triodes
with  maximum  transconducta.nee  to  plate  current  ra.tios  should  be  used.  The
planar  ceramic  triode  is  outsta.nding  in  this  respect.

Induced  grid  noise  is  caused  by  transit-time  effects  which  induce  shot
noise  into  the  signal  grid.    This  source  of.  noise  is  cha.racterized  by  its
six  decibels  per  octa.ve  increase  with  frequency.     Figure  1  is  an  approxi-
mate  representation  of  these  three  noise  sources  as  a.  function  of  fre-
quency .

Johnson  or  thermal  noise  can  also  be  generat,ed  by  tube  and  circuit  losses
or  if  any  unbypa.ssed  resista.nces  are  used.    This  noise  source  is  usually
not  a  serious  problem  if  proper  components  a.nd  circuitry  are  used.

When  a  t,ube  is  subjected  to  shock  or  vibration,  another  source  of  noise
called  microphonics  can  occur.    The  frequency  profile  of  this  noise  varies
greatly  with  tube  structure.    Although  microphonics  usually  produce  AM
signals  in  audio  a,mplifiers,   some  AM  and  FM  effect,s  ca.n  occur  in  RF  ampli-
fiers.    The  plana.r  ceramic  tubes  are  usua.Ily  less  microphonic  than  other
competing  tube  structures  and  the  use  of  bonded-heater  techniques  has
practica.Ily  eliminated  this  source  of'  noise.

Equiva.lent  Noise  Circuits

Figure  2  shows  two  simplified  forms  of  a.  commonly  used  noise  figure  equationL
An  eq.uivalent  noise  circuit  is  also  shown.    The  noise  figure  equation  can  be
solved  for minimum  noise  figure  with  respect  to  Rs  or  Gs.    This  relationship
is:

ITmin  =  1  +  2  V5Gt  Req

The  resulting  optimum  source  resista.nee  equation  is:

Rs  Opt.      =VReqL.   i   5  Gt
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To  calculate  the  minimum available  noise  figure  and  the  source  resistance
required  to  obtain  this,  the  absolute  values  of  Req  and  Gt  must  be  known.
The  above  eq.uations  assume  Gc  to  be  insignificant  and  in  most  ca.ses  this
condition  exists.    Req  can  be  estimated  by  the  equation:

Req.  =  2.5  +  triode  transconductance

Gt  results  from transit  time  effects  which  produce  out-of-phase  grid  cur-
rents  and  voltages  and  has  a  noise  output  five  times  thermal.

A  second  equivalent  noise  circuit2  has  been  developed  using  Req  and  a  new
term  Gn.     See  Figure  3.    Req  is  identical  to  the  Req  used  in  Figure  2  and
Gn  is  equal  to  5  Gt.    The  equations  for  minimum  noise  figure  and  optimum
source  resista.nee  are  then  simplified  as  shown  in  Figure  3.    This  simpli-
fled  equivalent  circuit  technique  lea.ds  directly  to  the  measurement  of  Req
and  Gn.     If  an  input  conductance  tuning  curve  is  obtained  as  described,  the
equation  of  this  curve  is:

Gtot   -  Gn  =  W2      4C2  Req

Gn  is  obtained  irmediately  as  shown  and  the  above  equation  ca.n  then be  solved
for  Req.    Gtot  and   AC  are  obtained  for  two  points  A  and  8  on  the  curve.    The
curve  shown  in  Figure  3  can  be  generated  fl.om  tests  conducted  on  a  circuit
similar  to  the  one  shown  in  Figure  7.    L|  can  be  calibrated  for  an  equivalent
capacitance  change  or  a,  tuning  capacitor  can be  a,dded  in  shunt  with  the  input
inductor.    Rs  is  omitted.

The  measured  values  of  Req  can  be  checked  against  the  previous  approximate
equation.    The  factor  of  2.5  appears  to  vary  from  about  2  to  3.5  depending
on the  tube  size  and  geometric  configuration.    The  approximate  value  of  Gt
can be  obta.ined  by  dividing  Gn  by  five.    This  value  of  Gt  can  then  be  used
to  determine  input  circuit  ba.ndwidths  if  all  loading  is  due  to  transit-time
effe ct s .

Measured  Results

The  procedure  outlined  in  Figul.e  3  was  used  to  determine  the  eq.uivalent  noise
parameters  I.or  several  low  noise  planar  ceramic  triod.es:

Req   (ohms)                       Gn  at   90  MC   (mohms)
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It  should.  be  noted  that  minimum  noise  figure  is  a  function  of  the  product  of
Req.  and.  Gn.    For  similar  cathode  current  densities,  grid  wire  sizes,  grid
wire  spacing,  a.nd  grid  to  cathode  spacing,  this  rat,io  appears  to  be  rela-
t,ively  constant.    These  geometric  and  electrical  cord.itions  exist  on  t,he  low
noise  planar  triodes  and  similar  noise  figures  are  quot,ed  for  all types.    See
the  "Optimum  Noise  Condition  vs  Frequency"  curves  shown  a.t  the  front  of  the
ceramic  tube  reference  manual.     The  va.rue  of  optimum  source  resista.nee  varies
directly  with  the  ratio  of  Req  and  Gn.    The  larger  triodes  pl.ovide  mol.e  trans-
conductance  and  lower  values  of  Req.    The  larger  tubes  also  have  higher  va,lues
of  transit-time  conduct,.ance  and  Gn.    These  conditions  result  in  much  lower
va,lues  of  optimum  source  resistance  for  the  la.rger  tubes,  7588  and  7768,  at
a.ny  given  frequency.

Noise  Parameters  vs Frequency

The  table  shown  above  records  measured  values  of  Gn  at  90  megacycles.    The
value  of  Req has  been  described  to  be  independent  of  frequency  and  Gn to  be
a  function  of  frequency  squared.    Using  the  values  of  Req. and  Gn measured  at
fo  equal  to  90  mcs,  minimum  noise  figures  and.  optimum  sour.ce  resistance  at
any  other  frequency,  f ,   can  be  caloula.ted..     See  Figure  4.     Reasonably  good

:::::::t:::q:::¥::: ::::u5:dt:n:o8%L::::t;:1::=5ormance has been obtained

Tube  Selction

One  might  ask,  why  use  the  larger  tubes  if  similar  noise  figures  can be  ob-
tained  with  the  sma.Iler  tubes?    For  minimum  over-all  noise  figures,  the  ga.in
of the  first  stage  and  noise  figure  of  the  second  stage  are  important.    The
noise  figures  previously  discussed  apply  only  to  the  first  stage  of  an  ampli-
fier  cha.in.    The  relationships  are  equated  a,s  follows:

RE1,2 =  NF|  +  NF2  -   1

GL

The  noise  figure  subscripts  a.pply  to  the  first  and  second  stages  and  Gi  is
the  available  ga.in  of'  the  first  stage.    Wide  bandwidths  are  usually  required
in most  modern  low  noise  aaplifiers.    For wideband  circuits,  the  larger  tubes
are  desirable  to  obtain  both  maximum gain  and  lcwer  va.rues  of  o|)timum  source
resistance.    The  smaller  tubes  can be  used  most  effectively  for  narrow-band
low  noise  circuits  where  their  size,  weight,  low-input  powers,  and  economy
are  more  importa.nt.     In both  cases,  the  second  stnge  should  also  be  a  low
noise  tube  if  lowest  noise  figures  are  desired.

Noise  Perfomance  vs  Operating  Conditions

The  lcIV  noise  triode  must  be  properly  applied  if  optimum  noise  perfomance  is
desired.    Tests  ha.ve  shown that  varia.tions  in heater  voltage within  rated
values  produce  little  effect  on  noise  figure.    The  voltage  changes  normally
associated with plate  volta.ge  supplies  are  also  unixportant  if the  initial
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value  is  propel.ly  chosen.     Generally  speaking,  i,he  triode  should  be  opera.ted
under  those  conditions  which  provide  a  maximum  transconductance  to  pla.te  cur-
rent  ratio,  produce  no  grid  currents,  and  provide  suita.ble  gain  to  reduce
second  stage  noise  effects.     In  most  cases,  the  tube  is  operated.  with  about
.5  volt  bias,  rated.  heater  voltage,  and meximun  ra,ted  plate  dissipation  if
maximum  noise  performance  is  required.

There  are  three  acceptable  method.s  of  bia.sing  the  triode  and  these  are  shown
in  Figure  5.     Condition  "a"  is  the  simplest  and  uses  a  low  value  of  cathod.e
resistor  and  a  fixed  plate  voltage.    This  method  produces  the  widest  varia-
tion  in  operating  conditions  from  tube  to  tube.    The  type  shown  in  Figure  5
is  the  7462  and  each  small  square  represents  one  tube.     Condition  "b"  uses
the  sane  value  of  cathode .resist,or  but  more  consta,nt  plate  currents  are
obtained  through  the  use  of  a.  large  pla,te  dl.opping  resistor.    Higher  plate
voltages  must  be  used  and  the  power  loss  in  RB  must  be  tolerated.    Referring
to  Figure  6,  it  can  be  seen  that  minimum  noise  figures  are  obtained  along  a
bias  line  slightly  less  than  .5  volts.    These  curves  were  taken  on  the  type
7588.     In  Figure  5,   condition  "b"  gives  the  smallest  va.ria.tion  in  bias  and
the  level  is  maintained  near  the  d.esired  value  of  about   .5  volts.    For  this
reason,  condition  "b"  is  the  best  bia.s  method  for  obtaining  good  initial
noise  performance  fl'om  tube  to  tube  and  maintenance  of  low  noise  with  life.
Condition  ''c"  uses  a  fixed  va,lue  of  pla.te  voltage  and  a  la.rge  cathode  resis-
tor  to  maintain  constant  plate  currents.    A negative  voltage  at  the  cathode
or  a  positive  voltage  at  the  grid.  is  necessary  to  provide  the  proper  bia.s
between  the  grid  and  ca.thode.    This  bias  method  results  in wide  variations
in bias  from tube  to  tube  with  a.  Ia.rge  percentage  of  the  tubes  operating  at
very  low  bias.    Three  reject  7462's  were  purposely  included.  in  Figure  5.
These  t,hree  tubes  required.  zero  bias  to  maintain  the  recorded  plate  currents
neaLr  6.5  rna.   for  condition  "c".     These  same  three  tubes  were  the  three
highest  noise  figure  tubes  shorn  for  condition  "c"  but  ga.ve  lower  noise
figures  using  condition  ''b"  bia.s.

High  Current Density  Effects

To  improve  the  noise  performance  of  t,he  triod.e  at  RF  frequencies  the  effect
of  transit-time  must  be  reduced.    This  can be  done  with  closer  grid  to
ca.thode  spacing  or  by  increasing  the  accelerating  forces  on  the  electron.
In  some  cases  closer  grid.  to  cathode  spa.cings  a,re  practica,i  but  noise  figure
tests  show  no  significant  improvements.    Most  ty|>es  are  designed  to  make
meximun  use  of  cathode  space-cha.rge  smoothing  a.nd  this  is  not   a.Iwa,ys  the
closest  grid  to  cathode  spacing.     The  second.  method,  using  grea.ter  accelera-
ting  potentia.Is,  is  present  when  the  tube  is  operated.  a.t  higher  ourrent  den-
sities.     In  a,dd.ition  to  red.ucing  the  transit  times,  much  higher  transcon-
ductance  result  and  lower  va,lues  of  Req  are  present.    The  type  7077  triode

:Sd£°a=L:¥a:::::da:t i=88u:c;+5 N=:::e€e::: :gr:mm::: ::i::  :;g:Ee:n=r:End
over-all  noise  figure  of  4.8  db  wa.s  mea.sured.     Some  of  the  ceramic  tubes
listed  in  the  reference  manua.i  ha.ve  good  life  a.t   .6  a./cm2  and  lower  than
published  noise  figures  can  be  obtained.
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Circuit  Considerations

The  neutralized  grounded  ca.thode  and  grounded  grid  stage  are  most  used  for
low  noise  amplifiers.    The  input  impedances  for  these  two  circuits  are  radi-
cally  different  and  require  d.ifferent  noise  considerations.    In  theory,  both
circuits  have  simila.r  minimum  noise  figure,  and  optimum  source  resistance.
The  theory  also  predicts  that  power  match  and  minirmm  noise  figure  conditions
cannot  exi`st  at  the  same  time.    Therefore,  the  effect  of  mismatch  between  the
source  a.nd  tube  input  becomes  important.    The  grounded  cathode  circuit  is
most  useful  at  lower  frequencies  because  less  mismatch  exists.    For  wide  band
circuits  the  lower  optimum  source  resita.nee  types  should  be  used  as  previously
discussed.     Figure  8  shows  the  measured  input  bandwidth,  measured  over-all
noise  figures,  and  calculated  first  stage  noise  figure  for  a  cascoded.  pa.ir  of
7462  triods  at,  30  mos.    The  results  on  this  grounded  cathode  input  circuit,
also  shows  that  relatively  la.rge  changes  in  source  resistance  result  in  small
changes  in  noise  figure  if  values  near  the  optimum  va.rue  a.re  initially  chosen.

At  higher  frequencies  much  lower  source  resista.noes  a,re  required  and  the
grounded  grid  stage  provides  less  misma.tch  under  optimum  noise  conditions.
In  most  ca.ses  above  a,bout  800  mcs,  for  all  practical  purposes,  minimm  noise
is  obtained  under  minimum  VSWR  adjustments.     It  is  very  difficult  to  deter-
mine  the  frequency  at  which  similar  noise  results  are  obta.ined  for  both  cir-
cuit  arrangements.     Calculations  are  complicated  and  va.rious  assumptions  are
necessary.    The  best  method  of  obtaining  minimum  noise  figures  uses  cormer-
cially  available  a.utoma.tic  noise  figure  test  equipment.    This  equipment  con-
tinuously  reads  noise  figure  as  a  circuit  is  adjusted  and  both  circuits  can
be  easily  compared..    The  curves  shown  in  Figure  6  were  obtained  using  an
automatic  noise  figure  test  set.    Although  under  power  rna.tch  conditions  the
theoretical  noise  figure  is  over  5  db,  a  measured  figure  of  slightly  over  3
db  was  obtained.    The  tube  input  was  a.bout  25  ohms  a.nd  the  optimum  source
resistance  is. over  200  ohms.    The  automatic  test  set  permitted  an  optimum
low  noise  adjustment  between  conjugate  and  optimum  source  resistance  cond.i-
tions ,

Conclusions

To  assist  the  designer  of  low  noise  circuits  simplified  techniques  have  been
developed  for. triodes.    Both  theoretical  and  measured  results  confi]rm  that
lowest  noise  figures  require  the  best  tube  choice  for  a  given  frequeney  and
bandwidth,  proper  DC  operation,  and.  proper  Gil.cult  arrangements  and.  adjust-
ments.    Sta.te-of-the-art  results  al.e  very  seldom  if  ever  obtained  without
careful  and  laborious  procedure.
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SOCKETIESS  TUBE   CIRCUIT  TECENIQUES

J.   W.   Rush,   Jr.

GENERAL  ELECTRIC   COMIIANY
0wensboro ,  Kentucky

In  most  VIFT,  UIIF,   and  microwave  applications  non-conventional  vacuum
tube  structures  are  essent,ial.    Examples  of  such  structures  are  the  door
knob  tube,  the  acorn  tube,  the  rocket  tube,  the  pencil  tube,  the  light-
house  tube,  and  the  more  recent  metal-ceramic  tube  structures.    Designing
and  rna.nufacturing  efficient  and  reliable  sockets  for  these  tubes  has  been
a  problem.     To  minimize  this  problem  many  circuit  designers  have  used"semi-socket"  designs  combined  with  soldering  directly  to  the  tube  ele-
ments.     In  most  cases  separate  socket-like  assemblies  to  which  connections
could  be  soldered,  were  built  and  atta.ched.  to  the  tube.    In  addition  to
making  cormection  to  the  tube  elements  some  means  of  tube  support  was  also
necessary.

It  has  been  the  circuit  designer's  desire  to  solder  directly  to  the
tube.    Until  recently  this  has  not  been  practical  beca.use  the  tube  envelope
or  seals  could  not  tolera.te  soldering  temperatures  or  the  tube  element  was
not  physically  strong  enough  to  be  used  for  tube  support.    This  latter
socket,  requirement  was  a  particular  problem  for  circuitry  to  be  subjected
to  high  shock  and  vibration.

Recent,  tube  rna,nufacturing  techniq.ues  have  permitted  the  iatroduction
of  a  line  of  planar  ceramic  vacuum  tubesJt  that  are  both  tolerant  to  solder-
ing  temperatures  and  can  be  physica.Ily  mounted  by  the  tube  elements  them-
selves.     In  addition  to  the  severa.i  coaxial  cavity  designs  for  microwave
service  other  types**  were  a.Iso  introduced  that  were  designed  specifically
for  direct  soldering.    The  tubes  fea.ture  solder  lugs  and  "T"  bolt  mounting
of  the  itube  envelope  to  a  print-board  or  metal  chassis.     (See  Fig.   i  and
2  illustrating  the  mechanica.i  features  of  the  "T"  bolt.)    Other  lea.d  at-
tachment  procedures  such  a,s  wire  wrap,   spot  welding,  brazing  and  mechani-
cal  clips  can  also  be  used.

Tua[  MOUNTING

CuT^W^V    ±£!E!±£  SHC}\^/IhlG   :!|:  EQ!£  I|ZEL   ^AOUNTlt`lG

Fig.   1
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Fig.   2

*       ERA  type  number  7077,   7266,   7h86,   7h8l
GE  Development  types  Z-2823,   Z-2835,   Z-2869,   Z-2866,   Z-2897

*j+     ERA  numbers:      7h62,   7720,   7625,   7588,   7296,   8081,   8082,   8083
GE  Development  types:      Z-2868,   Z-235h,   Z-2870,   Z-273l,   Z-2692



For  coaxial  circuit,s  it  is  feasible  to  sold.er  cavity  components  directly
to  the  tube  elements  (See  Fig.  3).    This  procedure  not  only  provides  physi-
cal  support  in  some  ca.ses  but  also  reduces  the  problem  of  obtaining  good  RF
contact  between  tube  and  cavity  elements.    With  proper  care  the  tube-circuit
assembly  can  be  replated  after  assembly.

Fig.   3

The  application  of  coaxial  resonant
circuits  soldered  directly  to  the  tube
elements  is  illustrated  by  an  assembled;
small  tube-cavity  combination,  and  a.n
unassembled,  larger  tube-cavity,  tube-
circuit  combination.    This  particular
combina.tion  would  be  useful  for  a  ha.If-
wave  grid  resonator  cavity  for  a.  re-
entrance  oscillator.    The  t,wo  tubes
shoim  are  designed  for  grounded  cathode
usage .

TREORRTICAL  ADVANTAGES

By  eliminating  tube  sockets  in their  usual  form,  several  t,heoretica.I
performance  advantages  are  obtained.     In  most  cases,  for  reasf.is  of  economy
or moldability,  the  insula.tor portion  of  a  tube  socket  is  usually  a  higher
loss  factor material.    With  the  elimination  of  the  socket  insulator  losses,
higher  circuit  "Q's"  can  be  realized.    Higher  unloaded  "Q`s"  lead  to  better
circuit  performance  thl.ough  higher  circuit  efficiency.

In  many  modern  electronic  circuits  maximum  gain-bandwidth  must  be  ob-
tained  to  process  the  high  definition  and  complex  signal  pulse.    The  more
general  relation  for  broadband  gain  in  a  vacuim tube  is:

G = gmRo

THEORETICAL  GAIN-BW  IMPROVEMENT
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The  gain,  G,  depends  most  upon  tube  transconductance,  gin,  and  the  circuit
load  resistance,  Ro  (See  Fig.  4).    For  a  simple  interstage  circuit  the  band-
width,  BW,  can  be  estimated  to  be:

EW=1
2  Tr   Root

Ct  is  the  total  shunt  interstage  capacitance.    If we  then  construct  the  ex-
pression  for  gain-bandwidth  product:

G-EN   =          8in   _
2TT    Ct

This  relationship  shows  that  for wide  band.  amplification  maximum  avail-
able  transconductance  and.  minimum  tube  and.  circuit  capacitances  are  essen-
tial.    The  a.vailable  tube  transconductances  a,re  bigh,  up  to  50,000  microlndos,
and  this  is  obtained  with  relatively  small  tube  capa.cita.nces.    To  use  the
resulting  high  tube  gain-ba.ndwidth  product  the  applied  circuitry  must  have
a  low  value  of  shunt  capa.citance.    The  use  of  direct  soldering  connections
to  the  tube  or  soldering  to  clamps  or  clips  supported  by  the  tube  assures
maximum  tube-circuit  gain-band.width.

In  addition  to  better  gain-bandwidth  products  at  a.ny  given  center
frequency,  lower  tube  circuit  capa.citances  permit  operation  at  higher  fre-
q.uencies.    By  using  resonant  elements  that  clamp  or  solder  to  the  tube  it-
self,  lumped  constant  circuitry  may  be  used  up  to  1500 .mc.    Similar  appli-
cation  of  slab  or  flat,  para.Ilel  line  elements  provides  efficient  perforlnance
up  to  at  least  3000  mc   (See  Fig.   5  and  6).

Fig.   5

A  2700-mc  grounded-grid  amplifier  fea-
turing  the  socketless  techniques  to
obtain  good  performa.nee  into  the  kilo-
mega.cycle  region.     The  tube  a.node   is
resona.ted  by  a  short  section  of  strip
line  functioning  as  a  parallel tuned
plate  circuit.    The  base  of  this  plate
line  is  by-passed  for  RIT]  at  the  bottom
of  the  amplifier  cha.ssis.    Power  is
coupled  out  by  mea,ns  of  an  adjustable
series  output  capa,citor  (shown  removed
from  the  amplifier).    A  clip-on  con-
nector  (not  visible)  is  used  to  connect
an  input  coupling  ca,pa.citor  to  the  tube
cathode.     Heater  chokes  have  been  sol-
dered  directly  to  the  tube  heater  but-
tons.     The  grid.  is  grounded  by  a  flat,
wa.sher  held.  down  by  four  4-LO  screws.

A  1200  mc  oscillator  featuring  snap-on
slab-line  resonators  and  screwed-down
grid  clamps.    This  circuit,  is  a  modified
Colpitts  configura.tion.    The  gI.id  line  is
an  un-etched  portion  of  the  print  board
ba,se.    The  tube  fore-shortens  the  ha.If
wave  line  on  one  end  and  the  tuning  capa-
citor  fore-shortens  the  other.    A  grid.
lea.k  resistor  is  soldered.  at  a.  low  impe-
da.nee  point.



For  many  years  the  degenerative  effect  of  cathode  lead  inductance  has
limited  the  high-frequency  capabilities  for  con.ventional  vacuum tubes  as
inch  as  transit  time  effects.    For  this  reason  and.  others,  the  non-conven-
tional  structures  of  ricrowave  tubes  are  used.    The  very  low  value  of  lead
inductances  in  many  cases  was  wasted  by  using  high  socket  lead  inductances.
For  the  sane  reason  tube  instability  was  often due  to  poor grid  grounding.

PRACTICAL  ADVANTAGES

The  use  of  socketless  circuit  techniques  provides  several practical
advantages.    Better  system reliability  is  one  of  the  more  importa.nt.
Since  the  socket  can be  eliminated,  troubles  due  to  contact  wear,  failure
or  corrosion  are  reduced.    No  socket  insulators  are  present  which  may
crack  or  d.eteriorate.    Very  low  conta.ct  resistances  can  be  obtained  using
direct  soldering  techniques.    Better tube  reliability  can be  obtained  if
known  and  consistent  heat  sinks  are  established.  for  the  tube.    In  some
cases  tubes  ha.ve  failed  as  a  result  of  add.itional  acceleration  forces  re-
suiting  from poor  socket  designs.    Physical  clamping  of  the  tube  directly
to  the  chassis  assures  that  the  tube  sees  no  more  shock  and  vibration  than
the  chassis  itself .    The  increased  performance  gained  by  socketless  cir-
cuitry  means  fewer  stages  for  the  same  system  gain.     In  some  cases  tubes
in  sockets  being  easy  to  remove,  are  selected  to  compensate  for  the  loss
of  performa,nee  due  to  a  faulty  component.    This  repair  procedure  usually
leads  to  a more  catastrophic  failure  later  on.    Screwed-on  or  soldered
cormections  to  the  tube  are  more  easily  inspected.  and  do  not  depend  upon
assured  conta.ct  pressure.

thy  of  the  microwave  triodes  are  made  very  small to  obtain  low  capac-
±tance  and  transit  time  characteristics.    Often the  sockets  for  these  tubes
are  much  larger  than  the  tubes  themselves.    This  means  that  system  size
and weight  can be  lowered  if  alternate  cormection techniques  are  used  (See
Fig.  7).    In  some  cases  the  tube  itself  also  serves  a.a  a  terminal  strip
for.  the  connection  and  support  of  otber  circuit  components  such  as  resis-
tors  and  capacitors.    Socketless  t,echniques  also  reduce  the  cost  and  de-
sign time  associated  with  a  socket  d.esign.    Some  of  the  ceramic  triodes
are  f itted with mounting  hardware  requiring  only  a hole iri  a  chassis  or
printboard.    These  tubes  can be  used  witb  all  connections  being  made  on
one  side  of  the board  or  chassis.    This  leads  to  simplified  circuitry  or
permits  the  use  of  d.ip-sold.ering  techniques.     (See  Fig.  8  for  suggested
connectors  for  the  coaLxial  types. )

Fig.   7

A  ccxplete  cascode  circuit  showing  two
soldered-in  titanium metal  ceramic
tl.iodes.    This  circuit  features  small
size  and weight  through  the  elimination
of  sockets  a.nd the  use  of  printed.  circuit
techniques.
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Fig.   8

S0IDERING  TECIINIQUES

The  use  of  socketless  circuitry  with  good  reliability  usually  re-
quires  soldering  either  to  a  tube  clamp  or  tube  element.    .Then  soldering
to  an  auxiliary  clamp  or  to  the  tube  itself  the  usual  care  should  be takeri.
If  solder.ing  directly  to  the  tube  is  attempted  on  non-tolerant  tube  struc-
tures,  failure  can  result  from damaged  seals.    AIthough  the  use  of  high
temperature  seals  and  ceramic  insulators  greatly  reduces  the  chance  of
this  happening,  the  tubes  are  not  indestmctable.    Ceramic  tube  structures

t=i:::::r=: :: ::li;55¥ t:::::::I:u:st:v:!:::e:i:I|t:::e::f:etjsE=::
thermal gradients  across  the  tube  seals  can  and  do  cause  tube  failul.es
and.  a  resulting  loss  of  reliability.

To  reduce  the  possibility  of -tube  damage  a  few  pl.ecautions  should  be
taken:

i.    Use  a  sold.er  with  as  low  a  melting  point  as  possible  for.  the  in-
tend.ed  tube  circuit  ambient  opera'ting  temperature.

2.    Use  small wattage  soldering  irons  to  reduce  the  thermal  inertia
of  the  soldering  heat.

3.    Preheat  the  tube  whenever  possible  to  reduce  further  the  thermal
in-rush  when  heat  is  applied.    Ovens,  hot  plates,  I-R  lamps,  etc.
can be  used  to  preheat  the  tube  prior  to  soldering.    If  these  are
not  availa.ble,  thermal  shock  can  be  reduced  by  operat.ing  the  tube
filaments  for  severa.i  minutes  before  soldel`ing.

These  precautions  are  most  important,  on  the  smaller  coexial  types
since  the  thermal mass  of  these  d.esigns  is  sma.Il  and  very  little  thelml
resistance  is  present  between  t,he  sold.er  surfa.ce  and  the  tube  seals.    The
use  of  solder-forms  is  highly  recormended.    The  lug  versions  can  be  used
with  no  more  than the  usua.i  precaution  a.nd  can  be  trea.ted  as  any  other
solder-in  circuit  component.     It  should.  be  noted  that  the  snggested  solder-
ing  procedures  a,re  conducive  to  cold  soldering  joints.    This  is  true  and
care  must  be  taken  in  this  respect.



The  basic  tube  st]ructure  used  for  these  solderable  tubes  is  made  of
titanium metal  and  ceramic.    The  titanium  is  essential  for  several  reasons
but  its  most  important  feature  is  the  almost  identical thermal  coefficient
of  expansion when  compared  to  good  RF  ceramic  materials.    Titanium  on  the
other hand  is  very difficult  to  plate  and  no  ordirmry techniques  have  yet
been devised to  plate  in the  usual  fashion.    To  provide  solder.able  surfaces
the titaniun is  first  nickel plated  and a, tbin gold  layer  is  then  applied.
This  gold  layer  is  consumed  by  ama|ganation  into  the  sold.er.    The  nickel
ulercoat  is  the  surface  to which the  solder  connection  is  actually made.
After may  solderings,  this  nickel plating  can be  consumed.    When  this
hap|)ens,  the  titanium base  metal  is  exposed  and  one  is  confronted  with  the
difficult  task  of  soldering  to titanium.

The  thickness  of  the  nickel plating  must  be  carefully  controlled be-
tween two  limits.    If  the  plating  is  too  thin  only  a  limited  number  of
so]derings  can  readily  be  made.    If  the  plating  is  too  thick  peeling  re-
sults.     In  develo.pment  work  where  tubes  are  removed  or  resoldered  rna.ny
times  increased  difficulty  may be  expected  in  soldering  operations.

TunE F"ovAL

When  it  becomes  necessary  to  remove  the  soldered-in  tube  the  usual
techniques  apply.    The  tube  can  be  treated as  any  other  soldered-in  com-
ponent .

If  tbe  coaxial tube  outline  is  used,  it  becomes  expedient  to  use  auxi-
liary  clamps  not  only  for  soldering  connections  in  some  cases  but  also  for
tbe  mechanical  suppo]*  of  the  tube.    At  microwave  frequencies  most  circuits
use  the  tube  in  a grounded.  grid  configuration  and  the  tube  is  mounted  by
clamping  the  grid  element  to  a  chassis  shield  or  wall.    In most  cases  DC"floating"  of  the  grid  is  not  essential  and by-passing  is  not  necessary.
Wbere  by-passing  is  required,  mica  or  suitable  spacers  can  be  used  without
loss  of mechanical  support.    Due  to  the  physical  location  of  the  cathode
of  the  coaxial designs,  cathode  clamps  are  usually  used  to  provide  connec-
tions  and  soldering  surfaces  at  more  convenient  distances  from the  tube.
Such elanpsalso  greatly  improve  the  ease  of  tube  removal.    Soldering  or
clamping  is  usually  optional  on  the  heater  and  anode  terminals.    Soldering
is  desirable  for  the  heater  connections  since  corbact  resistance  a.t  these
points  may  seriously  lover  the  tube  heater  voltage.

EXAITIE  EQUIPENT

Figure  9  shows  a  lo-frequency  crystal  controlled  "STAIJ)"  developed.  by
the  Light  Military  Electronics  Department  of  General  Electric  Co.    Socket-
less  circuit  techniq.ues  a.re  used  to  reduce  size  and weight,  to  obta.in
mechanical and  electrical  stability,  and  to  fulfill the  need  for maximum
gain-bandwidths  for  the  broadbanded  multipliers  and  amplifiers.    Small  "T"
bolt  ceramic  triodes  are  used  in  each  of  the  10  crystal  channels  and  fre-
quency   selection  is  mde  by  a.pplying  8+  to  the  desired  channel.    At  the
center  of  the  10  oscillators  a  "clanp-on"  cathode  connector  is  used.  as  a
common  input  to  a  grounded  grid  stage  and  connections  are  made  around  the



Fig.   9

circumference  of  the  cathode  clamp.    The  grid  of  t,his  tube  and  the  remaining
la.rger  coaxial  triodes,  eight  in  a.Il,  use  flat  sa.ndwich  or  surface  claxps.
The  same  cathod.e  clamp  is  used  for  all  the  coaJcial  outline  tubes.    The  wide
bandwidths  were  essentia,i  t,o  provid.e  multiplying  and  arliplification  over
about  a.10¢  bandwid.th  at  near  500mc  center  freq.uency.     The  meximun  gain  per
stage  wa.s  essential  to  keep  the  tot,al  number  of  stages  to  a  minimum  for  mexi-
mm reliability.    Multiplying  a.t  wide  band-widths  is  traditionally difficult
a,nd  high  transconductance  triodes  as  well  a.s  socketless  circuitry were  re-
quired  for  accepta,ble  performance.

cONcrosloN

With  the  advent  of  new  vacuum  tube  manufacturing  techniques  it  has
become  practical  to  use  new  socketless  circuit  techniques.    1there  sockets
are  not  specified,  circuit  performance  and  reliability  are  improved.    Such
techniques  permit  the  use  of  vacuum  tubes  at  higher  frequencies  as  well  as
provid.ing  a  companion  component  to  improve  the  state-of-the  a.rt  for  lumped
constant  and  sla.b  line  circuitry.
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WARNING:   WITHOUT   PROPER   AND   ADEQUATE   PRECAUTI`ONS,   THE   OPERATION,   HANDLING,   OR
SHIPMENT   OF   MICROWAVE   AND   HIGH-VOLTAGE   ELECTRONIC   TUBES   CAN   BE   HAZARDOUS   TO
PERSONNEL    AND    PROPERTY.     READ   THE    FOLLOWING    INFORMATION.    TAKE    ALL    REQUIRED
PRECAUTIONS.

GENERAL

This  information  is  provided  to  alert  the  purchaser  of high-voltage  tubes and  microwave  tubes to  the  potential hazards
which  may  be  created  by  improper  operation, handling  or  shipment  of these devices.' AIl persons responsible for the operation,
handling  and  shipping of these  tubes chould  familiarize  themselves  with  the  potential  hazards, and  suitable  safety  precautions
should be established and followed for the protection of personnel and equipment.

Do not operate hick-voltage and microwave tubes except in accordance with adequate understanding of the potential
hazards and with proper equipment-operating instructions and safety precautions.

Questions regarding proper and safe use of such  tubes should be addressed to :

General  Electric Company
Microwave Tube Operation
Building 269 -Application  Engineeriiig
1  RIver Road
Schenectady, New York   12305

Several  of the  potential hazards are defined and regulated by state or federal governmental agencies and bureaus. Since the
documentation  and  specifications  of such  agencies  and  bureaus are  frequently  revised, it  is  not  feasible  to  make full or precise
reference   to  their  content  in  this  publication.  If  current  governmental  information  is  desired  or  if  there  are  questions,.the
appropriate agency should be consulted.

HIGH VOLTAGE

The  voltages used  to  operate  microwave  and hich-voltage electronic tubes can cause death or serious injury due to electric
shock  and burns.  Depending on the device and equipment designs, and considering the possibility of malfunctions in either, part
or all of the exterior tube surfaces may be at, or may quickly reach, dangerous voltages. Equipment design and laboratory testing
must  take  this into  account by  following design  and  operating precautions  so that contact with, and proximity to, high-voltage
circuits is not  possible  under  operating conditions. High-voltage circuits should be enclosed in protective housings, and interlock
circuits should be  provided so  that primary  power is  removed, and high-voltage  terminals and capacitors are quickly grounded,
whenever the enclosure is open. It is always dangerous and unsafe practice to defeat or avoid the proper safety devices and safety
procedures (as bypassing an interlock circuit) while operating or testing the equipment.

GF`OUNDS

Many microwave tubes are operated in a grounded electrode mode in which the envelope and output cables are operated at
ground potential.  Care  must be taken to be certain that the tube envelope is properly grounded before the operating voltages are
applied.  The grounding should never be  done  through the  output cables  since  a break in  the  cable  will  then  result  in  the tube
envelope being raised to high voltage.

X-RADIATION

X-radiation  is  produced by  the  impact  of high energy  electrons  on  electron  tube  surfaces. Such hich€nergy electrons are
produced  when  accelerated  by  the  applied  electrode  voltages.  Depending  on  the  construction  of  the  electron  tube  and  the
materials    involved,     X-radiation     may    be     produced    at   voltages   as    low   as   5    kilovolts.   The   production   of   highly
penetrating  X-radiation  and  energy  Increases  to  relatively  more dangerous proportions as the electrode voltages and .currents are
increased.  All  electron  tubes  operating in  hich-voltage ranges constitute potential hazards, and applications of such tubes should
be carefully reviewed before operation.
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when  X-radiation  shielding  is  required,  it  should  be  provided  with  proper  interlocks to prevent  accidental  exposure  of
personnel to  X-radiation.  where  hazards  are  high,  periodic  X-radiation  level  surveys should be made. Furhter, when continuous
operation   is  in  effect,  personnel-monitoring  devices  should  be   worn  by   the  personnel   and  controlled  access   to  the   area
implemented.

Most  high-voltage  and  ricrowave  electronic  devices are not designed, nor intended, to be fully self-shielded to X-radiation
under  all  possible  conditions  of their  application  and  use.  External  radiation  shielding will  usually  be  necessary.  This shielding
should be designed by the equipment manufacturer as a part of the user's equipment to protect the user against possible personal
injury.  It  is  the  responsibility  of the manufacturer of the 'equipment using such tubes to provide any and all enclosures required.
and to provide the instructions and maintenance procedures for the proper use of the equipment.

Generally, the  spatial  distribution of X-radiation  from power  tubes is  complex and changes from tube to tube. The same tube
does not radiate  the  same  3600 around.  Also, the surrounding metallic  construction  will  tend  to  prevent,  distort,  or  further

fftnesrt:::t,Poa:S3g:se°£txti:a]gaastt]::t::ur:t¥o°:So:X±e_rrnaaa,;:i:i:tube.OfmaJorconcernaretheareasinwhichmaterialsusedintube

The  search  for  possible  X-radiation  is not to be  confined to  those  directions in which emission  may be  expected; unintend-
ed  emissions  in  hich  power  tubes  have  sometimes  caused X-radiation in unexpected directions.  A  thorough search in au di-
rections around the  tube is necessary to ensure that the regons of emissions is correctly determined.

a::eastptrheeset:#:go¥;hrfapdiaet;°triLa:£rdsch8L,°dthneortp£SS::#ohv¥daradtsanwymtE:::[r;i]haet!:n,aBree]:aourt[t°angs]a£:[Sre°:o?83:fyfii£:::e:r:hdeey-
should be prominently displayed in close visual proximity to the device.

MICROWAVE  RADIATION

The radio-frequency  output  power  of many  electron  tubes may  exceed  those  power  densities  considered safe for human
exposure.  The  design, operating instructions, and maintenance  procedures of equipment  utilizing such  tubes  must  ensure  that
the  radio-frequency  energy  is  properly  restricted  to  and  contained  in  the  circuits,  transmission  lines,  waveguides,  or  cavity
resonators  and  that  these   are  frequently  monitored  to  ensure  that  the  radiation  of  radio-frequency  energy  from joints  or
connectors is below the hazardous limit.  AIltenna  systems  should also  be  frequently  monitored for  stray  or  indirect radiation.
Operating and service  personnel  should be  advised of exposure hazards  and arrangements made to prevent accidental exposure.

MERCURY

Some  devices contain mercury  as a necessary constituent to  their  operation. Under certain circumstances, the presence of
free  mercury may generate air containination or other ponution that is considered toxic. Disposal of tubes or handling of damag-
ed tubes must be  done with adequate  precaution  given to  this possible  hazard.  If disposal presents questions, these  questions
inould be  directed in VIiting to the General Electric Company,  Microwave  Tube  Operation,  at  the  address  shown  on the  front
side of this sheet.

Air shipment  regulations allow air  transportation  of devices containing mercury  only  under special  packing and marking
requirements. The current requirements should be obtained directly from the airline.

The  packing containers  of devices containing mercury  will  be  marked accordingly  when  they  are  shipped  from  the  tube
imnufacturer.

lMPLOS'ON

Most  electronic  tubes and devices operate  with  their  internal  volumes  under high vacuum,  and many gas-ffled tubes also
have  their internal volumes considerably below atmospheric pressure.  In  the  event  that  the  envelope  of some  of these  tubes is

punctured  or  broken,  the  inrush  of air  can  be  violent  under  certain  conditions.  Tubes  with  large  glass  envelopes should be
handled and stored with particular care, and implosion-proof shields should be installed in operating equipments. Particular care
should also be given to shielding of the eyes and face.

MAGNETIC  FORCES

The  attractive  force  between  magnetic  and  feromagnetic  objects  increases  rapidly  as  separation  between  the  objects is
decreased  and  the  objects  will  be  accelerated  toward one another, meeting with considerable impact. When handling or working
near large permanent rmgnets, care must be taken to prevent injury which could result from this hazard.

and "#Fe:::rteiee¥t'sa.t[ines cauur:ewnta:re:La;:es::rnttastjfnou°Lfd teev';C::a:n°endtardrnr]encgt,F:rgitftzheeda:,:;eel.[a[S Only under special packlng         u
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pRECAu'rloNs   To   BE   OBSERVED   IN   TESTING
HIGH-FREQUENCY   PIANAR   TUBES

Intl.oductlon -Testing  of   close-spaced,   high-per for.mance,  high-
frequency  planar  tubes  prlesents  dlfflcultles  that  may  be  ovelilooked
and  may  account  for  misleading  results  or  damage   to  the  tubes  being
tested.    Many  commercially  avllable  tube  checkers  are  not  satisfact-
ory  for  checking  these   tubes,   and  an  effort  should  I)e  made  to  deter-
mine   lf  the  checkers  meet  the  requirements  llated  belotT  before  they
al.e  used.

Short cznd Leaka e   Tests   -  When grid-to-cathode  leakage  and
shot-ts  are   I.Decked,   the  maximum  voltage  applied  between  grid  and  ca-
thode  shoulc..  be  loo  volts,   which  with  the  grid  negative  with  respect
to  the  cathode.     Some  checker.a  use  a  neon  bulb  ln  series  with  an  a-c
source  and  a  capacitor  to  check  for  shorts  and  leakage,  and  a.pply .
peak-to-peak  voltages  as  high  as  250  volts  between  grid  and  cathode.
This  type  of  cll`cult  can  lndlcate  shol`ts  and  leakage  vrhen  lt  should
not,   and   its  use  may  per'manently  damage   the   tube  being  tested.

Test  Condltlons -  In  order  to  obtain  values  of  plate  current
and  transconductance  comparable   to  those  listed  on  the  tut}e  data  sheets
as  ''Inltlal  Char.acterlstlcs  Llmlts",   1t   ls  necessar.y  that  the  tubes
be  tested  under  the  conditions  given  on  these  sheets.    This  includes
using  the   lndlcated  values  of  heater.  voltage,   plate  voltage,  and  gI.1d
voltage .

Osclllatlon -When  high-urn  tubes  are  tested,   radio-frequency  tank
clrcults  al.e  often  formed  by  the  leads  exter`-nal  to  the   tube,  and
oscillation  often  r'esults.    This  osclllatlon  will  give  mlsleadlng
results  and   ls  usually  manifest  t}y  val`1atlons   ln  plate  curr.ant  as
leads  external  to  the  tube  al.e  moved  or  a  hand  ls  brought  near  the
tube.     T'hls  osclllatlon  can  usually  be  stopped  with  chokes  and  bypass
capacltor`s  at  the  test  socket.

Cooling  -  It  ls  important   that  the  envelope  temper.ature  rating
ls  not  exceeded  during  testing.     If  testing  ls  prolonged,   some  means
of  cooling  may  be  pequlred.     This  may  be  accomplished  by  means  of  a
heat  sink  or  with  forced  air.



Sockets for  Testln
adapter.a,   and  complete

-  Sockets  suitable  for  use  ln  fabrlcatlng
adapters  for  some tube  types,  may  be  obtained

fr.oh  several   socket  manufactur.el.a.     The   following  manufacturers  may
be  contacted  for  lnformatlon  oh  sockets  and  adapterss

Community  Bnglneel`Lng  Cor'porat`1on
State  College,  Pennsylvania

Instruments  for  Industry,   Inc.
101   New  South  Road
Hlcksville,   New  York

Jettron  PI.oducts,   Inc.
56  Route   10
Hanover,   New  Jet.sey

-  If  your'  I'esultsIn Case  of  Dlff lcult
are  unsatisfactory,   contact  your
glvlng  details  of  your  test.

1n  testing  planar  tubes
Gener.al  Electric  Sales  Representative,

Preper`ed  and  dlstr`lbuted  I)y  Technical
Data  Unit.,   Recelvlng  Tube  Englneer'lng,
Owensboro,   Kentucky,   on  the   basis  of
lnfor.matlon   supplied  by  Mr..   S.   E.   Peach
of  Appllcatlon  Engineer.1ng.
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Notes on the performance
and  application

o.f the  Planar Triode:

MODERN   ELECTRONIC   SYSTEM   NEEDS

Modern  electronics  has  seen  significant  changes  in  recent

years.      For   example,    radar    has    become    more    and    more
complex.
•   Elaborate   schemes   using   pulse   compression   and   doppler

returns  are  operational.
•   Very   large  radars  have   been   designed   using  electronically

steerable   arrays   capable   of   tracking   many   targets   at   the

same  time.
•    New,   higher-performance   navigational   aids   are   being   de-

signed.

New  telemetry  systems  are  using  complex  coding  and  op-

erating   at   higher   frequencies.     These   and   other   electronic
systems  have  placed  more   stringent  requirements  on  active
electronic  components.

More  CW  power  at  higher  frequencies  is  being  used;  there-

fore   overall   efficiencies   are   very   important.      Operation   at

frequencies  up  to  lc/  gigahertz  is  common  with  many  designs

using  frequencies  to  K-Band,   16  gigahertz  and  higher.      Fre-

quency  agility  and   phase  fidelity  are  requiring  wider   instan-
taneous  bandwidths.     Advanced  doppler  radars  are  limited  in

target-recognition    ability    by   the    noise    sidebands    on    the

transmitted  frequency  and   by  the  sidebands  present  on  the
receiver   local   oscillators.    The   usefulness  of  adaptive  filters

is  also   limited   by  the  generation   of  undesirable   modulation

distortion    products.       Extreme    linearity   and    wide   dynamic

range  radar  receivers  are  very  difficult  to  design.

Pulse   radars,   radar   beacons  and   other  pulsed   electronic

systems  require  larger  power  outputs  from  smaller  and  more

efficient  power  sources.    C  and  X  Bands  are  being  used  more

and   more  -  and  gridded   tube   transmitters  are   being  de-
signed    to    their    maximum    capabilities.       Magnetrons,    kly-

strons,   BWO's  and  C.F.A.  are  often  too   large  and  expensive.

Solid-state  sources  cannot  provide  the   minimum   acceptable

power  outputs.      In   addition   to   more   power,   some   systems
must   meet   other   difficult   requirements.      A   good   example

is  the  pulsed   radar  altimeter.     The  transmitted   pulse   must

be  as  short  as  possible  with  very  fast  rise-times.     For  better

accuracy  and   range,   high   duties   must   be   used.     Any   jitter

present  on  the  transmitted  pulse  destroys the  radar  accuracy.
The  radar altimeter as well  as almost all  other  pulsed  systems

cannot  tolerate  FM  or  AM  distortion  during  the  pulse  period.

Pulsed  phased  array  radars  require  the  maximum  state-of-the-
art  gain  bandwidth  products  to  become  practical,  and   steer-
ing   accuracy   is   limited   by   the   phase   distortion   introduced

during  amplification  of  the  transmitted  or  received  signals.

Many  other  needs  are  present  in  addition  to  the  electrical

requirements  already  mentioned.     There  is  a  constant  desire

to  reduce  system  size  and  weights.    The  mechanical  features

of the  active  components  must  be  compatible with  the  circuit

techniques  used.     Component  packaging  is  important.     Many

missile  or  airborne  systems  meet  extreme  variations  of  tern-

perature,  tolerate   high   levels  of  shock   and  vibration,  and   in
some  cases,  tolerance  to  nuclear  radiation  is  required.     Cer-

tain  new  electronic  systems  must  operate  instantly  or  within
a   few  seconds  after  voltages  are   applied.     The   equipment
must  not  only  tolerate  wide  ranges  of  ambient  temperature
but  must  also  operate  in  a  stable  fashion  at  the  same  time.
Long   life  and  extreme   reliability   are  essential   in  almost   all

systems,   either   because   of  their   complexity,   vital   function

or  to  provide  economical  operation.

All  circuit  designers  are  familiar  with  most,   if  not  all,  of

these    requirements.      The   component   designer   must   also

appreciate  the  circuit  designer's  needs.    The  discussion  pre-

sented   here   relates   recent   efforts   by   one   gridded   vacuum
tube  manufacturer to  meet all,  or as many as  possible,  of the
requirements  mentioned.     It  is  recognized  that all  microwave

functions  cannot  be  performed  by  the  gridded  tube,  but  re-

cent    improvements   are   resulting   in   tube   usage   in   many

functions  previously   relegated   to  more  expensive  and   com-

plex   modulated   electron   beam   devices.      Solid-state   equip-
ments   have   found   usage  only  at  the   lower   power  and   fre-

quency  levels.

NECESSARY   GRIDDED   TUBE   IMPROVEMENTS
The  vacuum  tube  of  yesterday   must   be   significantly   im-

proved  if  it  is to  be  competitive  for  today's  needs.    To  satisfy
these  needs,  certain  tube  characteristics  and  geometries  are
essential.     To  reduce  transit-time   loading  and   phase  delay,

c`Ioser  element-to-element  spacings  must  be   used.     Smaller

cathode  areas   must   be   used   since   transit-time   effects   are

proportional  to  the  active  emission  areas.     Smaller  element-
to-element  capacitances  are  mandatory  to  resonate  tube  and
circuit  at  higher  frequencies.     Series  inductance  inside  the

vacuum  enclosure  can  have  serious  effects  on  tube  operation.
More  efficient  conduction  of   internally  generated  heat  away

from  the  tube   itself  is  necessary   if  smaller  size  and  weight

and  more  power  output  is to  be  obtained.     All  insulating  por-

tions  of  the  tube  must  be  of  low  loss  materials  at  tempera-

tures  much  higher  than  ambient.

Immobile   internal    structures   are   essential.      The    most

difficult  components  in  this  respect  are  the  heater-cathode
structure  and  the  grid.     For  efficient  use  in  strip-line,  cavity

and/or  waveguide  circuit,  the  external   surfaces  of  the  tube
must   be   suitable   for   proper   RF   connection.     Another   me-
chanical  requirement  is  the  maintenance  of  uniform  element-

to-element   spacing  over  wide  temperature   ranges.      Use   of
very   low   coefficient   of   expansion   materials   is   essential   if

complex  compensating  circuitry  is to  be  avoided.

For   microwave   use,   many   additional   improved   electrical

characteristics    are    essential.       High     levels    of    transcon-

ductance  are  required  to  provide  acceptable  levels  of  gain-
bandwidth   product,   and   in   narrowband   circuits  the   pulsed
start   or   rise-times   are   highly   dependent   upon   tube   trans-
conductance.       In    large   signal    devices,    such    as   class   C
operation,  high  transconductance,  well   into  the  positive  grid
region,  is  essential.     Not  only  must  the  tube  cathode  supply
very  high  currents from  small  areas,  but  long  life  at  the  same

time  must  be  assumed.     The  goal   is  always  to  obtain  more

and  more  emission  from  cooler  cathodes.     Many  recent  suc-

cesses  with   high   current  density   cathode   materials   cannot
be  applied  to  the  microwave  gridded  tube.      Even   moderate
cathode     sublimation   can   seriously  affect  the  grid   perform-

ance.      Lower   cathode   temperatures   also   improve   tube   life

and   reduce   the   required   heater   power.      To   obtain    lower
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heater  power at the  same  cathode temperature,  efficient  heat
transfer  from  the  heater  to  the  cathode  is  important.     Closer

mechanical   contact   must   be   used   and   more   mechanically
rugged  designs  result.     Closer  bonding  of  the  heater  to  the
cathode  also  helps  fulfill  the  system  need  for  fast  warm-up.

Another   electro-mechanical   characteristic   not   often   appre-

ciated   is  the   elimination   of   serious   RF  discontinuities   due

to   complex   seals,   radical   changes   in   tube   dimensions   and

other  internal  features  that  produce  parasitic  capacitance  or

inductance.      In  other  words,   it  is  essential  that  a  minimum

amount of  any  circuit  must  be  inside  the  vacuum  enclosure.

This   is  a   partial   summary  of  the   required   electrical   and

mechanical  features  of  a  gridded  tube  designed  to  work  into
the  higher  microwave  frequencies.     The  following  describes

a  new family of tubes  using  manufacturing  techniques  proven

most  successful   in   improving  the   present  tube   state-of-the-
art.

A   NEW   FAMILY   OF   GRIDDED   TUBES
One  of  the  most  important  design  features  of  a  high  per-

formance  tube   is  a   low   loss,   high  temperature  and  vacuum
tight   metal-to-ceramic   seal.     One   of   the   biggest   obstacles
in   this   respect   has   been   in   obtaining   a   seal   between   the

ceramic  material  and  a  metal  of  equal  or  similar  coefficient

of  expansion.     This  has  been  done  using  a   special   ceramic

designed  to  duplicate  the  coefficient  of  expansion  of  titan-

ium   metal.     Titanium   is  also   used   to   provide   the  efficient

tube gettering action  necessary to  reduce  the effect of gas on

ENLARGED   VIEW  OF  A    NICKEL-TITANIUM  SEAL

tube  life  and  cathode  poisoning.     Figure  1   is  an  enlargement

of   a   titanium-to-ceramic   seal    using   nickel   as   a   eutectic.

This   seal   is   made   at   over   1000°C   and   some  of  the   most

successful   life  tests  made  on  a  tube  design  using  this  seal-
ing technique  were  made  at  400°C  ambients.     This  tolerance

to   high   temperature   is   more   important   in   obtaining  higher

levels  of  plate  dissipation  since  400°C  ambients  are  seldom

required.
Using  this  basic   sealing  technique,   very  accurate  control

of  tube   dimensions   can   be   maintained.      Figure   2   demon-

SECTIONE0    CERAMIC    TRIODE

®  ANODE

©  CEftAMIC    SPACEBS

©  HEATER

©  CATHODE    BING

®  tlEATER   CONTACTS

©  GP,D   W,,3E

®  cf]'D   l]'NC

©   OXIDE   COATED   CATHODE

©  CATHODE

strates this feature,  as well  as other features to  be  described
later.    This  is  an  artist's  sketch  of  a  cutaway  section  of  the

7077    triode   -   a    tube    marketed    using    nickel-titanium
metal-to-ceramic   seals.       In   this   tube   type,    all    seals   are

parallel   and   planar.      The   ceramics   are   diamond-lapped   to
close   tolerances.     The   active   cathode   area   is   about   0.05
square  centimeters  for  about   10  rna  per  volt  transconduct-
ance at about  7  rna  of  plate current.    This  small  area  results
in  low  capacitance  and  high  electrical  performance  at  higher
frequencies.    The  heater  used  in  the  7077  uses  radiation  to

heat the  cathode,  since  little  or  no  direct  contact  is  made  to

the cathode itself.

CUTAWAY     SKETCH    OF   THE   Y-1124    TRloDE
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Figure   3   is  a   simplified   sketch   of  a   more   recent  design,

developmental   type   Y-1124.      Note   the   reduced   volume   of

ceramic    used.      The   Y-1124   also    uses   a    combination    of

planar  and   coaxial   seals.     The  coaxial   anode   seal   provides
a    lower   capacitance   and   more   efficient   RF   design.      This

basic    configuration    has    been    used    commercially    to    9.6

gigahertz  as  a   radar  beacon   local   oscillator.      Figure   3  also
shows   the   basic   features   of   a   new   bonded   heater-cathode
structure.      The   heater   is   bonded   inside   a   flat   insulating

material   attached   to   the   back   side   of   the   oxide   coated
cathode.     The  cathode  is  heated  by  conduction   rather  than

by   radiation.      Several   advantages   result   from   this   bonded

heater.     One  of  the  most  important  is  a  drastic  reduction   in

warm-up  time  required  for  the  plate  current  to  reach  90%  of

the  steady-state  valile  after  heater  power  is  applied.     Figure

4  shows  this.    The  reduced  mass  curve  is  the  basic  structure



WAPM-up   cHABACTEpisTics    FOR   vAFnous
HEATEf`-CATHODE   CONSTibETIONS

0

a        DIREHEAT

T

0 /
EONHEAT DR /

0
F\EDU EDM SS

ONV NTION L

/
0 2 4 6 810'21416' a

TIME    IN    SECONDS

Flo. 4

shown   in   the   7077,   Figure   2,   using   low  cathode   mass   and

extremely  thin  support  wall  material.     This  structure  was  not

mechanically  secure,  and  the  regular  7077  dimensions  must

be   used.      The   regular   7077   is   shown   on   the   right.      The

fourth    curve   shows   the   warm-up   characteristics   of   a   de-
velopmental    directly   heated   cathode.      This   design    is   not

presently   offered   for   sale   but   is   adaptable   to   the   planar
structure.

A  second   advantage  of  the   bonded   heater   design   is   the

very     significant     reduction     of    tube     microphonics.   (Micro-

phonics   are   electrical   signal   outputs  generated   by   internal
element  movements  when  the  tube   is  shocked  or  vibrated).
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Figure   5   is  a  reproduction  of  the  microphonic   outputs  as  a

function  of  frequency  as  the  tube  under  test  is  vibrated  at  a

log   level   from   30   hertz   to   5   kilohertz.      Note   the   bonded

heater  construction   is  for  all   practical  purposes  microphonic

free.     Microphonic     levels  can   be  used  to  predict  microwave

performance  where   such   undesirable   results,   such   as   pulse

jitter,  pulse  bounce,  and  FM  and  AM  distortion  can   limit  tube
usefu I ness.

The  extra  performance  available  when  the  tube  is  operated

at  high  cathode  current  densities  is  useful  only  if  acceptable

life   can   be   obtained.      The   use   of   titanium   as   the   major

metallic   portion   of   the   tube,   use  of   high   temperature   bake-

out  and  the  use  of  very  good  vacuums  available  from  bell-jar

exhaust  systems  result   in  extremely   low   levels  of  gas  within

the  tube.     The  ability  of  any  gas  to  cause  cathode  poisoning

and   short   life   increases  when   the   tube   is   operated   at   high

4

current  densities.     The   proof  of  very   low  gas   levels   in   the

new  tube  family  is  shown  in   Figure  6.     This  data  shows  that
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excellent  life  is  obtained  at  current  densities  greater  than   1

ampere   per  sq    cm    of  active   cathode  area.     This   level   of
operation   can   be  compared  to  the   highest   level   of  current

density   used   in   a   TV   set,   less   than   100   rna   per   sq   cm.

Similar   good   results   have   been   obtained   on   pulsed   rated

types.      Figure   7    is   a   plot   of   pulse   power   output   as   a
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function   of   tube   life.      This   data   was   taken   on   the   7911

triode  operating  at  about  9  amperes  per  sq    cm    during  the

plate   pulsed   period.     The   peak   RF   currents  would   be   near
30  amperes  per  sq    cm.     The  top  curve   is  a   plot  of   power

output   vs.   time   with   the   tubes   actually   being   life   tested

with  only  the  heater  voltage  applied.      In   some  applications,

this  type  of   life  test   is  more  difficult  than   actual   operating

life.      This   standby   life   is   the   average   of    12   tubes.      The

second   curve   is   a   plot   of   power   output   vs.   time   with   the

tubes  operating  in  a  4100  mhz    life  test  cavity.     This  is  the

average  result  on  16  tubes.

Significant  improvements  in  the  electrical,  mechanical  and

thermal  characteristics  of  the  grids  used  for  the  new  family

were   necessary.     Two   basic  grid   fabrication   techniques   are

used.     Figure  8   is  a  sketch   of  the  two  constructions  used.

The  sketch  on  the  upper   left  is  a  mechanism  for  obtaining

a   very   high   degree   of  grid   wire  tensioning.      The   materials

and   mechanical   features   are   arranged   so   that   as   the   grid
cools  after  the  exhaust  bake-out,  the  difference  between  the

coefficient  of  expansion  of  the  tungsten  grid  frame  and  the
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titanium  distorts  the  grid  frame  in  a  direction  that  tensions

the  small  lateral  wires  on  the  grid  frame  washer.     This  con-
struction  has  resulted  in  significant  reductions  in  the  level  of

microphonics   measured   on   tubes   using   more   conventional

grid-making   techniques.    The   sketch   at   the   bottom-center
uses  a  grid  ring  similar  to  the  other  sketch  on  the   left,  but
in  this  case,  heavy  support  wires  are  wound  at  right  angles

to  the   small   grid   wires.     All   physical   connections   between

both  wire  sizes  and   the  grid   ring  are   brazed  together   in   a

high    temperature    furnace.       This    grid    receives    its    rigid

characteristics  from  the  rigidity  of  the   large  support  wires.
These  large wires  also greatly  improve  the  thermal  properties
of the grid.    The  higher  powered  tube  types  use  the  support-
wire  grid   for  this   reason.      Further  work   is   being   done   at
this  time  to  provide  even  better  grids  to  provide  even  higher

performing tubes.
Most    recent   efforts    to    obtain    the    optimum    grid    has

resulted   in   an   etched-frame   support   grid   structure.     This

mechanical   configuration   is  shown   in  the  photo,   Figure  8A.

The   large  vertical   bars  are  electro-etched  and   are  typically

20  to  40  mils  wide.     The  smaller  horizontal  bars  are  chem-
ically€tched  and  are  typically  2  to  4  mils  wide.     The  actual

high   performance   portions   of  the  grid   are  the   small   wires
running  diagonally.     These  wires  are  typically  .3  to  1.0  mils

in  diameter  depending  upon  the  triode  performance  desired.
After  final   assembly,   high   temperature   brazing   bonds  each

portion  of  the  grid  to  its  adjacent  component.     Each  of  the
small   wires   are   inspected   under   a   microscope   to   assure

proper    brazing    between
support.      Grids   can   be   co:i
tions  of  these  techniques.

ch    wire   and    its   etched frame
structed   with   various   combina-

The   large  vertical   bars  can   be

nested  into  slots  in  the  cathode  to  provide  close  spacing  be-

tween   the   small   grid   wires   and   the   active   portion   of   the
cathode.     Grids  using  only  the  chemically-etched frame  can

be  used  with  the  frame  facing the  tube  anode  and  more  effi-
cient   use   of   the   available   cathode   area   is   possible.     This

structure    results    in    grids    capable    of    conducting    larger

amounts  of  heat,  covering  larger  active  cathode  areas  and
extra   high   performance.      Triodes   using   these   techniques
have  been  built  with   cathode   areas  of  over  two  square  cen-
timeters,  transconductance  approaching  one  mho,  and  extra
high  dissipation  capabilities.

Most of the  heat generated  in  the tube  must  be  dissipated
by  the  anode  and   its  heat-sink.     Unfortunately,   titanium   is

not   an   excellent   conductor  of   heat,   and   other   than   solid
titanium  anodes  must  be  used  on  higher  power  rated  types.
The  sketch  of  a  cutaway  view  of  a  combination  copper  and
titanium   anode   is   shown   on   the   left   in   Figure   8.      Heat

dissipation  capabilities  sufficient  to  prevent  tube  failure  at

maximum   cathode   current   capabilities   has   been   obtained

using this bi-metal  anode  design.

The  basic  construction  techniques  used  on  the  new  tube
family  permits  the  modular  construction  of  several   possible
external     configurations    with     identical     internal     features.
Figure  9  shows this feature.    The types  7077,  GE  14501  and
Y-1266   have  similar  internal   construction.     All   three  types
have  the  same  grid  connector  size  and  configuration.     The

7077   uses  button-type  heater  connections  with   a   recessed
cathode  terminal.     This   provides  an   external   outline   more
suited   to   clip-type   sockets   useful   at   the   lower   microwave

frequencies,  and  the  GE  14501  is the  small  tube adapted  for

use  in  coaxial  cavity  circuits.     The  Y-1266  is  similar  to  the

GE  14501   except  for  the  anode.     The   larger  Y-1266  anode
can  dissipate  more  heat  since  more  contact  and  heat-sinking
areas are  provided.

VAPIOuS   GEOMETPIES   SHOWING   MODULAR

CONSTFIUCTION
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ln  the  half-inch  series  (approximate  diameter of  the  ceram-

ics)   the   7768   can   be   compared   directly   with   the   Y-1540.

The  7911   can   be  compared  with   the  Y-1236.      Each   one   is

identical   to    Its   counterpart,   except   for   the   anode.      The

7768  and  7911  are  rated  for  about  6  watts  of  anode  dissipa-
tion.     The  Y-1540  and  Y-1236  are  rated  at  30  watts  and  use



the  anocle  design  shown  in  Figure  8.    The  largest  series  (five-

eighths  of  an  inch  ceramic  diameter)   is  shown  at  the  right.

The first tv\/o  developmental  types are  the  Y-1536  and  Y-1636.

The  Y-1536   has  0.6   sq   cm  of   cathode   surface   and   is  de-
signed   for   grounded   grid   amplifier   use.      The   Y-1636   has
0.8  sq  cm   of  cathode  area  and   is  the   largest  of  the   new
family.      This   type   has   an   enlarged   copper-titanium   anode

that  has  dissipated   100  watts.     The  Y-1636  is  designed  for

groundec]  cathode  use  in  a  re-entrant  ca\rity  oscillator.
Significant  data  has  been  taken  to  demonstrate  the  power

output   versus   frequency   capabilities   of   the    new   ceramic

tube  family.
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Figure  10  is  a  plot  of  CW  output  versus  frequencies.    The

approximate   plate   efficiency   is   also   shown.      This   curve

was   constructed   from   a   variety  of   measured   results   on   a
variety of  tube  types.    At  lower  frequencies,  the  larger  tubes
are  recommended.     At  higher  frequency  the   smaller  tubes
were   evaluated   to   determine   the   power   outputs   available
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within  tube  maximum  rating.     The  data  shown   in   Figure   111

shows  the  plate  pulsed  capability  of  the  pulse  rated   types.
This  data  was  obtained  in  a  similar  fashion.

Using  the   grid   techniques   shown   in   Figure   8,   very   high

levels  of  transconductance  are  obtained.     For  example,  the
type  7768  is specified  at  about  50  rna  per volt and  this  is ob-

tained  with  about  25  rna  of  plate  current.     The  7768  has
demonstrated   very   high    levels   of   small    signal   gain-band-

width   products.     The  7768  has  been  evaluated   in   a  triple-
tuned  pulsed  circuit  at   1.3  gigahertz.     A  gain   of  about   14

6
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db  was  measured  with  a  three   db   bandwidth   of  near   165
megahertz.     This  calculates  to  about  4800  megahertz  gain-
bandwidth.       Figure    12    also    shows    the    circuit    arrange-

ment  used  for  the  triple-tuned   1.3  gigahertz  amplifier.     The
response  obtained  is  also  shown.
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New   military   electronics   systems   must   tolerate   a   large
variety  of  adverse  environments.    Figure  13  is a  brief  resume

of  the  conditions  which  the  metal   ceramic  triode   has  sur-
vived.     The  most  severe  of  these  required   the  combination
of  the  bonded  heater-cathode  structure,  extra  strong  ceram-
ics,  mechanically  rugged  grids  and   new  sealing  techniques
available  only  in  the  new  planar  ceramic  tube  family.

NEW   AND   IMPROVED   EQUIPMENTS
IV[ADE   PRACTICAL

It   is,   however,   fair   to   state   that   many   new   equipment
concepts  have  been  made  practical  as  a  result  of  the  extra

performance  available from  the  new tube  designs.    There  are
several examples of this.

Distance   measuring   transponders   are   being   used   today

aboard    military,   commercial    and    private   aircraft.      These
units   send   out   coded   pulses   which    interrogate   a   special
transmitter  located  at  a  known  location.    The  roundtrip  time
of  the  interrogating  and   reply  pulse  are   used  to  determine

the   line  of   sight  distance   from   the  aircraft   to   the   ground
station.     These  equipments  are  used   in  the  military  TACAN

and   VORTAC   systems.      In   commercial   and   private   usage,

they   are   referred   to   as   DME   (distance   measuring   equip-

ments).     To   identify   the   large   number   of  ground   stations,

many  different   frequencies  must  be   used.     The   most   used
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spectrum   is  from   1125   megahertz  to   1250   megahertz  with

one   megahertz   channel   separation.      Previous   designs   use

four  stages  of  single-tuned   RF  amplifiers  that  must  be  me-

chanically  tuned  and  tracked  across  the  assigned  spectrum.

This  equipment  was  large,  expensive  and  heavy.     The  newer

version  of  TACAN-DME  will   use  four  stages  of  double-tuned

RF  amplifiers  broadbanded  to  cover  the  complete  spectrum
of  125  megahertz.     One  designer  reports  a   10  to  1  reduction

in   both   size   and   weight   using   the   new   ceramic   tubes   de-

scribed   here.      There   are   at   least   five   companies   in   the

United   States   with   this   new   system   concept   in   design   or

prototype   production.     Almost  without  exception   all   stages
for  all  five  companies  are  using  the  new  ceramic  tube  family.

Radar  altimeters  for  aircraft  use  have  been   in  service  for

years.     However,  for  modern  aircraft,   more  accurate   instru-
ments   are   needed.      More   accuracy   requires   higher   trans-

niitting  frequencies  and  shorter  rise-times  and  durations  for

pulsed  systems.    The  small  planar  tube  has  met  these  needs.
Pulse  durations  of  a  fraction  of  one  microsecond  are  easily

obtained  and  pulse  powers  up  to  over  one  kilowatt  are  prac-

FIG.14

tical  for  long-life  transmitters.     Figure   14  is  a   photo  of  the

APN-171  pulsed  radar  altimeter.     Pulsed  powers  of  over  150

watts   are   available   for   pulse   durations   of   less   than    100

nanoseconds.     The   transmitted   frequency   is   approximately

4300  megahertz.    This  unit  also  uses  a  small  planar  ceramic

tube  as  the   local   oscillator   for  the   receiver   portion   of  the

altimeter.
The  higher  transconductance  triode  types  are  being  used

in   other   broadband   applications.      The   7768   test   results

shown    in    Figure    12    relate   the    performance    in    the    pre-

amplifier   stages   of   a   phased   array   module.     Triodes   were

evaluated  in  these  tests  because  of their  low  phase  distortion

and  delay.     The  complete  module  which   is  not  shown   here

was   being   developed    to   compete   with    the   TWT.      Other

broadband  amplifications  include  ECM  amplifiers  and  broad.

band  Doppler  radar  amplifier  chains.     The  triode  offers  small

size,    high    efficiency   and    an    economical    solution    to    the

problem   of   obtaining   wideband   operation   and   high   power
Outputs.

In  the   United  States,  there   is  a   program  to   up-date  the

present    aircraft    handling    facilities   at    large,    metropolitan
airports.     There  is  a  similar  program  to  provide  better  iden-

tification   for   military   aircraft.      These   programs   have   been

combined   under   the   AIMS   Program.      The   hoped-for   mass

employment   of   identification   beacons   on   all   aircraft   of   all

sizes  demands  a  low  cost,  small  size  and   high   performance

beacon  transmitter.     One  offering  by  General   Electric   uses

two   of  the   new  family  for   a   master  oscillator-power  ampli-
fier   arrangement.      This    is   done   to   provide   the    required

frequency  stability.     Figure  15  is  a  photo  of  this  unit.     The

Y-1537    triode    is    designed    specifically    for    this    applica-

tion   requiring   long   life   and   good   reliability.      These   equip-

ments  are  often  referred  to  as  ATC,  air  traffic  control,  and/or

IFF,  identification  friend  or  foe,  transponders.

Most   radars   used   for   aircraft   and   missile   tracking   use

radar  beacons  to  augment  the  radar  returns.    These  beacons
must  operate  at  the  radar  frequency.     Several  designs  have
been   manufactured   using   the   new   ceramic   planar   triodes.

The  local  oscillator  for  the  beacon  receiver  uses  the  smaller

triodes  up   to  about   10  gigahertz.      Some   designs  operating

at  lower  frequencies,   up  to  6  gigahertz,  also  use  the  triode

in   a   pulsed   oscillator  transmitter.     Triodes   are   being   used

here  because  of  their  small  size,   low  cost  and  simple  power

supply   requirements.     The  frequency   stability  of  the  triode

is  important   in  these  applications.     Triodes   have  also   been

shown  to  produce  less  sideband  noise  when  compared  to  the

reflex    klystron,    magnetron    and    varactor    multiplier.       This

desirable   feature   is   very   important   in    low   noise   receivers

and  in  Doppler  radar transmitters.

Another  high  frequency   use  for  the   small   planar  triode   is

in   hand-held   radar   applications.      Many  of  the   performance

features  mentioned  for the  radar  beacons  apply  here  with  the

extra  requirement  for  low  power  consumption.     The  triode  is

being   evaluated   for   use   as   both   a    local   oscillator   and   a

pulsed  transmitter.
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The   215-260   megahertz   telemetry   band   now   being   used

must  be vacated  before  1970  to  release  these  f requencies  for

other   services.    The   new   bands   are    1435-1535   and   2200-

2300  megahertz.     Planar  ceramic  triodes  are   being  used   as

power  drivers  and  output  stages   in  the  new  equipments  de-

\`ie,`
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signed   for   these   higher   frequency   bands.      Figure    16    is   a

photo  of  a   small   2200-2300   megahertz   transmitter   using   a
Y-1266  triode.     This  unit  delivers  2  to  3  watts  of  CW  output

with    a    large    signal    gain    of    over    10    db    and    an    overall

efficiency  of  over  25°/a,   including  heater  power.     The  Y-1266

is  shown   beside  the  grounded  grid   coaxial   amplifier.      Other

systems   near   these   frequencies   use   similar   types   and   cir-

cuitry.     One   of   these   is   a   recent   collision   warning   system.

This   equi.pment   requires   narrowband   amplifiers   with   about

35  db  of  gain  and  approximately   1   kilowatt  of  pulsed  power

output.      Only   three   stages   are   required   if   tubes   from   this

new  family  are  used.

The   last,   biit   not   least,   application   for   the   new   planar

triodes  mentioned   here   is   in   high   frequency   signal   genera-

tors.      The   small    Y-1266    is   being   designed    into   two    new

oscillators    by   one   manufacturer.      The   almost    equal    grid

to  cathode  and  grid  to  plate  capacitance  makes  the  Y-1266

ideal  for  butterfly  type  c.ircuits.     The  photo  shown   in   Figure

17  shows  the  Y-1266  and   7768  bemg  used   in  a  new  design

signal    generator    recently    released    by    General    Radio.       In

addition  to  the  wide  tuning  range  available  from  the  Y-1266,

the  tube  was  demonstrated   to  be  superior  to  other  competi-
tive  triodes  in  terms  of  short  term  and   long  term   frequency

stability.   The  7768  is  used  as  a  broadbanded  power  amplifier

8

to   provide  additional   signal   generator   power   output   and   to

improve  frequency  stability  under  wide  variations  of  load   im-

ppedance.     The  Y-1641   bonded  heater  version  of  the  7486  is
being  used   in  a  very  stable,   local   oscillator  for  a   new  spec-

trum  analyzer  being  manufactured  by  the  Tektronic  Corpora-

tion.     Most  of  the  significant  new  uses  for  the  new  ceramic

family   have    been   mentioned.      There   are    numerous   other

uses  which  cannot  be  described  here.     These  uses  were  de-

scribed   in   terms   of   the   functions   required   and   the   equip-

ments   jn   which   they   are   used.      More   detailed   application

information  will  now  be  discussed,

APPLICATloN   NOTES   0N
PLANAR   TRI0DES

TUBE   CONNECTIONS  Ab|Q  CONTACTS
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At   high  frequencies,   good   RF   connections   to   the   active

elements of the tube  to  be  used  are  fundamental.     Figure  18
shows  several  sketches of the various  methods  of  connecting
to   the   desired   tube   element.      One   additional    significant
feature of the  new tube  family  is the  ability  to  solder  directly

to  the  tube  elements.     It  has   been   found  almost  essential
to  use  soldered  connections  on  circuits  that  must  take  very
high   levels   of   shock   and   vibration.      This   method   of   con-

nection  is  recommended  wherever  practical.

Two  basic  cavity  designs  have   been  used   most  often   for
the   higher   microwave   frequencies.      Most  oscillators   use   a
re-entrant  type  circuit  which  is  basically  a  grounded  cathode
amplifier   with    built-in   feedback.      The    amplifier   stage    is

almost  always  a  grounded  grid  circuit.

TUBE-CAVITY      C.OMBINATION

COAXIAL   OUTPUT
CONNECTOR

FIG-19

Figure    19    is   an   artist-sketch   of   a   common    configura-
tion    used    for    oscillator    tube-cavity    combinations.       The
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most   useful   tube   geometry   is   the   outline   which   has   the
cathode   as   the   largest   external    diameter   element.      The

cathode  can  then  be  clamped  or  soldered  to  the  cavity  body
with   a   diameter   large   enough   to   accommodate   the   other
cavity  elements.     The   heater   voltage   can   be   applied   with
ease  and  without  consideration  of  RF  bypass  or  decoupling.
A  grid   cylinder  is  attached  to  the  grid  flange.     The   length
of this cylinder  rs .chosen  to  resonate  as a  half-wave  resonant
circuit.    One  pctrtion  of the  half-wave  circuit  is  foreshortened

by  the  grid  to  plate  capacitance  of  the  tube  and  the  other
end   of   the   half-wave   circuit   is   open-ended   and   untuned.
This  places  a  voltage  maximum  at  the  open  end  of  the  grid
cylinder.     At  this  point,  the  voltage  is  further  resonated   by

tuning  the  remainder  of  the  plate  coaxial  cavity  to  the  same
desired   frequency.      This   usually   is   a   quarterwave   circuit
tuned   by  the   placement  of  the  anode   choke.     This   choke
can  take  many  forms  but  the  basic  purpose  is  to  provide  a
short-circuit  for  the  tuned  RF  voltage  present  on  the  anode
center  conductor  while  providing  an  open-circuit  for  the  DC

applied  to  the  anode.     The  choke  shown   in   Figure   19   is  a

single-tuned,  quarter-wave  choke.     The  open  circuit  seen  by

the  choke  looking  out  of  the  cavity  towards  the  DC  connec-
tion  is  transformed  into  a  short  circuit  at  the  inside  end  of

the  anode  choke.     The  short  circuit  at  this  point  is  required
to  prevent  RF   leakage.     Chokes  using  two  or  more  quarter-
wave  sections  can  also  be  used  where  extra  choking  action
is   required   and   space   is   no   problem.      The   oscillator   fre-

quency  can   be  changed   up  to  about   loo/o   in   frequency  by
moving  the   position   of  the   anode   choke   inside   the   cavity
body.     Further  frequency  range  can  be  obtained   if  the  grid

cylinder  length  can  be  varied  at  the  same  time.     The  design

of  the  cavity  circuit  from  the  end  of  the  grid  cylinder   look-

ing  back toward    the  cathode  end  of  the  cavity  is  important.
This  length  most  often  must  look  like  a  three  quarter  wave-
length   circuit  to   provide   proper  phasing  at  the  end   of  the

grid  cylinder.     Feedback  is  provided,  since  the  basic  circuit
resembles   a   Colpitts   oscillator   circuit.      Resonance   is   es-

tablished  between  the  grid  and  anode  and  feedback  is  pro-
vided  by  the  voltage  developed   across  the  grid  to  cathode

capacitance.     Power  output  can  be  extracted  by  inserting  a
capacitive   probe   near   a   high   RF   voltage   point   inside   the

tube-cavity   combination   or   an   inductive   loop   near   a   high

RF  current  point.     This  is  usually  done  along  the  grid  cylin-

der  for  mechanical   reasons.     In  some  cases,  a  combination
loop-probe  is  used  when,  for  mechanical   reasons,  a  current
or  voltage  maximum  point  is  not  easily  located.

COAIIAL   CAVITY   AMPLIFIER

9

Figure  20   is  a  cutaway  sketch  of  a  typical   amplitier  cir-

cuit.     This   is  the   basic   circuit   used   for  the   Y-1266  tube-

cavity  shown  in   Figure  16.     At  2300  megahertz,  the  capaci-

tances  of  the  Y-1266  are   sufficiently  low  to  permit   use  of

quarter-wave   resonators  in   the  cathode   and   anode  circuits
of   this   grounded   grid   configuration.      Quarterwave   circuits

produce,   among  other  things,   smaller   size   and   weight   de-
vices  but  limit  the  upper  useful  amplifier  frequency.     In  the

arrangement   shown   in   Figure   20,   the   grid   is   DC   isolated
using  mica  by-passes.     Bias  can   be  fixed   using  a   DC  value

of grid  voltage,  or a  grid  leak  or cathode  resistor can  be  used

for  variable  bias.     The   input  signal   is  applied   using  an   in-

ductive   loop.     The   input  capacitance   is  usually   larger   than

the  output  capacitance,  and  it  is  more  difficult  to  obtain  a
high  RF  voltage  point  inside  the  cathode  cavity.    The  output
is   taken   from   a   voltage   probe   in   the   anode   cavity.      The

cathode  cavity  is  loaded  heavily  with  the  low  impedance  of
the grounded  grid  input arid  is  usually tuned  near the  desired

frequency.     Further  tuning  is  not  necessary  over  a  relatively
wide  frequency  range.    The  anode  circuit  must  resonate  the
input   frequency,   and   in   this   amplifier   the   anode   cavity   is

tuned   by  susceptance   loading  of  the  output  cavity,     Brass

slugs   are   inserted   which   in   effect   raise   the   resonant   fre-

quency.    Two  slugs were  necessary to tune  the  desired  range
of 2200  to  2300  megahertz.     In  some cases,  the  plate circuit
can  be  tuned  to  a  frequency  much  higher  than  the  cathode
circuit.     In  this  case,  where  higher  frequencies  are  desired,

a   half  or  three-quarter  wavelength   cathode  circuit   is   used.

This  lengthens  the  cavity  length  and  increases  the  size  and

weight.
In  most  amplifier applications,  bandwidths  as well  as  other

RF   performances   are   important.      For   maximum   bandwidth,

only   quarterwave   circuits   should   be   used   as   suggested   by

BANDWIDTH    SHf`iNr{AGE  EFFECTs   oF  A  CAviTv
VS.  THEof`ETICAL   AVAILABLE    BANC)WIDTH
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Figure   21.     This   is  particularly  true  for  the  anode  cavity  or

circuit.      However,   for  oscillators,   multi-wave   length   circuits

are   actually   recommended   for   maximum    stability   and    ex-

tending  usefulness  to  higher  frequencies.     The   narrowband-

edness  of  the   multi-tuned   circuit   improves   stability   by   pro-

viding   higher   effective   Q's,   and    half-wave    circuits   provide

resonance   at   higher   frequencies.       Half   and   three-quarter

wavelength  amplifiers are  used  to  extend  the  upper  frequency

of  some  of  the   large   power  triodes  and   tetrodes.      In   multi-

tuned  circuits  used  for  broadbanded  circuits,  it  is  sometimes

impractical  to  use  quarter-wave  circuits  throughout.

There  are  many  insidious  design  features  in  most  success-
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ful  tube-cavity  designs  which  the  designer  is  usually  hesitant

to  describe,  and  there  are  also  no  sure-fire  design  equations.

For  these  reasons,  original  designs  require  a  large  amount  of

trial  and  error.     To  provide  a  maximum  number  of  variables,

the  cavity  shown  in  Figure  22  was  built.     The  feedback  can

be  adj.usted  by  adding  lengths  of  coaxial   line  at  the  cathode

end.     VarioLls  lengths  of  grid  cylinder  can  be  inserted.     The

anode  choke  assembly  can   be   moved   to   change  frequency.

Various  kinds of  bias  can  be applied,  and  the  output  coupling

can  be adjusted  as desired.     Using this  cavity,  the  type  7910

was  evaluated  over  the  freqLiency  range  and  cathode  current

MICROWu/E   PERFOF`MANCE  iT  !±!£±±   CURRENT  DE:NSITIES

- -
i

\£0.I,\ ::.:3r,=±j=~E:i+c{N^C

*u2\

£o.\ 4'€- 1£fa \ \\
4o

-\ \ \\'`>ga

de
\ \\

NOT N2I3
a     [FFicleNcv

® 7

ONT YPE   7®'0 I-t23\\,9
C^TNODE  ^AE^
^F,PROX.  a.07  CWI2

Flo. 23                                     FREQUENC.V    IN   CICActcLES

densities  shown   in   Figure   23.     These  results  also  show  the

significance   of   high   current   density   operation   already   dis-

cussed.

PRESENT   STATUS   0F   NEW   TUBE   FAMILY

A   new   family   of   lug   terminal   planar   tubes   has   been   de-

veloped    for    lower   frequency    use.       The    high    temperature

tolerance,   extreme   mechanical   ruggedness  and   high   electri-

cal  performance  available  from  the  internal  dimensions  of  the

new   tube   fabrication   techniques   result   in   their   usefulness

at   low   frequencies.      Figure   25   is  a   photo  of   most   of  the

available  external   outlines.     These  tubes  are  well   suited   for
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socketed   circuits,    printed   circuits   and    socketless   circuits.

Some  of  the  outlines  use  a  "T"  bolt  which  is  attached  to  the

heater-end    ceramic.      The    tube    can    be    mounted    to    any
supporting  surface,   and  the  tube  serves  as   its  own  terminal
strip.      This   method   of   tube   mounting   is   particularly   useful

±Q±LW     F.REQUENCY      APPLICATIONS
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where  wire-wrap  joints  are  used.     Figure  26  is  a  brief  list  of

successful   low  frequency  applications.     Figure  27  is  a  photo

showing  the  available  high  frequency  or  microwave  outlines.

These  are  the  types  most  discussed   in  this  paper  but  some

of  the  types  shown  are  older  designs  using  conventional  seal-

ing  techniques.     Figure  28   is  a   photo  of  the   latest  develop-

mental  types.   Only  a  portion  of  these  tubes  is  available.   The

most  significant  of  these  are  the  two   larger  tubes  shown   at
the  center  of  the  photo.     Up  to  one  kilowatt  of  CW  power  out-

put    at    I.3    gigahertz    has    been    obtained    at    about    65°/o
efficiency.      Transconductance   over    500   rna    per    volt    has

been   obtained.      The   smaller   tubes   have   been   operated   as

oscillators   to   frequencies   up   to   16   gigahertz.
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Notes on the performance
and  application  of

the Microwave Circuit
Module,  MCM

THE   MICROWAVE   COMPONENT
ANI)    ITS   CIRCUIT

It  should  be  obvious  to  the  reader  that  a  planar  ceramic
tube,     transistor,     tunnel      diode,      avalanche      diode     and
other   active   components  must   be   applied   to   some   circuit
arrangement.      General   Electric   Company  has  and   is   active

in   the  manufacture   of  most  of  these   devices   and   has  de-

veloped    a    lot    of    "know-how"    in    the    normal    routine    of

evaluating, testing  and  specifying  gridded  tubes, back-diodes,

tunnel  diodes,  etc.   In  many  cases,   the  completed   circuit   is

demanded   by  the   customer  who   knows   the   importance   of
careful    "mating"   of   the   active   component   to    its   circuit.
Continuing  efforts  are  being  directed  towards  circuits  using
the   new  generation   of  small   planar   ceramic   tubes.      These

tubes   have   been   discussed   earlier   in   this   brochure.      This
line  of  packaged   components  is  being  expanded  to   include

solid-state  active  components,  isolators  and  circulators.

The   term   Microwave   Circuit   Modules,    MCM,    is   used   to

describe    various    circuit    arrangements.       The    weH-known

tube-cavity   combination   using   coaxial    resonators   are   used

along  with   strip-line   configurations.      Lumped-constant   Coils

and   capacitors  are   used   at   lower  frequencies.     The   choice
of  circuit  configuration  and  active  component  depends  upon

the  application   requirement.     A   large   percent  of  these   ap-

plications    are     discussed     earlier     in     this     brochure     with
exception  of  the  applications  served  only  by  solid-state  Com-

ponents.     A   brief   suggestion   of   the   more   significant   Solid-
state applications are:

•   Lower    frequency    low    voltage    local    oscillators    using

transistors
•   More  reliability  in  less demanding  applications

•   Small  size and  weight  where  only  few  active  components

are satisfactory
•   Higher    CW    power   outputs   at    higher    frequencies    as

available from  varactor  multipliers

•   Lower noise figures

•   Maximum   overall   efficiency   where   tube   heater   powers

are   much   larger  than   the   signal   powers

Future  plans  for  the  MCM  will   be  directed  towards  these

applications.

MOM   PERFORMANCE   CAPABILITY

The   overall   tubed   MCM   capability   as   a   function   of   fre-

quency  is  shown   in   Figures  10  and   11.      In  almost  all  cases
the    power   outputs   are   above    the    figures    available    from

single-component  solid-state  devices.     The  exception  to  this

would  be  varactor  multiplier  and  certain  active  diodes  which

produce  more  CW  power  at  frequencies  of  X-band  and  over.

il

There  are,   however,   experimental   MCM   results  that  yield

%  to   1/2  watt  CW  outputs  at  9.6  gHz,   using  a   single  tube-
cavity combination.

When  an  active  component  is  added  to  a  circuit,  certain

additional    performance   criteria   are   necessary.      The   MCM

can   be   designed   to   meet   these   requirements   with   typical

performance  as fol lows:
•   ±  1y2  mHz.  pulling  at  C-band  for  VSWR's  of  up  to   1.5

to  1  depending upon  the circuit
•    100  KHz.  per  volt  plate  voltage  pushing  about  a  normal

operating condition at C-band
•   15   KHz.   per  degree   centigrade   frequency  drift   over   a

temperature  range  of   -55°  C  to   +125°  C  at  C-band
•   Down  to   1   oz.  weight  and  0.5  cu.   in.  volume  at  higher

frequencies
•   Survival  at  shock  levels  of  over  15,000  g's

•   Down  to  3  secs.  or  less  warm-up-90°/o  of  steady state

currents

APPLICATION   0F   DC   AND   MODULATING
VOLTAGES   TO   THE   MOM

There  are  several  methods  of  applying  the  necessary  volt-

ages   to   a   pulsed   amplifier   or   oscillator.      Pulsed   voltages

must   be   applied   with   caution,    because   the   tube   cannot

tolerate  the  usual  pulsed  levels  on  a  continuous  basis.     The

vAF}ious   l±!!E-cAviTy     puLsiNG   af]cuiTs
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circuits   shown   in   Figure   24   show   the   various   methods   of
applying  the  pulsed  voltages.     All   of  these  are  not  used   at

one  time  and  are  presented  here  to  show  all  possible  combi-

nations  individually.

The  most  common  pulsing  circuit  uses  a  pulse  transformer

to   supply   a   large   positive   voltage   on   the   tube   anode   only

during  the  on-time.     In  this  case,  Swl  is  switched  from  the

position   shown.     The   cathode   is  grounded   and   a   grid   leak
resistor,  Rg,  is  used.     The  current  levels  can  be  adjusted  by

changing  Rg.     This  is  the  circuit  fQr  maximum  reliability  and

performance.     Since  the  tube  has  high  voltages  applied  only
during    the    plate    pulsed    periods,    no    serious    arcing    can

normally  occur,   since   in  most  cases  the  voltage   is  removed

after   a   microsecond   or   so.      Higher   voltages   and   currents

can   be   used,   and   more   pulsed   performance   results.      This

type  of  pulsing  requires  the  largest  amount  of  pulser  power.

Where  lower  pulser  powers  must  be  used,  grid  or  cathode

pulsing  is  used.     The  plate  is  connected  to  a  high  Voltage  DC
source    through    a    filter    network.       For    grid    pulsing,    the

cathode  is  grounded  and  a  positlve  pulse   is  applied  through
some  value  of  grid   resistor,   Rg.     A   bias  voltage.   Egco.   suf-

ficient  to  cut  the  tube  off  during  the  pulse-off  period  is  used.



The  pulse   level  and  Rg  are  adjusted  to  give  the  desired  cur-

rent    levels.      Cathode    pulsing   can   be   applied    in    a    similar

fashion   by  grounding  the  grid   and   applying  a   negative   pulse

with   the  tube  cut  off  with  a   positive  cathode  voltage,   Ekco.
Swl   would   be   in   the   position   shown.      In   grid   pulsing,   the

pulser   must   supply   only   the   pulsed   grid   current,   and   the

pulser    can     be    a    relatively    high     impedance    device.        In
cathode   pulsing,   the   pulser   must   supply   the   pulsed    tube

cathode   currents.      For   this   reason,   the   pulser   must   be   a

high   current   source   of   relatively   low   impedance.      A   value

of  Rk  can  be  chosen  to   limit  the   peak  currents  drawn   from

the   pulser   and    provide   the    DC   degenerative    effects   of   a

cathode  resistor.

Cathode  and/or  grid  pulsing  usually  results  in   less  reliable

operation.      Unless  care   is  taken,  the   slightest  tube  arc  can

destroy   the   tube.      All    the   energy   available   from    the    DC

source  can   be  "dumped"   into  the  tube,  and   severe  damage
can   result.      Several   things   can   be   done   to   minimize   this

effect.      A   suitable   value   of   Rp   can   be   added   to   limit   the

plate  current.     At  the   high   currents  associated   with   arcing,
a   large  drop  will  appear  across   Rp  and   more   reliable  opera-

tion  results.      F}p  is  usually  about   100  ohms  depending  upon

the    allowable     plate    voltage     drop    for     normal     operation.

Another  method  often  used   is  to  add  a  relatively  large  value

of   series   plate   resistance,    Rs,   and    use   a   relatively   small

value  of  filter  output  capacitance,  Cp.     Cs  should  be  a  much

larger   value    to    provide    a    low    impedance    source    looking

towards   the   DC   supply.      The   RC   constant   of   Rs   and   Cp

is   chosen    to    prevent    serious    pulse-droop.      The    value    of

Rs  should  be  large  enough  and  Cp  small  enough  to  essential-

ly   discharge   Cp   under   arcing   conditions.      This   method   of

reducing  serious  arcing  effects  can   also   be   used  to   reduce

the  voltage  and  current   levels  when   higher  duty  factors  are

used.    The  duty  factor  is  the  ratio  of  the  on-time  to  the  time

between  pulses.

The  .two   methods   of   applying   cathode   and   grid   pulsing

using  pulse  transformers  permit  operation  with   pulse  modu-
Iation   into   the   positive  grid   region.      The   pulse   levels   need

only  to  surpass  the   levels  of  cut-off  bias  used.      If  this  con-

dition  is  not  required,  a  simpler  pulsing  circuit  can  be  used.

If   SW2   is   switched     closed   and   the   pulse   transformer   re-

moved,   a   cut-off   bias   can   be   applied   through   a   series   re-

sistor,   Rg.      If  a   PNP  transistor  of  suitable   coHector  voltage

rating   is   placed   across   the   grid   terminal   and   no   pulse   is

applied  to  the  base,  as  shown,  the  tube  will  draw  no  current.

If  a  negative  going  pulse  of  suff icient  level   is  applied  to  the

transistor  base,  the  transistor  will  short  out  the   bias  voltage

and  the  cut-off   bias   is   lost.      In   this   case,   the   tube   can   be

pulsed-on   to  a   level   that  corresponds  to   zero   bias.      In   this
case,   some   series   value   of   Rk   or   Rg,   not   shown,   could   be

used  to  limit  tube  currents  during  the  pulsed-on   period.

Plate   pulsing   is   usually   used    if   the   pulse   durations   are

long   enough   and   the   voltages   and   powers   small   enough   to

permit   use   of   SCR's.      Very   short    pulses   are    not   possible
because   of   the   storage   times   associated   with   SCR's.      Very

high   voltages   and   average   power   levels   are   usually   limited

by     the     SCR's     voltage     and     power     handling     capabilities.

Transistor    pulsers    have    not    been    able    to    supply    useful

levels   of   voltages   and    currents   reliably.       Grid    or   cathode

pulsing   is   used   when   the   power   output   levels   are   available
within    the   tube's   maximum    ratings   for    this   service.       The

grid-cathode    pulsed    ratings    are    often    only    half    the    plate

pulsed  ratings.     Very  short  pulses  can   be  obtained,   because
transistor  storage  times  are  much  shorter  than  SCR   storage

times.      Transistors   of   sufficient   capacity   are   available   for

grid-cathode   pulsing.      Very   short   pulses   can   be   generated
using  avalanche  diodes  as  a   switching  element.      RF   pulses

from  a  diode  moduated  tube-cavity  combination  of   less  than

50   nanoseconds  are  easily  obtained  with   rise  and  fall   times

of  less  than  10  nanoseconds.

For  maximum   performance,   reliability  and   life  the  follow-

ing check  list  is  recommended:

plate pulsing
•   Most reliable  method  yielding maximum  performance

•   Requires maximum  modulation  power

•   Low  level  of catastrophic failures

•   No pulse  stretching or CW moding

•   Very  short  pulsing  and  rise-times  difficult

Cattiode pulsing
•   Fastest rise-time capability

•   Lower modulating  powers

•   Less tendency to arc than grid  pulsing

•   Less tendency to pulse stretch  and CW mode
•   Catastrophic arcing can exist

•   Long  pulsing more  practical

•   Low impedance  modulators required

I   Sensitive to  load  mismatch

Grid  pulsing
•   Most subject to arcing and failure

•   Lowest modulating powers  required

•   Fast rise-time capability

•   Most sensitive to  load  mismatch

•   Less tolerant to tube changes
•   Higher impedance  modulators  usable

•   Most subject to pulse stretching and  CW  moding
•   Requires most careful  servicing
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Summary
Modern  electronics  has placed  new  requirements  upon  the

active  devices  and  circuitry  used  at  microwave  frequencies.

The  gridded  vacuum  tube  and  other  active  devices  have  un-

dergone  significant  redesign  to  provide  the  new  levels  of  per-

formance  required.     A  new  planar  ceramic  tube  family  has
been   designed   using   higher   temperature   seals,   closer   me-
chanical  spacings,  improved  RF  constructions  and  high  per-
formance  grids.     Proven   long   life  at  high  current  densities
has   provided   new   levels  of   power  output  and  efficiency  at
frequencies  never  before  reached  with  tubes.     Extreme  me-
chanical  ruggedness  of  the  active  component  and  its  circuit

permits  the  application  of  the  extra  microwave  performance
to  all  known  weapon  systems  and  other  adverse  environment

applications.
Several   new  equipments  using  the   new  family  of   planar

tubes  and   microwave   circuit   modules   show   significant   im-

provements over their earlier  prototypes.  The  most  significant
of these  are  the  new  broadbanded  TACAN-DME transponders,
high   performance  radar  altimeters  and   new   lightweight  air-

craft    identification    transponders    for    both     military    and
commercial   use.

Planar  ceramic  tubes  and  their  circuitry  can  be  used  in  a

variety  of  concepts  at  frequencies  up  to   10  gigahertz  and
are    well    suited    for    broadbanded    amplifier    applications.

Several   internal   and   external   geometries  are   available   and
also  a  variety  of  microwave  functions  normally  relegated  to
more  complex  and  expensive  microwave  devices.

Figure  29  is an  attempt  in  a  very  general  way  to  compare

the  performance  and  features  of  the  various  microwave  de-
vices.     The  reader  must  realize  that   it  is  very  difficult,  for

example,   to   compare  a  traveling  wave  tube  with   a   gridded

tube,   since   these   devices   are   used    in   radically   different

applications.     This   chart   provides   a   first-look.   best   choice

selection    of   the   active   microwave    device.      The    type   of
circuitry  must  then  be  used  to  best  fit  that  choice.

MICF`OWAVE    DEVICES

T.W.T. T.D.A. C.FA. KLYS. V.T.M. S.S. TUBE

POWER KW'S MW'S KW'S MW'S WATTS MW'S WATTS
FREO. MM X X KU C-X KU X

EFF. 3S®/® - 8 0 O/a S504 70®/® - 7004
S'ZE MID. SMALL MID. LARGE NED. NED. SMALL
WT. LBS. OZS. LBS. LBS.+ LBS.- LBS. OZS.
B.W. W'DE+ WIDE WIDE+ WIDE- - WIDE WIDE-

C-B.W. H'++ MID. HI+ Hl - LOW NED.

DYN. RNG. WED. LOW - H' - MED. Hl

N.F. LOW LOW+ - Hl - NED. MID.
RELIB. GOOD GOOD+ POOR GOOD AVE. GOOD AVE.

W/S LOW LOW-- H'+ Hl AVE. LOW- H'+

FIG.   29

NOTE:   The   disclosLire   of   any   information    or   arrangement    herein
conveys  no  license  under  any  patents  of  General   Electric  Company
or  others.     In  the  absence  of  an   express  written  agreement  to  the
contrary,   the   General    Electric   Company   assumes    no    liability   for
patent  infringement   (or  any  other  liability)  arising  from   the   use  of
such  information  by others.
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PIANAR   TRIODE   LIFE   AND   RELIABILITY   SUMMARY
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Results  from  Adverse  Environment  Tests

Temperature and  Humidit

While  it  is  generally  recommended  that  the  published  tempera-
ture  ratings  not  be  exceeded  where  emphasis  is  on  long  and
reliable  life,  some  interesting  long-life  evaluations  at
higher-than-rated  temperatures  have  been  made  as  a  matter  of
design  capability  study.     A    sulnmary  of  these  tests  is  as
follows ,

=]{:P±       ±9±       Amb.   Temp.         Env.   Temp.         Ef* LT . Duration

7296         472               4000C                        450°C                  5.4V         2000
7296         305               5000C                        5500C                  4.3V         4000
7296            45               2400C                        3000C                  6.3V      15000
7296            46               2400C                        3000C                  6.3V      15000
Z-2354    253                4000C                        4500C                   5.OV      17000

*  Note  that  lots   472  and   305  of  the  7296  and  lot  253  of  the
Z-2354  were  life  tested  at  reduced  heater  voltage.     This
was  done  to  obtain  longer  tube  life  by  keeping  the  cathode
temperature  within  bounds.

These  data  demonstrate  the  capability  of  reliable  operation
at  higher  than  rated  temperatures  provided  that  due  considera-
tions  are  given  to  proper  heat  sinking  and  commensurate  de-
rating  of  the  heater  voltage.     As  an  example  of  these  tests,
a  Transconductance  vs  Time  graph  of   7296   (Lot   #45)   is  in  the
following  graph.

"pE  -   7296
HIon  TEmERArmE  I.IFE  TEST  DAIA
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In  addition  to  the  high  temperature  evaluations,  the  effects
of  high  humidity  environment  have  been  investigated  with  re-
gard  to  absorption  of  moisture  into  the  ceramic  and  seal
areas.     The  test  consisted  of  a  sample  of  type  7768  tubes
subjected  to  steam  vapor  of  approximately  1000C  and  95-loo
percent  relative  humidity.     These  conditions  were  in  accord-
ance  with  MIL-STD  1311A,  Method  loll  with  the  exception  that
the  duration  was  extended  to  1000  hours.     At  the  completion
of  this  test,  the  tubes  were  checked  for  electrical  character-
istics  and  found  to  have  withstood  the  steam  bath  with  no
deleterious  effects.

Mechanical

Planar  tubes  ability  to  withstand  severe  mechanical  stresses,
such  as  might  be  encountered  in  missile  applications,   is  in-
cluded  in  the  regular  acceptance  criteria  of  the  test  spec-
ifications.    Vibration  fatigue  testing  is  performed  through
the  range  of  30-2000  Hz  at  acceleration  levels  up  to  30  g  for
a  duration  of  6  hours  to  assure  that  the  tubes  are  free  from
mechanical  resonances.     In  addition,   tubes  are  subjected  to
mechanical  shock  at  a  typical  level  of  450  g  for  I  milli-
second  duration.     Test  experience  has  shown  the  design  capa-
bility  of  these  tubes  to  be  generally  well  in  excess  of  the
actual  test  requirements.     For  higher  levels  of  shock  and
vibration,  the  bonded  heater  versions  of  the  planar  triode
family  is  recolnmended.

11.     Results  of  Production  and  Engineering  Quality  Control  Tests

(a)     Shelf  Life  or  Stora

It  may  be  appropriate  here  to  make  an  observation  about
shelf  life.     Although  normally  taken  for  granted,  this
can  be  especially  important  in  certain  applications
where  the  tubes  are  held  non-operating  for  long  periods
of  time  but  expected  to  function  properly  when  the  equip-
ment  is  finally  turned  on.     One  such  evaluation  was  made
on  a  group  of  65  type  7077  tubes  which  were  held  in
storage  for  nearly  8  years  from  I/25/60  to  12/22/67.
Test  data  of  the  electrical  characteristics  were  record-
ed  before  and  af ter  this  holding  period  and  the  tubes
were  found  to  have  remained  essentially  unchanged.
Similar  investigations  on  planar  tubes  have  likewise
shown  that  degradation  during  extended  storage  periods
is  not  a  significant  problem.

(b)a eration  Lif e

As  a  part  of  the  regular  lot  acceptance  testing,  each
lot  is  sample  tested  under  operating  conditions  which
are  typically  set  at  the  maximum  rated  values  for  plate
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dissipation,  cathode  current,  and  plate  voltage  for
1000  hours  duration.     Exemplary  failure  rates  determin-
ed  from  accumulations  of  these  data  are  as  follows.

Type   7077   (Small   Signal   RF  Amplifier)

Results  of  7077  life  tests  have  consistently  indicated
a  very  good  reliability.     Cumulative  1000  hour  test  data
during  a  recent  production  period  show  a  failure  rate  of
0.4%/1000   hrs.    (4   defectives   out  of   960,000   tube  hours)
giving  an  MTBF  of   250,000  hours.     This   low  failure  rate
is  typical  of  that  experienced  over  several  years  pro-
duction,

The  above  data  was  taken  under  DC  conditions  with  various
performance  criteria  determined  at  down  period  intervals.
One  of  the  most  important  criteria  of  the  7077  is  noise
figure.     The  following  graph  is  a  plot  of  this  recorded
rf  performance  on  50  tubes  run  to  1000  hours,   25  of  which
were  extended  out  to  5000  hours  life  test.     Noise  Figure
was  measured  at  a  frequency  of   450  MHz.

TYPE   7077   NOISE   FIGURE   I.IFE
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TYPES 7911,   GE13971,  GE1865l   (PULSED AMPLIFIER OR OSCILLATOR TYPES)

Cumulative results of life tests under plate pulsed oscillator operating conditions are as follows:
TYPE            LOT              SAMPLE     HOURS       FAIL
7911

5000
cO

E30003

TorAL:

IN-SERVICE LIFE RESULTS

Recent life tests were conducted in two trans-
mitter-amplifier chains for a new DM. design.
This  amplifier  was  part  of a Distance reeas-
uring _Equipment  life tested under simulated
field conditions.  This amplifier chain had a
bandwidth  of   13%   centered  around   1100
MHz.  In  this  equipment,  acceptable perfor-
mance  is  defined  as a minimum  power out-
put  of 500 W.

Falure Rate = 2%/loco Ida. (MIBF = 50,000 Ida.)

TBANSMITTEB  TEST

1000         20cO        3000       4 000       5 000       6 000       7 0cO
TIME   IN   HOUBS
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introduction
The  evolution  of  the  modern  vacuum  tube
covers a long and fascinating period of tech-
nological  achievement.  In  fact,  jt  has  often
t}een  considered  that  the  first  real  vacuum
tube was made and  studied by Thomas Edi-
son  as  long  ago  as  the  year  1883.  At  that
time he was doing intensive work on the de.
velopment of the incandescent lamp, and  he
noticed  that  if  an  additional  terminal  were
placed  within  the  vacuum,  a  current  would
flow to  the  filament when this  terminal  was
made positive. Subsequently, other renowned
scientists performed  experiments  with  these
Edison  bulbs,  and  they  formulated  the  fun-
damental  laws  of  emission  from  incandes-
cent  materials  in  a  vacuum.  Dr.  Lee
DeForest  is  usually  credited  with  use  of  a
third  electrode  or  grid,  thereby  creating  a
new tool which he called the "Audion." This
marked  the  beginning  of  the  "negative-grid
tube"  and  the  start of a long  and  enduring
era  in  electronics  and  the  field  of electrical
engineering. The years after say.J great strides
in the evolution  of the vacuum  tube as new
concepts for envelopes, electrodes, and emit-
ters were introduced and applied. Today the
"negative-grid  tube"  continues  to  find  wide

acceptance  and  use  in  a  variety  of modem
equipments,  some  of  which  are  extremely
vital  to our nation's defense and  ljveljhood.
One of the more  noteworthy areas of com-
parative  recent  achievement  is  the  applica-
tion  of  these  tubes  iD  extremely  broadband
RF circuits for radar transmitters. Electronic
bandwidths  on  the  order  of  20  percent  or
more  are  being  achieved  now  in  the  VHF-
UHF frequency range. The objectives of this
brochure are to acquaint the equipment de-
signer  and  user  with  the  General  Electric
Company's line  of "negative-grid"  tubes for
pulsed  transmitter  service  and  to  present
some of the basic considerations pertinent to
their  application  in  broadbafld,  RF  power
amplifier circuits.
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High  performance  VHF-UHF  transmitting
tetrodes  by  General  Electric  satisfy  peak
power  output  requirements  in  the  approxi-
mate  range of  I  to  50  kilowatts at  frequen-
cies  up to the  1500 MHz region.

These tubes  (shown typically in Figure  I )
are  of  coaxial  design  with  concentrically
aligned   screen-grid   and   control-grid   struc-
tures surrounding a cylindrical, unipotential`
oxide-coated  cathode.

To illustrate the general configuration and
design  features  common  to  the  line,  Figure
2 depicts General Electric's ZP-1065  tetrode,
and  its  basic  suttassemblies.   Because  of  its
typical nature, the ZP-1065 and its associated
characteristics will  serve as a basis for much
of  the  discussion  which  follows.

Comi]onent  Parts  of  the
Coaxial  Tetrode
The high performance VHF-UHF  transmit-
ting  tetrode  consists  of  these  elements:

Cathode:  Just one  of the  proven  features
of  this  tube,  the  cathode  system  used  in
the ZP-1065  is typical  of the  oxide-coated
cathodes  used  in  GE's  pulse  tetrodes
which  have  demonstrated  excellent  serv-
ice life in the field. The nickel-base emitter
is coated with a mixture of barium, stron-
tium  and  calcium carbonates  that  change
into  oxides  during  the  manufacturing
process.  Operation  of  the  oxide  emission
system  depends  on the controlled produc-
tion  of  barium  through  the  reduction  of
its  oxide  by  an  active  ingredient  in  the
nickel-base  metal.  Operating  temperature
and concentration of the reducing element
determine  the  rate  of  reduction.   Oxide-
coated emitters are  characterized by their
ability  to  supply  extremely high  emission
levels , . . while operating at relatively low
cathode temperatures. This design feature
provides high peak current for RF pulsed
service, while the low thermal requirement
is conducive to long  life expectancy.
Control-grid   and   Screen-grid:   Wires   in
the  grid  structures are  made  of molybde-
nun to provide mechanical strength . . . an
important consideration ih avoiding small
deformations that would otherwise tend to
alter  tube  characteristics.  Moreover,  mo-
lybdenum displays good heat conductivity
as well. The grid wires  are gold-plated to
minimize  grid  emission   and  are   welded
into  copper  supporting  cones,  which  fur-
nish good  thermal  conductivity  to the ex-
terior surfaces  of the  tube.

Careful attention is given during manu-
facture  to  precise  alignment  of  the  con-
trol-grid  and  screen-grid  wires  to  realize
uniform characteristics, minimize electron
interception,  and  provide  high  perform-
ance from tube to  tube.
Insulators: Low loss, high-purity alumina
ceramics are used for the electrical insula-
tors throughout the tube structure.  Metal-

Figure   1 -GE High Performance Pulse Tetrodes

Figure    2  -ZP-1065 Tetrode and  Basic Subassemblies

ized  by  a  special  processing  technique
which  GE developed  and patented,  these
ceramics  are  brazed  to  concentric  ring
seals.  Special  care  given  to  the  design  of
the  screen  grid-to-anode  ceramic  results
in  a  low  value  of  associated  capacitance.
The straight-sided dimension is sufficiently
long  to  allow  reliable  operation  with  the
high  levels  of  anode  voltage  required
under  pulsed  RF  service.
Anode:  Oxygen  free,  high  conductivity
copper  is  the  standard  material  used  in
anode  fabrication  for  all  tubes  in  this
product line. Of the common metals, cop-
per has the highest heat and elctrical con-
ductivity  and  is  readily  formed  by  spin-
ning,  drawing and  machining.  The  anode
cooling  configuration  can  take  a  variety

of forms,  depending  on  the  requirements
of the equipment designer or user. For ex-
ample, forced-air cooling can be provided
by either a transverse or axial flow radia-
tor,  ahd  liquid or heat-sink-cooled  anode
designs   exist   for   special   applications
where  these  cooling  techniques  may  be
preferred.
Tube Terminals: The use of ring-type tube
terminals  facilitates  adaptation  to  cavity
circuit  configurations.  Ample  surface  for
spring-finger col]tacts is provided to assure
positive electrical connection. The concen-
tric ring-seal construction has successively
larger  diameters  for  the  control-grid,
screen-grid, and anode terminals to facili-
tate their  insertion into circuits comprised
of  coaxial-line  or  wavcguide  cavities.
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RF Gil,Cuitl,y:
How apDlied!

Grounded-Grid  Service:  Each  tube  has
been  designed  to  operate  as  a  grounded-
grid  amplifier with  the  screen-grid  tied  to
the  control-grid  as  far  as  RF  potentials
are  concerned.

In  this  form  of  operation,  the  input
circuit  is  connected  between  the  control-
grid  and  the  cathode,  and  the  output  cir-
cult  between  the  screen-grid  and  anode.
The  control  grid  is  held  constant  at  zero
a-c  potential,   while  the  cathode  voltage
varies about  the zero potential  line.  Dur-
ing  the  amplification  process,  a  negative-
going cathode  causes  the  plate voltage  to
drop while the plate current increases. RF
voltage and current wave forms are shown
in Figure 3 to aid in visualizing their phase
rela(ionships in a grounded-grid  circuit.
RF  Cavities:  While  any  conventional  RF
circuitry may be employed with these let-
rodes, their construction is ideally adapted
to either coaxial or waveguide lines which
are appropriate for the range of frequen-
cies within their general  application  area.
This  covers  frequencies  from  approxi-
mately  200 MIIz to the  upper  frequency
limit  of tl)e  tubes,  as  high  as  1500  MHz
in most cases.

In a line-type cavity, the tube and stray
circuit  capacitances  generally  form  most
of the capacitive reactance of the resonant
circuit. The "cavity"  js con figured  to pro-
vide  an  equal  inductive  reactance  when
viewed from the tube terminals. Coupling
arrangements  are  provided  for  the  input
and  output  resonators  to  match  the  im-
pedances  of  the  tube  as  determined  by
specific operating conditions of voltage
and  current  for  a  given  application.  Suit-
able bypass capacitors for interrupting d-c
continuity   are   typically   made   by   using
thin  sheets  of dielectric  mat.erial  between
two  plates  or  cylindrical  surfaces.
Very  Broad  Bandwidth  Applications:
These  applications  require  use  of  mu]ti-
tuned   resonators   for   the   output  circuit.
Design  of  the  input  circuit  usually  is  less
critical  and  more straightforward.

A  broadband,  waveguide  ..cavity"  is
shown  in Figure 4 to  illustrate typical  de-
sign  and configuration  features.  Devel-
oped    by    the    Bendix    Communications
Division,   (his  circuit   is  deployed   in  the
transmitter  of  an  advanced  phascd  array
radar   system.   The   main   body   of   the
cavity  is  made  of  flat  plates  and  formed
sheet metal, joined by self-tapping screws.
Approximate  outer  dimensions  are  9  x  7
x   1%   inches  for  a  quarter-wave   (^/4),
double-tuned  output  circuit  and  I  x  I   x
9  inches  for  the  single-tuned  input
configuration.

The  output  section  with  its  cover  or
anode connecting plate removed is shown
in   Figure   5.   A   sliding-short  fitted  with
contact fingers provides for an output tun-
ing  range  through  the  adjustment of line
length.
4
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Figure    4-Typical  Broadband  RF Cavity

Figure   5 -Internal View of Cavity Showing Output Section



Figure     6-Simplified  RF Schematic for Broadband  cavity

A   fixed  loop  arrangement  couples  the
rlrst  tuned  circuit  (which  incorporates  the
tube)   to  the  second  tuned  output  circuit.
Coiip]ing   froni   the   oiitput  to   the   lo€`d   is

;iccomplished    by    a   shiint    capacit:ince
formed   hy  an  adjilsti`hlc,   moving  slug.

The  cflvity   is   de`ignecl   to  operute  at   :i
center  freqiiency of 542  MHz with a nom-
iniil  tuning  r;`nge  of  500-560 MHz  and  an
electronic  bandwidth  of approximately  50
MHz  ill  the  3-dB  point.  The  RF  electrici`l
cqiiivalent   for   the  cavity  is  given  in   Fig-
iirc  6  ft]r  piirposes  of  clarifictition.

Nomin;il    RF   power   iiniplifier   perft`i--

n`iince  incliide` 30 Lilowatt` of ii`eful  paul

power  output.  0.005  duty  fiictor,  2`SO-.H`ec

pulse  length,  50-percent  outpiit  efficicnc}'
and   10  ilB  of  guin.

Considerations
101,  Ilroallllantl
Operation
Impedance   Bandwidth    Prodlict   (Ri.Jif):
To  salist.y  broad   biintl\``idth   requii.ement`

in  po\\'er  iim|llifier``  [hc  RF  circllilry  mll`t

hc  de`igned  to  effect  low  vallies  for  both
the   effective   oiitpiit   capiicitance   i`nd   the

opi:rating  loiid  inipediince  prcL`ented  tit  the
tube.

The   relationship   of   these   p:irameters   is
demonstrati.d  in  Figure  7:

Q   -2TfoR|.C.  o   .  .  .  for    :I     rl:ir;illel     I-ec`o-
nan    circuit

ilnd...      Q

6

RLEL
RL=  LOAD    IMPEDANCE

Ceff = EFFECTIVE   OUTPUT   CAPACITANCE

L=CIRCUIT    INDUCTANCE

Figure     7-Parallel  Resof`ant  circuit
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A   parameter  Ri.If  can  bc   derived  fr()in
lhe  above  equations  according  to . . .

RLlf-

. . . where   RL   is   the   load   impedance   in
ohms. Jf is the required  singly-tuned  3-dB
bandwjdth  in  hertz,  and  Crrr  js  the  effec-
tive   output   capacitance   in   picofarads.
Additional   consideration   is   given  to   the
R|.Jlf  or  "impedance-bandwidth  product"
I.n  following  pftr{igrflphs.
Measurement  of  Effective  Output  Ca-
pacitance   (C`"r):   The   value   of   C,.i`r   is
freqiieni`y  dependent  and  js  relz`ted  to the
electrical length of the internal metnl parts
of   the   tube,   the   size   and   shape   of   the
ceramic  seal,  and  the  electrical  length  of
the  circuit  external  to  the  tube  envelope.
The effective capacitance decreases as fre-
quency   incre.ises  c`nd   an  increasing  por-
tion  of the tiibe i`iri`lijt lies within  the tube
envelope.  The  converse  is  true  when  fre-
quency  is  lowered  .  .  . so  the  value  of  C` I.f
will  then  approach  the  d-c  capac.itance  of
the   tube.   This   relationship   may   be   ex-

plained  further  as  follows:
Referring  to  Figure  7,  the  expression  for
the  operating  center  frequency  at  reson-
ance  is  presented  as .  .  .

1a"i-i-+c-1
Differentiating  the  above  with  respect  to
u„  we  have:

Zoo-+xC--,x=
Upon  re-arranging  terms .  . .

C.I-
1dcirxT

I
and,  since  OUL =  i::;i-,  and    oo=27rfu

fndcthen. C=Cerr=  _ T x  i;T

This   derivation   provides   a   practical
method  of  determining  effective  circuit  ca-

pacitance   for  a  given   frequency   and   tube
output  configuration   in   a   given   resonating
circuit.  A  pertiirbation  technique  is  used  to
obt.iin  measured  test  dala  for  the  value  of
dc,,'df„.   This    information    is   obtciined
through   the   use   of  a  speciaT]y   constructed
dummy  tube  .  .  . ``uch  as  the  one  illustrated
in   Figure   8.  The  slructiire  shown   incorpo-
rates  a  mici.ometer  i`entrdlly  located  .it  the
tube`s   active   anode-grid   region   where   the
effc`ctjvc  :`nd d-c cap.icitances  hre equivalent.

This  mock-lip  is  placed  in  an  ,ippropriate
e.\tcrr,:il  circuit or cavity.  ;is `hown  in  Figure
8.  tit  resonate  a[  f„   the  desired  center  fre-
qliency.  By  changing  the  .imoimt  of  projec-
tiitn   of   the   micronieter   probe,   the   outpllt
i`artai`it:ince  is  per[urbed  to  pro\'i(]e  tlie  term
dc  or JC.

A  low-frcquenc.v bi-idge  is used to measiire
the   v:iliie   tif  c.ipacit:ince   for   each   position
```F  the  probe.  The  resoniint  fi.equency  of  the

Figure    8-Dummy Tube and Cavity for Effective
Capacitance  Measurement

Figure     9 -Capacitively Foreshortened Transmission  Line

tilbe   and   cavity  combination   is  also  me{``+
ured  for  each  setting  of  the  micrometer  to

yield  d.ita for df„ or lf„
Readings of capacitancc and frequency for

common  positions  of  the  micrometer  probe
are  then  plotted.  The  negative  slope  of  the

resulting  line  provides  the  value  of i or

|C
J\f"

The  effective  c.ipacit{`nce  is  then  calcll-

I.ited    by    `iiibstitLLting    these    expi`rjmen({ill}'

Jetemiincd  \.aliic`s  in  the  original  e`pres`ion
of:

fndc
C,rr= T x ifT

Effects of Foreshortened Cavity Resonators
on   Fti,1f:   Consider   the   "impediance-band-
width"  product  (R,.|f)   and  its  relationship
to  transmission  line  or  cavity  resonator  cir-
cuits  of  the  type  used  at  the higher frequen-
ci:s.  The  bi`sic  circuit  under  consideration
has  a  characteristic  impedance  Zo,  a  length
I,   and   a   foreshortening   capacitance   Ce[[,
as  shown  in  Figure  9.
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0.1

HEEE
(RIAf)LC

WHERE:

(RLAf)Lc=  ±eff

LC=   LUMPED   CIRCUIT

Ceff=  FORESHORTENING

CAPACITANCE

Zo=  CHARACTERISTIC   IMPEDANCE

Xc= REACTANCE   0F
FORESHORTENING  CAPACITANCE

Figure   10 -RLAf of Foreshortened Transmission  Line Resoriators

By  compllting  the  Q  of  this  transmission
line   on   an  energy   basis,   the   R|.±f  can   be
determined  and  results  sitmmarized,  accord-
ing  to  Figure   10.  Since  the  lumped  circuit
case  has  maximum  RLlf  for  a  given  C[.ri-,
the  curves  are  shown  as  a percentage  of the
RLlf obtainable with  (Ri.If)I.r taken as  100

percent.  The  "impedance-bandwidth"  prod-
uct is a function of the degree of foreshorten-
ing.  Therefore,  the  abscissa  scnle  is  given  as
Z„/X,,,   where   Xt,   is   the   reactance   of   the
foreshortening  capacitance   at  the   resonant
frequency.

For   the   quarter-wave   (\/4)   resonator`
RLAf  asymptotically  approaches  the  lumped
circuit  value  as  Z„  increases.  Generally,  this
dictates   that   high   cliaracteristic   impedance
transmission  lines  be   used  in  broadband
cavities.

The  Figure   10  ciirves  also  illustrate  that
RT.|f  decreases  very  considerably  with  the
higher  order  modes  of  resonance.   For  the
same  operatf ng  load  impedance,  a  `?'j \  reso-
nator   yields   less   th:`n   one-third   the   band-
width,   while  the   ;-}i^   resoniitor  can  supply
less  than  one-fifth  of  the  bandwidth  of  the
^/4   circuit.   To   achieve   maximum   broad-
band  operation  only  the  \/4  mode  should
be  used  for  the  output  ciivity  circuit  which
includes  the  tube.

8

Bandwidth   (1f)   Improvement   with   Multi-
Tuned   Circuits:   The   continuing   trend   to-
ward the use of broad electronic bandwith in
advanced  VHF-UHF  radar  transmitters  is
the   result  of  special   system   requirements
such as frequency agility, pulse compression,
and  high  data rates.  It is becoming common

practice  to  use  multi-tuned  output  circuits
in  these  applications  to  achieve  maximum
utilization  of  the  bandwidth  and  perform-
ance   ability   of  a   given   negative-grid  tube
type.

Several  technical  papers  have  dealt  with
rigorous  design  of  filter  and  impedance
matching  networks  consisting  of  chains  of
coupled resonant circuits capable of produc-
ing  the  exact  amplitude  characteristics*  de-
sired.  Results  of  some  of  these  studies  and
mathematical  analyses  will  be  used  to  indi-
cate   the   relative   bandwidth   improvement
factors   of   multi-tuned . . . as   compared   to
single-tuned  circuits.  This  same  information
will  also  be  used  in  an  example  to  demon-

strate the analysis of the RF power amplifier
performance  of  a  GE  tetrode  in  a  typical
broadband radar  transmitter.

Consider the mufti-tuned circuits in Figure
11   with  "n"  branches .  . . where  n=1,  2,   3
etc.   for   single-,   double-,   and   triple-tuning,
respectively.  The  exact  response  shape  con-
sidered  here  is  the  "Butterworth"  type,  also
known   as   "maximally  flat,"   .`critically
coupled,"   or   "transitionally   coupled."  For
the  type  of  circuits  under  consideration,  a
series  of  power-bandwidth  curves  has  been
developed  in  Figure  12  to  show  the  relative
frequency  response  obtainable  for  a  given
power  output.  Figure  12  also  includes  plots
of "Amplitude"  of response in both "Volts"
and   ``dB"   as   the   ordinate,   versus   "Band-
width" as the abscissa. The  unit or reference

point  on  this  graph  is  the  3-dB  bandwidth
for  the  example  of  the  single-tuned  circuit
(where  n= I).  The  relative  bandwidths  of
the different circuits for any level at the edge
of the  band  can  be read  directly from  these
curves.

*See  for  example:

( I )   "Amplitude-Frequency  Char£`cteristics
of  Ladder  Networks"  by  E.  Green-
published  by  Marconi's  Wireless  Tele-
graph  Co.  ( 1954)

(2)   "The  Design  of Dissipative Band Pass
Filters  Producing  Desired  Exact  Am-
plitude  Frequency  Characteristics"-
Proc.  IRE,  Vol.  37  (September  1949)
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SINGLE-TUNED   CASE   (I   BRANCH;   n  =1)

--€\     -i:

Ddi`(:`EEInR:u:'

dicKA:E5CKH`EEiRout
K = COUPLING

Figure   11 -Multi-Tuned Output Circuits

Figure   12 -Power-Bandwidth Curves
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LEVEL  AT S-T D-T T-T Q-T
BAND RELATIVE RELATIVE RELATIVE RELATIVE
EDGE T0Af T0Af TOAf TOAf

1/6 d B 0.2X 0.62X 0.86X I.OX

I/2 d B 0.34X 0.82X I.OX 1.15X

1dB 0.5X 1.OX 1.2X 1.28X

3dB Af 1.41X 1.5X 1.53X

LEGEND

S-T=SINGLE-TUNED   OUTPUT   CIRCUIT

D-T= DOUBLE-TUNED   OUTPUT   CIRCUIT

T-T  =TRIPLE-TUNED   OUTPUT   CIRCUIT

Q-T= QUADRUPLE-TUNED   OUTPUT   CIRCUIT

Figure   13 -Relative  Bandwidth of Multi-Tuned Output Circuits ("Butterworth"  Response),
Referred  to  3-dB  Bandwidth   of  Single-Tuned  Circuit  (Af)

10
Figure  14 -Bandwidth  Reduction Factor Versus Number of Stages
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A   representative   set   of  the   more   com-
monly  used  values  is  given  in  Figure  13  for
easier  reference.  Significant  advant.iges  are
rendily  apparent  from   Figures   12   and   13.
For  example:

By designing a triple-tuned  output circuit,
the  3-dB  bandwidth  of  a  single-tuned  RF
amplifier  may  be  improved  by  as  much
as  50  per  cent.  This  improvement  is  ob-
tained:    1)    while   delivering   the   szime

power output at band center, and 2 )  while
providing a more constant impedance over
the  band.
Where  some  in-band  ripple   may   be

allowed,  even  greater  bandwidth   improve-
ments  can  be  obtflined.  Further,  the  phase-
frequency  function  may  be  tailored  to  a
given  requirement.  These  cases  are  not
treated  here.

Bandwidth   Reduction   Factor  (BRF):   In   a
typical  radar  transmitter  comprising  sev-
eral cascaded tuned amplifiers, the overall
or  system  bandwidth  is  less  than  that  of
the   individual   stages  in  the   line-up.   An
analytical  expression  for the effect  of cas-
cading multi-tuned,  transitionally  coupled
amplifiers  is . , .

Overall  Bandwidth

Single  Stage  Bandwidth
= 2n \/ 21/in -I

where  m=the  number of c.ascaded  stages
of identical  bandwidth
and n=number of coupled, tuned circuits
per  Stage.
To  maintain  a  given  system  bandwidth,
it  is  therefore  necessary  to  increase  each
stage's   bandwidth .  . . as   the   number   of
stages  in  the  amplifier  chain  is  increased.
A  graph  of  this  function .  . . to  be  called
the   "bandwidth   reduction   factor"  .  .  .  is

presented  in  Figure  14.
Consider   three   stages   of   triple-tuned,

transitionally  coup]ed   circuits.   From
Figure   14,   the   overall   bandwidth   is   0.8
times  that  of  the  single-stage   case.   This
reduction   is   considerably   less   than   the
corresponding  reduction   of  three   stages
of  single-tuned  circuits.  Generally,  the

greater  the  number  of  tuned  circuits  per
stage,  the  lower  the  amount  of  reduction
of  system  bandwidth.  The  primary  objec-
tive   of   reviewing   "bandwidth   reduction
factor" here is to emphasize that attention
must  be  given  to  defining  the  bandwidth
requirements of each  stage  to  provide  for
the  proper  overall  system  response.

illuslralive
examnle lor
calculating
OI'eralinI
conditions
Introduction

The  trend  toward  the  use  of  broadband
radar transmitters makes it desirable to have
a   method   for   calculating   the   RF   power
amplifier  performance  of  tubes  applied  in
multi-tuned  circuit  arrangements.  The  accu-
rate  prediction  of  operating  conditions  is  of

particular interest to the equipment designer
who   must  assess  a  tube's  suitability  for  a

given  application,  and  who must also obtain
information  relative   to  the   design   charac-
teristics   of   associated   circuitry.   Operating
conditions  can  be  calculated  according  to  a
semi-graphical  analysis  that  utilizes  the
static characteristics of the tube. The method
used  may be briefly described with reference
to  Figure  15  in which the plate, control  grid,
and  screen   grid   currents  are  presented   as
functions of the plate and drive  (signal)  volt-
ages   on   a   typical   constant-current   curve.
During operation of the  tube, the  RF signal
and  plate  voltages  vary  sinusoidally  about
the  d-c  grid  bias  and  d-c  plate  voltage,  re-
spectively.  Instantaneous  values  of  these
wave forms determine  simultaneous currents
or   .`operating   points"   such   as   is   given   at
point "P" for a 45-degree angle. As the signal
and plate sine  waves vary through their suc-
cessive phase angles over a full RF cycle, the
resulting operating points describe  a straight
line called  the  "operating  load line". Class 8
operation  is  given  here,  which  means  that
no  current  is  drawn  during  the  third  and
fourth  quarters  of  the  voltage  cycles
(this  would  also  be  true  for  a  Class C  RF
amplifier).

In  practice   the  "operating  load  line"  is
drawn on the constant-current characteristic
by  connecting the points A  and  A',  and the
voltage  wave forms need  not  be  drawn.  The

qiiiescent  operating  point,  A,  is  determined
by the  d-c plate voltage and the d-c grid bias
that  are  applied  to  the  tube.  Point  A'  is  ob-
tained from the intersection of the minimum
plate  voltage  and  the  maximum  instantane-
ous  plate  current  that  occur  during  the  RF
cycle.  The  distance  of  each  operating  point
from  point  A  is  determined  by  multiplying
the  sine  of  its  associated  phase  angle  by  the
overall length of A to A'. This has been done
in  Figure   15  and  the  various  instantaneous
operating  points  have  been located.  The  use
of   lo-degree  intervals  provides  satisfactory
[`ccurzicy.   Current  values  of  each  of  these

points  are  read  directly  from  the  curves,  in-
terpolz`ting   where   required.   This   informa-
lion  may  be  used  to  plot  the  current  wave-
forms,  although  it  isn't  necessary  to  do  so.
The   objective   is  to   determine   the   average
and fundamental components of current. and

this  is  accomplished   through  the  use  of
formulae  that have  been  developed  through
Fourier  analysis  (illustrated in  the  example
which  follows).  These  current  components
are   then   used   to   give   the   power   output,
power   input,   output   efficiency.   and   other
parameters  of  interest  in  describing  ampli-
fier  performance.  To  illustrate  these  tech-
niques  for  calculating  tube  operating
conditions,   the   following   example   will   be
used,  making  reference  to  various  con~
siderations   presented   previously   whenever
appropriate.

Examl)le

Consider  first  that there  is  a  requirement
for  a  broadband,  RF  power  amplifier  stage
having  the  basic  application  objectives  out-
lined  below:

Frequency                         :    425  MHz
Electronic  Bandwidth   :    50 MHz at  1 dB

Peakpoweroutput       :    10Kwnominal
Pulse width                       :     10 #sec

Duty  Factor                      :    0.01

Knowledge  of available  tube  types  suggests
using  GE's  ZP-1065  metal-ceramic  tetrode.
This  dependable  GE  tube  type  offers  fea-
tures and characteristics that lend themselves
well  to  the  needs  of  the  service  indicated.
Tube  p3rformance  is  to  be  calculated  ac-
cording   to   the   semigTaphical   analysis   of
current wave forms, as discussed in the Intro-
duction   to   this   section.   Basically,   the   ap-
proach  involves  these  factors:

1 )   estimating  the  required   resistive  load
(RL)  to  be presented to  the  tube

2)   defining  the  boundary  conditions  for
the load  line  which  is to  be  drawn on
the  constant-current  characteristics  of
the  tube

3)   performing calculations by  a series of
successive   approximatioDs   to   yield
loKW  of  useful  peak  power  output
with the  required load  (RL).

Complete  tube amplifier performance  un-
der  matched  load  conditions  will  be  deter-
mined and operating conditions tabulated in
the following paragraphs. Definitions for the
various  parameters  and  related   identifying
symbols  are:

EB          :    DC plate  voltage

Ec2         :    DC  screen-grid  voltage

Eci        :    DC  control-grid  voltage
Emin      :    Minimum  plate  voltage

Epi         :    Peak  valueof thefundamenta]
component  of plate  voltage

Egi         :    Peak  valueof the  fundamental
componeht  of  control-grid
voltage

IT,1

DC plate current
Instantaneous plate current

Maximum  instantaneous  plate
current  (or  peak  RF  plate
current)
Peak  value  of  the  fundamental
component  of plate  current

im



Ic2          :    DC Screen-grid  current

ig2          :    Instantaneous screen-grid
current

1g2         :    Peak value of the fundamental
component of screen-grid

-  current

lci         :    DC control-grid current
igi          :    Instantaneous  control-grid

current
Igi         :    Peak value of the fundamental

components of control-grid
current

RL         :    Resistive  tube  load

Po          :    Plate power output
Pin         :    DC plate input
Pp          :    Plate dissipation

Pg2         :    Screen-grid  dissipation

Pgi         :    Control-grid  dissipation

"             :    Output efficiency

qckt        :    Circuit  efficiency

1)   Determination   of  Resistive   Load   (RL):
The  first  step  is  to  determine  the  value
of the resistive load, recamng that . . .

RLAf-
I

277.Ce[[

where Af =Single-tuned 3  dB bandwidth
and Cerr = Effective output capacitance
From  the  application   objectives,   the
bafldwidth  for  the  stage  under  analysis
is given as 50 MHz at 1 dB. This assumes
that  the  bandwidth reduction  factor  has
already  been  taken  into  account.  Since
this is an extremely broadband condition,
use  of  a  multi-tuned   output  circuit  is
indicated.

Triple-tuning  is  the  approach  chosen
to  maximize  the  load  resistance  that  is
presented  to  the  tube.  Undue  complica-
tion of the circuit design will be avoided
at  the  same  time.  For  a  Butterworth  or
transitionally  coupled  type  response,  it
becomes apparent from Hgure 13 that . . .

Single-Tuned  3  dB  Bandwidth=
Triple-Tuned  I  dB  Bandwidth

I.2

orAf-j9#
Af=41.6 MHz

Using  the  perturbation  technique  de-
scribed  earlier,  the  effective  capacitance
experimeutally is found to  be . . .

Celt-9.9plL£

Substituting the values  of Af and  Ceff
in  the  formula  for  impedance  bal]d-
wjdth . . .

RL-

RL-

1

27rAfceff

6.28 x 41.6 x  loo x 9.9 x  10-12

RI. = 390S2, approximately

It shoud be noted that at 425 MHz, the
GE  ZP-1065  operates  in  the  quarter-

Figure  15 -ZP-1065 Tetrode Constant-Current Characteristic
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wave  (A/4) output mode to effect maxi-
mum broadband  operation.  (Eariler, in-
formation was presented  concerning the
affects that foreshortened cavity  resona-
tors  and  higher  order  modes  have  on
RLAf.)

Calculating  operating  conditions  is
now  possible,  having  determined  the
value of resistive load (R|,)  indicated for
the  application.

2)   Defining Boundary  Conditions for First
Load  Line

(a)  Approximation of Current Levels
Taking  into  consideration  that  the

peak  power  output  objective  is  10  KW
and  the  indicated resistive load  is  390Q,
the peak value of the fundamental com-
ponent of plate current (Ipi)  is obtained
from . , .

po-±xqckt
Estimating wckt  =  90 percent and sub-

stituting and solving for Ipi, we obtain . . .

2 x  10 x  103
Ipl2 -

390 x .9
-57 a2

Ipl-7.5 a
Class 8 operation is used, since it gen-

erally  leads  to  the  best  overall  balance
of  tube  performance  relative  to  band-
width, output efficiency and power gain.
Approxinate   current   relationships   for
Class 8 service are:

Ipi = I .7 X 18, and
Ip  -3.5xlB

Therefore.

•B-i=

•8-#
18 = 4.4A

Also:
Ip -3.5 x 18

Ip = 3.5 x 4.4

Ip= 15.4 a

(b)  Apt.roximatioD  of Voltage Levels
From:  Epi=Ipi x RL,

Epi = 7.5 x 390
Epi = 2920 v

Also:
Emin = EB -Epl

Setting:
EB=4100V

Then     Emin=4100-2920=1180V
Also, set

Eel = - 125 V (approxinate
value for cut-off )

and        Ec2= 1000 V (for high trans-
coflductance)

(c)  Summary of Conditions Chosen for
First Load Line

EB=4100V
Et2 = 1000 V

Emln= 1180 V

Eel = -125 V
Ip= 16 a (increased from 15.4 a)

The load line is  now drawn on  the
constant-current  characteristic  and  the
graphical method  of Fourier analysis is
applied.   Referencing  Figure   15:   point
A is detemined by the d-c plate voltage
(4100 V)  and the grid bias  (-125 V).
Point A'  is  obtained by the intersection
of the mininun plate voltage  ( 1180 V)
and  the  maxinuin  instantaneous  plate
current  (16 a).

3)  Step  by  Step  Calculation  of  Operating
Conditions for  Final  Load  Line

Instantaneous values of the tube cur-
rents  are  determined  at  intervals  of  10
degrees  along  the  operating  line  A-A'.
These  values  are  recorded  in  tabular
form below and are combined in  arith-
metic  operations  to  yield  the  desired
parameters  that define  amplifier perfor-
mance. The preceding calculations were
for  the  first  or  approximately  correct
load line. The calculations following are
based on the final load line. In this in-
stance,  the  approxinate  and  final  load
lines are the same.

0   sln  0    'p i82     igisiilo     lgi     18,sine

.8
0.423    4.0
0.574    7.8
0.707  10.3

13.0
14.§
15.5
16.0

-.2    -.2
-.3    -.2

.2

I;                 81.9       68.3         2.4         2.4      15.5       14.1

The average or d-c value Of plate current
becomes:

•8-¥
•8-#
18 = 4.5 A, DC during pulse

The peak value of the fundamental com-
ponent of plate current is obtained from:

Ipl- Zip sin a

9
68.3Ipl=T

Ipi=7.6 a, during pulse
The output load impedance is determined

by:

RL-¥
where       Epi=2920v

2920Or        RL-F
RL=384n

This value compares favorably with 390 S},
or the amount of load impedance indicated
to achieve the desired bandwidth. The peak
power output may now be calculated  from
the expression:

Po=
Epl X Ipl

2
2920 x 7.6

Po = 11.0 kilowatts, peak

The values of screen-grid and control-grid
currents are calculated according to the fol-
lowing expressions :

L2-¥2

L2-=4
Icz=0.I A,  DC  during  pulse

and           1g2 =
zig2 Sin a

9

Ice-=4
1g2 = 0.3  a, during pulse

also        |cL=¥1

L1-#
Ici = 0.9 A, DC during pulse

and          1g1 -
Zigl Sin a

9

ha-=l
Igi= 1.6 a,  during pulse

With the use of the various currents and
voltages  found  above,  further  calculations
may  be  made  to  determine  a  complete  set
of  operating  conditions  and  parameters  as
follows:

Pdrive(gnd-Cathode)=

Pdrive(gnd-cathode) =

Egl X 1g1

2
305 x  1.6

2

Pdr]ve(gnd-cathode) = 244 watts, peak
Although the foregoing calculation for

grounded-cathode  driving  power  does  not
represent actual required gro unded-grid driv-
ing power,  it is  useful  in  determining  grid
dissipation,   bias   loss,   and   feedthrough
power. Continuing, therefore :

Bias Loss = Eel x Ici
Bias Loss= 125 x .9
Bias Loss = 113 watts, peak

Since
Pgi = Pdrive(gnd-Cathode ) -Bias Loss
Pgi=244-113
Pgi = 131 watts, peak

and
Pgi(Avg) =Pgi X Duty
Pgi(Avg) = 131 X 0.01
Pgi(Avg) = 1.3 watts

also

Pg2= (Ec2 X Ice)  +

Pg2-( 1000 x .I )  +

Egl X If:2

2

(305 x .3 )

9
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Pg2 = 202 watts, peak
Pg2 (AV8) = Pg2 X Duty
Pg2(Avg) = 202 x 0.01
Pg2(Avg) = 2.0 watts

Additionally,
pin-EB X 18
PID = 4100 x 4.5

Pin = 18.4 kilowatts, peak
and from

Pp=Pin-Po
Pp -18.4-11.0
Pp = 7.4 kilowatts, peak
Pp(Avg) -Pp x Duty
Pp(Avg) =7.4 kw x 0.01

Pp (Avg) = 74 watts

For anticipated operation under grounded-
grid conditions :

Pdrive(gnd-grid ) =
11)1  +  1g2  +  1g1

xEg1

Pdrlve(gnd-grid)=¥x305

Pdrive(gnd-grid) = 1450 watts, peak

Also, in grounded-grid service, a substan-
tial portion Of the driving power appears as
useful feedthrough power in the output cir-
cuit. Thus:

P(feedthrough) =
Pdrive(gnd-grid)-Pdrive(gnd-cathode)

P (feedthrough) =
1450 -244 = 1206 watts, peak

In  order to  indicate  useful power output
as it would be measured in a resistive load.
the  circuit efficiency  must be applied  to the
•.electronic"  output  Of  the  tube.  At  the  op-

Crating  frequency  Of  interest,  practical  cf-
ficiencies of approximately 85-90 percent are
typical.

Therefore:
Po (useful) = [Po + P(feedthrough) ] x tryckt

Po(useful) = [11.0 + 1.2] x .85

Po(useful) = 10.4 kilowatts, peak

Since p-
Po(useful)

Pin

10.4
'=iT4XI00

p=56.59ro

lf        pinput=85%

then  Power Gain =

x100

Po(useful)

Pdrive

PowerGaln=igx.85

X „input

Power Galn=x 6.I, or 7.9 dB

The  calculated  RF  power  amp]jfier  and
tube  operating parameters  are  summarized
in the following tabulation:

Summary of Calculations for
Broadband RF Power Amplifier

Pulsed Operation; Class 8 RF
Power Amplifier

RF Grid-Pulsed Service;
Grounded-Grid Operation

Quarter-Wave ( ^/4) Triple-Tufled
Output Circuit

Matched Load Conditions; 425 MHz
Center Frequency

DC plate Voltage
DC Screen-Grid Voltage
DC Control-Grid Voltage
DC Plate Current,

during pulse
DC Screen-Grid Current,

during pulse
DC Control-Grid  Current,

during pulse
Drive Power,  during pulse
Power Output (useful),

during pulse
Power Gain
Output Circuit Efficiency
Input Circuit Efficiency
Output Efficiency
Output Impedance  (RI,)
Duty Factor
Pulse Width
Electronic Bandwidth

at 1 dB

4100  Volts
1000  Volts
-125 Volts

4.5 Amperes

0.I  Ampere

0.9 Ampere
I.7 Kflowatts

10.4 Kilowatts

7.9  dB

85%
85%
56.5%

384 Ohms
0.01

10 #sec

-50 MHz

14
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a new, high pel'foi'mance
bl'oadband cavity foli the ZP11065
An  RF  cavity  (Figure  16)  has  been
developed for the General. Electric ZP-1065
tetrode  with  the  application  objectives  and
operating  conditions  presented  and  ana-
lyzed   iu   the   preceding   section.   The   per-
formance  achieved  represents  a  highly
significant contribution to  the  technological
progress  in  extremely  broadband,  power
amplifiers  utilizing  negative-grid  tubes.

The  RF cavity,  developed  by Microwave
Cavity Laboratories, Inc., of LaGrange, Illi-
nois,   incorporates   specialized   multi-tuned
circuit  design  techniques.  Tbe  electronic
bandwidth  achieved  is  appreciably  greater
than that usually obtained with broadbanded
high power tetrode cavities. A demonstrated
1   dB  bandwidth  of  50  MHz  has  been
attained at a center frequency of 425  MHz
. . . under the following operating conditions
for  10 KW of peak power output:

Pulsed  Operation;  C]ass  8  RF  Power
Amptifier
RF Grid-Ptl]sed Service;  Groutlded-Grid
OpuntioD
Quarter-Wave  (A/4)  Triple-Timed  Output
Cireoit
Matched Load Conditions; 425 MHz Center
Frequency

DC plate voltage                     4100 Volts
DC screen-Grid voltage         looo volts

DC Control-Grid Voltage
DC Plate Current,

during pulse
Peak Power Output

(useful), matched load
Power Gain
Output Efficiency
Duty Factor
Pulse Width
Electronic Bandwidtb

at  I dB

-150 Volts

4.5 Amperes

10 Kilowatts
>7dB
54%
0.01
10  „sec

50  MHz

The  foregoing  operation  illustrates  some
of  the  capabilities  and  features  of  the
ZP-1065  RF  cavity  package  which  are  of

particular interest  and  benefits  to the  trams-
mitter   equipment  designer   and  user.   For
example, in addition to the extremely broad
electronic  bandwidth  and  high  peak  power
output,  a  stage  gain  of  greater  than  7  dB,
and  a  high  output  efficiency  of approxi-
mately 55%  are provided. This performance
is  achieved  with  the  ZP-1065  tetrode
operating  under  RF   grid-pulsed   amplifier
conditions.

The   tube   receives   special  high  voltage
seasoning  and  testing  in  order  to  provide
assurance  of  reliable  operation  and  con-
sistent performance from tube to tube under
the  indicated  high  levels  of d-c  steady-state
and screen-grid voltages. This fomi of opera-

lion  eliminates  the  need  for  a  high-level
modulator   (for  plate  and  screen  pulsing)
thereby  conserving  space  and  weight.

Microwave Cavity Laboratories' latest ad-
vances in coaxial cavity design and fabrica-
tion  techniques  have  also  resulted  in  a
significantly  small  and )igbtweight package.
With reference to the cavity shown in Figure
16, the overall body dimensions are approxi-
mately 6 inches (0.D. ) x 7 inches long. The
model is constructed of silver-plated alumi-
num and it weighs approximately 5 pounds,
which  is  of  interest  to  applications  where
light weight is important. Modifications,  in-
cluding  different operating Conditions,  may
be effected in order to custom design an RF
power  amplifier  package  to  a  particular
application's needs.

Literature,  sales  information,  or  technical
assistance  on  the  application  of  Gefleral
Electric medium power VIE-UHF Coaxial
Tetrodes  can be  obtained from any  Of the
following  Electronic  Component  Sales
Operation regional offices or by contacting
the  Microwave  Tube  Business  Section,
General  Electric  Company,  Budding  269,
Schenectady, New York  12305. Telephone :
(518)  374-2211,  Extension  54273.

Fjgure]6-fHo[r8!-p[:88;mTaeTFoedeBroadbandcavity 15
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VTM,s:
wllal are IIler?
Voltage Tunable  Magnetrons  (VTM's)  are
high   frequency,   continuous   wave   oscilla-
tors   operating   in   the   microwave   region.
General    Electric   VTM's   cover    a   wide
range of frequencies-from a few hundred
to  over  5,600  megacycles,  and  their  capa-
bility  has  been  demonstrated  up  into  the
X-band   region.

Power output of voltage tunable magne-
trons  begins  at  tens  of  milliwatts  and  can
be   extended   through   hundreds   of   watts.
General  Electric  has,  in  fact,  attained  500
watts of power in  the laboratory,  and  even
higher  levels  are feasible depending on the
center    frequency    and    bandwidth    being
used.

A  packaged  voltage  tunable  magnetron
consists  of  three  elements:

( 1 )   a  basic vacuum  tube wherein a con-
version   of   d-c   power   into   radio-
frequency  power  occurs  in  the  in-
teraction  region.

(2)   an  r-I  circuit  or  cavity  which  pre-
sents   the   required   impedance   to
the   tube   over   the   desired   band-
width.

(3)   a permanent magnet which provides
the   required   magnetic   field.

KEY FEATURES
AND  ADVANTAGES

Essential    features    which    distinguish    a
VTM  from a conventional  magnetron are:

(1)   an   r-f   circuit   loaded   down   to   a
very  low  Q.

(2)   an   electron   current   limited   to   a
value  less  than  the  normal  space-
charge-limited  (BRILLOUIN)  cur-
rent.

When  these  conditions  are  met,  the  oscill-
ation  frequency  becomes  a function of  the
anode  voltage,  rather  than  of  the  circuit
resonant  frequency.

Specific  advantages  of  VTM's,  in  addi-
lion   to   their   electronic   tuning   features,
are:

(1)  Rapid  Modulation-VTM's  are  capa-
ble  of  being  frequency-modulated  at
high  rates.  Sweeping  rates  up  to  20,-
000  mc  per  microsecond  have  been
attained.

(2)  Linear Tuning-the VTM  has a tun-
ing   characteristic   (or   frequency   vs.
anode   voltage)    which   is   not   only
linear,   but   also   proportional.   This
means the tuning line passes through,
or  close to,  the  origin; hence,  a  good
approximation   to   the   tuning   sensi-
tivity  (mc  per  volt)  can  be  achieved
simply  by  dividing  the  center  voltage
into  the  center  frequency.  Since  this
proportionality  is  an intrinsic charac-

©vTM

Figure  1-Elements of a  Typical  VTM

Figure 2-Typical  VTM  Assembly

teristic of a VTM, one cannot specify
center  frequency,  center  voltage,  and
tuning  sensitivity  independently.  For
octave  band  tubes,  the  actual  tuning
curve   is   normally   within   ±1%    (in
units   of   center   voltage)   from   the
best  straight  line,   and  this  line  will
pass  within  two  or  three  per  cent  of
the origin.

(3)  Low   Noise-the  VTM   can  be   con-
structed  for  low  noise  operation.  IF

noise,  30 mc from  the carrier,  may  be
approximately   95   db/mc   below   the
carrier  signal  level.

(4)  High      Efficiency-high      powered
VTM's  (75 watts  and up)  attain con-
version  efficiencies  of   65   to   70   per
cent.

(5)  Size  and  Weight-VTM's  operating
at    10   watts   over   35%   bandwidths
are  available  in  one-pound  packages.
Size   is   15/8   inches  in  diameter  and
15/8     inches    high    in    a    cylindrical
shape.  At  other  levels,  weight  varies
roughly   as   the   square   root   o.f  the
Power.

(6)  Power  Variation  Across  the  Band-
VTM    power    variations    across    an
octave  band  can be restricted  to  four
decibels  with  the  use  of  a  matched
load  or  adequate  isolation.

In  addition  to  these  features,  the  VTM
can  be   made   adaptable   to   airborne   and
space  application  environments  where  ex-
tremes in shock, vibration and temperature
all  may  be  encountered.
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VTM TYPES AND
GENERAL ADVANTAGES

The   VTM   family   is   divided   into   three
major   groups:    the   low   power   group   of
tubes  up  to  one  watt  in  power  output,  the
intermediate  group  with  a  power  output  of
one  to  ten watts  and  the high  power  VTMs
ranging from  tens  to  hundreds  of watts.

The    low    power    group    is    most    often
iised   in   low   noise   applications   for   local
oscillators,    electronically     tiinable     signal
sources,  test  equipment  such  as  signal  gen-
crators   and   on   wide   band   receivers   re-
quiring  frequency  agility.

The  intermediate  power  VTM  is  an  ex-
cellent  device  for  fusing,   altimetry,   telem-
etry  and  parame[rjc pump  applications.

High   power   VTMs   are   used   in   ECM
barrage   jamming,   broadband   transmitters
and  missile  and  aircraft  applications  where
their  high_ efficiencies  can  be  exploited.

VTiv[s  are  usually  custom  developed  to
perform   one   particular   function   in   one
specific    application.    Experience    on    past
programs  has  shown   that  when   pertinent
system    knowledge    is    obtained    prior    to
VTM   construction   the   result   is   un   cco-
nomic,  well  integrated system  device.

Part  of  the  construction  procedure  used
to  obtain  optimum  VTM  performance  for
a  given  application  lies  in  correctly  orient-
ing   the   vacuum   tube-cavity   combination
with   the  magnetic   field   generated   by   the
magnet.    Emphasis   is   placed   on   gaining
the  best  performance  for  those  parameters
most  important  to  the  application.  This  is
how  a  VTM  is  customized  for  maximum
performance at the factory. The importance
of   tailoring   the   VTM   to   its   specific   ap-
plication  cannot  be  overemphasized.  Care-
ful   discussion  and  compiling  of  specifica-
tions    for   VTM  \operation   is    the   only
logical  first  step  toward  obtaining  a  satis-
factory   device;   hence   the   potential   user
of  a  VTM   is   urged   to   follow   this   pro-
cedure.

genelial  theory
CROSSEI)  FIELD ACTloN

The  conventional  high Q  magnetron  is  a
cylindrical  diode  wherein  the  electron  cur-
rent  from  the  cathode  is  influenced  by  a
magnetic  field  parallel  to  and  coaxial  with
the  cathode,  and  acting  at  right  angles  to
the    applied    radial,    electric    field.    When
electrons  travel  in a direction perpendicular
to  the  magnetic  field,   the  field  imposes  a
force   at   right   angles   to   the   direction   in
which the electrons are moving. This causes
the   electrons   to    spiral    into   orbit    at   a
velocity  directly  proportional   to  the  elec-
tric    field    applied    between    cathode    and
anode,   and   inversely   proportional   to   the
magnetic   field,   An   illustration  of  this   ef-
fect  appears  in  Figui.e  3.

4

BUNCHING

Random   noise   present   in   the   tube   in-
duces    some    radio-frequency    voltage    on
the  flnode  segments.  This,  in  tLirn,  tends  to
moduldtc  the  electron  beam  and  build  up
the   intensity   of   the   radio-frequency   fields
on   the   anode   sti-ucture.   Figure   4   depicts
three   electrons   rotating   in   the   interaction
space   at   an   instant   when   adjacent   anode
segments     are     negatively     and     positively
charged.

Here.  electron  A  is  moving  in  a  reduced
electrical   field  region  caused  by  the  radial
component    of   the   radio-frequency    elec-
tric   field   acting   in   opposition   to   the   d-c
electric  field. ThLis,  its  velocity  is  decreased.
Electron   8   is   passing  through   an   area  of
unmodified   radial   electric   field;  therefore,
it    maintains    its    initial    velocity.    Finally,
electron  C's   velocity   is  advanced  since   it
is  moving  in  a  higher  electTical-field  region
where  the  radial  radio-frequency  field  aug-
ments  the  applied d-c field.  For this  reason.
electrons  A  and  C  tend  to  close  in  on  8;
furthermore,    the   same   effect   occurs    at
every  position  around the  anode  where  the
field   orientations   are   the   same   as   at   8.
Thus,  the  electrons  form  into  a  number of
bunches  equal  to  one-half  the  number  of
anode segments in  the  interaction space.

At  each  of  these  bunch  positions   (such
as  at  8)  there is  a  tangential  r-f field,  tend-
ing  to  retard  the  bunch.  However,  just  as
the   radial   field   causes   electrons   to  move
tangentially  in  a  magnetron  (as  in  Figure
3),   so   a   tangential   field   causes   them   to
lnove  radially.  Thus  the  effect  of  the  re-
larding  force  on  the  bunch  is  not  to  slow
it  down;  rather  it  is  to  make  the  electrons
move oLit  towards  the anode,  lose potential
energy,   and   contribute   energy   to   the  I-f
field  as  they  do  so.
(Note   that   the   average   angular   velocity
of  an  electron  around  the  cathode  is  pro-
portionate   to   the   d-c   radial   electric   field
on  that  electron.)

Figure  3-Electron  Orbit

R-F  POWER  GENERATloN

The   continuous   passage   of   these   elec-
ti.on  bunches  past  the  anode  induces  radio-
frequency   fields   on   the   anode   structure.
For   voltage   tunable   magnetrons,   the  fre-
quency  of  these  fields  is  controlled  by  the
average   electron   velocity;   hence,   by   the
iinode   voltage.

Interactions  in  a  voltage  tunable  magne-
tron are similar to those in a high-Q magne-
tron  in  that  an  emitter  produces  electrons
which  enter  into  an  interaction  space,  be-
come  bunched,  and  induce radio-frequency
fields  in  an  aflode  structure.  In  wide  band
voltage-tuned   operation   however,   the   r-i
beam   reactive  current  component  is   used
to tune the circuit; therefore, the magnitude
of   the   circulating   beam   reactive   current
component  must  be  of  the  same  order  of
magnitude  as   the  circuit  reactive  current.
This  condition  may  be  satisfied,  and  rea-
sonable  oiitput  powers  produced,  by  using
a   heavily   loaded   (or   low   Q)   radio-fre-
quency  anode  circuit.  Also  the  number  of
electrons injected into the interaction space
is  limited  in  order  to  facilitate  the  bunch-
ing  process.

LOW a CIRCUIT
Figure  5  shows  an  equivalent  circuit  of

a magnetron. Xe is the reactive effect of the
electron   beam   in   the   interaction   space.
C   and   L   represent   all   capacitances   and
inductances  in  the  magnetron  and  external
circuit.   R  represents  purely  resistive  load-
ing   and   tube   losses   (although   in   many
cases   a   reactance   would   be   included   in
series   with  the   R).

With   fixed   frequency   magnetrons,   the
stored   energy   in   the   resonant   circuit   is
very   large;   consequently,   the  effect  of  Ic
and  1|.  is  very  large with  respect  to  Ib,  and
the  beam  reactance,  Xe,  will  have  little ef-
fect  on  the  change  of  frequency.  For  this
reason, in a  high Q magnetron,  an increase
in   anode   voltage   caiises   considerable   in-

Figure 4-Electron  Bunching
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c]'ease  in  anode  current  and  power  olltput,
but  only  a  slight  change  in  frequency.  As
the  Q  of  the  external  circuit  is  lowered,  a
corresponding  decrease  occiirs  in  lc  and  1|.
with  respect  to  Iu.  Space-charge  reactance,
X„  then  has  a  continually  greater  effect on
frequency  determination.

One  condition  for  oscillation  is  that  all
I.eactive  current  components  must  add  up
to   zero.   The   reactive   components   jn   the
interdigital   and   external   portions   of   the
circuit  can  accomplish  this  only  at  discrete
I.requencies;  hence,  the  reactive  portion  of
the  beam  current  must  be  sufficiently  large
to   satisfy   this   condition   over   the   entire
tuning  range.  One  practical  way  to  express
the  result of this  phenomenon  would  be  to
say that the frequency is determined by the
rate   of   rotation   of   the   electron   bunches
around   the   cathode   post.   Their   average.
angular  velocity  is  controlled  by  the  ratio
of  the  d-c  anode  voltage  to  the  magnetic
field  strength,  V/B.  By  maintaining  mag-
netic  field  strength  at  a  constant value,  the
average   angular   velocity   of   the   electron
bunches  past  the  interdigital  fingers  of  the
anode strLicture may  be varied  by changing
the  anode  voltage.  A  linear  relationship  is
then   established   between   frequency   and
applied   d-c   voltage.

LIMITING  ELECTRON  INJECTloN
To  obtain  wide-band  voltage  tuning,  the

circuit   reactive  current  is   reduced   to   the
same order of magnitude  as the circulating
beam   reactive  current   by  operating   at   a
low  r-f  voltage.  A  low  Q  anode  circuit  is
then   used   to   obtain   power   output   over
wide  bandwidths.  Since  low   I-f  operating
voltage  increases  the  difficulty  in  bunching
the  electrons,  the  number  of  electrons  in-
jected  into  the  interaction  space  js  limited.
Without   this   limitation,   the   excess   space
charge   would   saturate   and   prevent   the
low  r-I  electric  fields  in  the  anode  inter-
action  space  from   properly  bunching  the
electrous.

lNJECTloN  SYSTEM
The  injection  system  for  a  voltage  tun-

able    magnetron    is    represented    in    cross
section  in  Figure  6.  The  fiLamentary  cath-
ode  is  the  original  source of  electrons.  The
injection   electrode   acts   to   accelerate   and
control   the   number  of  electrons   entering
the  interaction  space.  The  cold  cathode  in
conjunction  with   the  anode   forms  an  in-
teraction    region   where   the   d-c   electron
energy  is converted  into  r-f power.  In addi-
tion,  the  cold  cathode  plays  an  important
part   in   the   electron   injection   system,   as
illiistrated   in   Fig.   7.

Electrons   inj.ected   into   the   tube   enter
the   interaction   space.   Those   entering   in
lhe  incorrect  phase  absorb  a small  amount
of   energy   and   are   immediately   collected
on  the  cold-cathode  to  produce  the  rela-
tively   high   current   from   the   hot   to   the
i`old  cathode.  This  current  is  collected  at
such   low  voltage,  however,   that  it  repre-
sents   a    neg]igib]e   power   loss    (typically
about   1%  of  the  anode  power  in  the  75-
wa(t  S-Band  tubes). Those electrons  which
do  enter  in  correct  phase  then  constitute
bunches   which   remain   focused    as   they
give  Lip  a  large  portion  of  their  energy  to
the  circuit;  and  they  are  then  collected  on
the  anode.

CATHODE  BACK  BOMBARDMENT
Not  all   the  electrons  in  the  interaction

space   contribute   to   the   radio-frequency
power oLitput.  Depending on  their  position
and  on  the  phase  of  the  radio-frequency
voltage  on  the  anode segments,  some  elec-
trons  absorb  radio-frequency  energy  which
increases   their   velocity   and   causes   them
to  bombard  the  cold-cathode  post.

These   electrons   dissipate   energy   pro-
ducing   backheating   at   the   cathode   post.
They  also  contribute  to  the  cold-cathode
current   (referred  to  in  the  discussion  of
the  injection  system).  This  energy  is  rela-
tively  small.  however,  compared  with  the
total  generated  radio-frequency  power.I-----I

GENERRFATOR                                              ±x.                 |b'              c                       [                        i

FigiJre 5-Equivalent  Magnetron  Circuit

©vTM
Since   the   emissive   cathode   area   is   re-

moved  from  the  interaction  area,  this  sur-
face   is   not   exposed   to   the   full   back-
t`ombardment  current  as  in  a  conventional
magnetron.   Some   electrons   are   directed,
however,  so  that  they  do  collide  with  the
emissive  cathode area.  In specific instances,
it   may   be   necessary   to   reduce   cathode
power  in  order  to  compensate  for  added
back-bombardment   heating.   A   more   de-
tajled  discussion  will  be  found  in  the  sec-
tion  on  filament  supply  on  page  6.

MAGN E    PIECEFT   POL
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Figure 6-VTM  Injection System

Figure 7-Tube Cutaway View
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Power  Supply
For   satisfactory   VTM   operation,   specific
attention   to   ripple   aDd   regulation   in   the
design of power supplies is most important.
Permissible ripple can be determined, when
the VTM  tuning sensitivity and the amount
of  incidental  f.in.  allowed  by  the  applica-
tion   both   are   known,   by   the   following
equation:

permissive ripple  (volts) =incidental f.in.
(mc)/tuning  sensitivity   (mc/volt)
The   tuning  sensitivity   can  be  found   with
adequate    accuracy    for   this   purpose   by
dividing   the   center   voltage   into   the   cen-
ter  frequency,  as  explained  in  page  9.

The  power  supply  requirements  for  the
VTM   include   a   filament   (emitter)   sup-
ply    (low   voltage   a-c   or   drf:),   an   anode
voltage    supply    (bigh    voltage    d-c    with
adequate   current   output   and   good   regu-
lation),  an injection electrode supply  (high
voltage  d-c  very  low  current  drain)  and  a
modulation  voltage  supply  (a-c)   to  swing
the  anode  voltage  about  the  d-c  value  and
thereby   modulate   the   output   frequency.

For  test  purposes,  the  circuit  of  Figure
8   is   normally  used;  the  separate  supplies
afford   good  flexibility  in   testing,   and  the
low modulation frequency  (usually 60  c/s)
allows  one  to  disregard  the  capacitance  of
the  anode  supply  unit.

For operation,  one can  economically de-
rive  the  Injection  Electrode  supply  from  a
bleeder across the Anode supply. When the
operational    modulation    frequencies    are
high,  as  is usually  the case,  the  modulation
supply   must  follow   the   anode  supply   to
avoid  swinging  the  capacity  of  the  latter.
A  coupling   capacitor   is   then  required   to
apply  the  modulation  signal  to  the  Injec-
lion  Electrode  also.  This  circuit  is  shown
in  Figure  9.

FI LAM ENT S UP PLY
The  voltage  tunable  magnetron  (VTM)

is capable of long life when operated under
proper   electrical   and   mechanical   condi-
tions.   In   addition   to   the  obvious  cooling
I.equirements   and   power   limitations,   the
regulation   of   the   VTM   filament{athode
power  is  extremely  important.

Figure   10  shows  that  the  back  heating
ratio increases very  rapidly  with  frequency
so   that   a   low  power  VTM   operating   at
4000 mc will have a d-c input to the heater
approximately   10%   higher   than   that   at
2000   mc,   and   6%   higher   than   that   at
3000  mc.  The  leveling off  of  the  solid  line
is  due  to  a  decrease  in  power  level  at  the
higher  frequencies.  The  dashed  line  indi-
cates  the  theoretical  back-heating  ratio  at
power  levels  essentially  the  same  as  those
at  the  bunch  frequency.

Figure  I I  shows that a reduction of fila-
ment  current  below  2.0   amperes  for  the
tube  operating  at  2160  mc  brings  a  rapid
fall off in power output due to temperature
limited emission from the filament-cathode.
At  3160 mc  this fall off in power does  not
occur  until  1.9  amperes  due  to  the  higher
back  heating  of  the  filament-cathode.  This
condition   is   evefl   more   pronounced    at
4160 mc where the heating of the filament-
cathode due (o back heating is more severe
and  the  fall  off  in  power  does  not  occur
until   1.7   amperes.

If  the  VTM  is  to  be  operated  at  spot
frequencies   or   with   a   very   slow   sweep
(less   than   60   eps),   then   a   constant  d{
voltage  filament  supply  regulated  to  ±5%
is  advised  for  all  VTM's  with  bandwidths
of  50%  or  greater.  This  will  provide  ten-
perature   compensation   for   the   filament-
cathode by decreasing the di  input power
when  the  back  heating  ratio  increases.

When  using  a  constant  voltage  supply,
the  filament  current  should  be  adjusted  to
the  specified  value   (usually  2.0  amperes)
while   the   tube   is   operating   continuous-
wave  at  the  lowest  specified  frequency  for
that    particular    tube.   This    will    provide
adequate   cathode   emission   at   the   lowest
back  heating  ratio.  Adjustment of  the  fila-
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ment  current  while  the  VTM  is  operating
at   other   than   the   lowest   operating   fre-
qiiency  will   caiise  the  filament-cathode  to
operate   at   higher   temperatures   than   are
liecessary     for    adequate     emission,     and
thereby   shorten   tube   life.

If   the   VTM   is   to   be   operated   under
swept conditions only,  and the Sweep speed
is   60   cps   or  higher   and   covers   the  full
band,  then the variation  of back  heating is
averaged so that either constant d-c voltage
or  constant  d-c  current  may  be used.  Con-
stant current  (regulated to  ±3% )  is advis-
able  in  this  case  as  it will  tend  to  decrease
the rate of emissive material depletion with
tube operation,  and  thereby help  to  extend
VTM  life.

The   filamentary   cathode   is   the   anode
current  source.  Since  the  VTM  is  suscepti-
ble   to   pushing   (see   separate   section   on
Pushing.   Page   13)   a   ±3%   current   reg-
ulation    of    a    constant    current    filament
supply,  or  ±5%   regulation  of  a  constant
voltage   filament   supply   will   control   this
effect.  As  shown ill  Figure  12,  a cbange of
±3%  in  filament  current  will  cause  a  fre-
quency  change  of  approximately  0.018%;
however,  it  must  be  realized  that  the  rate
of change  will  vary from tube type to tube
type  and  will  depend  on  what  filamentary
cathode  is  used  for  the  particular  type.

Use  of  an  a-c  filament  supply,  or  of  a
d-c   silpply   with   appreciable   ripple,   will
cause    some    degree    of    incidental    F.M.
Figure   13  shows  some  typical  curves.  In-
formation  should  first  be  sought  from  the
manufacturer,  however,  for  specific  cases
with  regard  to  incidental  F.M.  as  well  as
with  susceptibility   to   pushing.

When    specifying    the    filament    power
supply,   refer  to   Figure   14  for   the  volt-
ampere    characteristics    of    several    G-E
VTM   filaments.

INJECTloN  SUPPLY
VTM   injection   electrode   voltage   con-

trols  the  number  of  electrons  injected  into
the    r-i   interaction    region    and    thereby
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Figure 10-Back Heating Ratio vs. Frequency
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Figure 12-Pushing Effect of Filament Current
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Figure 15-Peak-to-peak  Frequency Deviation due to Anode Voltage  Ripple

determines  the  anode  current  and  power
level  at which  the VTM  will  operate.  This
change  of  power  with  change  in  injection
voltage  is essentially  a  linear  function,  but
its  rate  will  vary  from  one  VTM  type  to
another depending primarily on the normal
power  output  of  the  VTM  at  a  particular
frequency.  As  discussed  in  the  section  on
Amplitude    Modulation    (See    Page    16),
the  VTM   is   limited  in  both   pulsed   and
amplitude    modulated   operation   by    the
small   power   variation   available.   This   is
due  to  the  requirements  of  electron  cur-
rent   for   coherent   oscillation.   When   the
injection   voltage  is  set  too   low,   too   few
electrons  are  injected  into   the  interaction
region  to  pemit  VTM  oscillation.  When
the  injection  voltage   is   set  too  high,   too
many   electrons   are   injected   into   the   in-
teraction   region   to   permit   the   required
bunching  action  to  take  place.  The  VTM
spectrum   breaks   up   and   the   tube   then
becomes  noisy or unstable,  or drops out of
oscillation   entirely.   In   high   power   tubes
the  power  output  may  reach  a  Saturation
level  without  break  up  of  the  spectrum.

A  3-  to  6-db  power  variation  capability
appears  to  be  a  practical  limit  for  broad-
band  tubes.  Such  a  variation  will  generally
I.esult in a less than one per cent frequency
shift due  to  the pushing effect.

ANODE SUPPLY
The  anode-to-cathode  voltage  (often  re-

ferred  to   as  the  anode  voltage)   controls

the  frequency  of  oscillation  of  the  VTM.
One  of  the  VTM's  advantages  is  that  its
change   in   frequency   with  the   change   in
anode-to{athode  voltage  is  a  linear  func-
tion.    Anode-to-cathode    voltage    actually
controls  the  angular  velocity  of  the  elec-
tron   beam   in   the   interaction   area   and
thereby   controls   the   frequency.   In   most
applications    the    anode    is    operated    at
ground   (as  shown  in  Figure  8)   with  the
cathode^. at  a  B-minus  setting.  Modulation
is  applied between  ground  and  the  cathode
to  vary  the  velocity  of  the  electron  beam,
and   thus   sweeps   the   tube   between   pre-
scribed  band  limits.  Further  discussion  on
this   operation  may   be   found   in   the  sec-
t;on  on  Modulation   (See  Page   15).

The   electronic  tuning  feature  places   a
firm  regulation  requirement  on  the  anode
to  cathode  power  source  in  order  to  keep
the   incidental   frequency  modulation  to  a
minimum.  The peak-to-peak  voltage  ripple
will  caiise a peak-to-peak frequency change
which  depends  on  the  tuning  sensitivity  of
the tube as well  as on the magnitude of the
ripple.  Figure  15  indicates  what  deviations
inay  be  expected.  Select  the  tuning  sensi-
tivity   for  which   the  VTM  has   been  de-
signed  and,  by  intersecting  this  value  with
the   power   supply   ripple   value,   one   can
determine   the   peak-to-peak   deviation.   In
addition   to   frequency    and   power   level
control. the VTM is also sensitive to power
supply   characteristics   for   starting   condi-
tions.  Starting  can  be  defined  as  the  ability
of the VTM to assume immediate coherent

oscillation    ilpon    application   of   all    re-
quired voltages. The  voltage  sequence  and
rise  characteristics  play  an  important  part
in  starting  the  VTM.  Should  any  starting
problems  arise,  experience  has  shown  that
the  best  solution  is  to  operate  the  VTM
with  the  pertinent  power  supply  while  the
VTM  is  being  aligned   at  the  factory.  A
further  discussion  on  starting  is  presented
in the  section on Starting  (See Page  16).

VTM WITH  8+  SUPPLY
Many equipment manufacturers have de-

signed  power  supplies  which  operate  tubes
from    a    B-plus   rather   than   a   B-minus
soiirce.   In   such   cases   the   VTM   can   be
adapted  to  operate with a  B-plus  supply  as
shown   in  Figure   16.  Use  of  a  d-c  block
wi]]   allow  the  VTM  to  be  operated  with
a  B-plus  supply  while  the  r-f  hardware  is
at  ground  potential.   Further  modification
of   the   VTM   will   allow   the  VTM   case
(dashed   lines)   to   be  operated  at   ground
potential.   (If  the   equipment   is   such   that
the  VTM  case  can  be  "floated"  then  this
latter  modification  is  unnecessary.)

After  these  modifications  are  made,  the
VTM   will    operate   in   the   conventional
manner   as    it   would    with   the   B-minus
supply. As shown in Figure 9, the injection
electrode   supply   may   be   replaced   by   a
tapped   bleeder   across   the   anode   §up|)ly.
In  this   case,   a   coupling   capacitor  is   not
strictly    necessary    although    a   bypass    to
ground  may  be  helpful.
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The   tuning   characteristic  of  the   VTM
is   the   curve   relating   frequency-to-anode
voltage.  A  major  advantage  of  the  VTM
lies   in   the  fact   that   this   characteristic   is
very  nearly  a  straight  line  passing  through
the  origin   (i.e.,   frequency  is  proportional
to  voltage).

However, the first essential condition for
voltage   tunability   (See   Page   4)-namely
that  the  anode circuit be  loaded down to  a
low  Q-inplies  that  the  performance  of
the   tube   is   load-sensitive.   It   is   therefore
convenient  to  discuss  departures  from  the
ideal   tuning   characteristic   and   load   mis-
match  effects  at  the  same  time.

Because  of this  inherent  load  sensitivity,
the  majority  of  VTMs  are  built  with  in-
tegral  load  isolation  either  in  the  form  of
an attenuator  (in low power tubes)  or of a
ferrite isolator (in high power tubes ) . When
a  ferrite  device  is  used  it  is  physically   a
circulator,  but  with  its  third  port  matched
so  that  it is  functionally  an  isolator.

The   following   paragraphs   discuss    the
effects of load variations applied directly to
the  VTM.  To  understand the nature of the
problem,  one should  read  them  bearing  in
mind   that   for   VTM   packages   with   the
integral  isolation  the  effects  will  be similar
in   nature   but   numerically   one   or   two
orders  of  magnitude  smaller.  Under  these
conditions  the  load  tolerances of the  VTM
is  as  good  as  that  of  other  voltage-tunable
devices.

The  tuning  characteristic  is  described  by
the  following  terms:

Tuning  Sensitivity:  defined  as  the  slope
(df/dv)   of   the   best  straight   line
through   the   observed   frequency   vs.
voltage  measurements.

Linearity=    defined   as   the    deviation    in
frequency  of  the  actual  tuning  char-

Figure  16-VTM  with  D-c  Block Operating with  a  a+  Anode  Power  Supply

acteristic  from   the  best  straight  line,
expressed  as  a  percentage  of  the  cen-
ter  frequency.

Slope   I]eviation:   defined   as   the   devia-
lion   of   slope   of   the   actual   tuning
characteristic  from  the  average  tuning
sensitivity   expressed   as   a   percentage
of the  tuning  sensitivity.

The  last  two  terms  are  not  independent:
the  Linearity  is  the  integral  of  Slope  Devi-
ation  normalized to center  frequency.  Both
terms are in use,  however-Linearity being
a  more  convenient  concept for some  appli-
cations   and   Slope   Deviation   for   others.
Slope  Deviation  is  sometimes  referred  to
as  fine  grain  Linearity.

TUNING  SENSITIVITY
Since  the  tllning  characteristic  extended

downwards  passes  close  to  the  origin,  the
Tuning  Sensitivity  is  closely  equal  to  f/V.
Differences  from  this  value  result  mainly
from  the  resonant  properties  of  the  anode
circuit.

For   octave   band   tubes   this   effect   is
negligible, but when high power tubes have
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Figure  17-Tuning  Characteristics  of  Broadband  VTM   and   High
Power VTM

Q  values  of  10  or  more,  this  causes  their
Spot  Tuning  Sensitivity   (measured  over  a
small  portion of the  tuning  range)  to  var}l
fr.om  about   10%   below  the  average  value
at  the  low  frequency  to  about  10%  above
at the high frequency end. Average Tuning
Sensitivity  (over the whole band)  for these
tubes is  still close to  I/V measured  at band
center.    Normally    the    tuning    §eusitivity
cannot  be  specified  by  the  user.  The  basic
requirements  of  frequency  and  power  de-
termine  I  and  V;  therefore,  Tuning  Setisi-
tivity  is  fixed  also.  However,  this  value  is
considerably  higher than the Tuning Sensi-
tivity    of    a    Backward    Wave    Oscillator
(whether  0   or   M   type)   operating   at   a
comparable  voltage. As a result, the modu-
Lation  power  at  high  modulation  frequen-
cies   is  much  less  for  the  VTM  than  for
the  other  voltage  tunable  sources.

Figure   17   shows   the   tuning   character-
istics   of   two   typical   tubes:   a  wide   band
low   power   tube,   the  ZM-6223   with  2.65
mc/volt  average  tuning  sensitivity:  and  the
75  watt ZM-6047  with  I.09 mc/volt  across
a   13%  band.

Figure  18-Deviatlon  (e5:gfesr:rtaejg)htofLj#ual  Tuning  Curve  from

9



Figure 19-Effect of VSWR on Tuning Characteristic

LINEARITY
The   actual   tuning   curve   departs   from

the  best  straight  line  as  illustrated  in  Fig-
lire   18.   Sinusoidal   variation   is   associated
with   reflections   from   a  mismatch  in   the
output  line,  while  isolated  deviations  may
occur  due  to  subsidiary  resonances  within
the VTM. In a well-designed tube, the load
reflection   effects   are   the   dominant   ones;
the  amplitude  of  the  deviations  from  the
straight   line   is   determined   by   the   load
VSWR   (See  Figure  19)   and  the  direction
of  deviation   (i.e.,   to  higher  or   to   lower
frequency)  by  the  phase  of  the  reflection
at  each frequency.

Figure  20  shows  a  tuning  characteristic
(Curve  A)  measured  when  operating  into
a    small    mismatch    whose    phase    varies
slowly  with  frequency`.  If  the  load  is  then
shifted so that the VSWR remains constant
while the phases are changed through  180°
the  tuning  characteristic  will shift  to  curve
8.  Intermediate  phase  shifts  will  introduce
corresponding    small    undulations    in    the
tuning   characteristic.

The  periodicity  of  the  sinusoidal  varia-
lions  is  determined  by  the  distance  to  the
reflecting   element.   A   smooth   curve   with
low  periodicity  is  obtained  (See  Curve  A,
Figure   21)   if   the   line   length   is   kept   as
short  as  possible.  As  the  reflecting  element
moves  further  away,  the  "waves"  will  slide
down  the  tuning characteristic  and  become
shorter   jn   length   and,   therefore,   steeper.
(See  Curve  8,  Figure  21.)  When  the  tan-
gents  at the steepest points become vertical,
the curve  breaks  up  into  discontinuous  seg-
ments   with   missing   frequency   bands   (or
`'holes")  between  them.  This  js,  of  course,

an    unacceptable   situation    and   the    load
VSWR must be kept low enough to prevent
it. For a VTM  without isolation this means
a  load  VSMR  must  typically   be  held  to
1.2: 1  or less  across  the  band-a  very  tight
requirement.  Thus  the  tube  should  either

10

Figure 20-Effect of Phase Change on Tuning Characteristic

have  the  integral  isolation  or  should  look
into  a  well-matched  pad  or  load.

Linearity  as  defiled  here  refers  only  to
the  absolute  deviations  of  frequency  pro-
duced b]/ these effects from the best straight
line. Figure 22 shows typical linearity limits
of  ±1%   of  center  frequency  imposed  on
the tuning characteristic. For narrow band,
low power tubes,  linearity  Limits of ±0.5%
can  be  obtained.

SLOPE I)EVIATloN
The  curve  of  Figure  18  can  also  be  de-

scribed  by  the  variations  in  slope  relative
to  the  best  straight  line.  This  aspect  is  of
greater   significance   when   a   problem   of
following a swept signal  with an AFC loop
exists;  too  great  a  slope  may  exceed  the
loop.s   gain   limits.   It   becomes   apparent
that   slope   deviation   is   affected   by   load
VSWR,  and  is  affected  much  more  than  is
Linearity  by  a  distant  load  mismatch  with
its   attendant   rapid   phase   variations   (see
in  Curve  8,  Figure  21).

For   an   octave   band   tube   working   di-
rectly   into   a   1.2:I   VSWR   within   a   few
wavelengths,     slope     deviation     may     be
typically   ±15%.   For   higb   power   tubes
with    integral    isolators,    slope    deviation
due  to  load  effects  is  vel.y  small  but  the
consistent   variation   across   the   band   due
to   the   circuit   resonance   is   about   ±10%
as    mentioned    under   Tuning   Sensitivity.
(See  Page  9.)

The   low   values   of  linearity   and   slope
deviation mean  that  the problem  of linear-
izing  the   tube  by   controlling  the  voltage
sweep  is  much  simpler  than  it  is  for tubes
with   inherently   non-linear   characteristics
whose  correction  voltages  are  correspond-
ingly  large.  This  is  most  important  to  the
design   of  equipments   where  precise   cali-
bration of the voltage with the  actual oper-
ating frequency of the VTM is of consider-
able   significance.   This  precision   demands

that  a  change  in  voltage produce  the  same
change in frequency along the entire tuning
characteristic   and   suggests  that  the  slope
deviation  must  be  reduced  to  a  minimum.

INITIAL  ACCURACY
The  VTM  tuning  characteristic  can  be

held  to  a  high  degree  of  uniformity  from
tube to tube. In typical production types, the
\.TM frequency versus anode voltage char-
acteristic  does  not  deviate  from  the  design
value   by   more   than   ±2.5%.   This   js  of
particular  importance  to  manufacturers in-
volved  in  production  quantities  of  equip-
ment.  It  facilitates  the  calibration  Of  the
equipment,  helps  to  standardize  on  manu-
facturing  procedures,  and,  ir  general,  re-
duces  manufacturing  time   : `   .   costs.

REPEATABILITY
The  tuning  characteristic  of  the  VTM

is  repeatable  to  within  ±0.1%   of  its  in-
itial  value  when  the  entire  prescribed  fre-
quency  range  is  swept.  Such  repeatability
insures high accuracy  on  successive sweeps
and   better   precision   on   resetting   equip-
ment  for  operation  over  portions  of  the
band  or for fixed  frequency  operation.

powel'  vaiiiation
With proper loading  (1.2 to  I  VSWR or

better),  an  octave  band  VTM  can  limit  its
power  variation  to  ±2  db  over  the  band
without  any  additional  leveling  equipment.
A  poor  mismatch  will  cause  considerable
variations   in   the   power-versus-frequency
`spectrum  and,  in  extreme  cases,  may cause
a  break  up  of  the  spectrum.   (See  Figure
23.)  The mismatch  actually produces  vari-
ations  in  the  impedance  presented  to  the
VTM.s  r-i  current.  This,  in  turn,  causes
a sinusoidal  variation  in the  normal power
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Figure 21-Effect of  Load Position on Tuning Characteristic

output spectrum. The worse the match, the
more  severe  the  variation  becomes  until  a
spectrum   break  occurs.   Changing  of  the
load  phase  will  also  affect  this  parameter,
and this becomes especially important when
the change  in phase is  coupled with a  high
VSWR  (over  1.2 to  I). Should the loading
to   the   VTM  be   poor,   then   isolation   in
some  form  is  required.

The    VTM    is    capable   of   being   lev-
eled   by   a   feedback   loop   which   controls
the  voltage  on  the  injection  electrode  and,
in  turn,  controls  the  power  level.  Average
power  amplitude  variation  of  3  .to   6   db
via   the   injection   electrode   is   available
with  broadband  VTM's,  and  narrow  band
VTM's  will  have  a  greater  variation  capa-
bility depending on  the percent bandwidth.
During VTM  alignment at the factory,  the
power  spectrum  is  monitored  so  that  no
abrupt  changes  in  power  level  are present.
This  characteristic,  coupled  with  the  lower
over-all  power  variation,  places  fewer  de-
mands  on  the  leveling  system  and  particu-
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Figure 22-Tuning  Linearity  Limits

larly  on  the  amplifier.  Since  the  injection
electrode   impedance   is   in   the   order   of
several  megohms,  a  high  impedance  feed-
back  system  can  be used.

Powel,  Output
and  efficiency

General   Electric   is   producing   VTM's
with   power   levels   ranging   from   tens   of
milliwatts  to  hundreds  of  watts.

High powered  (75 to hundreds of watts)
VTM's with  15%  bandwidth have practical
conversion   efficiencies   of   65%,   and   de-
velopmental    VTM.s    (500    watts)     have
operated  at  conversion  efficiencies  of  over
70%.   (Conversion  efficiency  is  defined  as
lhe power output divided by the product of
the   anode   voltage   and   anode   current).
These    high    power,    high    efficiency    de-
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Figure 23-Breakup of  Power Spectrum  Due to Mismatch

vices   have   found   successful   application
in   active   electronic   countermeasures   and
can  also  be  used  as  high  level,  injection
locked  oscillators  for  telemetry  and  com-
munications.

Intermediate   power   VTM's    (approxi-
mately   1   to    10   watts)   have   efficiencies
(which  are  a  function  of  both  power  and
bandwidth)   ranging   from   15%   to   40%
when  operated  over   30%   to   50%   band-
widths  in  L or S  band.

Low  power,   100  mw  VTM's,  operating
over  octave  bandwidths,   will   have  effici-
encies  ranging  from  5  to  15qrz7.

effects  on
operating fliequency
PULLING

A   change  in  the  VTM   operating   fre-
quency  caused  by  extemal  effects  such  as
load variations  is often referred to  as  pull-
ing.

Load  variations  jn  the  fomi  of  changes
in   VSWR,   as   well   as   changes   in  phase,
will   cause   deviations   in   the   VTM   fre-
quency.  An  S  band  VTM,  operating  into
a  I.2-to-I  VSWR  which  is  varied  throuch
all    phases,    can    change    frequency    by
±0.5%.   A  VswrR   of   1.05-to-I,   will   de-
crease   this  change  to  0.09%   when  oper-
ated  through  all  phases.  Thus  the  prefer-
ence  for  a  low  VSWR  becomes  evident;
furthermore,   a   load   with   a   fixed   phase
will  also  decrease  the pulling of the VTM.
In   addition   to   the   change   in   frequency
caused  by  reactive variations  in the imped-
ance,  the  pulling  phenomena  will  produce
variations  in  the  power  output  because  of
changes   in   the   load   resistance.   (See   the
Power  Variation  Section,  Page  10  and  the
load  sensitivity  section,  Page  13.)
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Another  effect  must  also  be  considered
in  frequency  pulling-the  long  lines  efliect
present  when  the  load  is  many  electrical
wavelengths  from  the  VTM.  This  causes
variations  in  the  tuning  characteristic   (as
discussed  in  the  sections  on  Linearity  and
Slope    Deviation),    and    consequently    in
the  VTM  operating  frequency.  Ideally  the
load  should  be  as  close  to  the  VTM  as
possible.

In   many   cases   where   mismatches   are
part of the system, VTM packages built by
General   Electric   contain   an   integral   at-
tenuator,  isolator  or  circulator  to   reduce
loading  sensitivity.

PUSHING
This   magnetron   characteristic   can   be

defiled as  a change in operating frequency
due  to  internal  effects  on  the  VTM.  Two
main    internal    sources    of   pushing    are
changes     in    filament    temperature     and
chariges   in   injection   voltage.   Both   cause
variations  in  anode  current  and  operating
frequency.

The    rate   of    frequency    change    with
heater current depends on tbe filament be-
ing  used  in  that  particular  type  of  VTM.

In  low  power  VTM's  the  injection  elec-
trode   can   cause   pushing   at   a   0.2   mc/v
rate; hence, changes of 50 volts which may
change  the power output by  3  db will shift
the  frequency  by  10  mc.  Thus  in  S-band,
with   a   nominal   injection  voltage  of  200
volts   a  25%   change   in  injection  voltage
will  produce  a  frequency  shift  of  approxi-
mate,y  0.3%.

I0ad
S0msi']Vitw

The   voltage   tunable   magnetron   is   a
load  sensitive device.  Its  parameters-such
as  the  tuning  characteristics,  power  output
and  operating  frequencyulepend  on  both
phase  and  VSWR  of  the  load.  Some  of
these effects have been presented previously.

An  indication  of  the  effect  of  mismatch
and  change  of  phase  can  be  seen  by  con-
sulting  the   Reike  Diagram  in  Figure  24.
Assume  you  are  operating  a  3  watt  VTM
at   one   frequency   (in   this   case   fo=1700
mc).  A  mismatch  of  1.2-to-1  VSWR  will
produce   a   set   change   in   frequency   and
power  depending  on  the  phase  being  re-
flected   back   to   the   VTM.   If   the   load
undergoes  a  360°  change  in  phase  (repre-
sented  by  traveling  completely  around  the
I.2-to-1  VSWR  circle)  then  the VTM  fre-
quency  and  power  will  be  pulled  continu-
ously  by  the amount shown on the orthog-
onal  lines  representing  percentage  changes
in power and absolute changes in frequency.
Orientation   of   the   orthogonal   frequency
and  power  lines depends  on  a combination

of  the   load   and   operating   frequency.   A
change  in  the  operating   frequency,  with
the  load  remaining  fixed,   will  rotate  the
entire   set   of   the   orthogonal   lines   to   a
different   position.   Furthermore,   the   en-
tire    representation    does    not    necessarily
have  to  be  centered on the  Reike  Diagram
as  has  been  done  here  for  simplicity  pur-
poses.   This   example   assumes   that   these
conditions  exist  on  the  anode  vanes  of  the
VTM  and  that  the  resistance  is  equal  to
the  characteristic  impedance  (Zo).  The  en-
tire presentation  will  move  away  from  the
center   for   a   normalized   resistance   other
than  one.

Reduction  of  the  VSWR  will   decrease
changes  in  frequency  and  power  consider-
ably  (see  VSWR  of  1.05-to-1).  This  indi-
cates the importance of using a well matched
load or isolating the VTM  with a properly
matched  attenuator,  isolator  or  circulator.

"M  mois0
Noise   is   generally   put   into   two   cate-

gories with respect to VTM's:  IF noise and
spurious   output.   IF   noise   is   that   which
is  integrated  over  a  prescribed  bahdwidth
at  a  specific  center  frequency   above  and
below  the  carrier.  The  noise  level  is  refer-
enced to the carrier power and is expressed
as  a  signal-to-noise  ratio in db/mc.

Noise  in  narrow  band  VTM's  has  been
measured  at   100  db/mc  below  carrier  at
30  mc from carrier. Wide band VTM's  are
capable  of  noise  90  db/mc  below  carrier
at  30  mc  or  60  mc  from  carrier.  Broad-
band IF  noise integrated  from  100  KC  to

©rmM
loo  mc  from  carrier  has  been  measured
65  decibels  below  the carrier level. A typi-
cal  noise  measurement  system  is  shown in
Figure  25.  Here  the  output of  the VTM  is
ted  into  a  mixer  where  the  noise  of  the
VTM   beats   against   the   carrier.   The   IF
amplifiers  will  pass  the  noise  components
whose  frequencies  are within the particular
IF  bandwidth.  These  are  displayed  on  the
oscilloscope.  A  calibrated  signal,  generally
from  a  signal  generator  with  a  calibrated
attenuator,   will  also  be  presented  on  the
scope.  The  level  of  the  calibrated  signal
is  adjusted  until  it  is  equal  to  the  noise,
whereupon   a   reading   of   the   attenuator
dial  will  indicate  the  noise  level  with  re-
spect to the signal generator's unattenuated
output.  This  is  then  referenced  to  the  car-
rier  level  of the tube fed  into  tbe  mixer.

Spurious  output  results  from   an  inter-
action  of  the  electron  beam  with  narrow
band  impedance of adequate magnitude to
produce   appreciable   signal   levels.   These
signals   may   be   of   sufficient   strength   to
produce   false   indications   in   a   sensitive,
low  noise  receiver  such  as  those  used  in
radar  surveillance.  Spurious  VTM  output,
which  includes  harmonies  as  well  as  other
extraneous  noise,  is  measured  at  about  60
decibels   below   carrier.   On   octave   band
tubes,   the   second   harmonic   is   approxi-
mately -45 db. The measurement of spuri-
ous  output  is  accomplished  by  noting  the
spurious signal level across the entire band-
width  and  in  specific  cases,  the  harmonies,
when the VTM is operated at a number of
equally   spaced,   fixed   frequencies   within
the    specified    bandwidth.    A   substitutiofl
method  employing  a  calibrated  attenuator

Figure 25-IF  Noise Measurement System
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Figure 26-Block  Diagram  of Spurious  Signal  Measurement

on  a  signal  generator  and  a  suitable  super-
heterodyne  detector  are  used.   (See  Figure
26.)

VTM  noise  only  tens  of  kilocycles  from
the carrier is  important in  many  test  equip-
ments  such  as  sweepers  and  spectrum  ana-
lyzers.  One  basic  problem  in   aligning  the
VTM   for  low  noise  close  to   carrier  has
been  the  lack  of  a   dynamic   method  for
measuring  the  noise  as  the  VTM  is  being
swept over  the  prescribed  band.  The previ-
ously   used   IF   method   of   measurement
breaks   down.   (See   Figure   25.)   Response
of  an  IF  amplifier  operating  at  these  low
frequencies is so slow that the sweep modu-
lation  rate  on  the  VTM   miJst  drastically
be  reduced.  Unfortunately  this  slow  sweep
rate  does  not  provide  an  adequate  scope
presentation  of  the  swept  noise  character-
istics  which  must  be  moni(ored  while  the
VTM  is   being  aligned.   Thus   the   ultimate
capability in this  area  is  relatively unknown
when  compared with  the  noise  levels  meas-
ured  further  from  carrier.  All  present  evi-
dence   points   to    a   higher   noise   content
close  to  carrier-approximately  50  db/mc
below  carrier  at   10  KC  from  carrier.   Re-
duction   and   flattening   of   the   noise   level
takes place further from carrier.  From  100
RCS  out  to  100  mc  and  beyond,  IF  noise
levels  of  90  db/mc  on  wide  band  VTM's
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are  practical:   and   apparently,   at  frequen-
cies greater than  loo mc from carrier, there
is   very   little   improvement   in   noise   per-
formance.

For  optimum,  low  noise  performance  a
VTM  should  be  factory  aligned  with  the
ac(uaL  loading  into  which  the  tube  will  be
operating.

envil'onment
Temperature-compensated  tubes  will   limit
their  frequency   change  to   0.2%   over   the
rarige   from   -20°C   to   +80°C.   Thus,   a
VTM   operating   in   S-band   will   not   shift
frequency   by   more   than   6   mc   during   a
|oo°C  change  in  temperature.

RADIATloN  RESISTANCE
On-site  testing  at  a  pulsed  reactor  facil-

ity  proved  that  VTM.s are  capable of with-
standing high  levels  of gamma  and  neutron
radiation.   Repeated   exposllres   to   gamma
rates   up   to    I.68    X    ]07   rads   per   second
and   neutron   intensities   up   to   2.55   x    log
I.ads  per  second  did  not  affect  VTM  opera-
tion.  The  threshold  of  radiation  levels  that
might   afrect   the   General   Electric  VTM's,
in   fact,   could   not   be   determined   at   this
pulsed  reactor  facility.  VTM  magnets  con-

taining  cobalt  exhibited  no  induced  radia-
tion  activity   after  the   repeated  exposures
and were  not considered a personal hazard.

VIBRATloN
The   hard   mounted   VTM   will   operate

at  log  vibration  levels  from  5  to  2000  eps.
When    isolation-mounted,    the    maximum
FM  from  a  VTM  can  be  held  to  0.1%  at
levels  of  7g  from  200  to  2000  eps.

SHOCK
VTM's   shocked   at    1600g   levels   have

continued   to   operate   normally.   Ofle   test
(ype  had  been  shocked  45  times-with  30
of  these  shocks  above  the   1000g  level-
and  its operation  after these tests remained
normal.

ALTITUDE
General   Electric  VTM's   have  been  de-

sjgned  and  produced  to  operate  in  missile
as  well  as  airborne environments.

TEMPERATURE
Depending on its power requirements, the

VTM  may  operate  at  -55°C  to  +|25oC
with    only    conduction    cooling    required.

shielded
ITM'S

VTM  operation  depends  on  maintaining
the  same  magnetic  field  used  when  align-
ing  the   VTM  at  the  factory.  During  this
alignment.   the  tube's   parameters  must  be
carefully   monitored   on   oscilloscopes   and
meters,  and   recordings   must  be  made  of
the   operating    voltages   and    currents   re-
quired  to  produce  a  package  which  meets
specifications.   Any   subsequent   change   in,
or distortion of,  the magnetic  field destroys
the  careful  factory  alignment  and degrades
VTM   performance;   also   failure   to   keep
ferro-magnetic  materials  at  suggested  dis-
tances  from  the  VTM  packages  or  use  of
ferro-magnetic    tools    and    dynamic    fields
(such  as  those  generated  by  transformers)
can  adversely  affect   the  magnetic  field  of
the  VTM.

MAGNETICALLY  SHIELl)ED  VTM'S
Magnetically   shielded   VTM's   will   pro-

vide   a   solution    to   the   above   problems.
General    Electric   has   developed   a   VTM
package   with  improved  magnetic  circuitry
and   new   (but   inexpensive)   magnetic  ma-
terials   which  lend  themselves  to  shielding
techniques  never  before  possible.  Shielded
VTM's  can  be  stacked  one  on  top  of  the
Other  with  no  degradation  in  performance,
and   this   package   will    be   unaffected   by
transformer  fields  normally  found  in  many
electronic  systems.  Such  a  decrease  in  de-

gaussing   susceptibility   allows   the   shielded
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Figure 27-Shielded  VTM  Compared with  Space  Requirements for Conventional  VTM
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Figure 29-Maximum  Modulator  Impedance vs.  Modulation  Frequency

©¥"
VTM  to  be  used  in  compact.  high  density
equipments  where  passive  magnetic  devices
must  come  in  direct  contact  with  the  tube.
Previous  requirements  for  minimum  spac-
ing   or   protective   boxes   are   eliminated.
I.'igure  27  indicates  the  reduction  in  space
requiremeiits  now  possible  through  integral
magnetic   and   RFI   shielding.

RFI  SHIELDING
The    magnetically    shielded   VTM    also

incorporates    RFI    shielding    to    attenuate
stray  RF on  the  d-c  leads.  This  extraneous
radiation   is   annoying   as   it   can   produce
iinwanted    modulation,    degrade    receiver
sensitivity   and   decrease   accuracy   of   the
system   in   which   the   VTM   is   operating.
RFI   shielding   reduces   stray   radiation   on
the  d-c  leads  to  below  minus  30  dbm.  This
attenuation-provided   as  an  integral  part
of  the  VTM  shielded  package-will  elimi-
mate    the    radiation    screens,    sbields    and
cages  normally  I.equired  with  conventional,
electronically   tuned   oscillators   employing
magnetic  fields,

VIM
modulation

General  Electric VTM's have been mod-
ulated  at  20,000  mc  per  microsecond  rates
thereby,  making  the  VTM  a  candidate  for
frequency agility  equipments such as broad
band,  surveillance  receivers  and  electronic
countermeasures   systems.   VTM's   are  fre-
quency-modulated  by  changing  the  anode
to  cathode  voltage.  The  voltage-frequency
relationship   is   linear   (as  discussed  in   the
section  on  Tuning  Characteristic).   In  re-
gard  to  modulation,  the  VTM  can  be  pre-
sented   as   a  capacitance  and  resistance  in
parallel.   (See  Figure  28.)   At  high  modu-
lation  rates,  the  internal  impedance  of  the
modulator   and   lead   impedances   assume
greater   importance   while   VTM   plate   re-
sistance  (Rp)  can  be  ignored.  To  increase
the  frequency,  an  increase  in  anode  volt-
age is required  and is obtained  by charging
the   tube   capacitance   C.   The   time   t   for
charging  would  be  equal  to  RC  where  R
is the  modulator impedance. Thus `.t=RC"
is   an    approximation   for   increasing   the
VTM  frequency  at  a  constant  rate.  Since
the  time  constant  of  the  RC  circuit  repre-
sents  approximately  one-half  a  sine  wave,
the time for one period of oscillation would
be  2t.  Values  calculated  for  several  VTh4
types   are   shown   in   Table    I    (page   16).
Figure  29  is  a  presentation  of  modulation
impedance   as   a   function   of   modulation
frequency   for   three   different   values   of
VTM    capacitance.   Approximations   were
used  to  arrive  at  the  maximum  modulator
I.esistance  and  a  factor of 0.5  or  0.3  should
be  used  to  avoid  modulation  distortion.
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MODULATloN   DATA  FOR   TYPICAL  VTM'S

MaxjuaurTouMso#ELa#art:oTnpR€€:scefor

Tube Type 1  mc                 llo  mc               100  mc
Pf            Kilohms          Kilohms          Kilohms          Kilohm§

Z M -6046                       35

Z M -6047                         35

ZM-6085                        40

ZM-6205                       110

ZM -6211                        40

ZM -6222                      140

ZM -6223                       40

ZM -6222                      140

50                        30                        3.0                       0.30

50                       30                        3.0                       0.30

300                        25                        2.5                      0.25

100                           9                        0.9                       0.09

72                        25                        2.5                       0. 25

90                          7                        0.7                      0.07

130                       25                        2.5                       0.25

90                          7                        0.7                      0.07

Figure 30-Series Transformer Modulation

Figure 31-Series Resistor Modulator
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FREauENcy  MODULATioN
There  are  many  methods  for  frequency

modulating   the   VTM,   but   the   simplest
involves   the   use   of   a   series   modulated
transformer  where  the  transformer  is  con-
nected   in   series   with   the   power   supply.
(See  Figure  30.)   Another  method  utilizes
a  series  resistor.   (See  Figure  31.)

AMPLITUDE  MODULATloN

Amplitude     Modulation    of    the    VTM
must  be  limited  to  changes  in  power  levels
of   from   3   to   6   dec`ibels   depending   upon
the   power   output   and   the   bandwidth   o£
the    VTM    being    used.   Thus   pulsing   or
square-wave-modulating    in    the   VTM    is
limited  due  to  both  small  amplitude  modu-
lation    capability    and    freqllency    pushing
considerations.

STARTING

Another  factor  involved  in  pulsing  and
square   wave   modulating   is   the   starting
characteristic   of   the   VTM;   that   is,   the
ability  of  the  VTM  to  assume  immediate
coherent oscillation  as  soon as  all required
voltages have been  app]jed. Broadband low
power VTM's are most su§pectible to start-
ing  |]roblems.  At  the  low  end  of  the  fre-
quency  range-normally  the  "hard  start-
ing" portion of the band-the space charge
is  close  to  the  cold cathode  and  the  circu-
lating  current  and  the  I-I  fields  are  small.
All   are  poor   conditions   for   starting.   To
improve  them,  it is  necessary to fill up  the
interaction  space  between  the  atlode  and
the  cathode  by  dispersing  the  space charge
away from the cold cathode. This increases
both  the  I-I  fields  and  circulating  current.
One  way  to  accomplish  this  is  to  use  the
following  voltage  sequehce  for  turning  on
the  tube:

(1 )  apply  the  heater  and  injection  volt-
age.

( 2 )  turn ori the anode-to-catbode voltage.
For  best  starting  results,  one  should  first
perform  evaluation tests  on  the VTM  with
the  power  supply  the  VTM  will  be  using
in the equipment.  Another approach  which
has   produced   excellent   results   is   to   per-
form  the  starting  tests  with  the  pertinent
power   supply   while   the   VTM   is   being
aligned  at  the  factory.

Coupled   with   the   r-f   voltage   and   cir-
culating   current   considerations   for   start-
ing  is  the  impedaflce  presented  to  the  cur-
rent.  If the  impedance is low,  even  a mod-
erate  amount  of  current  will  not  provide
an adequate condition for starting. Further-
more,   the  impedance  over  the  prescribed
bandwidth  has  two  restrictions  in  that  (1)
the  power  variations  across  the  band  must
generally  be  kept  to  a  minimum  and   (2)
the  tuning  characteristic  must  be  as  linear
as  possible.  Thus  the  impedance  must  sat-
isfy  power  outpiit,  power  variatiofl,  linear-
jty   and   starting  requirements.   The  cavity
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and   circuitry   must   essentially   shape   the
impedance  characteristic  across  the  band
to  meet  all  these  requirements.

Once   again,   factory   alignment   of   the
VTM  using  the  specific  power  supply  in-
volved will  produce  a VTM  with  excellent
starting  characteristics.

fixed  frequency
Opel,ation
of  VTM'S

While VTM's  are  used predominantly in
swept,  broadband  applications,  they  have
also  found  use  in  fixed  frequency  opera-
tion. VTM's are als..  capable of being elec-
tronically   switched   from  one   method  of
operation to  the other.

With   a   well   regulated   power   supply,
frequency  variation  can  be  held  to  ±0.03
percent  and,  if  tighter  limits  are  req:.!ire\1,
a  feedback  approach  can  be  used  to  pro-
vide more precise control.

The following discussion of feedback cir-
cuits includes frequency comparison, phase
comparison    and    injection    locking.    The
general  characteristics  Of  each  circuit  are
summarized in Table 2.

FREQUENCY COMPARISON
In a frequency-modulated telemetry sys-

tem,  frequency  tolerances  are  small.  Re-
sponse time of the feedback  loop  must  be
slow enough to retain the lowest frequency
components    of    the    modulating    signal.
Within  these  requirements,  the  frequency
comparison  circuit  in  Figure  32  will  pro-
vide  satisfactory  control.

In  this  circuit,  alternate  samples  of  the
tube  frequency  and  a  frequency  standard
(such as a crystal oscillator)  are compared
by  means  of a trigger circuit  at  a rate  de-
termined   by   a   square   wave   generator.
Switching  rates   must  be   well   below   the
lowest   frequency-modulation   rate   of   the
system.  The  sampled  signals  are  amplified
and  converted  into  voltage  by  a  discrimi-
nator.  This  voltage  is  then  amplified  and
oriented  by  a  synchrorous  detector  which
transmits  a correction signal  to  the  modu-
lator  or  power supply.

VTM's  with  this  type  of  feedback  cir-
cuit have been used successfully in a trams-
mitter  for   communication  in  space.  The
critical  center  frequency  is  held  to  within
0.002  percent.  To   retain  the  lowest  Ire-
quency  lnodulation  of  700  cycles  per  see-
ond,  a 200  cps  switching  rate was  used.  In
a  frequency  comparison  circuit,  the  out-
put  voltage  of  the  power  supply  must  be
relatively  stable over one complete  switch-
ing   cycle   since   the   circuit   cannot   sense
rapid frequency  changes.  If the  ripple  fie-
quency   approaches   or   exceeds   the   Ere-
quency of the square wave  generator,  suit-
able power-supply filtering will be necessary.

VTMr+MODUIATORlNFORMATI0NI!3#LR,I
I       DIRECTI0NAL       ICOUPLERIMIXERIGHEANREM#¥bcRIIIOSCILIATORI

LOADquFt'#Lc°HPH   AMpliFIER   IIDISCRIMINATOR  IIS%#ftE:-AWT%VREIIA#Pi'F?inIISYNCHRONOUSI-

I          DETECTOR          I-

Figure 32-Frequency Comparison Chart

Table 2
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Figure 33-Phase Comparison Chart

An    Linbalanced    condition    may    result
when  the  frequency  modulation   rate  ap-
proaches  an  odd  harmonic  of  the  switch-
ing frequency. This condition can be elimi-
mated  by  a  filter  at  the  output  of  the  syn-
chronous  detector.

PHASE COMPARISON
The  phase  comparison  circuit  in  Figure

33  mixes  a  portion  of  the  magnetron  out-
put with  a harmonic of a crystal oscillator.
The  resulting  signal  is  fed  into  an  inter-
mediate-frequency   amplifier   of   the   same
frequency  as  the  oscillator.  Next,  the  am-
plified   signal   is   phase   compared   directly
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with  the  crystal-output  frequency,  and  the
error  signal  is  (hen  amplified  and  fed  back
to  the  tube for frequency correction.

This circuit maintains the magnetron fre-
quency  at  crystal  accuracy.  This  accuracy
can  be  maintained  at  regular  intervals  in
the   tuning  range  determined  by   the  har-
monies  of  the  crystal;  thus  it  is possible  to
phase-lock onto one frequency or step-tune
the  tube  across  its  entire  frequency  range.
In  this  service,   the  response  time  of  the
feedback  circuit  determines  the  lowest  fre-
quency  modulation  rate.

Tlie   allowable   power-supply   variations
are   determined   by   the   crystal   frequency

and  by  the  tuning  sensitivity  of  the  VTM.
For  example,  a  60  megacycle  crystal  with
a   harmonic   generator   produces   a   signal
every   60   megacycles   in   the   desired   fre-
quency  range.  Here,  a  tube  with  a  tuning
sensitivity   of   3   megacycles   per   volt  will
limit  the  power supply voltage  variation to
±10  volts,  and  a  greater  voltage  variation
will  caLise  the  system  to  lock  onto  an  ad-
jacent  harmonic.

INJECTloN  LOCKING
The  VTM  can  be  "slaved"  to  the  Ire-

quency  of  a  low  level  signal  by  injection
locking.  The  effect  of this method of oper-
ation on  the  normal  tuning curve i§  shown
in  Figure  34.  Figure  35,  meanwhile,  shows
the   tradeoffs  between  lockin  range  and
gain.  The  locked  frequency  range  depends
on   the   injected   power   level,   the   power
outpiit  of  the  VTM  and  its  tuning  seusi-
tivity.   Increased   power  output   or  tuning
sensitivity  will   decrease  the  lock-in  range
of the  VTM  while an increased level of in-
jection    signal    will    increase    the    lock-in
range,  but  at  the expense  of gain.

Without  modification,  a  voltage  tunable
magnetron   can   be   frequency-locked   by
simply  feeding  an  injection  signal  throuch
the  oiitput  connector of the  tube.  This  can
be   done   with   a   circulator,   a   directional
coupler  or  a  tee.  Advantages  and  linita-
tions  of  each  injection  method  are  shown
in  Table  3  on  page  19.

The preferred  ai)d most efficient method
is   with   the  circulator.  The   insertion  loss
is  less  than   I   decibel  and  the  loss  of  in-
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jection  power  only  2  decibels.  Bandwidth
is  limited  by  the circulator-  particularly
significant    problem     where    temperature
extremes  are  involved.

The   directional    coupler   circuit   offers
octave  bandwidth  and  low  insertion  loss,
but  the  injection  power  loss  is  high.  If  a
6-db  coupler is  used.  injection  loss  is  7  db;
however,  the  insertion  loss  is  only   1.6  db
in  a  given  octave  of  bandwidth.

The  tee  circuit  has  the  widest  frequency
range of the  three  circuits  although the  in-
sertiori  loss  is  high.  In  this  circuit,  an  in-
sertion  loss  of  3  db  and  an  injection  loss
of  4  db  can  be  expected.

typical  telemetry
Derfoiimance

When   injection-locking   the  VTM   with
the  circulator  (as  shown  in  Figure  35),  a
typical  telemetry VTM  may have  a center
frequency  (fo)  of 2250 megacycles,  a  Q o£
10,  a  power  output  of   100  watts.  a  gain
of   approximately   25   db,   and   a   lock-in
range of 25  megacycles  so  that  Afo  equals
12.5   megacycles.   Thus,   a   signal   of   one
watt  would  be  entirely  adequate,  and  this
performance   would   be   at   a   conversion
efficiency   of   approximately   65   per   cent.

FREQUENCY RESPONSE
Another  point of interest is  the modula-

lion capability of an injection-locked VTM.
For  a  VTM  with  20rdb  galn,  center  ire-
quency  of  2250  megacycles  and  Q  of  10,
the   `.pull-in"   tinie   is   about   0.05   micro-
seconds. This is the time required to sweep
across  the entire  lock-in  range  and  corres-
ponds   to   one-half   cycle   of   modulation.
Thus,  a  maxinum  modulation  frequency
of   approximately   10   megacycles   is   pos-
sible.

M U LTI PLEX 0 PERATl o N
In  addition  to  the  VTM's  low  Q  and

high efficiency,  another outstanding cbarac-
teristic   is   its   linear   voltage   tuning.   The
tunability   feature,   which   will   serve   for
drift  correction,  can  also  be  used  when  a
number  of  information  channels  are  to  be
transmitted  on  a  time-multiplex  basis.  In-
stead  of  sequentially  modulating  them  on
one  carrier,  they   may  be  given  separate
carriers   within  the   telemetry   band   being
used.  The  VTM  voltage  can  be  stepped  so
that it  locks  to  each  carrier in  turn for  an
appropriate   time.   (See   Figure   36.)   The
time   taken  to  re-lock  to   a  new  channel
depends on the input capacity of the VTM
and  the  current  capability  of  the  power
supply.   If  the  capacity   is   35  pico-farads
and   the  supply   is   capable   of   100   milli-
amperes  momentarily,  a  300  volt-step  can
be  completed  in 0.1  microseconds.  Thus,  a
one-megacycle   switching   rate   is   possible.

CO MPARISON   0F   INJECTl ON   CIRCulTS

Circuit Insertion  Loss
InjectionPowerLOss

Octave

CIRCULATOR Less than  1  db 2db Octave

DIRECTI0NAL 20 db  Coupler, 0.3 db 21db Octave
COUPLER 10 db Coupler, 0.9 db lldb Octave

6 db Coupler,  1.6 db 7db Octave

TEE 3db 4db Greater thanOctave

Figure 36-Step  Injection  Locking the VTM
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applications
LOCAL  OSCILLATORS

The   VTM   is   used   in   low   noise,   broad
hi!nd   receivers   as   a   local   oscillator.   The
linear,   electronic   tuning  simplifies  calibra-
tion   and   equipment   requirements.   In   ad-
iljtion   the  minimum  power  variation  over
the   prescribed   frequency   reduces   the   de-
mands  on  leveling  circuits.  Its  broad  band
and  rapid  modulation  make  the  VTM  an
ideal  component  for  surveillance  radar.

TEST EQUIPMENT
Power   output   in   the   watt   region   and

octave   tuning   make   the   VTM   attractive

for    signal    generators    and    swept    signal
soiirces,  or  as  a  swept  signal  oscillator  for
test  equipment.

ELECTRONIC
COUNTERMEASURES   (ECMs)

G-E  VTMs  with  power  levels  approach-
ing   500   watts   and   conversion   efficiencies
of   65%   possess   all   the   specifications   for
active    ECM    equipment    requiring    high
efficiency,  high power  density,  rapid  tuning
and  low  power  variation.

The  VTM's  low  noise,  wide  bandwidth.
flat  power  spectrum  and  frequency  agility
meet    the    requirements    of    sophisticated
ECCM  equipmen(.

RADAR   ALTIMETER   &
PROXIMITY   FUSES

Accuracy  in  measurement  results  from
the   linear   tuning   characteristic   and   flat

typical  package  designs

MAGNETIC  AND
RFI   SHIELI]lNG

Becoming   the   standard   for   low   and
intermediate   power   VTM's.    Rapidly   re-
placing   the   conventional   and   unshielded
E  magnet  VTM  package.  Package  weights
range from  I.5  to  3.0 pounds  and  nominal
package    dimensions    are    3"x3''x2".    Both
weight  and  size  depend  on  power,  band-
width  and  center frequency.

ETD  4373A

power spectrum of the VTM.  Radar altim-
eters   will   also   find   that   the  VTM.s   elec-
tronic    tuning    overcomes    the    limitations
of  mechanically   tuned   components.   High
power   and   high   efficiency   VTMs   further
serve  to  reduce  equipment  size  and  weight
withoiit  sacrificing  long  range  capability.

TELEMETRY
AND   COMMUNICATloNS

Injection   locking   the   VTM   suggests  its
use   as   a   frequency   modulated   amplifier.
The  high  efficiency  and  broad  controllable
frequency   characteristics   make   the   VTM
suitable  for  communications.

Its  tuning  linearity,  flat  power  spectrum
and   electronic   tuning   make   the   VTM   a
precise   and  flexible   telemetry  component.
(A  more  detailed  discussion  of  telemetry
applications  appears  on  page   19.)

MAGNETIC SHIELDING AND
INTEGRAL   ISOLATOR

This  design   is  being  used  primarily  on
high power VTM's although  it js adaptable
to   low   and   intermediate   power   packages
as   well.   The   integral   isolator   allows   the
systems  designer   wider  latitude  in   regard
to   VTM   loading   and   eliminates   an   ex-
tremely   important   tube-systems   interface.
Typically   a   loo-watt,   S-band   VTM   with
20%   bandwidth   will   weigh   3.0   lbs,   and
measi]re   3" x 3" x 4"  excluding  isolator.

MINIATURIZED,  SHIELDED VTM
Many  applications  place  a  premium  on

package  size.  Use  of  special  magnetic  ma-
terials   enables   a    10   wat(,   S-band   VTM
with  30%  bandwidlh  to  be  packaged  in  a
I" x  ]%"  x  1%"   size.   As   with   the   other
shielded  VTM's,   this   package   lends   itself
to high density. compact equipments, where
passive  magnetic  materials  may  be  in  con-
tac(   with   the   VTM.   The   weight   of   tr)is
package  is  less  than   I   lb.

For more  information on  VTM's, consult your nearest
General  Electric Electronic Components Sales Office, or write to:

Microwave Tube Operation
General  Electric Company
Building  269
Schenectady,  New York 12305

or telephone:  (518)  374-2211  Extension  5-3433 or 5-427'3

GENERAL ©  ELEOTRIO
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General    Electric    Triggered
Vacuum   Gaps  feature   plas-
moid  triggers  and  advanced
electrode   materials   to   pro-
vide  the  most  elf ective
switching  and  protective  de-
vices   you   can   buy.   These
construction innovations give
you   more   long-lasting   and
responsive   gaps   than   ever
before.

"ggoI,ell
Vaoilum fialis
ADVANCED  TECHNOLOGY  AT  WORK
TO  SOLVE  YOUR  SWITCHING
AND  COMPONENT  PROTECTION
PROBLEMS.

GENERAL ©  ELEO"IC
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RELIABLE   HOLDOFF,
RAPID   SWITCHING

A Triggered Vacuum  Gap,  or TVG,
is an electronic switch that is closed by
applying  a  pulse to  its  novel  trigger
electrode  (Figure  1).  In  the  non-
conducting  state,  it  is a  high vacuum
tube,  exhibiting the high  electrical
holdoff  capability  of  a  vacuum  device.
Yet, when the gap  is triggered,  it
instantly  becomes  a vapor tube,  con-
ducting  current  through  a  metal-vapor
plasma.

General  Electric employs  hydrogen
plasmoid  injection  in  its TVG's to
produce firing times of a fraction of a
microsecond. And  modern  refining
processes now make it possible to
provide  electrode  materials  of  copper
and  copper alloys which  are  not only
free of absorbed or chemically trapped
gases,  but also free of chemically
combined  impurities  which  could
evolve  gas when  decomposed  during
the operation  of the tube. These
characteristics make TVG's ideal for
high-voltage  service  as  crowbars  in

protective  circuits  and  as  switches tor
capacitor discharges, for metal
processing,  exploding  bridgewire
applications, and  many others where
consistent  holdoff  reliability  and   long
life  are  required.

UNIQUE
PLASMOID   TFIIGGERING

The  new triggering  device  contains
hydrogen  impregnated  metal  (titanium
hydride). When  a voltage  surge  is
applied to the trigger,  it creates an
electric  field  which  results  in  a  spark
being formed across a small groove, as
shown  in  Figure  1.  A  plasmoid  of
hydrogen  ions,  electrons,  and
hydrogen  gas  is thus created.  The
plasmoid  is  accelerated  into  the  main
gap space, finally causing a cathode
spot to be formed, This sequence
occurs  with   much  less  electrode
erosion than with any other vacuum
gap  triggering  technique.

WIDE-F]ANGE  PEFtFORMANCE,
FEATURES

Easily  triggered  GE  TVG's  fire
rapidly,  in  fractions  of  a  microsecond,
over a wide voltage range and  recover
their vacuum state quickly after each
triggering to give your circuits an extra
margin of protection. The recovery
capability of these tubes is character-
istically  in   kilovolts  per  microsecond.

Hydrogen-plasmoid  injection  and
gas-free copper alloy electrodes permit
the  tube  to  fire  easily without degen-
erating  its voltage  holdoff capability.
While GE TVG's can withstand rated
voltage with  a considerable safety
margin,  they  also  fire  reliably  at  levels
as  low as 300 volts.  Full fault protec-
tion  is offered at any power supply
voltage  setting.  This  includes
crowbar-initiation  at  very  low  voltage,
and  high  voltage  operation  without
danger  of  prefiring.

Laboratory  tests  show  that  reliable
General  Electric TVG's  retain  their
rapid-firing,  high-voltage  capabilities
through thousands of firings. And these
units function efficiently regardless
of operating  position to offer you  more
design flexibility than  many other
switching devices. Small  in size, GE
TVG's are of rugged metal-ceramic
construction  designed  to withstand
high levels of shock and vibration, wide
swings in ambient temperature,  and
exposure to  nuclear radiation.

VERSATILE
IN  APPLICATION

As an  energy diverter, the TVG  acts
as protector for vulnerable high-voltage
equipment  by short-circuiting  the
direct-current supply within a micro-
second  after  initiation  of  the  trigger
pulse.  Referring  to  the  basic  circuitry
of Figure 2, when a load fault occurs,
a sensing  circuit delivers a small
signal to the firing  circuit which
triggers  the  TVG  into  conduction.
If the fault  is  not self-clearing,  the gap
can  be fired  repetitively  until  the
problem  is corrected or power into the

circuit  is  interrupted  in  the  conven-
tional  manner by electrical  contactors.

In cases where energy diversion is
needed  only  momentarily  to  permit  a
fault to  clear,  or to  perform  a
capacitor-discharge function, a single
firing of the TVG  is usually sufficient
to initiate the sequence charac-
terized  in  Figure 3. A typical firing
circuit for this case, Figure 4, functions
as  follows:  A  signal  from  the  fault
sensor  first  actuates  a  small  switch
such as an SCF`, allowing a capacitor to
discharge. This discharge,  in turn,
delivers a pulse to the trigger of a
small  triggered gas gap  (ZR-7514).
When the gas gap fires, energy from its
firing capacitor (or pulse-forming
network) delivers the proper pulse to
the trigger of the crowbar TVG, thus
switching  the  TVG  to  its  conducting
state. The entire process can be
completed  in  less than one micro-
second.

In cases where fault protection must
be of the sustained type -e.g. until
a-c contactors open - it becomes
necessary to retire the TVG at
appropriate intervals, as shown in
Figure 5.  Since a small TVG  such  as
General  Electric's ZR-7513 can be
repetitively fired,  it  is  utilized  in  a
multiple-firing  role for triggering the
crowbar TVG. A typical  circuit for the
sustained crowbarring case is
presented  in  Figure 6.  The  initial
pulse from the fault sensor fires a small
switch, or SCR, directly as was done
in the  momentary diversion  case.  It
simultaneously  initiates  a  "burst"  of
signals which are delivered by the SCR
so that the small TVG (ZR-7513) is
caused to trigger the crowbar TVG  at
the  proper  intervals for the  required
protection  period.

When the  trigger of the crowbar
TVG  is at a high  negative potential, it is
often  necessary to use a transformer
to couple the triggering  impulse into
the TVG.  This  is  readily accomplished
without sacrificing  pulse  rise time or
amplitude characteristics through
recent innovations in pulse`transformer
design.
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TI'iggeped Vacuum Gap
Chal'actel'istics

ZRi.7513TYPE {SEE NOTES) -~    ZR-7512h
w   zR-7516

MAX. F[A"GS, MAIN GAP
DC Voltage,  Max.  (KV)
DC Voltage,  Min. (V)
Peak Current (KA)
Total Conducted

Charge (Coulombs)
Delay Timet twsec)

TFtlGGER DFtlvE REQulREMERT§
Applied  Voltage§ (KV)
Short-Circuit Current,

Typical  (A)
Pulse Width, 50%  leyel,

Typical  Wsec}

PHYSI CAL CllAFIACTEFt tsT]CS
Envelope Dia. (inch)
Envelope Height (inch)

. Net Weight (lbs)

NOTES:   (1)   Information  on  other  types  for  higher  voltages  available  on
request.

(2)tge:e:flfsr.:j§E!o%::Tcioin.b::;r;:ail,d%h,:e::h:join:§!!§#::::;iho:::g;::::h::Wri;::I::a:i

Crowbar  Service."

t  Measured   at   rated   voltage,   time   from   trigger-gap   breakdown   to   be-
ginning  of  main-gap  breakdown,  typical.

§g;:,:T,j{,#te;ps%h,ao,I:::,nb:66ar::;;:§8:t:ao3,:s§;nt:i:gt:#£n,#{hs:rc,:,r:,::hgeT§,5g:ge:d:

£ee|#!er:=. ,fr!Lgvs°.'tage  must  be  removed  from  the  trigger  in  the  intervals

For Further Information Contact Your
Local GE Electronic Components Sales Office,
Or:
Microwave Tube Operation
Building  269
General  Electric  Company
Schenectady,  New York 12305
or Phone:  (518) 374-2211, ext. 5-4421
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The  infori'mation  in  this  brochure  is  included for  illustrative  purposes only and  is  not  intended as con-
structional  information.  Although  reasonable  care  has  been  taken  in  its  preparation  to assure  its tech-
nical  correctness,  no  responsibility  is  assumed by the General  Electric Company for any  consequences
of  its use.

The devices and arrangements disclosed herein  may be covered by patents of General  Electric Company
or  others.  Neither  the  disclosure  of  any  information  herein  nor the  sale of devices by General  Electric
Company  conveys  any  license  under  patent  claims  Covering  combinations  of  such  devices  with  other
devices or elements.  In  the  absence of  an  express written  agreement to the contrary, General Electric
Company  assumes  no  liability  for  patent  infringement  arising  out  of  any  use  of  the disclosed devices
with other devices or elements by any purchaser of these devices or others.
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I.  WHAT  IS  A
BULK-EFFECT  D.ODE?

The   bulk€ffect   diode   is   a  microwave  negative  resistance
solid-state   diode   constructed   of  gallium   arsenide   (GaAs)
semiconducting  material.  The active  region  is  lightly doped,
about    10    to    the    fifteenth    power    carriers    per    cubic
centimeter, with  heavily-doped  ohmic contacts.

CONTACT

N+

N

N+

CONTACT-
++

'1_
'1

FIGURE  1

I.  MECHANICAL a  DC
CHAkACTERISTICS

Negative  resistance  at  microwave  frequencies  results  from
the  phase  shift  of the carriers in the active  region  moving at
the   saturated   drift   velocity   of  about   10   to  the   seventh
power  centimeters  per  second.  The  carriers  consist  of  low
mobility  electrons  transferred  from  a high  mobility state  in
the    presence    of   voltage   gradients   of   about   3KV    per
centimeter    and    higher.   Maximum    negative   resistance    is
obtained  when  the  carrier  currents  are  shifted  180  degrees
in  phase  with  the  applied  voltage. This simplified theory of
operation  leads to the following basic  equation;

Length of the active region = velocity =  10 urn

Or
he

frequency
0   microns,  ten  millionth  of  a  meter,  at  a  10  giga
z   frequency.   This   is   a   typical   thickness   of   the

act ve  N-layer  in  Figure  2.

FIGURE  2

To   reduce  the  value  of  capacitive   reactance  at  microwave
frequencies  and  the  absolute  value  of  heat  generated,  the
active  cross-sectional  area  of  the  diode  must  be  very  small.

GaAs  is  a  relatively  poor  conductor  of  heat  and   extreme
care   must   be  exercised   in  the  construction  of  the  diode.
The  N+  regrowth  must  be very thin and well bonded to the
copper heat sink.

One   of   the   significant   advantages  of   the   bulk-effect   or
transferred-electron      effect     diode     is     its     low     voltage
operation.  The  diode  is  typically  operated  atthreetimes its

threshold  voltage.  The  threshold  voltage provides sufficient

gradient  to transfer the electrons to their low mobility state
and  for  this  gradient,  the  threshold  voltage  is  about  3  to 4
volts. The operating  voltages  are  accordingly  in  the  9 to  10
volt region. At twice the frequency the active  layer would  be
about  5  microns  thick  and  the  operating voltages would  be
about  5  volts.  At  lower  frequencies  the  reverse  is  true.  In

practice   an   effective   N-layer  of   10  microns  will  function
over about an 8 to  12  GHz  range.  Wider ranges are practical

if  the  variation   in  power  output  with  frequency   is  not  a
critical  requirement.

Many  of  the diode characteristics can  be measured  at DC or
low   frequency.   A   typical   DC   plot   of   diode   voltage  and
current  is shown  in  Figure 3.

FIGURE  3

ln   practice   it   has   been   found   that   actual   BF   testing   is
required  after  proper  DC or  low freciuency  parameters have
been  measured.

3



Dr.`       ...  APPL.CAT.oN   o[  THE
BULL(-EFFECT   DIODE

1.  HEAT  SINI(lNO
AND  BIAS  POLARITY

To   reduce  the  probability  of  damage  due  to  over  voltage,
transient    bias  circuit  oscillation   and  reversed  polarity  the
bulk-effect diode  should  be  biased  as shown  in  Figure 4.  .

BIAS  CIRCUIT
+a:::;:k#            :i-d

Zen®,|11Volt  Typical)

FIGURE  4

The   polarity   and   heat-sink   shown   applies   to   the    basic
construction   shown    in    Figure   2.   This  construction   is   a
flip-chip  mesa  configuration.

To   reduce   the   input   power   or  bias  current,  smaller  area
mesas  can  be  used  but are mechanically difficult to flip and
bond.  A  lower-cost reduced-eff iciency  low-power diode can
be   constructed   by   bonding   the   substrate   directly  to  the
heat  sink.  In  this  case  the  heat  must be conducted through
the  substrate  rather  than  through  the  thin  regrowth  layer.
This    unflipped-chip    is    less   critical   with    respect   to   the
thermal  resistance  of  the  heat  sink  but  thechip will  still  be
damaged    if   the    bias   polarity    is   not   retained   as   before,
substrate  positive  and  regrowth  layer negative. The effective
thermal     resistance    of   the    low-power    unflipped-chip    is
lowest  when  the  anode  or  positive terminal  is connected  to
the  heat  sink.

2.   NOISE  CHARACTERISTICS
The   AM   and   FM   noise   characteristics  of  the  bulk-effect
diode    at   frequencies   near   the   carrier   are    important   in
evaluating    the    capabilities    of    the    diode    as    a    doppler
transmitter or as  a  local  oscillator  in  an  FM  communications
sy\stem.  A  complete   FM   and   AM   evaluation  of  the  diode
requires  extensive  testing.  For  a  homodyne  or  zero  lF  CW
doppler system such as  police  radars or intrusion  alarms, the
radar   sensitivity   is   a   function   of   the  AM   noise   near  the
carrier.  This  oscillator  AM  noise  is at the  same frequency  as
the    returning   target   echoes   and   will   mask   these   signals.
Diodes   intended  for  doppler  applications  are  evaluated  for
AM    noise    in    the    simplified    circuit    shown    in   Figure   5.
Typical   values   of   relative   noise   (for  the   General   Electric
diodes)   are  115  db  below  the  carrier.  The  bandpass  of  the
test  audio amplifier was chosen  to  represent  doppler  speeds
of  10 to  loo  mph.

The  variable  waveguide  attenuator  is set to give 0.5 VDC of
detected   output,   edc,   when   driven   by   the   diode/circuit
under  test.  The  0.5  VDC  bias  is  developed  by  the detector
diode  in  a  commercial  diode  mount.  The  audio output,  eo,
of  the  amplifier  represents  the  noise  around  the carrier and
is   measured    with    a    rms    reading    voltmeter.   The   double
sideband  noise  to  carrier   power  ratio    is then  calculated  by
the  formula:  AM  S/N  (db)  =  20  log  (ei  (rms)  /edc).

The   value    of   ei    is   determined    by   the   gain   of   the   test
amplifier.  Care  must  be  taken  to  maintain  at  least  15 db  in
t.he attenuator to  prevent  burriout.of the dete-ctor diode.
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Ill.  SELF-DETECTING
OPERAT.ON

The    bulk-effect    diode    can    also    be    used    in    a    simple
self-detecting doppler  radar as suggested  by  Figure 6.

FIGURE  6

The transmitter signal, fs,  is shifted  in frequency as it strikes
a  moving  target  by  fd,  the  doppler  frequency.  The  return
echo  (fs  +  fd)  mixes with  the outgoing fs  in the bulk-effect
diode.  The  nonlinearities of the diode generate the sum  and
difference  frequencies  of  which  fd  is filtered  out and  fed  to
the    audio    amplifier.    For    applications   using   this   target
detection     system,    an     oscillator    f igure    of    merit,    the
self-detecting   sensitivity,  SDS,  test  can   be  made.  Figure  7
shows a  sketch  of this test.

FIGURE  7

The  audio  oscillator  varies  the  voltage  on  the  varactor  and
thus   changes   its  capacitance   at  a  constantly  varying   rate.
The   varactor   coupling   into   the   waveguide   is  adjusted  to
present    a    small    constantly    changing     reactance    which
simulates     a    moving    target.    The    variable    attenuator    is
adjusted   for   a  given   signal   to   noise  ratio  at  the  output  of
the   amplifier.   All   General    Electric   oscillators  and   diodes
designed   for  this  SDS  service  are  given  a  standardized  test
which  has  been  correlated  to  actual  radar  range  data taken
on  a walking  man.  Figure  7A  shows the  expected  range on  a
walking  man  fc}r  oscillators  of various  SDS  sensitivities.
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The   self-detecting   sensitivity  test   is  designed   not  only  to
establish   the   noise   output   of  the   oscillator   but  to   also
establish   its   conversion   eff iciency   as   a   doppler  detector.
These  tests  can  be  also  used to evaluate the diode oscillator
under  all  conditions  of  voltage,  temperature  and  the  value
of the  series resistor.

I.   PULSE  OPERATION
Bulk-effect  diodes   lend   themselves   to   moderate   levels  of
pulsed   operation   above   CW   conditions.   They   are   more
useful   in  this  respect  than  transistors  but   less  useful  than
the  gridded  vacuum  tube.  The  primary   limitation  for  the
bulk-effect diode  is  the  thermal  time-constant  of  the  chip.
For  this  reason  pulsed  operation  is  limited  to about one or
two  microseconds. The  maximum  duty factor  is determined
by  the  average  heating  effect  which  must  be  limited  to the
CW   capabilities  of  the  diode.  A  general  guide  line  suggests
maximum  voltage  of  about  ten  times  threshold,  maximum
pulse  widths  of  one  micro-second  and  maximum duties of
about  1%.  Specific  maximum  ratings  and  typical  operating
performances are available  upon  request.

2.  POWER  SuPPLY
AND   REGULATOR  CONSIDERATIONS-The  bulk-effect  diode  has no  unusual  requirements.  A check

list  might  be:
i+Suitable   DC  regulation  to  prevent  excessive  pushing  of

the oscillation  frequency.
J`Suitable  ripple  reduction  to  prevent  undesirable  AM  or

FM  modulation.J`Choose  the  operating   voltage  well  above  the  threshold

value   to   reduce   spurious  outputs,   suff iciently   high  to
start   at   cold   temperature   and   low   enough   to   reduce
power output  drop at higher temperatures.

IV.  WHAT IS A JVLICROWAVE
CIRCUIT MODULE  (MCM)?

The   MCM    is   a   microwave   circuit   module  with   its  active
component   constructed   to   perform   a   specific   function.
Most    of   the    examples    discussed    in    this    brochure    are
bulk-effect  diodes  functioning  as  free  running  oscillators  in

a  waveguide   circuit.   The  diode   is  also  being  considered   in

amplifier    circuits    which    require    special    treatment    and

operating   considerations.    In   a   few   words,   the   amplifier

circuit     is     usually     of     the     reflective      ferrite-isolated
configuration     biased   and     terminated     to     prevent    any
instabilities    within   the   desired    bandwidth.    Early   results

show  promise  as  broadbanded  medium  power amplifiers to
compete    with     ll^/T    and     other    similar    devices.    Best

performance will  also  require  minimum  reactance packaging
of the diode  itself.

11.   CIRCUIT   CHOICES

Figure 9  is cutaway  sketch of a typical  X-band oscillator.

FIGURE  9

Coaxial  resonator  constructions  are  also  usef ul  particularly

at   lower   frequencies  where   waveguide  structures  become

quite    large.    Strip-line    resonators   are    also    used    and    an
over-simplified  advantage  of  each  might  be:

i+Coaxial      resonators      for     size      reduction     at      lower

frequencies.
]tstrip-line  for  lower cost and  size  reduction.

*Waveguide  for  higher frequencies and  performance.

Figure  10  shows  a  typical  power  output  versus  bias  voltage

at room  temperature.
5



FIGURE  10

V.  APPLICATION
OF  THE  MCM

1.  WAVECUIDE  VS.
COAXIAL Outputs

Figure  11   uses  iris  coupling  to  a waveguide  system. Coaxial
outputs  are  desirable  in  some  systems  but  extra  care  must
be  taken  in  the  choice  of  components. The behavior of the
load    in    all    cases    must    be   established.   Figure    11    shows
results   on  three   coupling  techniques.  The  microminiature
coaxial    system    used    a    right    angle    coaxial    connector
connected  to  the   load  through  a  section  of  a  .08"  coaxial
cable.  The  miniature  coaxial  system used  a straight-through
SMA  coaxial  connector  connected  directly  to  a  low VSWR
pad    before   the   wattmeter.   The   SMA   17   connector   is
designed  to work with  .141 " coaxial  cable.

FIGURE   11

2.  IMPROVINO  STABILITY
lt  has been determined that  in  a high  loaded  `'Q" circuit the
frequency  depends  primarily  upon  the  resonator  and  to  a
lesser   degree   upon   the   diode.   If ,the   high   "Q"  circuit   is

moderately   decoupled   from    its    load   frequency,  stability
approaching  the  stability  of  the cavity  metals/materials can
be  obtained.  This  statement  assumes  voltage  regulation  to
reduce  pushing  and  stable  loads to  reduce pulling effects. A

typical  copper/brass  construction  yields  stabilities of abou:
250    kilohertz   per   degree   of   centigrade   of   temperature
change.   Figure   12   is  a   typical   stability   plot  for  a   circuit
similar  to   Figure   9.

STABILITY  VS.  LOADING
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FIGURE  12

The   GaAs   bulk-effect   diode    is   more   efficient   at   lower
temperatures  and  the  circuit  design  must  be  optimized  for
minimum   parasitic  resonances  near  the  desired  frequency.
At  lower  temperatures the oscillator may  start at a parasitic
frequency    which     may    or    may    not    pre-empt    proper
operation   at   the   desired   frequency.   This  effect   plus  the

power  and  frequency  changes  at  high  temperatures  usually
determine    the    optimum    operating    voltage   and/or   the
acceptable    level   of   regulation.   Figure   13   is   a   plot   of   a

typical  family  of  curves  of  power  output  versus  frequency
for various bias voltages.  A  similar  change  in  frequency with

temperature   can   result   and   frequency   stability   is   also   a

design  criteria when  operating  voltages are  selected.

Temperature  stabilities of a few  parts per million  per degree
centigrade    can    be    obtained    through    the    use    of    invar
materials,   signif icant   decoupling   to  obtain   high   to   added
circuit  "Q's" and the  proper Choice of the operating voltage
over  the  desired  temperature  range.  Further  improvements
can   be   obtained    by   addition   of   bi-metal   compensation.
Figure  14 shows the  results of an  invar cavity local  oscillator
for   X-band   radar   and   radar   beacons  tunable   over  a  500
megahertz   range   around   a   9350   megahertz  center-tuning
frequency.   This   data   was   taken   with    a   coaxial   output
connector.



I
I

n

I
I
I
I
I
I
I
I
I
I

FIGURE  13

>uZIll
9.55GHZ

+                                                                                                              9.30 GHZ
Ja|L'aELL I .0 MHZT                                                                                                                     9.04 6HZI

-50-4O-3Oro  -io    0     io   20  30  40   50  60   70
TEMPERATURE®C

FIGURE  14

3.  MECHANICAL  TUNINO
Figure  15   is  a  plot  of  power  output  versus  the  frequency
change   with    the    insertion    of   the    tuning    screw   in   an
oscillator  circuit  similar  to   Figure   10  with  an  iris  coupled
output  and   a  coaxial  connector  output.  The  reduction  in
power  output  for  the  iris  coupled  case  was due  to  the  low
frequency   cutoff   characteristics   of   the   waveguide    test
circuit.
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4.   VOLTAGE  TUNINO
Varactors  and  YIG  tuning  can   be  used  to  voltage/current
tune  the  bulk-effect  diode  oscillator.  The  range  of  tuning
depends  to  a  varying  degree  upon  the quality of the tuning
element,   loaded   "Q's"  and  the  diode  itself.  The  varactor
and  YIG  element  should  exhibit  highest  available  "Q's"  at

the   operating  frequency  commensurate  with  the  required
tuning  range  and  the  cost  of  the  varactor  or  YIG  element.
Further    improvements   in   voltage   tuning   ranges   can   be
obtained   through   special   diode   packaging   with   reduced
series  inductance  and  parallel  capacitances. Work continues
in  this  area.   Low  cost  varactors  can  be  used  to  tune  the
usual   AFC  ranges  required  for  single-frequency  operation

and oscillators of an octave  or  so have been tuned with well
designed  circuitry  and  allowable power variations of several
db over the chosen band.

5.  PUSHING  AND  PULLING

Pushing  defines  the  changes  in  oscillation  frequency  as  the
bias  voltage  varies.   Figure   16  shows  typical   results  on  an
X-band osci llator.

Pulling   defines   the   changes   in   oscillator  frequency  with

changes  in  load  impedance.  Figure 11   shows this to be very
dependent   on   the   quality   of   the   connecting   circuitry
between  the  resonant element and the  load  itself . Pushing  is
more  a  function  of  the  dfode.  This  pushing  effect  can  be
used     only     for     small     frequency     excursions     in     AFC
applications,   bearing    in    mind    that    the    tuning    rate    in
MHz/volt  varies  from  diode  to  diode.  The  rate  also  varies
within one diode as the temperature varies.  Figure  16 shows

that   actual   tuning   reversals  occur  at  higher  voltages.   For
more   linear   results   in   an   AFC   loop,   a   varactor   or   YIG
tuning should  be used.

+sONI+20IJ TYPICAL  FREQUENCY  PUSHING
VS.
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FIGURE  16
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Hi-TECH
Ceramics

Ceramic and ceramic-metal
components custom-engineered
and manufactured for the
highly technical application
For   top-of-the-industry   ceramics   and   ceramic-metal
components,  specify  Hi.-TECH -a  superior-quality  line
of  alumina  and  forsterites,  particularly  oriented  toward
the  highly  technical  application.  Manufactured  by Gen-
eral   Electric's   Tube  .Department,   A/.-TECH   ceramics
carry  the  backing  of a  highly advanced  technology  re-
sulting from  years of ceramic  experience closely allied
to  the  electronics  industry.  This  combination  of  mate-
rials   excellence. and   competence   in   the  design   and
manufacture of comple.x tecllnical  ceramic compon.ents
is  ready  to  work  for  you  in  solving  your  most  difficult
component  problems.

General Electric's acknowledged position as a leader
in  the  electron-tube  field -one  of  industry's  most  de-
manding -offers  you  these  adva.ntages:

•  Special  processes,  techniques,  and.treatments
•   Unique  manufacturing facilities
•   Exact  product-customization
•   "Breakthrough"  engineering  capability

For example, GE pioneered many of  the basic ce.ramic-
metal techniques and processes enjoying industry-wide
use  today. And ceramic-metal  assemblies are currently
being  engineered to perform with long life and reliability
in  a  variety  of  severe  environments.  In  fact,  our  repu-
tation  stems largely from the successful application of a
multitude of such  innovations covering the broad  range
Of  General   Electric  products,  those  of  our  customers,
and the Gove+nment and its agencies.

General  Electric  specializes  in  overcoming  "the  dif-
ficult  job".  End  use  and  operating  environment  are  all
we  need  to  know  in  most  cases  to  come  up  with  the
optimum  configuration,  materials,  and  processing  nee-
essary to meet rigorous life and reliability specifications.

Whether your application involves going to the planets,
orbiting  the  earth,  riding  a  nuclear  warhead  or  simply
a  small  feedthrough,  let  General  Electric  H/.-TECH  ce-
ramics  help you.

GENERAL  ©  ELECTRIC



A Broad Selection
of Body Compositions

General  Electric's  H/.-TECH  line  offers  a  broad  variety  of  alu-
mina,   forsterite,   and   other  special   electronic-grade   ceramic
materials.   Each   is   precisely   engineered   and   manufactured
under  rigid  quality  control  to  meet  the  demands  of  your  par-
ticular  application.   Experienced  consultants -just  one  facet
of  our  start-to-finish  capability  -  will  be  happy  to  assist  you
in  the  selection   of  the  optimum  composition  for  your  needs,
in  many cases  based  merely on  projections of where and  how
the  device  is  to  be  used.  The  most widely  used  compositions,
and  their  respective  characteristics,  are tabulated  in the prop-
erties  chart  in   the  centerfold.
H/.-TECH forsterite  ceramics  are  dense,  fine-grained,  vacuum-
tight   materials   originally   developed   for   use   in   hermetically
sealed  devices such  as  electron  tubes,  rectifiers,  and vacuum
switches.   Their   unique   combination   of   properties,   however,
has  led  to  broadly  increased  usage.  H/.-7ECH forsterites  com-
bine  high  mechanical  strength,  low dielectric  constant,  and  re-
sistance  to  corrosion,  with  a  unique  expansion  characteristic
ideally   suited   to   ceramic-metal   sealing   techniques.   For  ex-
ample,  the  thermal  expansion  characteristic  of  one  patented
composition  matches  that of titanium metal over a broad  range
of  temperatures,  permitting  the  manufacture  of  many  devices
for   critical   space-age   applications.   Forsterite   ceramics   are
readily  metallized  by  "molybdenum-manganese"  or  "solution
metallizing"  techniques  and  are  easily  bonded  to  metals   by
active-metal  processes.
H/.-TECH alumina ceramics  meet the life,  reliability and severe-
environment   factors   imposed   by   the   space   age   in   virtually
every    respect:   exceptional   hardness,   flexural   strength   and
electrical  properties  combined  with  an  excellent  resistance  to
highly  corrosive agents.  Available  in  a  broad  range Of grades,
from   "general   purpose"  to  virtually   pure  sintered  forms  ap-

proaching theoretical density, Hi.-rECH alumina characteristics
are readily matched, in the required combinations, to the needs
of  each   application.  The   ``general   purpose"   materials  range
in  composition   from  94  to  97°/o   alumina,  and  have  a  precise
balance  of  additive  oxides  to  control  such  critical  properties
as flexural strength, density, dielectric power factor, and metal-
lizeability.   Other  grades  are  tailored  to   have   extremely  fine

grain size and low pore volume where surface finish is important.
Still  other compositions exceeding  99°/a   alumina are designed

Floller   Micrometer   c;apable   ol   measuring    and   sorting   preoision-
ground  ceramic  parts  to  tolerances  greater  than 0.owl  inch.

to  have  ultra-low dielectric  loss  for  critical  electronic  applica-
tions,  or  inertness  to the severely cornsive alkali  metals  used
in many  new generation equipments.  ..Ii  of these compositions
can  be joined to metals and  non-metals by appropriate sealing
techniques.  The  complete  H/.-7.ECH   line  of  aluminas   is   also
available metallized and plated to  your specifications-a factor
of  considerable  importance  to  those  applications  demanding
one  of  the  high-purity  aluminas  which   require  special  metal-
lizing treatments.

Ceramic-metal Seals and Structures
Over  the  years,  General  Electric's  leadership  in  the  electron-
device   industry  has  culminated   in  a   technology  conversant
with  essentially  all  of  the  known  natural  elements  and  almost
every  branch  of  the  physical  sciences.   The  two  basic  tech-
niques  for  sealing  ceramics  to  metals  -"molybdenum-man-

ganese']  and  "active-metal  (including titanium hydride)"-were
pioneered  by  General  Electric  over  two  decades  ago.  Today,
this same  leadership is making available even newer  and more
sophisticated  techniques  and  processes  to  meet  the  critical
demands of  aerospace  and  other advanced  systems.

A  wide  range  of  ceramic-metal   combinations  is  available,
in  almost  any  configuration,  for  your  consideration.  A/.~7EOH
alumina  and  forsterite  ceramics  are  currently  being  used   in
assemblies  which  incorporate  seals  to  copper,  monel,  molyb-
denum,  tungsten, chromel, alumel, titanium, tantalum, niobium,
nickel-iron  and  nickel-cobalt-iron  alloys  and  certain  stainless
steels.  In fact,  depending  upon  geometry  and  seal  design, vir-
tually all  metals can  now  be satisfactorily sealed to one of our
ceramic  materials.  Through  the  use  of  less  widely  known,  as
well   as   several   recently   developed   techniques,   ceramic-to-
metal  seals  can  also  be  prepared  to  withstand  duty  in  severe
environments involving  ultra-high temperatures,  high  F]F fields,
corrosive  vapors  and  liquids,  and  many  others  (see  "Typical
Applications").   Here,   again,   General   Electric   engineers   are
available  to  assist   in   selecting   the   materials  and  structural
design  that  will  serve  your  application  best.

Facilities and Staff
Complete  engineering  and  manufacturing  facilities  are  main-
tained  by  General  Electric's  Tube  Department  for the  design,
development and  manufacture of H/.-7-ECW ceramics as well as
a  wide   range  of  components  incorporating  ceramic-to-metal
seals.   Our  staff   includes   ceramists,   metallurgists,   chemists,
and physicists, as well as electronic, electrical and  mechanical
engineers-many   with  advanced   degrees  and  long  years  of
experience  in  their  respective fields.  Over the years, this staff
has  contributed  significantly  to  the  state  of  the  art,  as  it  is
known   today.   in   glass.   quartz,   and   ceramic   devices,   and
ceramic-to-metal  seals.

Thus,  a technologically  advanced  capability  is  in  place  and
ready  to  undertake  the  manufacture  of  components  and  de-
vices  of  virtually  any  size  and   degree  of  complexity.   In  our
laboratories,  experienced  technicians  and  supporting  person-
nel  utilize  the  latest  processes  and  equipments to assure con-
sistent  product  quality  and  adherence  to  your  specifications:
•  Modern  Powder  Processing  TechhiqlJes  for  batching,  mill-
ing,  drying.  Pre-tested synthetic oxides, fluxing additions, grain
refining  agents  and  fugitive  binders  are  scientifically  batched
and  vibratory  milled  to  the  exact  particle  size  distribution  re-

quired.  Spray  drying  then  ensures  free-flowing  agglomerates
for feeding  to the  presses.



•   Wide  Variety  ol  Forming  Techniques   including  automatic

and  semi-automatic  dry  pressing  for  high-volume  production,
extrusion,   and   isostatic   pressing   for   superior   uniformity   of

properties.  Intricate  prototypes  and  other complex shapes  are
precision  machined  from  isostatically-formed  blanks.
•   High-Temperature Firing  Equipments ensure that  the exact

properties  are  imparted  to  the. formed  ceramic  article  during
the  critical  sintering  operation.   Electrically  heated,  gas-fired,
or   hydrogen   atmosphere   furnaces   are   utilized   over   cycles
ranging  from  a few  hours  up to several  days.

•   Complele  Macliining  and  Finishing  Facilities  for  parts  of
almost  any  size   and  shape.  Typical   operations   include   dia-
mond-surfaced  finishing  equipment  for  centerless,  cylindrical
or surface grinding to extremely close tolerances; lapping; and
special   vibratory  techniques  for   finishing  and   polishing.

•  Advanced  Melallizing Techniques include a variety  of meth-
ods  such  as  automatic  screening,  semi-automatic  cylindrical
banding,  dip  coat,  brush,  and  others,  depending  upon  geom-
etry  and  quantity  involved.  Unique  high-temperature  furnaces

permit   sintering    of   metallizing   on    ceramic    shapes    up   to
eighteen   inches   in   diameter  and   nearly  two   feet   high.   The
metallized  areas  are  subsequently  electro-plated  to  enhance

Electroplating  Ceramic   Parts   and   Assemblies.  (This  area  also   in-
cludes  lacilities  for  electropolishing,  wet  and  dry  abrasive  blasting.
and  chemical  cleaning.)

wetting  by the  molten  braze  alloy during  assembly.  Each  step
of the  critically  important  metallizing  process  is  closely  mon-
itored to assure that all coatings are of "electron tube" quality.

•  ``White  Room"  Assembly  Conditions ensure  component  in-
tegrity.  Assembly  operations  are  carried  out  in  `'white  room"
areas  under  close  control  of  temperature,  humidity,  and  air-
borne  dust,   using   many   materials,   fixturing   techniques   and
equipments  developed  for the  electron  tube  industry.

•   Wlde   A§sorlmenl   ol   Furnaces   Iou   Sealing   and   Brazing
of assemblies  incorporating ceramic-to-metal seals.  Hydrogen-
atmosphere  furnaces  are  selected  from  box,  continuous-belt
or  retort  types.  And  resistance  or  high-frequency  heated  bell
and  retort furnaces are extensively used in vacuum firing, braz-
ing  and  sealing  operations.  In  our  hydrogen  furnaces,  protec-
tive  atmospheres range  from wet to super-dry, depending upon
the  alloys  being  brazed;  assemblies  up  to  three  feet  high  and
over two  feet  in  diameter can  be  accommodated  in  the  larger
retorts.   The   resistance   and   high-frequency-heated   furnaces
are   ideal  for  use  in  active-metal  sealing,  or  high-temperature
brazing  to  oxygen-sensitive  metals  such  as  titanium,  tantalum

FORSTERITE

Body  Dea[gn.llon

Body  Type

Owd
Fo,®,®,l'®

titan[uo#-Lo:ts6hing
General   Purpose

lorsterite

Meets  GE  Specjf ications

Aliimina  Content,  percent

Constituent  Oxides

Porosity(aj

^M,Zoo:,Sg°a2o

Nan-porous

Gas   Permeability(bi

Hardness, Mohs'  Scale

Floxiiral  Strength,  K  pal

Thfi:Tean't.EcX£;gi!7.PC8#

25.300-9

Dielectiic  Constant

8.5  x  109  liz

Loo. Tang®nl   {Tan6}

25°C       200°C       500°C 50°C        400°C      800°C

6.77           6.99           14.73

6.76          6.96             8.13

5.2               5.6              6.a

6.76          6.94             7.28

6.74          6.92             7.23

25°C       200°C      S00°C §0°C        400®C      600°C

.000515     .00277     4.29

.000240     .00124        .178

.000245     .00067       .00975

8.5 x  109  Hz

.001            .006           .070

.0002§       .00052       .00394

.00080       .0015         .0027

(a)  As  dotermlned  by water ab8orpllon  or dye pontratlon.
(b)  Moasurod using a l`ollilm ma§8 8pectromotor look dotoctor and a

.010-inch  thick  spoclmon.
(c)   AT-100  Alumlna ceramic  ls  an   Improved  vor§lon ol A-976.

and  niobium.  Other metal-joining  equipments  include  a  variety
of  welders-spot, electron-beam,  and tungsten-inert-gas types
-in  various  sizes.

•   Tho.ough  Inspection  Procedures  ensure  product  reliability.
Closely  controlled  in-process  and  final  inspection  procedures
are augmented by a broad selection of  modern  inspection  and
testing  implements. Typical examples  include: automatic gaug-
ing   equipment   for   dimensional   checks,   helium   mass   spec-
trometer  for  leak  detection,  metallographic  examination,  x-ray
fluoroscopic  inspection, chemical  analyses, and dye-penetrant
testing  to  aid  in  the  detection  of  minute  flaws.  A  rigid  system
of   equipment   and   gage   calibration   is   also   in   force   in   our
facilities.



Properties of Typical  Hj-TECH Ceramic Bodies

STERITE

OWLe
®nterlte

Oral   Purpose
orsterite

Higher   expansion   than
F-202 and Owfi

for§terite

ALUMINA

A-1004
^'um]n,

A.919
^lrmlna

A-®23
AIIImlna

A-1000
A'umln,

AT-too
AItlll)lm

low  loss'
calcia-free €::ii;aLgTarffpzseed

Low  loss,  easily
metallized

Gone,foal,Pousrsp°Se.
s:`:li  %::nm:::evea%d

Ultra-low  loss, extremely
Corrosion  resistant, near

theoretical   density

gA?;8i02 AY2go°;,si%

Nan-porous

A1203,   Si02
Mgo, Cao

Aj;zgooa,.8L%2

Nan-porous

4o0°C      6oo°C 25°C        2o0®C      5oo°C

6.63            6.80            8.78

25°C        200°C       §OO®C 25°C       200°C       500°C 25®C         200®C       500°C 25°C       2o0°C       500®C 25°C        200®C       500®C

9.98           10.21          12.60

6.62           6.78           7.20 9.62          9.60 10.07          10.33 9.98            10.21           10.86

5.6              6.0 6.62            6.77            7.09

6.62            6.77            7.08

9.10            9.21             9.83 9.38          9.59 9. 28           9.50           9.95 9.98          10.31           10.80 9.98           10.21          10.63

9.00            9.20            9.74 9.37          9.59           1 o.ce 9.27            9.50            9.91 9.96         10.29         10.76 9.98           10.21          10.62

6.59           6.73           6.98

400°C      600°C 25®C        ZOO.C       500°C

.00098        .00134       .421

.00013        .00044       .0188

.006           .070 .000072     .00074      .00329

.00011        .00025      .00149

25°C        200®C      500°C 25oC        2oo°C       500®C 25®C         200®C       500®C 25®C        200°C       500®C 2§°C       200®C       500°C

.ooooo7   .ooo6ce     .289

.0206         .00089 .00135       .00101 .000001    .000045     .0287

.0142         .00163         .0133 .00139      .00006 .00952      .00089       .00976 .00664      .00051         .00341 .oooooi5  .ooooio     .oooa2

.00228       .00105         .0071 .00030      `0001             .0035 .00165      .00040       .0037 .00612      .00170        .00135 .000007   .000007     .0002

.00088        .00092      .00119

Typical Areas of Application

Vacuum and gas-filled devices:
•  Electron, image, and x-ray tubes
•  Switches, spark gaps    . Ionization chambers

Hermetically sealed  electronic components
•  Capacitors     .  F!esistors     .  Relays
•  Crystals     .  Batteries

Semiconductor devices:
•  Transistor headers
•  Plectifier and  SCPl  housings
•  Flatpaks

Substrates for thin-and thick-lilm circuilry
Electrical equipment and systems:

•  Ordnance  devices
•  Windows for  transmitters,  proximity switches, etc.
I  Pick-up heads  for information storage units

Vactlum  equipment,  space  sjmulators,  deposition  eqLiipment:
•  Multi-lead  and thermocouple feedthroughs
•  High voltage  bushings

Mechanical devices:
•  Dimensionally-stable components for all types of

machinery
•  Abrasion  resistant fixtures,  gauges, wire guides
•  Brazing and  soldering fixtures

Devices in severe environments:
•  Thermionic converters -high temperature, cesium vapor
•  MHD generators -high temperature, cesium vapor
•  Turboelectric  generators -high  temperature,  alkali

metal vapor; high  temperature steam
•  Jet engines -thermocouple  connectors, spark plug

connectors
•  High temperature  rectifier  tubes -high temperature,

alkali  metal  vapor
•  Plechargeable  batteries - potassium  hydroxide

electrolyte
•  Fuel  cells



Applying  metallizing  by  automatic
screening   machine.   (Inset)   View
Of   loading  end  showing  operator
placing   ceramic   part   in   vacuum
lixture  belore  being  led  into auto-
matic   silk-screening   machine
where  it  will  receive  a  metallizing
coating.

Semi-autorrratic   bending  machine
permits   simultaneous   application
Of   several    metallizing   bands   lo
ceramic  cylinders.

Diamond-wheel  Cienterless  Grind-
ing  of  Alumina Cylinders

Brazing   lixture   being   inserted   in
large   super-dry    hydrogen    retort
lurnace.   These   furnaces   will   ac-
commodate ceramic-metal  assem-
blies   up   lo   21W2   feet   in   diameter
and  3  feet  rligh.

Formed  Ceramic  Components
Prior   lo   Firing

ETD-4840
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Lilerdlure,  soles
informa,}i6n,  or lechnical
assistance on  the
application of GE
Microwave Devices can
be obtained  f ron
any of the following
Electroni[  Component
Soles  Offices  or
by  contacting  the
General  Electric
Tube  Products  Department,
316  E.   Ninth  Slreet,
Owensboro,  Kenlucky  42301.
Telephone:  (502)  683-2401.

TPD -610'

^R'Zon^
Phcenix  85012
united   Bank   Bldg.
Su'te   7 I 2
3550   N.   Central  Avenue
(602)    264-1751

CALIFORNIA
Los  Angeles  90064
11840   W.   Olympic   Blvd.
(213)    479-7763

:3ri'8'%:+'eeyR9co4d°25
/415)    854-4010

ig:oD'Fej:s°,9A2v'e::e
Sul'e    I  10
17)4)    233-6461

COLORADO
Denver  80206
201     university    Blvd.
P.O,   Box  2331,   80201
13031388-5771

CONNECTICUT
Bridgeport   06602
T285  Boston  Avenue
1203)     334-1012

DISTRICT  OF  COLUMBIA
Washington  20005
77714th   Street,   N.W.
(2021    393-3600

fLORIDA
North  Palm  Becich  33408
321    North   Lake   8lvd.
(305)    844-5202

Tampa  33609
2104   S.    Lois   Aye.
P.   0.    Box    10577
(813`     877-8311

GEORGIA
Atlonta   30329

:§g:,T:;,3_S;r£2e,   N  E.

ILLINOIS

S8bc8g£ 6#:ukee Ave.
(312)    777-1600

INDIANA
Fort  wayne  46806        .
6001   S,   Ant!iony   Blvd.
f219)     447-1511

lnclicimapolis   46208
3750   N.   Meridian   Street
(317)     §23-7221

lowA

Si%a;e::::dss,5r::,?'s.E.
(319)    364-9149

KENTUCKY

Owensboro  42301
316   East   9th   Street
(502)    683-2401

MIcl+lG^N
South field  48075
24681   Northwestern
(313)    355-3552

MINN`ESOT^
Mlnneapolis  55435

i:9g,v;k2i;g5?;i5e

MISSOuRI
Konscis  Gty  64105
911    Main   Street,   Suite   518
(816)    Z2l-4033

St. `Louis  63132
1530   Fajrview
(314)    429-6941

NEW  JERSEY
Clifton    07014
ZOO  MQin   Avenue
(201)     472-8100

NEW  YORK
Albany   12205
t  I   Con`puter  Dri.ve  West
/518)    458-7755

East   Syracuse   13057
7   Adler  Drtve
(315)    456-1046

Great   Neck    11021
425   Northern   Bciulevord
(516)    466-8800

Rochester   14624
35   Deep   Rock   Rood
(7161    436-3480         .

NORTH  CARollN^
Charlotte   28211
2915   Providence   Road
(704)    364-6313

Greensbc)ro   27408
1828   Banking   Street
P.  0.  Box  9476
(919)    273-6982

OHIO
CincinnQti   45203
Suite   530,   Holiday  Park   East   Bldg.
801-8   West   8th   Street•                   (513)     281-2547

Cleveland  441  17
25000   Eucl`d  Avenue
(216)    266-2900

Doyton  45439
3430   S.   Dixie   Highway
P.   0.   Box  2143
Kettering   Branch,   45429
(513)     298-0311

0kLAHOM^
Oklcihoma   City   73112
3022   Northwest   Expressway
•(?8;-)Ex343:#n5g,  Rm.  4' 2

rpEfty`      ti7Aitreet

I__ [[L3h;,:#,ELate,rgj,::a      „
(21515ds.If`..

LOulsIAN^
New   Orleans  70112
613  Hibernia  Notional  Bank  Bldg.
(504/    525-4324

MAssAci+usms

r'ew:Ss'heyng°,:i8!treet
(617)    237-2050

:;';5:?G::-:%tFeeentRe:  . Rm   3o4
(412)    921-4134

TEXAS
Danas  75205
4447   N.   Central   Expressway
1214)     521-1931

MICROWAVE   DEVICES

0wensboro,  Kentucky      Schenectady,  New York

Houstcm  77006
31  10  Southwest  Freeway
Room  220
(713)    524-3061

VIRGINIA

Chorlottesville   22902
Suite  300
2007   Eorhart  St.
(7031296-81]8

Portsmouth   23704
355   Crc}wford   Parkway
Citizens  Trust   Building
Suite   5'6
(703)    484-3521

WASHINGTON
Seattle  98188
112   Andover   Pork   E.
P.   0.   Box   88850
(206)    244-7750

WISCONSIN
Milwaukee  53202
615   East  ^^ichigon  Street
(414)    271-5000

lGE

OVERSEAS

OFFICES

AMSTERDAV
lntemohonal   General   Electrlc   Co
Van   Gend   Cr   Loos,   N.   V.
Depot   ®   Distribut{on
P    0.   Box  7559
Schiphol   Airport,   East
The  Netherlands

ENGLAND
Ir`ternatlonal   General   Electr`c   Co.

of   N.Y.-Ltd.
Lincoln    House
296-302   High   Holbom
London   W.   C.    I

FRANCE

General   Electric   Co.,   lnc.
42  Avenue  Monta`gne
Por's  Vl'I

GERMANY
General   Electric-Germany
Eschersheimer   LQndstrosse   60/62
PostfQch   3011
8   FrQnkfurt/Main   15

International   General   Electric
Hermann   Lingg  StrQsse   12
Mun`ch    ]5

'TALY
Compagnia  Generale  di   Elettricita,

S.P.A.
Via   F.   Caseti   44
Milan

JAPAN
General   Electr`c   JQpan-Ltd.
'No.11-41,    I-c'home

hhasaka,  M;nato-ku-jii:
atjonal   General   Electric   Co.    of
;pain,  S.A.
a  Jose  Antonlo  88

GENEnAL ©  ELECTnic


