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TECHNICAL DATA

The EI MAC 8990/4CX20, 000A is a ceramic/metal powertetrode inteded
for use in audio or radio-frequency applications. It features a type of inife!ma!
mechajnical  structure which  results  in  high  rf operating efficiency. EL®w rf
losses  in this structure  permit operation at full  ratings  up to 110  MREz.

The 8990/4CX20, 000A has a gain of over 18 d 8 in FM broadcastseer\y:ice,
and is also recommended for radio-frequency linear power amplifier segaiii€ce,
and for vH F television I i near ampl ifier service. The anode is ratecl for 2® kw
of dissipation with  forced-air cooling and  incorporates a highly Offrieient
cooler of new design.

The 8990A is recommended for high-level, plate modulated amp!ifierservice.

GENERALCHARACTERISTICst

ELECTRICAL
Filament: Thoriated Tungsten

Voltage:...................

Current,  at  10.0  volts ......
...     10.0    ±    ®-5V

Amplif ication  Factor, average
Grid  to  Screen  ..,....,.............,................

Direct  lnterelectrode Capacitances (cathode grounded):2
Gin................'....I...................I.......--

Than A

®-7

8990`:   4CX20,COO

8990A
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VHF
PADIAL  BEAM

POWEF} TETRODE

`---`iELF#Alu+RAs`±ti-]`

-,
Cgp....................................................-.....

Direct lnterelectrode Capacitances (grid and  screen grounded):2
Gin.
Cout
Cpk......................'.......I.........`....-..-.

Frequency of  Maximum  Ratings  (C.W)  ...................

1.  Characteristics and operating values are based on performance tests. These figuFas`may change without notice as the
result  of  additional  data  or  product  refinement.  EIMAC  Division  of Varian sho*i£"  be  corrsulted  before  using  this
information  for final  equipment design.

2.   Capacitance  values  are  for  a  cold  tube  as  measured  in  a  special  shie!c!e3  f}iffirme  in accordance with  Electronic
Industries  Association  Standard  BS-191.

IVIECHANICAL

Maximum  Overall  Dimensions:
Length'   ....   '   ......   '   ................   e   .   .

Diameter.......

Net  Weight (Approximate)  ,............
Operating   Position  .......................

Cooling...............'......`...........

Operating Temperature,  maximum
Ceramic/Metal  Seals and  Anode Core.

Base..............

Fiecommended  Air System  Socket .......
Recommended  Air Chimney .............

4402  (Ef'ective  20  October  1980)

9.840 in., 24.99 cm
8.800 in; 22.35 cm

......................  14.0  lbs;  6.35  kg
........ A3ds vertical. base up or down

.......... Forced air

. -. 25Crc
..... o ..... ~ ....... Special, concentric

SK-320
SK-326

Printec! in U.S A.

_TiE!ex=-i3itCier5=z{8gr
Varian  /   EIMAC Division  /  301   Industrial Way  /  Sar[Car!os  t`  Ca*rfuQmia94070
Telephone.  (415)  592-1221
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RADIO FREQUENCY POWER AMPLIFIER
0R OSCILLATOR

Class C Telegraphy or FM
(Key-Down Conditions)

ABSOLUTE  MAXIMUM  PATINGS

DC  PLATE VOLTAGE
DC SCBEEN VOLTAGE
DC  PLATE CURBENT
PLATE  DISSIPATION
SCBEEN  DISSIPATION
GF`lD  DISSIPATION ........... _ _  .  .  .

10,000   VOLTS
2,000   VOLTS

5.0   AMPEPIES
20,000   WAITS

450   WATTS
200   WATTS

TYPICAIOPERATloN{ffeQL-rdesto30MHzi

Plate Voltage ..........
Screen Voltage ........
Grid Voltage ............
Plate Current .......... `
Screen Currentt ........
Grid  Current'  ...........
Peak rf Grid Voltage'  . . .
Calculated Drive Power.
Plate  Dissipation'  ......
Plate Output Power' ....
Load  Impedance .......
1 Approximate value

TYPICAL OPERATION, COMMERCIAL FM  SERVICE
(measured values at frequency shown, in
EIMAC CV-2200 cavity amplifier)

Frequency of Operation  ........
Plate Voltage .
Screen Voltage . . .
Grid Voltage. .
Plate Current
Screen Current
Grid Current. .
Drive Power
Useful  Power Output' ...........
Efficiency

'  Delivered to the load
dB

PLATE MODULATED RADIO FREQUENCY
POWER AMPLIFIER
8990A F)ECOMIVIENDED

GRID DFWEN  Class C Telephony
(Carrier Conditions)

ABSOLUTE  MAXIMUM  BATINGS

DC  PLATE  VOLTAGE .............
DC SCREEN  VOLTAGE  ..........
DC  G R I D VO LTAG E  ..............
DC  PLATE CuRRENT ............

8,000 VOLTS
2,000  VOLTS

-1,000 VOLTS
5  AMPEF}ES

PRATE  DISSIPATION ................         13.5  KILOWATTS
SCREEN  DISSIPATION  .............          450  WATTS
GBID  DISSIPATION .................          200  WATTS

TYPICAL OPERATION

Plate Voltage .........
Screen Voltage .......

(100% modu!ation}
Plate Current ........

Grid voltage ...-
Peak af screen voltage ...... _.~ ......

Screen Current`
Grid Current'
Calculated  Driving Power
Plate Impedance .
Plate Output Power.
Plate Dissipation . . .
I Approximate

AAUDIO FREQUENCY POWER AMPLIFIER OR

MODULATOR

GPllD  DBIVEN,  Class AB1
(sinusoidal wave)

ABSOLUTE  MAXIMUM  BATINGS (per tube)

DC  PLATE  VOLTAGE ...........      10,000    VOLTS

rl        393cLARTEEEguvRORLEfis.E.::::: .... :::::       2,500   vOLTs
6   AMPEBES

2

TYPICAL OPEPATION €2 tubes8

Plate Voltage ......
Screen Voltage .............. _ . .
Grid voltage' .....
Zero Signal  Plate Currem. . ` ....
Max. Signal  Plate Current .......
Max. Signal Screen Current 2 . . .
Peak Grid Voltage2 ......... _   . .
Max.Signal plate Dissipa{ion3   ..
Plate Output Power
Load  Impedance p/p ...........

7,800      7.80a
500          750
-70       -125
0. 75         0.75

3.4            5.2
90         220
65         tt5
67

'4.5            26
6,300     3500

PIATE  DISSIPATION  ..............               20    KILOWATTS      1  Adjustforspecifiedzercrsiggtaf platecufrent.
SCF`EEN  DISSIPATION ............             450    WAITS                  2Approximatevalue
GRID  DISSIPATION  ...............             200    WATTS                   3Pertube

ri-
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TYPICAL  OPERATION  values  are  obtained  by calculations  from  pilblished  characgeristic curves. To  obtain the
specified plate current at the specified bias, screen, and plate voltages. adjustmeJt{ c€ the rfgrid voltage is assumed.lfthisprocedureisfollowed,therewinbelittlevariationinoutputpowerwhentherusbeisnaplaced,eventhoughtheremaybesomevariationingridandscreencurrents.Thegridanclscreencurrefl.£whichoccurwhenthecfesired

plate current is obtained are incidental and vary from tube to tube. These current ¥arJ`atjons cause no performance
degradation providing the circuit maintains the correct voltage in the presence of the a-ulrrentvariatons. !t gricl bias isobtainedprincipallybymeansofagridresistor,theresistormustbeadjustablet®producetherequiredbias

voltage when the correct rf grid voltage is applied.

APPLICATION
MOUIvr/IVG -The 8990 must be operated with its
axis vertical. The  base  of the tube  may be  up or
down at the convenience of the circuit designer.

SOCKET  &   CHIMNEY  -  The  EIMAC  a.ir~system
socket  SK-320  and  air  chimney SK-326  are  der
signed especially for use with the 8990. The use of
the  recommended  air  flow  through  this  socket
provides  effective forced-air cooling  of the base,
with air then guided through the anode cooling fins
by the air chimney.

COOL/IVG -The  maximum temperature  rating for
the  external  surfaces  of  the tube  is  250°C,  and
sufficient  forced-air  cooling  must  be  used  in  all
applications to keep the temperature of the anode
(at the base of the cooli ng fi ns) and the temperature
of the ceramic/metal seals comfortably below the
rated maximum.

The cool ing characteristics of the anode are shown
in the attached graph, for power levels from 7.5 kw
to 20 kw dissipation. The designer is cautioned to
keep in mind that is ABSOLUTE data, with pure dc
power,  with   no  safety  factors   added,   and   the
pressure drop figures make no al lowance for losses
in filters, ducting, and the like.

It  is  considered  good  engineering  practice  to
design for a maximum anode core temperature of
225°C, and terhperature sensitive paints are avail-
able  for  checking  base  and  seal  temperatures
before any design is finalized. It is also considered
good  practice  to add  a  15%  safety factor to the
indicated airflow, and allow for variables  such as
dirty air filters, rf seal heating at VHF, and the fact
that the anode coolings fins may not be clean if the
tube has been in service for some length of time.
Special attention is required in cooling the center
of the stem (base), by means of special directors or
some other provision. An air interlock system should
be  incorporated  into  the  design  to  automatically
remove all voltages from the tube in case of even
partial failure of the tube cooling  air.

Air flow  must  be  applied  before  or simultane-
ously with  the application  of  power,  including the
tube filament, and should normally be maintained
for a short period of time after all power is removed
to allowed for tube cooldown.

FILAM ENT OPEFIATION -The rated r\om.ir`al I.ila-
ment voltage for the 8990 is 1 0.0 volts, as measured
at  the  socket  or  tube  base.  Variation  in  voltage
should be maintained within plus or minus five per-
cent.   During  application  of  filament  voltage  the
inrush current should  be  limited  to no more than
twice normal current.

The peak emission capabilityat nominal filament
voltageisnormallymQrethanthatrequiredforcom-
munication  service. A  small decrease  in filament
temperature due to reduction in filament voltage
can increase tube life By a substantial percentage.
Itisgoodpracticetocieterminethenominal filament
voltage  for a  particu€ar  application  that will  not
adversely affect equiErment operation. This is done
by measuring  some important parameter of per-
formance (such as p#ate current power output,-or
distortion)  while  filament  voltage  is  reduced.  At
some  point  in  filament  voltage  there  will  be  a
noticeable  change  E"  the -operating  parameter
being monitored. and  the operating filament volt-
age must be slightly r$5'gher than the level at which
deterioration was no:ed. When filament voltage is
to be reduced in this man ner it should be regulated
and  held to plus or &"inus one  peroent, and the
actual operating value should be checked periodi-
cally to maintain proner operation.

ELECTF}ODE    DISsf GE3'AIION    F?ATINGS    -   The
maximum dissipation ratings for the 8990 must be
respectedtoavoiddarragetothetube.Anexception
is the plate dissipation which may be permitted to
rise above the rated r=axirtytrm during brief periods
(10 seconds maximtjrm) such as may occur during
tuning.

Gf?/D OPEf?A7/OA/ -The 8990 control grid has a
maximum  dissipatiorE   rating  Of  200  watts`  Prgr
cautions should be cfoserved to avoicl exceeding
this rating. The grid b€as and driving poorer shoulcl
normally  be  kept  near the values  shown  in  the
lYPICAL OPEPAT[OLifed  section  Of  the  data  sheet
whenever possible.

SCFIEEN OPEF?ATIORE -The power a.iss.ipated by
the screen of the 899@ must not exceed 450 watts.
Screen dissipationg Ere  cases where there is no ac
applied to the scree=   is the simple product Of the
sc reen voltage anci trre screen current. If the screen
voltage  is  modulateck.  the  screen dissipation wi[f
depend upon loading+ driving power, and carrier
screen voltage.

Screen dissipatiorB  is rikely to n-se to excessive
val ues when the p!ateeyoltage, bias voltage, or plate
load  are  removec!  vng-aih  the  filament  and  screen
voltages applied. Suitable protective means must
be provided to Limit t.he screen clissipation to 450
watts in the event Of circuit failure. Energy limiting
circuitry  (which  wllr   activate   if  there  is  a  fault
condition) and spark gap over-voltage protection
are recommended as good engineering practice.

The 8990 may exhibit reversec€ (negative) screen
current  under  some.   operating   conditions.



J¥-EEHB
8990/4CX20,000A,8990A

The  screen  supply  voltage  must  be  maintained
constant  for  any  values  of  negative  and  positive
screen current which may be encountered. Danger-
ously  high   plate  current  may  f low  if  the  screen
power supply exhibits a rising voltage characteristic
with negative screen current.  Stabilization may be
accomplished  with  a  bleeder  resistor connected
from  screen to cathode, to assure that net screen
supply current is always positive. This is absolutely
essential    if    a    series    electronic    regulator    is
employed.      --

FAULT. Pf?07-ECT/OIV -ln addition to normal plate
overcurrent interlock and screen current interlock
it is good practice to protect the tube from internal
damage which could result from a plate arc at high
voltage. In all cases some protective resistance,10
to 50 ohms, should be used in series with the tube
anode  to  absorb  power supply stored  energy  in
case  a  tube  arc  should  occur.  If  power  supply
stored  energy  is   high   some  form   of  electronic
crowbar which will discharge power supply capa-
citorsinafewmicrosecondsfollowingindicationof
start of a tube arc js recommended.

H/GH VOLTAGE-Normal operating voltages used
with the 8990 are deadly and the equipment must
be  designed  properly and  operating  precautions
must be followed. All equipment must be designed
so  that  no  one  can  come  into  contact  with  high
voltages.  All  equipment  must  include  safety  en-
closures  for  high-voltage  circuits  and  terminals,
with  interlock switches to open  primary circuits of

r|       the  power supply and  to discharge  high-voltage
capacitors  whenever  access  doors  are  opened.
Interlock   switches   must   not   be   bypassed   or
"cheated"  to  allow  operation  with  access  doors

open. Always remember that H IGH VOLTAGE CAN
KILL.

4

I.NTE RELECTRC}DE  ChpACITANCE -The actual
internal  interelectrode  capacitance  of  a  tube  is
influencedbymanyvar8ab}esinmostappfications`
such as stray capacitance to the chassis. capac+
tanceaddedbythesoc*e{used.straycapacitance
between   tube  termina`;s.  and  wiring  effects.  TQ
control  the  actual  capacisance values within  the
tube, as the key component involved, the industry
and Military Services use a standard test procedure
as described in  Electronic Industries Association ~
StandardRS-191.Thisrequirestheuseofspec.ially
constructed test fixtures which effectively shield all
external tube leacis from each other and elinina{e
any capacitance reac}ing to ..ground". The test is
performed  on  a  colcl  tube.  Other  factors  being
equal, controlling intema8 tube capacitance in this
way normally assures gcoc}  interchangeability of
tubesoveraperiodoftime.evenwhenthetubemay
be made  by different rrLanufacturers. The capaci-
tance values shown in the manufacturers technical
data,  or test  specificatiQ\ns.  normally are taken  in
accordance with Stanc}ard  F{S-191.

The equipment designer is therefore cautionec[
to  make  allowance  foxr  the  actual  capacitance
values which will  exist in any normal application.
Measurements shou[cf b§ taken with the socket and
mounting which representapproximate final layout
if capacitance values asre highly significant in the
design.

SPE914LAPPLICATIONS-lI.i\.isdesiredtooperatethis  tube  under  condlt!®ns  \i/idely  different  trom
those listed here, write tQ App[ica{ion Engineering,
Power   Grid   Tube   Division.   EIMAC   Division   of
Varian, 301   Industrial Way. San Carlos, CA 94070
for recommendations. -

OPERATING  HAZARDS
PF}OPEF}    USE    AND   SAFE    OPEF}ATING    PF]AC-
TICES WITH R ESPECT TO POWE R TU B ES AF{ E TH E
RESPONSIBILITY   OF   EQUIPMENT   MANUFAC-
TURERS   AND   USERS   0F   SuCH   TUBES.   ALL
PEFISONS  WHO  WOF}K  WITH  OF}  AF}E  EXPOSED
TO  POWEFI  TUBES  OF}  EQUIPMENT WHICH  UTI-
LIZES  SuCH  TUBES  MuST TAKE  PF(ECAUTIONS
TO  PF}OTECT THEMSELVES  AGAINST  POSSIBLE
SEF!lous   BODILY   INJUBY.   DO   NOT   BE   CABE-
LESS ABOUND SUCH  PBODUCTS,

The operation of power tubes involv6s one or more of
the   following   hazards,   any   one   of   which,   in   the
absence of safe operating practices and precautions,
could  result in  serious  harm  to personnel:

a.  HIGH VOLTAGE-Normal operating voltages can
be deadly.

b.   RF   F{ADIATION   -   Exposure   to   strong   rf  fields
should   be  avoided,   even   at   relatively   low  fre-
quencies.  The  dangers  of  rf  radiation  are  more
severe  at  UHF  and  microwave  frequencies  and
can   cause   serious   bodily   and   eye   injuries.
CAFIDIAC  PACEMAKERS  MAY  BE  AFFECTED.

c.   X-PIAY F}ADIATloN ~ High soltage tubes can pror
duce dangerous ancl possibly fatal x-rays`

d.   BEF{YLLluM   OXIDE   PO}SONING   -   Dust   or
fumes from  Beo cerarT:`ics usecl as thermal links
with  some  conciuctiofrccolecl  power tubes  are
highly  toxic  and  can  cause  serious  injury  of
death.

e.   GLASS EXPLOSION -iv!anyelectron lubes have
glass envelopes.  Brear.r}g the glass can cause
an   implosion.  \,^7hich   ...  a);  resu}t  irl  ari  expiQsive
scattering of glass pal ,='es_ Handle glass tubes
carefully

i.    HOT  WATER  -Water  &jsecl  to  cool  tubes  may
reach scalding tempe.ra:jres. Touching orrupture
o[ the cooling system can cause serious bumsL

9.   HOT SuF}FACES -Sur-races of air-cootecl radia-
tors and other parts o{ ..jbes can reach temperar
tures of severa I huncireG degrees centjgrac[e and
cause serious bums if ic}i3checl.

Pleasereviewthedetailedoperatinghazardssheetenclosedwitheachtubeorreques€acopyframtheacidress
shown below.    Power Grid Tube  Division,   Varian,  EIMAC dMsion, 301   lnc}ustna! `j...a}j~ San Cargos. Califomia
94070. '
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DthAE"SIOmL OAJ^
INCHES MtlllMETEF`S

Oac "lN MAX F'EF inN MAX. FtEF-

A €£70 8800 22022 223 S2
a @S5 895 2,72 22.?3
C J1593 4656 I t6.66 I '826
8,I .€00 .760 S}4 I 9.sO
Ea 3€96 '936 48.'6 49_' 7
i,3133 3'73 7g`Sa 8059a,a,792 3.832 9632 97.33
It8 3980 a.020 '0,.09 '02.' '
J.E "1aa 4.7S
KB -188 4.7a
1 -,88 4.78 -I+

L,
ce
Pr 4593 4.6S6 t ' 6.66 1 8JZ6
FL 2.705 2£25 ca'7, 7L76
a 9.465 I:" 2cO.4 t 249.9+
T J500 2.70

NOTES
t`  BEE 0iMENsi6r¢S AfRE FOF` INFo

cxnear & ABE NOT f}EQuiRED FOR
IRESPECTION  PUF`POSES.

2.  -CONTACT SuFtFACE.
3.  OPTIMUM FllAttENT a GFtlD CONNECTOFt

!i@EreNis FOR sOcxET OEsic» f]uf]pOsEs.

Tq#DT#?LkERECT_

FTct^E¥:o::A:i:H¥SptcT
TO  TriE  conl"OL  Gife-I±Np -

:JT=TnE5#i:lEID±C:E*¥L[#ESE.S

?Tue##R#-"

TYPE 8990A


