
TECHNICAL DATA VAPOR COOLED 

POWER TETRODE 

The EIMAC 4CV50,OOOE i s  a ceramic,'metal, vapor-cooled power te- 
trode intended for use a t  the 50 to 100 kilowatt output power level. This 
tube i s  characterized by low input and feedback capacitances and low in- 
ternal lead inductances. A rugged mesh thoriated tungsten filament pro- 
vides adequate emission over the long operating life. It is recommended 
for use a s  a c l ass  C rf amplifier or oscillator, a c lass  AB rf linear ampli- 
fier or a c l a ss  AB push-pull af amplifier or modulator. The 4CV50,OOOF . , 
i s  also useful a s  a plate and screen modulated c lass  C rf amplifier. The 
vapor cooled anode i s  rated a t  50 kilowatts dissipation. 

*, 
G E N E R A L  C H A R A C T E R I S T I C S ~  

ELECTRICAL Shown w i t h  
b o ~  ler removed 

Filament: Mesh Thoriated Tungsten 
Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.0 t 0.6 V 
Current, a t  12.0 volts . . . . . . . . . . . . . . . . . . . . . . .  215 A 

Amplification Factor (Average) 
Grid to Screen . . . . . . . . . . . . . . . . . . . . . . . . . .  4.5 

b Direct Interelectrode Capacitances(gmunded cathode) 
Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 pF 
Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 pF 
Feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.7 pF 

Frequency of Maximum Rating: 
CW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 MHz 

1. Characteristics and operating values are based uwn performance tests. These figures may change without notice 
as the result of addi t~onal  data or product refinement. EIMAC D i v i s ~ o n  of Varian should be consulted hefore using 
thls information for f lnal equip~nent design. 

MECHANICAL 

Maximum Overall Dimensions: 
Length ( less boiler) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .11.500 in; (292.1 mm) 
Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.531 in; (241.0 mm) 
Net Weight ( less boiler) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .31.5 lb; (14.3 kg) 

Operating Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Vertical, base down 

Maximum Operating Temperature: 
Ceramic/Metal Seals and terminals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250°C 

Cooling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Vapor and Forced Air 
Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Special 
Recommended Air System Socket . . . . . . . . . . . . . . . . . . . . . . . . . .  EIMAC SK-2000 Series 

b Recommended Boiler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EIMAC BR-700 Series 

(Effective 4-1-76) O 1970, 1976 by Varian Printed in U.S.A. 

EIMAC division o f  varian / 301 industr ia l  way / san carlos 1 california 9 4 0 7 0  



RADIO FREQUENCY LINEAR AMPLIFIER 
GRlD DRIVEN 
Class AB 

ABSOLUTE MAXIMUM RATINGS: 

DC PLATE VOLTAGE. . . . . . . . . .  17.500 VOLTS 
DC SCREEN VOLTAGE . . . . . . . . .  2.500 VOLTS 
DC PLATE CURRENT . . . . . . . . . .  12.0 AMPERES 

. . . . . . . . . .  PLATE DISSIPATION 50.000 WATTS 
. . . . . . . . .  SCREEN DISSIPATION 1,500 WATTS 

. . . . . . . . . .  GRIDDISSIPATION 400WATTS 

1. Adjust to  specified zero-signal d c  plate current. 

2. Aoomximate value. 

TYPICAL OPERATION (Frequencies to  30 MHz) 
Class ABl. Grid Driven, Peak Envelope or Modulation 
Crest Conditions. 

. . . . . . . . . . . . . . . . . . . . .  Plate Voltage. 10.0 kVdc 
. . . . . . . . . . . . . . . . . . . .  Saeen Voltage. 1.8 kVdc 

. . . . . . . . . . . . . . . . . . . . .  Grid Voltage 1. -260 Vdc 
. . . . . . . . . . . . . .  Zero-Signal Plate Current 3.4 Adc 
. . . . . . . . . . . . . .  Single Tone Plate Current 9.14 Adc 

. . . . . . . . . . . . . . . .  Peak rf  Grid Voltage 2 233 V 
. . . . . . . . . . . . . .  Resonant Load Impedance 600 0 

. . . . . . . . . . . . . . . . . . . .  Plate Dissipation 35 kW 
. . . . . . . . . . . . . . . . . .  Plate Output Power 57 kW 

RADIO FREQUENCY POWER AMPLIFIER OR TYPICAL OPERATION (Frequencies t o  30 MHz) 
OSCILLATOR 

. . . . . . . . . . . . . . . . . .  Class C Telegraphy or FM Telephony Plate Voltage 15.0 15.0 kVdc 
. . . . . . . . . . . . . . . .  (Key-Dow Conditions) Screen Voltage. 1.5 1.5 kVdc 

Grid Voltage . . . . . . . . . . . . . . . . .  .-800 -ROO Vdc 
. . . . . . . . . . . . . . . . . .  

ABSOLUTE MAXIMUM RATINGS: 
Plate Current 9.0 11.5 Adc 

. . . . . . . . . . . . . . . .  Screen Currentl. 0.9 0.83 Adc 
Grid Current l. . . . . . . . . . . . . . . . . .  125 160 mAdc . . . . . . . . . .  DC PLATE VOLTAGE 17,500 VOLTS Peak rf  Grid Voltage l. . . . . . . . . . . . .  880 925 v 

. . . . . . . .  DC SCREEN VOLTAGE. 2.500 VOLTS Calculated Drivina Powerl. . . . . . . . . .  110 150 W 
. . . . . . . . . .  . . . . . . . . . . . . . . .  DC PLATE CURRENT 12.0 AMPERES Plate Dissipation 25 36 kW 

" 

. . . . . . . . . . . . . .  PLATE DISSIPATION . . . . . . . . . .  50,000 WATTS Plate Output Power 110 137 kW 
. . . . . . . . . .  SCREEN Dl SSIPATION . . . . . . . . .  1.500 WATTS Resonant Load Impedance 820 61 5 I) 

. . . . . . . . . .  GRID DISSIPATION 400 WATTS 1. Approximate value 

PLATE MODULATED RADIO FREQUENCY POWER 
AMPLIFIER-GRID DRIVEN 
Class C Telephony (Carrier Condit~ons) 

ABSOLUTE MAXIMUM RATINGS: 

DC PLATE VOLTAGE . . . . . . . . . .  15.000 VOLTS 
. . . . . . . .  DC SCREEN VOLTAGE. 2.000 VOLTS 

. . . . . . . . . .  DC PLATE CURRENT 12.0 AMPERES 
. . . . . . . . .  PLATE DISSIPATION 1 33.000 WATTS 
. . . . . . . .  SCREEN DISSIPATION < 1.500 WATTS 

. . . . . . . . . .  GRID  DISSIPATION^ 400 WATTS 

1. Corresponds to  50.000 watts at  100% sine-wave 
wdulat ion. 

2. Average, w i th  or without modulation. 

TYPICAL OPERATION (Frequencies t o  30 MHz) 

Plate Voltage. . . . . . . . . . . . . . . . .  9.0 
Screen Voltage . . . . . . . . . . . . . . .  750 
Grid Voltage . . . . . . . . . . . . . . . . .  -600 
Plate Current . . . . . . . . . . . . . . . . .  7.41 
Saeen Current3. . . . . . . . . . . . . . .  0.69 
Grid Current . . . . . . . . . . . . . . . .  .0.333 
Peak af Screen Voltage 3 

. . . . . . . . . . .  (100% modulation) 750 

. . . . . . . . . . .  Peak rf  Grid Voltage 3 750 
Calculated Driving Power . . . . . . . . .  250 
Plate Dissipation . . . . . . . . . . . . . .  12.5 

. . . . . . . . . . . . .  Plate Output Power 54.2 

3. Approximate value. 

14.0 kVdc 
.750 Vdc 
-600 Vdc 
9.25 Adc 
1.15 Adc 

0.833 Adc 

AUDIO FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Class AB1, Grid Driven (Sinusoidal Wave) 

ABSOLUTE MAXIMUM WTINGS (Per Tube) 

DC PLATE VOLTAGE. . . . . . . . . .  17.500 VOLTS 
DC SCREEN VOLTAGE . . . . . . . .  2 . W  VOLTS 
DC PLATE CURRENT. . . . . . . . . .  12.0 AMPERES 
PLATE OlSSlPATlON . . . . . . . . . . .  50.000 WATTS 
SCREEN DISSIPATION . . . . . . . . .  1.500 WATTS 
GRID DlSSlPATlON . . . . . . . . . .  400 WATTS 

TYPICAL OPERATION (Tw Tubes) 

Plate Voltage . . . . . . . . . . . . . . . . . . . . .  
Screen Voltage . . . . . . . . . . . . . . . . . . . .  
Grid Voltage 1'3 . . . . . . . . . . . . . . . . . . .  
Zem-Si gnal Plate Current . . . . . . . . . . . . .  
Max. Signal Plate Current . . . . . . . . . . . . .  
Max. Signal Screen Current 1. . . . . . . . . . . .  
Peak af Grid Vol tage2 . . . . . . . . . . . . . . .  
Peak Driving Power . . . . . . . . . . . . . . . . .  
Max. Signal Plate D ~ s s ~ p a t i o n  2 . . . . . . . . .  
Plate Output Power . . . . . . . . . . . . . . . . .  
Load Resistance [plate to plate) . . . . . . . . .  

15.0 kVdc 
1.25 kVdc 
-280 Vdc 

5.0 Adc 
18.6 Adc, 
0.6 Adc 
275 v 

o w  
41.7 kW 
195 kW 

1870 0 

1. Appmximate value. 
2. Per tube. 
3. Adjust to g ive stated zero-signal plate current. 



NOTE: TYPICAL OPERATION data are obta~ned fmm direct measufement or by calculat~on from publoshed character- 
fstic curves. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias. 
screen and plate voltages is asswned. I f  this procedure is followed. there will be l~ttlevariation in output 
power when the tube is changed, even though there may be some variation in  grid and screen current. The grid 
and screen currents wh~ch result when the desired plate current is obtained are incidental and vary from tube 
to tube. These current var~atlons cause no difficulty so long a s  the circuit maanfains the correct voltage in 
the presence of the varlattaos in current. In the case of Class C Service, r f  grld bias is obtained principally 
by means of a grid reststor. the resistor must be adjustable to obtain the requtred bias voltage when the 
correct r f  grid voltage is applted. 

RANGE VALUES FOR EQUIPMENT DESIGN 
Heater: Current a t  12.0 volts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Interelectrode Capaci tances  (grounded cathode connection) 

Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Feedback 
Interelcctrode Capaci tances  (grounded grid connection) 

Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Output 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Feedback 

APPLICATION 

MECHANICAL 
MOUNTING - The 4CV50.000E must be operated 
with i ts  axis vertical. The base of the tube must 
be down. 
SOCKET - The ElMAC sockets type SK-2000 
series are recommended for use  with the 4CV- 
50,000E. 

COOLING - Cooling i s  accomplished by im- 
mersing the anode in the distilled water filled 
EIMAC boiler. The energy dissipated at the anode 
causes the water to boil a t  the surfaces of the 
anode, to be converted into steam and be carried 
away to the condenser. The boiling action keeps 
the anode surfaces a t  approximately 100°C. In a 
properly designed boiler-tube system, it i s  ex- 
tremely unlikely that the anode surfaces will 
ever exceed llO°C at  full dissipation ratings. 

The water in the boiler must be maintained 
a t  a constant level which may be accomplished 
automatically in an EIMAC vapor cooling system. 
Condensate from the condenser i s  returned to the 
boiler to maintain a constant coolant level. Any 
losses  or drops'in coolant level are  sensed and 
makeup water enters the boiler from the reservoir. 
When the proper level i s  reached the flow from 
the reservoir i s  stopped automatically. A switch 
i s  energized when the reservoir water level drops 
to a low level. This switch may be used to shut 
down the equipment or activate an alarm. 

Min. - 
200 

Max. 
230 A 

Air cooling of the tube base i s  required whenever 
filament voltage i s  applied. A minimum air flow of 
100 cfm should be ducted toward the center of the 
EIMAC SK-2000 socket from a blower or fan. Pres- 
sure drop through the SK-2000 socket i s  approxi- 
mately 0.5 inches of water. The air system must 
be capable of supplying 100 cfm into this head. 

The water used a s  a coolant in the vapor 
phase cooling system i s  continuously distilled. 
I t  i s  Imperative that the resistivity of the water 
be maintained above 200,000 ohms/cm3. The 
entry of  any contaminator to the system must be 
prevented. The use  of any lead bearing alloys 
such a s  brass or soft/solder in fabrication of the 
cooling system must be avoided since steam 
leaches out the lead, contaminatina the coolant. 

Suitable materials for a cooling system are 
copper, hard solder, and polypropylene. Any 
contamination of the water causes  leakage cur- 
rent to flow through the water supply l ines to 
ground. When the resistivity i s  low this leakage 
current power will cause  boiling in the lines, 
interfering with the proper operation of the system. 

The user must be  prepared to flush the system 
on initial startup to purge any contamination 
which may have entered the components during 
shipment or assembly. 



ELECTRICAL 

FILAMENT OPERATION - Filament v o 1 t a  g e  
should b e  measured a t  the socket  with a 1 per- 
cent  rms responding meter. T h e  peak emission 
a t  rated filament voltage of the  EIMAC 4CV- 
50,000E i s  normally many times the  peak emis- 
s ion required for communication service.  A smal l  
decrease  i n  filament temperature due  to reduc- 
tion o f  filament voltage can increase  t h e  l i fe  of  
the 4CV50,OOOE by a substantial  percentage. It  
i s  good pract ice to determine the nominal fila- 
ment voltage for a particular application tha t  will 
not adversely affect  equipment operation. Th i s  
i s  done by measuring some important parameter 
of  performance such a s  plate current, power out- 
put, or distortion while filament voltage i s  re- 
duced on the 4CV50,OOOE. At some point in 
f i 1 a m e n  t voltage there will be  noticeable 
reduction i n  p la te  current, or  power output, or  an  
increase  in a g e  sl ightly higher than the  point 
a t  which performance appears to deteriorate. 
T h i s  point should be  periodically checked to 
maintain proper operation. 

GRID OPERATION - The  4CV50,OOOE control 
grid i s  rated a t  400 watts  of dissipation. Grid 
dissipation i s  the approximate product of  grid 
current and peak positive grid voltage. 

SCREEN OPERATION - The power dissipated 
by the screen grid must not exceed 1500 watts. 
Where no  a c  i s  applied to the screen,  dissipation 
i s  the product of d c  screen  voltage and d c  screen 
current. With screen modulation the  dissipat ion 
is dependent on rms screen  voltage and rms 
screen current. P l a t e  voltage, plate  load or  b ias  
voltage must never be  removed while filament 
and screen voltages a re  present s i nce  the  screen  
dissipation rating will be exceeded. Suitable 
protective means must be  provided t o  prevent any 
of these conditions. 

The  4CV50,OOOE may exhibit reversed screen 
current to a greater or l e s se r  degree depending 
on operating conditions. The  screen  supply volt- 
age  must be  maintained constant  for any va lues  
of negative and positive screen current which 
may b e  encountered. Dangerously high plate cur- 
rent may flow if the  screen  power supply exhibi ts  
a r is ing voltage characteris t ic  with negative 
screen current. Stabilization may be  accomplished 
with a bleeder resistor connected from screen to 

cathode,  or an electron-tube regulator circui t  may 
b e  employed in the screen supply. It  i s  absolutely 4 
essent ia l  to use  a bleeder i f  a s e r i e s  electron- 
tube regulator i s  employed. 

PLATE DISSIPATION - The plate dissipat ion 
of  50  kilowatts at tainable through vapor cooling 
provides a large margin of safety in most appli- 
cat ions.  T h e  rating may be exceeded for brief 
periods during tuning. When the 4CV50,OOOE i s  
used a s  a plate-modulated rf amplifier, plate  
dissipation under carrier conditions i s  limited 
t o  33,300 watts. 

HIGH VOLTAGE - Normal operat ing voltages 
used with the 4CV50,OODE are deadly, and the 
equipment must be designed properly and opera- 
ting precautions must be  followed. Design a l l  e- 
equipment s o  that no one  can come in contact  
with high voltages. All equipment must include 
s a f e ty  enclosures for high-voltage c i rcu i t s  and 
terminals, with interlock swi tches  to open pri- 
mary c i rcu i t s  of the power supply and to dis-  
charge high-voltage condensers  whenever a c c e s s  
doors are opened. Interlock swi tches  must not be 
bypassed or "cheated" t o  allow operation with 
a c c e s s  doors open. Always remember that  HIGH 
VOLTAGE CAN KILL. 

r' 

X-RADIATION - High-vacuum tubes operating at  
voltages higher than 1 0  kilovolts produce pro- 
gressively more dangerous X-ray radiation a s  the 
voltage i s  increased. The 4CV50,000E, operating 
a t  i t s  rated voltages and currents, i s  a potential 
X-ray hazard. Only limited shielding i s  afforded 
by the tube envelope. Moreover, the X-ray radia- 
tion leve l  can increase signif icantly with aging 
and gradual deterioration, due  t o  leakage  paths 
or emission characteris t ics  a s  they are  affected 
by the high voltage. X-ray shielding must be 
provided on al l  s i d e s  of tubes  operat ing a t  these  
voltages to provide adequate protection through- 
out the tube 's  life. Periodic checks  on the X-ray 
level should be  made, and the tube should never 

be operated without adequate shielding in p lace  
when voltages above 1 0  kilovolts are in use.  
Lead g l a s s ,  which at tenuates X-rays, i s  avai lable 
for viewing windows. If there i s  any doubt a s  t o  
the requirement for or the adequacy of shielding, 
a n  expert in this field should be contacted to 
perform an  X-ray survey of the  equipment. 

Operation of high-voltage equipment with 
interlock swi tches  "cheated" and cabinet  doors d 
open in order to be better ab l e  t o  locate an equip- 
ment malfunction c a n  result  in serious X-ray 
exposure. 



kw RADIO FREQUENCY RADIATION - Avoid ex- 
posure to s t rong  rf f i e lds  even a t  re lat ively low 
frequency. Absorption of rf energy by human 
t i s s u e  i s  dependent on frequency. Under 3 0  MHz, 
most of the  energv wil l  p a s s  completely through 
the human body with l i t t l e  attenuation or heat ing 
effect .  Public heal th agenc ies  a r e  concerned with 
the hazard, however, even a t  t h e s e  frequencies ,  
and i t  is worth noting tha t  some commercial 
d ie lec t r ic  heat ing uni ts  actual ly operate  a t  fre- 
quenc ies  a s  low a s  the 13 and 2 7  MHz bands. 

Many EIMAC power lubes, s u c h  a s  the 4CV- 
50,00OE, are  spec i f ica l ly  designed to generate or 
amplify radio frequency power. There may be a 
relatively strong rf field in the general  proximity 
of the  power tube and i t s  assoc ia ted  c i rcu i t ry - - -  
the more power involved, the s t ronger  the rf field. 
Proper enclosure des ign  and e f f i c i e n t  coupling 
of rf energy to the load wi l l  minimize the  rf f ie ld 
in the vicinity of the  power amplifier unit i tself .  

F A U L T  PROTECTION - In addition to normal 
p la te  overcurrent interlock, sc reen  current inter- 
lock,  and  coolant flow interlock, it i s  good 
pract ice t o  protect the  tube  from internal  damage 
which could resu l t  from occas iona l  p la te  arcing 
a t  high anode vol tages.  

In a l l  c a s e s  some protective res i s tance ,  5 
ohms to 2 5  ohms, should b e  u s e d  in s e r i e s  with 
the  tube anode t o  absorb  power supply s tored 
e n e r a ,  in  c a s e  a p la te  a r c  should occur. If power 
supply s tored energy e x c e e d s  1 5 0  watt seconds ,  
some form of electronic  crowbar which wil l  dis- 
charge power supply capac i to rs  in  a few micro- 
s e c o n d s  following indicat ion of s ta r t  of a p la te  
a rc  i s  recommended. 

SPECIAL APPLICATION - I f  i t  i s  desired to 
operate  th i s  tube under condit ions widely dif- 
ferent  from t h o s e  l i s ted  here ,  w r i t e  t o  Application 
Engineering, Power Grid T u b e  Divis ion,  ElMAC 
Division of Varian, 301 Industr ia l  Way, San 
Car los ,  Cal i fornia  94070, for information and 
recommendations. 



PLATE VOLTAGE ( K V )  CURVE #3993 
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'REFERENCE DIMENSIONS ARE FOR INFORMATION 
ONLY AND ARE NOT REOUIRIO FOR INSPECTION 
PURPOSES 

NOTE: NOMINAL OVERALL HEIGHT WITH 
BOILER = 13.0 INCHES 1330.2 nm).  


