4CW150,000¢

TECHNICAL DATA WATER COOLE
POWER TETRO!

The EIMAC 4CW150,000€ ls 3 ceramic/metal, high power
tetrode for applleations reguiring tube outputs from
100 to 300 kilowatts, |* is idea! for use as a Class C
rf amplifier or oseillator, a Class AB rf (inear ampli=
fler, or a class AB push~pull audlo frequency ampiifier
or modulator as well as as @ plate-and-screen-modulated
Class Crf amplifier.

In pulse-modulator service i+ car dellver & peak
output of 4 megawatts,

The tube Is characterized by low input and fesdback
capacitances and Ilow infernal lead [nductances. I1s
rugged mesh thorlated-tungsten Filament provides ample
emission for long operating 1ife. The water-cooled
anode Is rated for 150 kilowat®s of dissipation.

GENERAL CHARACTER|STICS

ELECTRICAL

3 Filament: Thoriated-tungsten Mash

vo}hgelllbll-‘.-l..ICIIllll.ll.l'.ll'll...

15.5 + G750V

CurrenT @ 15.5VvOITS 4 4w 4 v 4 o 4 o 8 a a o o a a2 s o v v 0 a 5608 aa 215 A
Direct Interelectrode Capacitances (grounded cathode) A
L5 I T T T T T T T 370 oF
Cout @ v e s e e s b d ket e d s e s et e e st E s s A daaase 60 pF
COP &+ a a ¢ o 2 a @ o = « o « v « 4 6 1 2 8 2 b s a oo v oruaaraa s 1.0 pF
Oirect Interelectrode Capacitences (grounded grid)
Cin 4 o b b e e b 4 s s e s e e am e e s s s s s s s s ey e 175  pF
L8 T T T T 60 pF
' 0.35 oF

Cpk-l---.-o-notou|An..n.-.--’—.

Frequency of Maximum RetIng, CF & 4 v » ¢ v @ o a2 o ¢ 2 « = =« v = s » » o » 2 a 108 MHz
250 P [prac use

1 Cheracteristics snd operating values are based on performance tests, Thesc figures may change
without notice as the result of additional data or product refinemeat, Varian EIMAC shouid be
censulted before using this intormation for final equipment design,

MECHAN [CAL

Maximum Overal! Dimensions:
14,25 In; 36.20 em

Height 4 o ¢ 0 v o o 0 0 ot 2 6 2 2 v v s 0 8 v 8 5 5 @ ¢ a b aaomaoeoeeoe
Dismeter (anode mounting flange) . v v v o ¢« a c 2 o v s v e s o 5 2 5 2 & & 9.53 In; Z24.21 em
Net Weight o o i s o i st s s a e e o c v v e p o mr s o a8 o s ooaceoon 47.0 1b; 21.4 kg
Oparating POSItION o a o « o o v e o 5 1 5 s a 8 6 ¢ 2 v s v a owvevissensas Vertical, boase up or down
Water

Anode Cooling B % e » e 8 1 4 6 s 4 & a2 s ¢t v e T e n B NP A S e a a s ame e
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“@ 4CW150,000E

meximum Operating Temperature:

Ceramic/Metal Seals and ENvelope & v v @ o « 4 « 2 o o s s o 5 a o 2 s a = o « 250°C
&se [ ] L ] - . - L v -« L] [ ] 1 L L] L] L] - - - - - v L ] [ ] L ] L] - a L ] - - - » LY » [ L] L] - ] sp‘c"l

Recommended Air-sysTm Socket ® % » o 8 § 4 a & 6 9 % e E T 4 B 8 8 ® e e P e e EIMAC SK-2011A

TYPICAL OPERATION values are obtained by calculation trom published characteristiec eurves, Te obtain
the specified plate current ot the specified biss, screen, and plate voltages, edjustment of the rf
grld voltage ls assumed. If Thle procedure is followed, there will be |ittle varletlon in output
power when +the tupe is replaced, even though there may be some verletion .in grid and screen
currents. The grld and screen currents whleh oceur when the desired plate current 1s obtained are
incidental end vary from ftube to tube. These current variations cause no performance degradation
providing the circuit maintains the correct voltage in the presence of the current varistlons.

TYPICAL OPERATION, Clase AB1

RADIO FREQUENCY LINEAR AMPL{FIER
Class AB

GRID CRIVEN

E'd 2ES’ON

Peak Envelope or Modulation Crest Conditieons
ABSOLUTE MAXIMLM RATINGS:

Plate Yoitage « v« v & & « " e 18 kvVde
PLATE VOLTAGE . « & « & 22  KILOVOLTS Sereen Voltage . . . « o N 1.5 kvae

“- SCREEN VOLTAGE , , « » 2.5 KILOVOLTS Geid Yeltage # o o o « & « s 8 @ =320 vde

GRID VOLTAGE + v« v« v » =1,5 KILOVOLTS Zaro~Signal Plate Current s s a . 4.0 Adc
PLATE CURRENT . . . . . 20  AMPERES Single=Tone Plate Current P e 13,5 Ade
PLATE DISSIPATION , . , 150 KILOWATTS Peak rf Grid voltage * , « s oaoa 300 v
SCREEN DISSIPATION . . 1750 WATTS Plate Dissipation * . , . s e v & 75 kW
GRID DISSIPATION . . & 500 WATTS Plate Qutput Power * , N 168 kW

Resonant Load Impedance , "o 697 Ohms
% Approximate
# AdjustT to glve speclfied zero-signal plate current
RADIO FREQUENCY POWER AMPLIFIER OR OSCILLATOR TYPICAL OPERATION
Class C Telegraphy or FM
(Key-Down Conditlens) Plate Voltage « « o & & & .. . 20 kvde

Screen Voltege . . « v = . e > e 1.5 xvde
ABSOLUTE MAXIMUM RATINGS: Grid Voltage « « » v o » " oa o -800 VYdc

Plate Current ¢« 4 « o 4 » " e 15,2 Adc
PLATE VOLTAGE , , . « & 22  KILOYOLTS Screen Current # , . . . . s e e 567 mAde
SCREEN VOLTAGE . . . . 2.5  KILOVOLTS Grld Current ®* ., , . . 4 s v ae s 125 mAde
GRID VdLTAGE " e ~1.5 KILOVOLTS Peak rf Grid veltage * . “ s 900 v
PLATE CURRENT « « » 4« & 20 AMPERES Calculated Driving Power * “ o uy 120 W
PLATE DISSIPATION , . . 150  KILOWATTS Plate Dissipation * , ., . . s a4 a 58 kv
SCREEN DISSIPATION . . 1750 WATTS Piate Output Power * ., . . s 4 e @ 220 kW
GRID DISSIPATION , . . 500 WATTS Rosonant Load Impedance , . . = a e S75 Obhms
* Approximate

2 , JOWIIXTD L WoPB:TT 183272 "AON




PLATE MODULATED RAD!O FREQUENCY AMPLIFIER

GRID CRIVEN

Class C Telaphony (Carrler Conditions)

ABSOLUTE MAXIMUM RATINGS:

PLATE YOLTAGE #*
SCREEN VOLTAGE . .
GRID VOLTAGE . . .
PLATE CURRENT « + »
PLATE DISSIPATION #
SCREEN DISS|PATION #
GRID DISSIPATION ##

* Approximate value
** 100f modulation

£ .

17.5
2.0
-1.5
20
100
1750
500

KI1LOVOLTS
KILOVOLTS
KILOVOLTS
AMPERES

K] LOWATTS
WATTS
WATTS

TYPICAL OPERATION

Plate Volt2ge ¢ s o 4 o 2 « &
Screed YoIT8ge . . . . . s .
Grid Voltege .+ o « « o o o »
Sereen Current * , ., (. . .
Grid Current * , \ , 4 . & .

Peak Audio Screen Voltage, 100% mod, *

Peak rf Grid Voitage * ., , .
Cajeulated Drlving Power *
Plate Dissipation * , , . . .

‘Plete Qutput Power « . o+ 4 »

Rasonant load Impedance . . «

# Corresponds to 150 kW at+ 1007 sine-wave modulatien

## Average value, with or without modulation

15
750
-800
875
660
750
800
530
35
120
620

4CW150,000E @

kVde
vde
vde
mAde
mAde

KW
kW
Ohms

AUD!O FREQUENCY POWER AMPLIFIER OR
MODULATOR, GRID IRIVEN
Class ABY (Sinusoidal Wave)

ABSOLUTE MAXIMWM RATINGS:

PLATE VOLTAGE . . .
SCREEN YOLTAGE . .
GRID VOLTAGE . . .
PLATE CURRENT , . .
PLATE DISSIPATION .
SCREEN DISSIPATION
GRID DISSIPATION .

2.5
-h5
20
150
1750
500

KILOYOLTS
KILOVOLTS
KI LOVOLTS
AMPERES

KI LOWATTS
WATTS
WATTS

TYPICAL OPERATION (Two Tubes)

Plate Voltage « +» ¢ 4 + ¢« « o
Screen VolT8ge « » a o &« «
Grid Voltage # +« o v s &+ 4 »
Zero=Signal Plate Current . .
Max imum=Signal Ptate Current
Maximum=Sigaal Sereen Current

Pesk Audlo Grid Yoltage (per tube) * .,
Max.Signa! Plate Dissipation (per tube)
Plate Qutput Power * , . . & 4 a a o &«
Load Resistance (plates/plate) o o« « » &

* Approximate value

# AdJust to glve specified zero-signal plate

15
1.5
~-345
6.0
19.5
830
273
46
200
1825

kYde
kvde
Yde
Ade
Ade
mAde

kW
KW
Ohms

current

PULSE MODULATOR SERVICE

ABSOLUTE MAX)MWM RATINGS:

PLATE VOLTAGE ., . .
SCREEN VOLTAGE . .
GRID VOLTAGE , . .

PEAK CATHOOE CURRENT ,

PLATE DISSIPATION #

PLATE OISSIPATION ## .

SCREEN DISSIPATION #
GR!D DISSIPATION ##
PULSE LENGTH . . ,

& .

®*  Approximate value
# [During the puise; power dissipated during rise and fall time neglected

## Avarage

r'd cES”

ON

40
2.5
-2.0
200
1.0
150
1750
500
10

~KILOYOLTS

KILOVOLTS
KILOYOLTS
AMPERES
MEGAWATT
KILOWATTS
WATTS
WATTS
MILLISEC

TYPICAL OPERATION

Plate Voltage « « o » 5 o v «
Pulse Plate Current . , . . .
Scresn VOITAAO o 4 o« 2 2 « o
Pulse Screen Current * , .,
Grid Voltag® « o o a a o « &
Pulse Grid Current ®* , ., , .
DUTY W 4 4 a o e 6o v o o
Pulse OQutput Voitage . . . «
Pulse (nput Pover , « o o « &
Pulse Output Power . . . . .
Pulse Cathode Current * , , ,

3 DHWII*ID

40
110
2.5

12
-1.2
400

37
2,4
4,1
122

kvde

kvde

kvde
ma

kv
Mw
Mw.

WgsB:1T 1882°4 "AON



L~

oo @ 4CW150,000E

RANGE VALUES FOR EQUIPMENT DES!GN:

Filament CurrerT @ 15.5 voiTs
Cutotf Ries, et Eb = 25 kvde, Ec2 = 1500 vde, Ib =
Interelectrode Capacitances (grounded cathode)
Cln
Cout
-CQP € b & v a ¥ T B S VY P OELA YT S A Y R e

Interelectrode Capacitances (grounded grid)

& & ¢ s s v v oE @

“4 ® P a.a = a2 s 02V 4 e e s e P e N A w Uw s

L A e I T T

c'n [ ) L ] | [ ] - -~ - > [ ] - - L] L a - L ] » L ] L] - - L
Cout

cpkua..olqln-ol..----oqli

Mih. Max.

200 230 A

10 mAde . . * * & = ¢ > a —— -625 Vde
T8 8 4 & e e s s e v s 350 390 PF
§ 4 8 B B & v 1 & & 3 = 55 65 PF
4 ® 8 ® v s .8 » e a s @ --me 1.2 DF
» - . - - - L] - - L] - - 160 190 pF
L - . » L] L] - . . L L] L] 55 65 pF
= @ a @ B 2 & & p» s s w - 0-5 DF

APPLICATI ON

MECHANICAL

MOUNTING = The 4CW150,0008 must be mounted wlth
its major axis vertical. The *ube base may he up
or down, at the discretion of the designer.

SOCKETING =~ The EIMAC SK-2011A, or equlvalent, is
recommended fo assure good contact and allow for
forced-air cooling of +he tube base.

COOLING - Anocde coollng is accomplished by clrcu-
lating water +hrough the weter jacket, Insuffic-
ient water flow will cause 2neode temperature o
rise to |eveis which wili shorten tube |ife, Also,
if the coolant lines become clogged, enough steam
prassure may be generated to rupture the water
Jjecket and destroy the tube,

High veloclty water flow is raquired +o malntatn
high thermal cfficlency. Coaling watar must be
flitered (WIith effectiveness +the equlvaient
100-mesh screen) to eliminate any solid

well
of a

matarials, to avold the possibifity of blockage of .

any cooling passages, as thls would immedistely
affect cooling efficiency and could produce local=-
i2ed anode overheating and faliure of the tube,

Tube life ecen be seriously compremised by +the
cocoling water condltion, If i+ becomes conTam-
ingted, deposits wlill form on the Inslde of the
water jacket, cauclng localized anode heating and
eventual tube failure. To Insure minimun elect-
rolysis and power loss, the water resistsnce at 25
°C shouid aiways be one megobm per cublec centi-
meter or highers Te relative water resistance cen
be eontinuously monltored In +he reservoir by
readily available instruments,

S'd ZES'ON

EIMAC Appllcation Bulletin #16, WATER PLRITY
REQUIREMENTS IN LIQUID COOLING SYSTEMS, is avail-
oble on request, and contains censidecrable detail
on purity requirements and maintenance systems.

Te tabla lists the minimun cooling water requlre-
mante 3t various dissipatlien levels with a maximum
inlet water Temperature of 50°C. The pressure drop
values shown should be considered approximete and
system pressurc should be |imited to 80 psi.

Ancdo wWater Press.
Diss, Flow Qrop
(kW) (gpm) (psi)
20 5.0 2.8
40 9.0 N
60 12.5 9.3
80 16. 5 14.2
100 20.0 19.2
125 23,5 27.5
150 26.0 36.0

Auxiliary ferced=-air cooling of the tube basa Is
required to maintain filament and arid seal tem-
peratures at sz2fe opereatlon levels. An air flow of
approximaTely 100 ¢fm 2% 50°C maximun 2% sea level
should be directed +hrough the EIMAC S$K-2011A
series socket, toward the fi|ament and grid seal
areas,

Both ancde and base cocling should be applied
before or simultanecusly with the applicetion of
electrode-voitagas, including The tTube filzment,
Cooling should normally centlnue for abouT three
minutes after removel of electrode voltages to
2llow The tube to cool down preperiy.

JUWI3xIdD
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ELECTRICAL

ABSOLUTE MAXIMUM RATINGS - The valuss shown for
each fype of service are based on the "ebsolute
system”. and are not To be exceeded under any
service conditions. These ratings are |imiting
values outside which the serviceabllity of the
Tupes may be Impaired. In eorder not To axceed
absolute ratings the equlpment designer has the
respensibillty of determining an average design
value for each rating below the absotute value of
+hat rating by a safety factor so that the abso-
lute values will never be exceeded under any usuzl
conditions of supply voltage varliatlon In the
equipment Itself, It doss noT necessarily follow
that combinations of absclute maximum ratings can
be attatned simultaneousiy.

FILAMENT OPERATION = [During +urn-on the filament
inrush current should be (imiTed to 450 amperes.
AT rated (nominal) filament voltage the peak emis-
sion cepablility of the +tube is msnpy Times that
neaded for communication service, A raductien in
filemen® voltage will lower the filameni tempere=-
ture, which wlll substantially increase |ife
expsctancy, The correct value of filsment voltage
should be determined for <+he particular applli-
catlon, It is recommended the tube be operated at
full nemlinal voltage for an initial stebillzation
period of 100 te 200 hours before any action Is
taken to operate a8t reduced voltege. The volTage
should gradually be reduced unti] there is @
slight degradation in performance (such as power
output or distortion). The fliament voltage should
then be Increased a few tenths of a volt abova the
value where performance degradation was noted fer
operation, The operating point should ba rechecked
after 24 hours. Filement voltage should be closely
regulated when voltage is to be reduced below nom—
inal ip this manner, to avold 2ny adverse influ-
ence by norma( 1ine voltage varlatiqns,

Filament voltage should be measured &1t the tuba
base or socket, usihg amn accurate rme-respondinag
meter, Periodlicaily tThroughout the Tife of the
tube the procedure out|ined above for reduction of
voltage should be repeated, with voltege reset as
required, to assure bast tupe f1lfe,

GRID OPERATION = The maximum..control. grid dis=
sipation is'500 wat?s, determined approximé+ely by
the product of the de grld current and the pask
positive ¢qrid wvoltage. A protective spark-gap
deviee should be connected between control grid
end cathode o guard agasinst excessive voltage.

S°'d ZES'ON

4CW150,000E @

Under some operating cenditlens +he control ‘grid
may exhiblt a negatlive resistance characteristic,
This may occur when, with high screen voltage,
inereasing +he drive voltage decresses the grld
eurrenT. As 2 result, large vaiuves of instan-
taneous negative grld currsnt can he produced,
causing the amplifier to become ragenarative.
Because this may happen, the drlver stage musT be
designed to tolerate This condiflen, One tech-
niguea is to swamp The driver so that the change In
lcad, due to sceondary grid emission, is a small
percentsge of +he tetal driver load,

SCREEN QPERATION « The maximum sereen grlid dlssl-
pation is 1750 watts, With no ac applied to the
screen gqrid, dissipation is simply the produet of
de screen voltage and the de sereen current. With
screen medulation, dissipation [s dependent on rms
screen yoltage and rms screen current. Plate vol+t-
age, plate loading, or bias voltage must never bs
removed while fllament and screen voltages are
preosant, since screen dissipation ratings will be
exceeded, A protective spark-gap deyice should be
connected between the sereen grld and the eathode
+o quard against excessive voltage.

The tube m2y exhibiT raeverse screen current %o a
greater or |essser degree depending on operating
conditions, The screen poewer supply should be
designed with this characteristic in mind, so that
The correct operating voltage will be maintained
on the sereen under all conditions. [angerously
high plate current may flow if The screan power

' supply exhibits @ rising voltage charecteristic

with negative screen current. A current path from
the screen to cathode must be provided by a
bleoder resistor. A series regulated povwer supply
can be used only when an adequate bleeder resistor
Is provided.

PLATE DISSIPATION ~  The rated plate disslipation
of 150 kilowatts, at+ainable with watar cooling,
provides 2 margln of safety in most applications,
This roting may be exceeded briefly during tuning.
When the tube is used as e plate-mogulated r¢t
amplifler plate dlssipation under ecarriar con=
ditions should be |imited o 100 klfewatts,

FAULT-PROTECTION -~ In addition +o the normal plate
over-current interieck, screen current interloek,
and coolent interlock, the tube'must be protected
from internal damage causea by an Internal plate
arc which may occur at high plate voltage. A pro-
tective resistance should always be connected in
series with each tube anede, to held absorb power

JUWI3*IdD Wgsa:17 1@@2°2 "AON
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supply stored energy if an internal arc should
oceur, An eloctronlc crowbar, which will discharge
power supply capacltors in 2 few microseconds
after +he start of an arc, IS recommended, The
protectloen criteria for each electrode supply is
to short each electrode to ground, one at a time,
through a vacuum relay switch and 2 6-inch length
of #£30 AWG copper wire, The wire will remain
intact if the criteria is met,

EIMAC Applicetlion Bulletin #17 <Titled FAULT
PROTECTION contains considerable detail, and is
available on raquest,

X-RADIATION HAZARD - Migh-vacuum tubes operating
at voltages higher *han 15 kllovelts produce
progressively more’ dangerous X-ray rediation as
the veltage ie Increased. This tube, operating at
its rated voltages and currents, is a potential
X-ray source, Only [Imited shlelding is afforded
by the tube anvelope. Moreover, *he X-radiation
level may Increase signlflcantly with tube aging
and gradusl deterieration, due to leakage paths or
emission characteristics as +hey are effected by
the high voltege, X=-ray shialding may be reguired
on all sides of “ubes cperating aT these voltages
to provide adequate protection *hrouvghout the |lfe
of the +tube. Perlodle checks on tThe X-ray |evel
should be made, =and “the tube should never be
operated without required shielding in place. If
there Is any gquestion as te the need for or +the
adequacy of shielding, an expert in <+hls field
shouid be eentacted to perform an equlpment X-ray
survey,

ia cases where shleiding has been found to be
required operation of high voltage equipment wl!th
inpterlock switches icheatedm and cabinet doors
opeh in order to be betTtar able to locete an
equipment ma2lfunction can result in serious X-ray
exposlre.,

HIGH YOLTAGE - Normal operating volteges used with
+his tube =re deadly, and the equlpment must be
designed properiy and operating precsutions must

l'd CES'ON

be followad, Dxsign all equipment se That no ene
can come in contact with high voltages. All equip=
ment must include safety enclosures for high-
voltage circuits and terminals, with interiock
switches fo cpen primary cireuits of the powar
supply and Yo discharge high-voltage eepaciTors
whenever access doors are opened, Intar]ock
switches must not be bypassed or VUcheated" to
allow operation with access doors open. Always
remember that HWIGH VOLTAGE CAN KILL,

RADIO-FREOUENCY RADIATION -~ Avoid exposure +o
strong rf fields dven at reletively Jow frequency,
Absorption of rf energy by human tlssue is depend-
ent on frequency, Under 300 MHz most of the enerqgy
wIll pass completely through the humam body with
littie attenvation or heating affect. Public
health agencies are concerned with the hazard even
at these frequencies, OSHA (Occupetional Safety
and Hemith Administration) recommends - that pro-
lenged exposure To rf radiatiem should be Iimlted
to 10 millivatts per square centimeter,
INTERELECTRODE CAPACITANCE - The actual internal
interelectrode capacitance of 2 tube is influenced
by many variables In most applicetlions, such as
stray capdcltance o the chassls, capacitance
2dded by tThe socket used, sTray capacitance
between +tube terminals, and wiring effects,
Testing is performed on a cold tube, The capacl-
fance values shown in the technlecal date are tTaken
with no special shielding.

The equlpment deslgner is tharefore cautioned to
make allowance for +he actual capacitence values
which will exist In the eppliction, Measurements
should be taken wl*h +he mounting which represents
approximate final layout if capac!itance values are

, highly significent In the design,

SPECIAL APPLICATIONS « Whan it Is desired To oper-
ate +his tube under conditions wldsly diffarent
from those Ilsted hera, write to varlan EIMAC:
atTn: Applications Englineering; 301 Industrlal
Way; San Carlos, CA 94070 U.S.A.

JUWII%IdD
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OPERATING HAZARDS

PROFER USE AND SAFE OPERATING PRACTICES WITH RESPECT TO POWER TUBES ARE THE RESPONSIBILITY OF EQUIPMENT
MANUFACTURERS AND USERS OF SUCH TUBES, ALL PERSONS WHO WORK WITH OR ARE EXPOSED TO POWER TUBES OR EQUIP-
MENT WHICH UTILIZES SUCH TUBES MUST TAKE PRECAUTIONS TO PROTECT THEMSELYES AGAINST POSSIBLE SERIOUS

BODILY INJURY, DO NOT BE CARELESS AROUND SUCH PRODUCTS,

The operation of +his tube may Involve the following hazards, any one of which, in the absence of safe
operating practices and precautions, could result in serious harm fo personnel: :

2. HIGH VOLTAGE - Normal opersting voltages can be

b. RF RADIATION = Exposure to strong rf flelds
should be avoided, even at low and medium fre=
quencles, CARDIAC PACEMAKERS MAY BE EFFECTED.,

¢. X=RAY RADIATION - High voltage tubes can
produce dangerous and possibly fatal X-Rays,

d.

f.

HOT WATER = Water used to cool tubes may reach
scalding temperatures, Touching or rupture of
the cooling system can cause serious burns.

HOT SURFACES = Surfaces of airacooled radiators
and other parts of tubes can reach temperatures
of several hundred Omgrees C and cause sarious
burns if 4ouched for several minutes after all
power is removed.

Please review *he detailed operating hazards sheet enclosed with each tuba, or request a copy from:
Yarian EIMAC, Pawer Grid Tube Divislon, 301 Industrial Way, San Carlos CA $4070.

8°d ZESON
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