4CS250R

o CONDUCTION coot
® TECHNICAL DATA RADIAL BEAM

TETRODE

The 4CB8280R iz a compact, conduction cooled, high perveance
radial beam tetrode. It is electrically identical to the 4CX250R exceapt
that the maximum dissipation of the 4CS250R is limited only by the
maximum allowable anode and ceramic/metal seal temperatures. A
beryllium oxide (BeO) thermal link is brazed to the anode providing
an electrically isolated, low thermal resistance path between the
anode and the heat sink. Ruggedized construction allows the
4CS2350R to be operated in applications where shock and/or vibra-
tion is experienced.

GENERAL CHARACTERISTICS!

ELECTRICAL

Cathode: Oxide Coated. Uhipotential
Heater Voltame ... ..ottt ieineaannn, 6.0+03 V
Current @ 6.0 V e e e e 26 A
Cathode - Heater Potential (maximum) ........... £150 V

Direct Interelectrode Capacitances (grounded cathode)?
L 5 17 pF

07 4.7 pF
0.04 pF

L 500 MHz
Plate or Grid-Pulsed ... ... ittt in e ierenentrrsseearner e, 500 MHz

1. Characdieristics ond operating values are based upon performance tests. These figures may change without notice as the result
of additicnal dota or product refinement. EIMAC Division of Varian should be consulted before using this infarmatian for Hnal
equipment design,

2.  in Shielded Fixture.

3. See QUTPUT CAPACITANCE section.

MECHANICAL
Maximum Overall Dimnensions:
1 - 1 o 2.46 In; 62.5 mm
DA e ter L e e 1.76 In: 44.9 mm
BT - -« 1 & oz; 141.7 gm.
Operating PoSIlIom ... ... it e e e e, tieisrea. Any
Maximum Operating Temperature:
Ceramic/Metal Seals . ... .. e e s Viaaaan 250°C
Anode Core ............ Ve LR T TP i . .. 230°C
Flate and Bias Seals ..... A 250°C
18T T ) &« 1 - Conduction
BaBE .. ... it iierrer e, e et et ae it e e aan Special 9-pin
Recommended Socket ......... ...ttt it EIMAC SK-6680, SK-661 sories

3992 (Effective 7-15-79) ® 1970, 1979 by Varian Printed in U.S.A.
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RADIO FREQUENCY LINEAR AMFPLIFIER
GRID DAIVEN
Class AB 1

MAXIMUM RATINGS:

DC FLATE VOLTAGE ........ 2000 VQLTS
DC SCREEN VOLTAGE ...... 500 VOLTS
DC GRID VOLTAGE ......... «250 VOLTS
DC PLATE CURRENT ........ 0250 AMPERE
SCREEN DISSIPATION ...... 12 WATTS
GRID DISSIFATION ......... 2 WATTS

). Adjust to specified zero-signol dc plote current.

2. Appronimote velues.

TYPICAL OPERATION
Clggs AR . Grid Driven

Plate Voltage . ... _......... 1500 2000 Vde
Soereen Voltage ....... ... -.... 350 400 Vdc
Grid Voltage! ... .., ........... -62 -80 Vde
Zero-Signal Plate Current ..,.. 133 70 mAGc
Twe-Tone Plate Current ....... 250 245 mAdc
Two-Tone Screen Current® ... =10 +1 made
Pealk rf Grid Voltage .......... 56 80 v
Useful Qutput Power ..... raas 262 470 W
Resonant Load Impedance ..... 2160 2840 O
Intermedulation Distortion Froductss

3rd Order ... .. ... ...iiiiines -a30 -23 db

Sth Order ....vvasesasnvss-aan -235 =27 db

4. The intermodylotion distertion producs are referenced ageinstone
jone of @ two aqual fona signol.

RADIO FREQUENCY POWER AMPLIFIER
OR OSCILLATOR

Clasa G Telegraphy or FM

{(Xey-Down Conditionzs)

MAXIMUM RATINGS:

DC PLATE VOLTAGE ....._.. 2000 VOLTS
DC SCREEN VOLTAGE ...... 300 VOLTS
DC GRID VQLTAGE .......-- -250 VOLTS
DC PLATE CURRENT ........ 0.250 AMFERE
SCREEN DISSIPATION ...... i2 WATTS
GRID DISSIPATION ......... 2 WATTS

TYPICAL OFERATION

Plate VOITAZE . .co-vucens 1000 1500 2000 Vdc
Screen Voltage ......-.. 250 230 250 Vdo
Grid Voltage ............ -90 -B0 =90 Vde
Plate Current ........s.. 227 240 241 mAde
Screen Current! . ... ... ] 8 8 mAdo
Grid Current? ..........-. 11 10.5 10.5 mAde
Peak rf Grid voltage! ... 104 104 104 v
Caleulated Driving Fower! 1.2 1.1 11w
Flate Input Power ...... sy 360 482 W
Plate Diggipation ....... 74 21 108 W
Plate Output Power ..... 1653 280 aro w
Resonant Load Impedange 1833 2900 4041 N

1. Approximate value.

PLATE MODULATED RADIO FAEQUENCY POWER

AMPLIFIER-GRID DRIVEN
Class C Telephony (Carrier Conditions)

MAXIMUM RATINGS:

DC PLATE VOLTAGE ........ 1500 VQLTS
DC SCREEN VOLTAGE ...... 300 VOLTS
DC GRID VOLTAGE  ......... -250 VOLTS

DC PLATE CURRENT ........ 0200 AMPERE
SCREEN DISSIPATION: ... 12 WATTS
GRID DISSIFATION? ........ 2 WATTS

1. Average, with or withoul medylation,

RN .

AUDIO FREQUENCY FOWER AMPLIFIER
OR MODULATOR
Class AR 4. Grid Driven (Sinuscidal Wave)

MAXIMUM RATINGS (Per Tube):

DC PLLATE VOLTAGE ........ 2000 VOLTS
DC SCREEN VOLTAGE ...... 800 VOLTS
DC GRID VOLTAGE  ......... -250 VOLTS
DC PLATE CURRENT ........ 0.250 AMFERE
SCREEN DISSIPATION ...... 12 WATTS
GRID DIBSIFATION ..-.....- 2 WATTS

“ .-

TYPIGAL OPERATION (Two Tubes) (Fush-Puil)

Plate Voltage ......cccovraaaan 1500, gugog_ch )
Screen Voltage ......cccucvner- 300 -390 Vdo
Grid Voltagel® ......ccoeeenee. 48 £ '—58 :Vde =
Zero-Signal Plate Current ..... 1.2 200 1__q, “rgqu
Max. Signal Plate Curient- ... .. ._71 ‘450 2500 m
Zero-Signal Serwan Currennn .. T8 ﬂf-lmd'"
Max. Signal Screen Currentt .- - =0 .-7“4,- mAdc
Flate Qutput Power ............ , @90 . HI5 W

Load Resistance (plate to plate) = 5930 5018 0

1. Approximote value,

2. Adijust 1o give stated zero-signal plote current.
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NOTE: TYPICAL QPERATION data are eblained from direct measurement or by calculation fram published characteristic
curves. Adjustment of the rf grid valtage to obtain the specified plate current at the specified bias, screen and plate
vottages is assumed. if this procadura is followed, there wiil be littla variatlen |a cutput power when the tube s
changed, even though there may be some variation in grid and screen current. The grid and screen currants which
resull when the desired plate current is obtained are incidental and vary from tube to tube. Thess current variations
causa no difflculty so long as the circuit maintains the correct voltage in the presence of the variationsin current. in the
case of Glass of C Service, I grid bias is obtained principally by means of a grid resistor, the resistor mustbe adjustable
to oblain the required bias voltage whan the correct rf grid voltage Is applied.

BRANGE VALUES FOR EQUIPMENT DESIGN

Min. Max,

Heater: Cuarrent @ 6.0 VOILEE ... .cc.i.iiunaransnsasarannnanssannnans 23 29 A
Cathode Warmup TiImne .......c.cccuiiiianancarcacaaisssnntstnnanss 30 --- S€C.
Interelectrode Capacitances! (grounded cathode connection)
(o1 T A et Ceeeaaes 16.0 18.5 pF
L 07e 1 o R LR Ceesibanaaas 4.2 5.2 pF
Cgp ..... i i ammaiassessaisseaemeieasasetiaasananataataanannanann -— 0.06 pF

1. Capatitasce values are for a cold tube as measured in o specicl shielded fixture in occordante with Elactronic

Indusities Association Stondard RS-191.

APPLICATION

MECHANICAL

MOUNTING & SOCKBTING -~ The
4CS250R may be mounted in any position.
EIMAC SK-860 and 8K-661 sochket series is
recommended. The SK-660 (made of alumi-
na) and the SK-661 (made of BeO) will
allow the tube base seal heat to be effec-
tively transferred to the heat gink. Other
gockets may be used if a means for keeping
the ceramic/metal base seals below 250°C
ig provided. The EIMAC SK-655 and ERIE
2943 and 2920 series screen by-pass capa-
citor are recommended for use with the
4CSgs0R. Figure 1 shows the recom-
mended method of mounting the 4CS250R
to the heat sini.

When usmg natura.l convectmn heat
determining the minimum heat sink sur-
face area requn'ed for. the- glven power
dissipation. ,The thermal anq electnea.l
cha.ractenstms ‘of . the, BeO=used- on the
4C8250R are given in Table I and Figure 8.

A good thermally conductive compound

(1) should be used in the interface to reduce

the thermal resistance of this joint. In ad-
dition, the msethod of fastening the tube to
the heat sink should provide reasonable
compression to help further reduce this
interface thermal resistance.

The effectiveness of any ecoling sysiem
used with the 4CS250R is determined by
the anode and ceramic/metal seal temper-
atures. These must be held below 250°C for
all conditions of expected ambienttemper-
atures and operation. These temperature
parameters should be measured in the
design stage using accurate thermocou-
ples or thermistora.

(1) Thermal joint compound and gupplier.

a) Wakefield 120, Wakefield Engineering
Co. Wakefield, Mass.

b) Dow Corning 340, Dow Corning Corp.,
Midland, Michigan.

c) Astrodyne Thérmial Bond 312,
Astrodyne. Inc., Burlington, Mass.

d) General Electnc Insulgrease — G641,
General Blectric Co. Cleveland Ohid,
a4177?.

COOLING - The 4CS250R is degigned for
conducuon gooled systems by using a be-
rylhum oxide (8e0) thermal link brazed to
the anode. The BeO is a coramic material
which exhibits high thermal conductance
similar to aluminum and high electrical
resistance andlowloss t'ypica.llof ceramics.
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When this BeO therrnal link is fastened to a
suitable heat sink, it provides a low ther-
mal resistance path allowing the anode
heat to be transferred to the heat sink. The
BeO also provides electrical isolation be-
tween the tube ancde and the heat sink.

The heat sink can be vooled by natural
(free) convection, forced air convection,
liguid cooling or a combination of these
methods. The design choice is determined
by the tube application but in all cases the
cooling system must maintain the anode
and ceramic/metal seal temperatures
below 250°C.

in a conduction cooled systemn, anode
temperatiure and seal temperature are de-
termined by the thermal resistance of the
thermal path between the anode and the
cooling medium, e.g., air, water, The ther-
mal path consists,of the Beryllium oxide
thermal linlr, the interface between the
thermal link and heat sink, and the heat
g8ink. The thermal resistance of the BeO
thermal link versus its average tempera-
ture is given in Figure 3.

DANGER-BERYLLIUM OXIDE CERAM-
ICS (BeO) BREATHING DUST OR FUMES
CAN KILL - Normal use of tubes with Be-
ryllinm Oxide ceramics is not hazardous,
but the user is cautioned that breathing
small quantities of the dust or fumes from
Beryllium Oxide can seriously injure or
kill. Do not alter, disassemble, grind, lap,
fire, chemically clean, or perform any
other operation on the Beryllium Oxide

block attached to the anode ofthe 2CS250R.
or to the socket used with the tube, which
may also ¢ontain Beryllium Oxide.

Any tube or accessory part containing
Beryllium Oxide ceramics should be re-
turned to EIMAC at the end of its useful
life, with authorization for disposal.

SHOCK & VIBRATION - This family is
shock and vibration tested with plate and
screen voltages applied. Production tubes
are randomly sampled and iested under
the following conditions.

With plate, screen, and grid voltage on,
the tubes sampled are subjected to six
shocks of 90 G's minimum half-sine-wave
motion, with a duration of 11.0 * 2 milli-
seconds, in each of the three major axes
(X, Y, Z).

With the rated plate and screen voltages
applied and the control grid voltage ad-
justed for a plate current of 100 ma.
through a plate load resistance of 4800
obhms, each of the tubes tested is vibratedin
the three major axes throughout the range
of 28 to 2000 and back to 28 Hsz in a mini-
mum time of six minutes per axis. The vi-
bration level is maintained at 10 G’s. The
noise voliage developed across the plate
load resistor may not exceed 30 volts rms.

VOLTAGE BREAKDOWN VERSUS AL-
TITUDE - Table 1I shows typical break-
down voltage versus altitude across the
BeO thermal ink. The measurements were
taken with the heat sink plate at ground

CHARACTERISTICS OF 99.5% BeQ

Electrical Resistivity in 1014
ohm-cm @ 260°F

Dielectric Strength in volts/mil | - 300

Dielectric Constant

&t 70°F and 1 MHz - 8.40
at 70°F and 8.5 GHz 6.57
_ at 250°F and 8.5 GHz 6.64

Thériial Conductive (Kj in'
7. Cal./Cm2/Cm/Sec.f°C.
- of 99.5% Bed'

Loss Tangent

at 70°F and 1 MHz ' 0.0008
at 70°F and 8.5 GHz 0.00044
at 250°F and 8.5 GHz 0.00040

,20°C 0.60
100°C; 0.45,
400°C. F 0.20;

(From Coors Data Sheet 0001, Aug 1985)




potential and the anode at the breakdown
potential.

Altitude All voltage
(thousands of feet) | readings in kVdc
(typical)
Bea Level 115
5 105
10 10.5
15 8.0
20 - 7.5
25 8.9
30 b.&
33 5.0
40 4.0
45 4.0
20 3.5

Table I1

QUTPUT CAPACITANCE - The interelec-
trode capacitances given in the General
Characteristics are measuredin a ghielded
fixture and do not include additional ex-
ternal capacitances. The typical capaci-
tance between the anode and a heatl sink
4” x 4" i3 6% pF at 25°C. Total output
capacitance will be a.pproxxmately 11.5 pF.
The measurement configuration is shown
in Figure 1.

T FIG. 17T TYPICAL MOUNTING CONFIGURATION

ELECTRICAL

HEATER/CATHODE OFERATION - For
maximum life and uniform performance.
the heater volta.ge should be maintained
within plus or minus 5% of the rated 6.0
volts at operating frequencies up to S00

4CS250R @

MHz for CW use. Betwean 300 and 400 MHz,
5.75 volts is recommended and between 400
and 500 MHz 5.5 volts is recommended.

GRID OQPERATION - Maximum rated dc
bias voltage is -200 volts. dc resistancs.
grid to cathode, should be no more than
100,000 ohms. Maximum grid dissipation
allowable is 2 waits,

SCREEN OPERATION - Maximum screen
dissipation is 12 watts, normally compu-
ted by multiplying de screen voltage by the
average screen current. This computation
is eszentially correct except in the case of
bheavy plate loading when secondary emis-
sion current may mask the normal screen
current.

All tetrodes, under some conditions of
loading and drive, will exhibit secondary
emission from the screen which changes
the net current to the screen and may even
cause the screen meter {o reverse. Nor-
mally, secondary emission is harmless
provided the screen voltage is stable. To
insure stable screen voltage, it is recom-
mended that a bleeder resistor calculated
to pass 15 ma from screen to ground be
used.

PLATE OPERATION - The plate dissipa-
tion rating of the 4CS250R is limited by
anode core and ceramic/metal seal temp-
erature. These are a function of the thermal
1ink and are discussed in the “Cooling”
section.

MULTIPLE OFPERATION - To obtain
maximum power with minimum digtor-
tion from tubes operated in multiple it is
desirable $¢ adjust individual screen or

_grid-bias voltages 50 the peak plate cur-

rent for ea.ch tube is equal at the crest of the
exciting voltage. Under these conditions,

individual de plate currents will be ap-
proximately equal for full 1nput signal for
Cla.ss—AB 1 opera.tmn. :

- SPECIAL APPLI C'ATI ON - If it is desired

to operate thiz tube under conditions -

‘widely differént frox those listed here, -
. write to Power Grid Tube Division, EIMAC
" Divisgion- of Varian, 301 Industrial Way,

San Carleos, California, 94070, For infor-
mation and recommendations.
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OPERATING HAZARDS

PROPER USE AND SAFE OPERATING PRACTICES WITH RESPECT TO POWER TUBES
ARE THE RESPONSIBILITY OF EQUIPMENT MANUFACTURERS ANDUSERS OF SUCH
TUBES. ALL PERSONS WHO WORK WITH OR ARE EXPOSED TO POWER TUBES OR
EQUIPMENT WHICH UTILIZES SUCH TUBES MUST TAKE PRECAUTIONS TO PRO-
TECT THEMSELVES AGAINST POSSIBLE SERIOUS BODILY INJURY. DO NOT BE

CARELESS AROUND SUCH PRODUCTS.

The operation of power tubes involves one or more of the following hazards, any one of
which. in the absence of safe operating practices and precautions. ¢ould result in serious

harm to personnel:

a.

b.

7

Pleasereview the detailed operating hazards sheet enclosed with each tube or request a copy
from the address shown below: Power Grid Tube Division, EIMAC Division of V
Industrial Way, San Carlos, California 84070. = :

HIGH VOLTAGE - Normal operating voltages can be deadly.

RF RADIATION - Exposure to strong rf fields should be avoided, even at rela-
tively low frequencies. The dangers of rf radiation are more gsevere at UHF and
microwave frequencies and ¢can cause serious bodily and eye injuries. CARDI-
AC PACEMAKERS MAY BE AFFECTED.

X-RAY RADIATIOIN - High voltage tubes can produce dangerous and possibly
fatal x-rays.

BERYLLIUM OXIDE POISONING - Dustor fumes from BeQ ceramics used as
thermal links with some conduction-cooled power tubes are highly toxicand can
cause serious injury or death.

GLASS EXPL.OSION - Many electron tubes have glassenvelopes. Breakingthe
glags can cause an implosion, which will result in an explosive scattering of
glass particles. Handle glass tubes carefully.

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

HOT SURFACES - Surfaces of air-cooled radiators and other parts of tubescan
reach temperatures ¢of several hundred degrees centigrade and cause serious
burns if touched.

a.zjia.n, 301



POWER QISSIPATION IN WATTS

THERMAL RESISTANEE IN "CAVATT

ANODE POWER DISSIPATION OF ACS250R VS HEAT SINK
AREA FOR WAKEFIELD B—1703 {SAFETY FAGTOR INCLUDED)

4CS250R @

woa | T ] ]
AMBIENT AIR TEMP. 25°C
WAKEFIELD B—1703 CROSS-SECTION (~3 FINS/INCH)
500 |— 0.0625—-1 ]-— 0.25
1250 i
400 .00~ /'F
300 / 1
200 //
190 /
o
() 100 200 300 400 500 500 700 800
MEAT SMNK PROJECTED SURFACE AREA IN SQUARE INCHES
Fig. 2

THERMAL RESISTANGE VS AVERAGE TEMPERATURE OF 4CS250R THERMAL LINK INCLUDING 1 LAYER
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PIN NO.)\. SCREEN GRID
PINNO 2_CATHODE

PINNO.3, BEATER
PIN NO. 4. CATHODE

PIN NO.5. 1.C.DO NOT USE FOR EXTERNAL GCONNECTION

NO. 6. CATHODE
NO.7. HEATER
PIN NO.B. CATHODE

;l;

. CENTER PIN-CONTROL_GRID

=)~

—.‘1

®

i
!
|

|

|

ANODE

SCREEN GRWD-— o
( CT TER

[ )

e Sy

CYLINDRICAL
SURFACE -ONLY SURFACE -ONLY) ; U

4CS250R
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