TECHNICAL DATA
RADIAL BEAN

. POWER TETROI

The EIMAC 4CW800B and 4CWBD0F are ceramic/metal,
liquid cooled radial-beam tetrodes designed for use in distri-
buted amplifiers and VHF/UHF power amplifiers.

The mechanical and electrical features of these tubes are
compatible with distributed amplifier circuit requirements,
ie., low lead inductance, low input and output capacitance
and small size,

Ruggedized construction consisting of a unitized elec-

. trode structure and direct mounting to the chassis, combine
to make the 4CWS00B and 4CWBOOF suitable for environments
of severe shock and vibration,

The maximum rated plate dissipation is 800 watts for both
typos.

GENERAL CHARACTERISTICS!

ELECTRICAL

Cathode: Oxide Coated, Unipotential
Heater: 4CWsNB

R I R e 2in e+ = e e E A h3 EE A A" rasans s robss 6.0 VvV
. L S L R — 44 A
Heater: 4CW3S0M0F I s S i
ER R e R ity i i w1 mmm m .t R i ot o 1 o e 2685 V
L Ah T R PR RN S P g R i AW e b e 11 A
Transsonductance: (Ib = 00 MUAGD) . oouivrrmenrnrresnrrrsntssetenssessenseoe 40,000 pmhos
Input Conductance: (Ix = 600 mAdc)
e W BT A T SR By ciessaasns 1% 10° mhoa
Frequency for Maximum Ratings .....cco. vieiiiiinaiiiisncssrnsnnnsasrannns 800 MHz
@ Direct Interelectrode Capacitance: (Grounded Cathode)?
e P N TSR A DA PO R R - e - o 45 pF
L e e o e T e g R ! g o g b8 pF
A T RIS T e e G e it 0.15 pF
. 1. Charactenstics and cperating values are based upon pelormance tests. These figures may change without

notice as the result of additional data or product refinement. EIMAC Division of Varian should be consulted
hetors using this intormation for final equipment design.

2. Capecitance values are for a coid 1ube as measured in a special shislded fixture.

MECHANICAL
e i ' e = e i = & b i =g e s ' 4z e RHRRLEE P i o+ ai e at Special
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Maximum Operating Temperatures
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TIN5 oo 55 i v WP bm s 4 5% s TR b 840 25— s e e S R Ty e Liguid
Cooling Jacket Nuts: 2 required, EIMAC P/N 122088 .............. Not Supplied With Tube
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Sleeves for Jacket Nuts: 2 required, EIMAC P/N 122088

i o . Not Supplied With Tube

Nicltel-Plated Brass 2-58 nut, EIMAC P/N 061710 ........ venwaaro .. NOt Supplied With Tube
(for connection to heater & grid base studs)
Screen Grid Bypass Capacitor & Mounting Plate, not supplied .. .... veonee . BIMAC SK-6R0

C = 5000 pF (nominal). DCWV = 500
Maximuwm Over-all Dimensions:

Langth ........ S a1 i AT iR L e ] Gt e crarsaass a0 In; TE.20mm
Dinmstae ..o ...k B ey e Al e e N 2,03 In; 51.56mm
NetWeight .............. - e O S e e RN L E TR gy TR oo ToOm 18B gm

RANGE VALUES FOR EQUIPMENT DESIGN

Min Max

Heater: 4CWS00B - Current at 6.0 volts ..........., ETEpE R T R s ver 40 47 A

ACWEOOF - Curtent at BBE voltE ... .covvviininriirrsansissnssissse 0.5 185 A

Cathode Warmup Time - both types ........... LU s ann ki i vevess 180 — smec.
Interelectrode Capacitances (grounded cathode m.mmt}*

ERRET " s o v T M i + - o 1 i i T ey e e m i A T S i 420 480 pF

B <5 il TR U i DN TR . <R AR e 53 &3 pF

L5 | P A R R s e A O el P e — 020 pF

I. Capecitence values are for a cold tube &8 measured in @ specigl shielded fixture in accorcance wilh Elec-
trenie Industrics Association Standard RS-191

DROADBAND RF LINKAR AMPLIFIER TYPICAL OCPERATION
Clasa AB, Grid Driven Plawe Vollage ............ 100 1600  B500 Vdo
Hereen Voltage .......... BT 278 275 Vde
ABSOLUTE MAXIMUM RATINGS: Grid Voltage' ............ -3 -4 -40 Vdo
Zero Bignal Flate Current 100 100 100 mAdc
DC PLATE YOLTAGE ......... W00 VOLTH Plate Carreat ....ico.c.u. 570 nik) GBS mAdo
DO ACEEEN VOLTAGE ....... B0 VOLTS Boreen Current® ........ ag 29 17 mAde
DC PLATE CURRENT ... Tt 0.8 AMPERE Peuk rf Grid Voltage® | £ 43 42 v
PLATE DISSIPATION .,....... 800 WATTH Plate Datput Power® ,.... 320 BEB0 1000 W
BURKEN DISSIFATION ....... 1B WATTS Fatae [Hssipation® ....... as0 240 480 W
GRID DISSIPATION ........... 3 WATTS f Load Impedanpe ....., TG 1235 2385 I}

1. Adjust tor specitied zero-signal plate currens,
2 Approximabe value.

RADIO FREQUENCY POWEHR AMPLIFIER TYPICAL OPERATION 140-830 Ml 42 MH=z 565 MH:

Cluss H, Orid Uriven _ Strip-lines amp  Cavity Cavily
Plale Voltage .......,. 1650 1950 8500 8000 2000 Vde

ABSOLUTE MAXIMUM RATINGS: Scroen Voltage ........ 400 300 200 00 300 Ve
Orid Voltage* ......... TS i) B0 G -80 Vde

DC PLATE VOLTAGE ......... a0 VOLTS Zero Signal Plate

DC SCREEN VOLTAGE ....... 300 VOLTS T Y 15 15 15 20 15 made

DC PLATE CURRENT ......... 0.6 AMPERE Maximum Signal le

FLATE DISSIPATION ......... 200 WATTE Cormemt .o.o.oonnn. Gl BE0 800 800 &0 mAde

SCREEN DISSTPATION ...... 18 WATTS Soreen Current® ., .. ... 14 11 11 - 8§ mAde

GRID DISBIPATION .......... 3 WATTS Orid Ourrand? _ ... ... -6 3 =B  +14 0 mAda
Useful Power Outputs G40 535 B2 M a60 W

1. Adjus: for spacifies zaro-signal plate current. Bandwidth (3dB)} of

¢ Approximate value - - ry

3 Deliverad 16 the o, Amplifier .........., i A 4f 9 MHz

Power Gain® .......... — — 153 14 dB
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APPLICATION

MECHANICAL

MOUNTING - These tubes may be mounted
in any position, No socket is required. The
tube may be mounted directly on the BK-680
Bereen Bypass Capacitor which in turn is
mounted to the chassis with four 6-32 screws.
The chassis thickness should be (.062 inch to
insure adequale space [or connections to the
base of the tube and care should be exerclsed
to insure a flat mounting surface to mini-
mize cathode lead inductance,

COOLING - Sufficient ecooling must be pro-
vided for the anode and ceramic-to-metal
seals to maintain operating temperatures
below the rated maximum wvalue of 160°C,

Anode cooling is accomplished by oircu-
lating liguid through the integral jacket,

Each of the two connectors on the cool-
ing jacket contains an “0" ring as the tube is
supplied (if replacement or spare “0" rings
are required they should be ordered by
EIMAC P/N 122090). The matching nuts and
gleeves are not supplied with the tube and
must be ordered separately (see MECHANI-
CAL section, page 2). The tubing used with
this nut/sleeve combination must be Li-inch
aD.

Al ambient temperatures of 25°C or less,
no base cooling is required.

At higher temperatures, base cooling may
be required w0 maintain base temperatures
below 160°C. This can be accomplished by
mounting the tube to a cold plate cooled by
the inlet liquid.

WATER COOLING - The tabulation below
lists the minimum water flow requirements
for 26°C inlet water temperature with a
temperature rise of 15°C from inlet to outlet.

Plate Water Pressure
Dissipation Flow Drop
(Watts) (GPM) psi}
200 050 025
400 100 060
B0 156 075
800 202 A00

Water pressure should never exceed 200 psi
psi and outlet tamperature must be limited
toe 704C.

In cases where there is any doubt regard-
ing the adequacy of the supplied cooling, it
should be borne in mind thal operating
temperuture is the sole criterion of cooling
effectiveness.

BASE CONNECTIONS - One heater and
four control grid terminals are on the base
of the tube, These are in the [orm of thread-
ed (2-56UNC-2A) studs. Standard 2-58 nuts
wil] fit these studs, but these are nol sup-
plied with the tube, The EIMAC part number
for a nickel-plated brass 2-58 nut is 051710,
When making connection to the studs care
must be taken to not exceed 2.0 inch - pounds
of torque to avoid damage w the ceramic/
metal seals.

ELECTRICAL

HEATER - The rated heater voltage is 8.0
volls for the 4CWEO0E and 26.5 volls for the
4CWB00F. The voltage, as measured at the
tube base, should be maintained at this
value to minimize varialions in operation
and o obtain maximum tube life, Tn no case
should the wvoltage be allowed to exceed
37 above or below the rated value,

The cathode and one side of Lhe heater
are internally connected.

It s recommended that the heater volt-
age be applied for a period of nol less than
three minutes before current is drawn from
the calhode. Tube operation will slabilize
after a period of approximately five minutes
from & cold start,

CONTROL-GRID OPERATION - The con-
trol-grid has a maximum dissipation of 3.0
watis and precautions should be observed
to aveid exceeding this rating. The 3.0 watt
rating is dependent un the base flange
lemperature not exceeding the rated 150°C
maximum,

There are four threaded grid pins on the
base of the tube, These pins can be used sep-
arately or in parallel to control the amount
of grid lead inductance to suit lhe require-
ments of the cireuit. The grid lead induaot-
anee for one pin is 2.4 nanohenries,
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SCREEN GRID OPERATION - The maxi-
mum rated screen dissipation for the
4CWBIOB or ACWRMF is 15 watts.

Under certain operating conditions the
soréeen current of a tetrode may reverse as
indicated on the soreen current meter, This
condition is the result of secondary emis-
sion from the screen and is normal for a
power tetrode, If the impedance of the screen
power supply is high, negative screen cur-
rent will cause the screen voltage to ap-
proach the anode voltage and the results
will be & runaway condition which could
lead to a catastrophie failure, Thig condition
can be avoided if sufficient bleeder current
15 drawn from the screen supply by an ap-
propriate bleeder or regulator tube. The
recommendad bleeder current for these tubes
is 20 mA for each tube conneoted to a com-
mon screen power supply.

A low inductance screen bypass capac-
itor, EIMAC BK-680, is available for either
tube. This capacitor is easily installed with
6ix 0-80 screws, With the SK-880 capacitor
installed, the screen self-resonant frequency
of evither tube is in excess of 900 MHz=.

PLATE OPERATION - The maximum rated
plate dissipation power for either tube is B0D
wals. Except for brief periods during circuit
adjustments, the maximum value should
not be exceeded. Connection to the anode is
accomplished by a clamp around the anode.

DISTRIBUTED AMPLIFIER SERVICE -
The mechanical and electrical features of
the 4CWS00E and 4CWS00F are compalible
with distribuled amplifier circuit require-
ments, combining the qualities of low lead
inductance, low input and oulput capacit-
ances, high transconductance, and small
size. Connection is made to the control grid
by means of four threaded studs. By using
the correct number of connections, the de-
signer has available a choice of several
values of grid lead inductance. This feature
is quite useful in design of VHF/UHF dis-
tributed amplifiers. In addition, rugged in-
lernal tube construction, consisting of a
unitized electrode structure and a solid di-
reci-chassis flange mount. are features
which make these tubes suitable for en-
vironments exhibiting severe shock and
vibration, such as encountered in mobile or
airborne sevice.

A distributed amplifier is a wideband,
cascade device, employing vacuum tubes

placed along an artificial transmission line.
the tube capacitances appearing as the
shun! elements of the line. In a properly
designed distributed amplifier, the driving
impedance is virtually independent of the
number of tubes, The amplifier may make
use of the characteristics of the low pass,
the band pass, or the high pass filter con-
figuration,

The 4CWS00B and 4CWBOOF are ideal
tubes for distribuled amplifier service, as
anode heat may be readily disposed of by a
compact, extarnal cooling system, An am-
plifier using one of these types is an ad-
vantage in instantaneous bandwidth rf sys-
tems as it eliminates Lhe need of complex
and slow tuning and tracking egquipment
necessary for a tuned amplifier,

EIMAC APPLICATION BULLETIN NUM-
BER FOUTEEN - This 23-page booklet
is available from EIMAC and contains
additional information on the use of these
twbes (or similar types of the same tube
family), including some constructional de-
tails in strip-line amplifier circuilry in
the 140-250 MHz range, distributed ampli-
fier service, and cavity amplifier operation
at 432 Milz and 864 MHz.

HIGH VOLTAGE - These tubes operate at
voltages which can be deadly, and the equip-
ment musl be designed properly and operat-
ing precautions must be followed. Equip-
ment musl be designed so that no one can
come in contact with high voltages. All
¢équipment must include safely enclosures
for high-voltage circuits and terminals,
with interlook swilches to open the primary
circuits of the power supplies and to dis-
charge high vollage capacitors whenever
access doors are opened. Interlock switches
musl not be bypassed or “cheated” w allow
operation with access doors open. Always
remember that HIGH VOLTAGQE CAN KILL.

RADIO FREQUENCY RADIATION - Avoid
exposure lo strong rf fields even at relative-
ly low frequency. Absorption of rf energy
by human tissue is dependent on frequency.
Under 30 MHz, most of the energy will pass
completely through the human body with
Little attenuation or heating effect. Public
health agencies are concerned with the haz-
ard, however, even at thess frequencies,
and it is worth noting that some commercial
dielectric heating units actually operate at




frequencies as low as the 13 and 27 Mg
bands.

FAULT PROTECTION - All power tubes
operate at voltages which can cause severe
damage in the event of an internal are, es-
pecinlly in lthose cases where large amounts
of swored energy or follow-on currenl are
involved.

Some means of protection is advised in
all cases, and it is recommended that a series
registor of 25 to 50 ohms be used in the anode
eirewit to limil peak current and provide a
means of dissipating the energy in the event
of a mube or cireuit are, For an oxide-cathode
type such as these tubes are 4 maximum of
4 joules totel energy should be permitted to
be dumped into an internal are. Amounts in
excess of this may permanently damage the
cathode or the grid structure.

Additivnal  information  is  found in
EIMAC's Application Bulletin #17 Litled
FAULT PROTECTION™. available on re-
guest.

INTERELECTORDE CAPACITANCE - The
actual internal interelectrode capacitance
of & tube is influenced by many variables
in most applications such as stray capaci-
tanoe L lthe chassis, siray capacitance be-
tween tube terminals, and wiring effects. To
conlrol the aeutal capacitance values within

4CWB00B/4CWB0OF @.

the tube, as the key component involved, the
industry and the Military Services use a
standard test procedure asdescribed in Elec-
tronic  Indusbries Association Standard
BR-191. This requires the use of specially
constructed test fixtures which effective-
ly shield all external tube leads from each
other and eliminates any capacilance read-
ing w “ground”. The test is performed on
a cold tube. Other factors being equal, con-
trolling intornul tube capacitance in this
way normally assures good inlerchange-
ability of tubes vver a period of time. Manu-
fucturer’s technical data. or test specifica-
tions, normally are taken in accordance wilth
Standard RS-191.

The equipment designer is therefore cau-
tioned to make allowance for the actual cap-
acitance values which will exist in any
normal applieation. Measurements should
be taken with mounting which represent
spproximate final layout if capacitance
values are highly significant in the design,

SPECIAL APPLICATIONS - I it is desired
to operate this tube under conditions widely
different lrom those given here, write to
Power Grid Tube Division, Varian, EIMAC
Thivision, 301 Industrial Way, San Carlos.
California 94070 for information and recom-
mendations,

PROFER LSKE AND SAFE OPERATING PRAC-
Miks WITH HESPECT TO POWEH TUBEE ARE
THE RESPONSINILITY OF EQUIFMENT MANT.
FACTURERS AN} UBERS OF SUCH TUHES, ALL
FERBONE WHO WONK WTTH OR ARE EXPOSED
O MYWRT TLHES OH EQUIPMENT WHICH
UTILIEER SUCH TUBES MLST TAKE FRECAU-
TIONS TO TNOTECT THEMSELVES AGAINST
POEHIRLE SERIOUS BODILY INJURY. 130 NOT
BE CARELESS AROUND S1CH PRODUCTS.

The pperation af power tubes lnvolves cne ar more
af the fnllowing hagards, say one of which, in the
absonca of sale upersling praetices and precauticas,
Could result in serious harm to personnel:

a. HIGH VOLTAGE - Wormal operating wal-
ages can b deadly

b, RF RADIATION - Exposure to strong of
fialds shomld be avolded, even al relalively
low Ireguencies, The dangers of vf radiation
are more sovora ot UHF and microwave Loe-
mueneins and chan cause serjous bodily and
eyve Lijurivs. CARDIAC PACEMAKKERS
MAY GBE AFFECTRED.

OPERATING HAZARDS

. MX-RAY RADIATION - High vollage lubss
oun praduce dangerous aod possibly fatal
V-TRAFE

d. BERYLLILM QXIDE POISONING - Dust or
fumes from Bed ceramics used a3 thermal
links with same onduction-cooled power
tubas are hizhly wxic and can cause serious
injury or death.

a. GLASS EXTLORION - Many eleciron lubes
have glnss envelopes. Breuking the glass
ran cause sn boplesion. which will result lo
an explusive scattering of glase particles.
Haodle glass tubes carefully,

[ [IOT WATER - Water usad 1o cool tubes may
reach acalding tempersiures. Touching or
ruplure of the conling System CAn CAuse
serious burms,

k. IMOT SURFACRES - Burfsces ol air-opoled
redintora and other parns of tubes oan reach
leruperatures of several hundred degrees cen
tigrnde and cause serious burns if touched,

Plense reviewr the dewled operating hasacds shest enclosad with aach lube ur reguest o copy from the
address shown below: Power Grid Tube Thvision, Varian, EIMAC Division, 300 Industrial Way, San Carclos,

Culilornia B89000,
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MNITEE

| REF. DS ARE FOA INFO ONLY AND ABE MOT REQ'D 00
MNEF PURPOSE S

2 WATER MITTINGS ASE DIAMETRICALLY CFFCSET & AXIS
ELOCATED BETAEEN ANES OF iMns

A (M CEOATACT SURFACE.

& 255 UND-24. THAEAS

5 COOLER FITTNG NUTS EIMAC P/% (sCak & SLEEVES,
ENATT PN 123035N ARE NOT BUPPLIFD 'W ™ TURE
[SOLD SEAARATELY

C DIMENSIONS IN INCHEE |
| | mMiLimerens
ome | win. | wax | REF | | min [ max. LEEF_.
A |2z | 2zme | 'serr | sy
B | 1| 11e0 (= | ma
¢ | ee0 | e | 472¢ | ean |
0| s | oe3 | | 2344 | 24
E|1370 [raes’ 3480 (3518 | |
Flam  am 445  om
G e )| 152 |
::_H 125 | A0E
J | oA | ars
x| 180 478
L 3 AT A.TS
(M 1813 1623 | caar | 4122
Nine wm| | |om |
NOTEE

t AEF. NME. ARE FOR INMG ONLY & AAE NOT FEQ T FOR
NEFECTICN PLEIPDEFS.
2 INSULATING & SCHDING WATL 70 'WiTHS " AnD TEmMe5
8T C TO -160°
1 CPERATING DATa
TEST WOLT- 1000 YOG MIN. (SEA LEVEL CAPACITANCE-
SO00 g O OFT TEWP -BECC ML, 15000 MAK. ‘
WORKING YOLT =600 W2C | TO 2000 11
4 CALITION:
USE BCAEWS FLlNEHED FOS ATTAC-ING BKSEC 1D
TUBES 431, ACWR0F TUBS MUST BE S£87ED Py
OM DASE FLATE BEFORE STAATING SCARWS




