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4PR60A High-vacuum, radial-
beam, pulse modulator tet- Pul
rode. Oxide cathode internal | 6.0 3.06 126.0 2.2 90,000 IS 20,000 18 60 | 20,000 |1,250 | —800 {5
anode. Unilateral replacement Mod
for 715B, 715C, and 5D21. ‘, | I
4W20000A 20 Kw., water- ‘
coled, Hih traniconducanc | BTV | 220 | 8000 | 15 20,000| 7.000 [1.200 150 | 6.0 26,000 %
ool Deam. power Jetrode-|12.0%% 5.03 [10.0t | 30.0 | 75,000 | : ' ' - | o '
sten cathode, non-emitting C Cw| 2208000 | 15 |20,000] 7,000 |1,200 |—400 | 3.4 830 13,000+
grid, external anrde. Concen- 1
tric YHF terminals.
:;::gs l50-waﬂfp|af:dissi- R B Aud.| ... [ 1,250 .250 150 1,250 | 300 |—44 .180/.475 | 5,600 |0.075 425
tion, ed - ai avg.

a1 Berwall poffaser high 60 | 2.4 BTv| 500 1,250 | 2| 150} 1,250 | 300|—70 |.308 ... 250%
transconductance radial-beam | 2 47 .64 12,000 |C Cw/| 500] 1,250 .250 150 1,250 | 250 |—90 |.200 1.2 195
power tetrode. Oxide coated D
cathode, external anode. Op- 26.5 0.57 C Cw/| 500] 1,250 .250 150 1,250 | 280  —115 {.200 30 140+
erates in normal amplifier J .
service through 500 Me. AM P} 500 | 1,000 .200 | 100} 1,000 | 250 |—1{05 |.200 I 145
4X150G 150-watt plate dissi-
pation, forced-air cooled, gen- CCw 750 | 1,250 .250 150 1,250 | 250 | —60 .200 9 100 «
St erte Oxide corted o | 2,75 | 164 | 2.5 | .25 12,000 I
er tetrode. xide coate cartn- . .
de, external de. Concen- ’ ) ' Plate
foric U:iFr:ermai:gls. Opoer:-(;f:s Pllse 1,200 | 7,000 e 150 } 7,000 {1,000 |-250 | 6.0 20,000 +
up through 1000 Mec. |
4 -w e dissi- . |
T P A D | 135 | 5200 ICCW| 1104000 .350 | 500| 4000 500|250 |.315 13 980 +
o e et Thontod BTV | 220 3,000| .350 | 500| 2,400 | 500|—100 |.400 3,000 |25 600 +
tungsten filament, non-emit-| F [
ting grids, external anode. 5.13 2.81 5.0 | 13.5 5.200 CcC Cw 110 | 4,000 .350 500 4,000 500 [-250 [.315 13 980 +
PENTODE

]
4E27A/5-125B 125 watt B Aud 4,000 .200 125 | 2,500 | 500 -85 ! .065/.250 ‘Z0,000-l .2 400
lat dissipation, adiati
:°°|:d' :esn:ra'onpur;ose ,.c:.‘ 6.19 2.75 5.0 7.5 2,150 C Cw 75 | 4,000 .200 125 | 3,000 | 500 |-200 !.|67 2 ‘l[‘* 375
W AM PI| 753,200 | .160 | 85 | 2,500 | 500 |-200 |.152 2 | 295

See page 5 for explanation of class of service symbols.

Note I Thoriated tungsten filament, non-emitting grids, pyrovac plate.

* Max. pulsed cathode current 7 amps.,
Max. pulse duration 5 microseconds.

** Does not include water couplings.

+ Typical operation at maximum frequency for full rating.

t Bombardment heated cathode, requires 1400v DC at 1.8 amps.

* Peak synchronizing level.




TETRODES - PENTODES

TETRODES MAXIMUM TRANSCON.| CLass | Max. [MAX.PLATERATINGS TYPICAL OPERATING CONDITIONS
F“.AMENT i A Frequency )
DIMENSIONS DUCTANCE OF Full et DC DC DC DC Plate Driving Power
on i Ratin bC DC ation| Plate Screen  Grid Plate Load Pow Output
TYPE DESCRIPTION %nd?o’:‘ D':r:\;.’:r Yolts Amps. mhos SERVICE :4’€~g Yolts Amps. ?N:Hs Voalies \‘/:;elies Vorl'?s Ar:ps Oohams \Noa;: V‘}‘af;‘s
4-65A 45.watt plate dissipa- | B Aud| ... [3,000 .150 65| 1,800 | 250 1—35 l :EO/‘.ZZO!Z0.000 A 270
tion, radiaﬁo; 7obo|ed. general 4.38 l 2.38 6.0 3.5 4000 |c cw] 150 |3.000 150 65| 3,000 2?[__90 l 115 17 W
purpose radial-beam power ! —
tetrode. See Note I. I AM Pl | 150 | 2,500 120 45| 2,500 250" —-150 l .108 225
8-125A (25.watt plate dissi ! B Aud 3,000 | .225 | 125 | 2,500 | 350 | —43 [ .093/.260(22,200| 2.4 | 400
. - I ‘
pation, radiation cooled, gen- | 5 49 | 28] | 50 | 65| 2450 |C CW| 120 3,000 | .225 | 125| 3,000 | 350 | 150 | .167 25| 375
eral purpose radial-beam pow- 1 - { .
er tetrode. See Note I. | AMPI| 120 |2,500 | .200 85 | 2,500 | 350 -210 | .152 3.3 | 300
4-250A 250-watt plate dissi- | B Aud 4,000 .350 250 | 3,000 | 300 -53 .125/.473 | 16,000, 1.9 | 1,040
pation, radiation and forced- T T
air cooled, general purpose | 6.38 3.56 5.0 145 4,000 [C CW]| 110 [4,000 .350 250 | 4,000 | 500 | -225 | .312 1 25 | 1,000
dial-be we etrode. N
Ele'°N;+:T. pover tete AMPIL| 110 (3,200 | .275 | 165 | 3.000 | 400|310 | .250 | 35| 585
H
4-400A 400-watt plate dissi- BAud| ... |4,000| .350 400 4,000 1 500 —90 .120/.638/14,000| 3.5 | 1,750
tion, radiation and forced T
pation, raciation and forced- CCw, 110 |4,000 | .350 | 400! 4,000 | 500| —220 | .350 6 1,100
i n el 6. . . 4, ; : :
g Pl i 38 | 386 | 50| 1458|4000 H"ew 110 [4.000 | 350 | 400 4,000 | 400|170 | .270 10 720 +
See Note . AM PH{ 110 (3,200 | .275 | 270} 3,000 | 400/ -310 | .275 .14 640
ee Note | | | | | |
4-1000A 1000 - watt plate I B Aud{ ... /6,000 .700 |1,000| 6,000 | 500 -75 4_.|50/.<7so:15.oooﬁI 4.7 | 3,900
dissipation radistion and | o o oo b 00 [CCWE 110 16,000 | 700 | 1,000 6,000 | 500 -200 | .700 [ ... 15 [3,400
e el ™ ' ‘ ' ' 999 Tcew]| 110 (6,000 | .700 [1,000] 6,000 | 500  —180 | .625 | ...| 200 | 2,600 +
pose radial-be we er- — 1 R, — - — — 1 4 —
et Y8 e L AM PlI| 30 /5500 | .600 | 670| 5,500 500J —-200 1 .600 | - 9 | 2,630
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6C21 High-vacuum, radiation ! . I ‘ l
cooled, pulse modulator tri- Pul
ode. Thoriated tungsten fila- | 12.63 |5.13 8.2 17.0 5,800 LI .... 130,000 15 300/27,000, —1500 (3100 15 | 1,600
Mod
ment, non-emitting grid, pyro- © ’
vac plate 1 { |
| [
25T  B-watt dpla’e d'“'lP: ‘ B Aud .... | 2,000 .075 | 25} 1,250 —42 135 |.024/.1 30*_2} ,400 3.4 ! ||_2_
tion, radiation coole
3C28 L [l ourpone triode. 144 |63 | 3.0 | 2500 |CCW | 602000 .075 | 25! 2000 —i30[.. 063 | ... | 4 | 100
e ™ | AMPI | 60| 1,600 | .060 | 17] 1,600| -t70 ... .053 Lo 3] e
-’521650*6" S | BAud| ....|2000| .150 | 50 2,000 —40 |30 |034/ |67|27 500 | 4 235
radiation cooled,genera |
purpose frio;e.";horiafe?i tung- 5.5 | 1.81 5.0 [ 4.0 2.850 C CW IOO 2.000 150 50 2.000 _ —|35 L | |25 I ana '3 200__4
stan filament, non-emitting grid AMPI | 100] 1,600 | 120 | 33] 1,500 | -150|... |.090 \ Y 105
pyrovac plate. | | | h
— i ! H —90 175 Ioso/ 225/19,300 | 3 300
75TH 75.watt plate dissipa- |
TSTL tion, radiation cooled, (B Aud | ... 3000] 225 | 78] 2000 |, _j99 300 |.050/.250 18,000 | 5 350
eneral purpose triode. Thori- H H _ b, ..o
e urgon flomert, won. | 7.25 (2,81 |50 | 625 130 lccw | 40| 3000 225 75| 2,000 W4 .[.l50 i | ' | s
emitting grid, pyrovac plate. | ' — H —300 110 - ‘ ‘ ! 5 170
IH version high-mu, L version | AM Pi 40| 2,400 | 180 50| 2,000 A .. Ko .. ¥ o
ow-mu. | |- e
= ! T H 50 [155 |.060/.280] |75 |
T00TL son eadioen oot | BAud | ...} 3000 225 | 100] 2500, 145|290 .048/250 22000 0" | 425
eneral pur ;se triode. Thor'-. H T X H —200 r . ] |8
S turton tilament, men- | 7.75 |3.|9 50 | 63 || 3295 |ccw | 40) 3000 .225 | 100 3.000 L _400'1” les | 33| 400
emitting grid, pyrovac plate. ‘ ' f T = 250 ﬁ' — l 17
'H version high-mu, L version | AM Pi 40 | 2,500 I{ .180 65| 2,500 B .140 23 285
ow-mu. |
si : H -150 1430 7067/.335 20,300
:2%}[‘ '50"”3 plate d'SS;P:‘ i B Aud .... 1| 3,000 450 150 3,000 L -260 675 J 100/.500| 20,400 3 700 |
tion, radiation cooled, + — A AW S —
. . 5 12.5 H —300 \ ' 27
eneral purpose triode. Thori-
ated tungsten flament, non. | 763 2.56 |or o |H 8300 |cCw | 40)3000| 450 | 150]3,000| " Tqg | © ' |.250 | 39 | 00
emittin rid, rova late. .2 !
H version highima. L. version - | >2% AM Pl | 40 2,500 | .350 | 100 2,000 H -300| y (I [ 30 | 400
low-mu. | LL —550 | — | 25




TRIODES

MAXIMUM Max. [MAX.PLATERATINGS TYPICAL OPERATING CONDITIONS
DIMENSIONS | FILAMENT | TRANSCON: | © 55 ;';QR::,M be b Duostion] BSOS itew RS Plate Driving  Power
o amete ull Ratin issipation r s ate oa wer utpu
TYPE DESCRIPTION %nd?.': Dn:.-_h..': Volts Amps. jtmhos SERVICE Mec. ? Volts Amps W:;so V:lf: Voll?s PuvrTlx’a;. Amps. Ohms ‘;aﬂs Wa:h
2C39A Forced - air cooled, : !‘
Lo e B CCw [ 2500 (1,000 .125¢ 100 | 800| —20 | ...| .080 N B 27
Operates as power amplifier, | 2.75 1.26 6.3 ‘ 1.0 22,000 T — .
multiplier, and oscillator to AM PI 2,500 600 .100¢ 70 600 —16 ... .075 . 6 18
2500 Mc. I
B A 6,000 | 2.5 5.000 | 6,000 | —240| 390| .4/3.0 115 113,000
3W5000A3 5 - Kw. water B Aud =T T 2 /3 46501 1
3W5000F3 cooled, general | 8.0%** | 3.0 7.5 | 51.0 20,000 |c CW | 30 [6.000| 2.5 5,000 | 6,000 -500| ...|2.08 ...l 136 (10,000
purpose, high transconduct- -
ance triode. See Note 2. AM PI ":‘ ;(5) 5,000 | 2.0 3,350 | 5,000 | —550) .../1.45 - l 76 5,580
L |
3IW10000A3 10-kw. water- ' ' |
co'oled, hig'h frans'conducf'ance l
e anotontial thorieted |13.0%* |5.0 0.0t [30.0 | 55000 [ BTV | 220 [5,000(10  [10,000|3.250| —i90| ...|4.25 560/ 400 | 5500¢
grid, external anode. Concen- \
tric YHF terminals.
B Aud ... 16,000 25 2,500 | 6,000 —240| 390 .4/3.0 4,650 113 {13,000
3X2500A3 2.5-Kw, forced- A 40 [400 _ . 10.0
3X2500F3 aircooled, gen- | 9.0 |4.16 | 7.5 [51.0 20,000 CCW L o |6:000] 25 4‘—27.509"&00_0 500| ...[2.08 136 ,000
eral purpose, high transcon- CCW|AI1i0 [4000] 2.0 2,500 | 4000, —500| ...|1.85 fo - |_,900 7,500+
ductance triode. See Note 2. AM PI '::‘ ;8 5,000 2.0 1,670 | 5,000 —550| ...|1.45 .. L 76 5,580
3X3000A1 3-Kw., forced-air | |
3X3000F] :’::'::'"r'?o:le. Tnu- |
“r:dl.'cf" for u;ol O a'ud‘i'o 9.0 4.16 7.5 | 51.0 11,000 |B Aud ... | 6,000 2.5 3,000 | 6,000 |—13001250| .335/2.65|4,560 500 16,000
a er modulator or oscil-
Ia':r‘ for industrial scrvsiu. ‘
See Note 2. C CW 75 16,000 2.5 3,000 {6,000 —1200|... | 1.50 | 6,500




ISR 1so0-wmn: plare dissi BAud | ....| 8000 [1.25 1,500 [6,000] —190|570 |.330/1.65 8200 115 | 7,000
pation, radiation anld forced- ‘ !
i led, urpose
:,;od:?c?iori.;?:;g.s:::n':‘?h- 17.0 7.3 7.5 | 240 10,000 S Cw 40| 8,000 |I1.25 EOO 7,000 -500|... |.860 . SO 85 4,500
ARl YR AM PI 40 | 6,000 [1.00 [1,000 |6,000 —750]|... |.835 ... | 120 |4.000
2000T 2000-watt plate dissi- BAud | ....| 8000 [1.75 [2,000 [7,000] —280|600 |.300/1.80| 9,200 | 175 | 8,600
p.aﬁon. radiation and forced-
air cooled, genersl purpase |7 35 8.13 |[10.0 23.5 11,000 |[C CW 40| 8,000 |1.75 2,000 |7,000 600 ... [I.I5 arera 115 6,000
triode. Thonafac.i tungsten fila-
e el S T g I AM P 40| 6,000 |1.40 [1,350 |6,000| —800|... [I.13 ... | 225 | 5400
— KLYSTRONS CLASS
MAXIMUM FREQUENCY
FILAMENT MAXIMUM RATINGS | OF TYPICAL OPERATING CONDITIONS
TYPE DESCRIPTION DIMENSIONS RANGE SERVICE
— VD' . | Resonator Resonator  Repeller OPOW"
LI ameter 1 Vol A Mec. DC DC  Dissipati DC DC utput
OSCILLATORS Inches Inches OMI e ‘ Volts  Amps s\:VF;:fslon Mode Volts Amps  VYolts Watts
!lc(o'l'slon'p " Ruggedized [ flex KI A2.38 |1.18 | ' ' |
CLEICL ASOA0 uggedized, integral-cavity reflex Klystrons in. A
1K01 SXG tended for X-band local oscillator service. G3.56 | 1.47 6.3 0.80 |8600-9400 | 350 s )9 S &7 L= I K e | 170 l 0.04
RS | | | ‘
Beam Collector Beam Driving Power
AMPLIFIERS DC DC Dissipation DC DC Power Output
Volts  Amps Watts Volts Amps Watts Watts
T 1 T ' T
3K20000LA 3 gap 20-Kw. Collector dissipation, water and | A50.5 l5.(,9 A 470-580 | BTV |13,000 | 1.5 apopg, 5,000 *
3K20000LF {Jorced‘-air ’coole'd Klyfs.fron for.;se in UHF TV b‘and. = —4— —67— - 20 [ Fs80.7 17 120000 1 - 50 |
$¢ Of externa avitie rovi ve en- ) .
IKZ000OLK 1 Sand b tves waroms f the mber (oo PO | 1O L FIRTE 13200 1T 20508 | COW 110,000 | 10| e, | 2500
K36.75 | 5.69 K 720-890 | | |
3K50,000LA 3 gap SO-Kw.I fo"ecfor dis‘sipaﬁon, water and | A54 _;é 13 J A470-580 T ; BTV 17,200 | 2.15 | pis 12,000«
d-ai Klystro in UHF TV | ¢ .~ —a —— 1 | | approx.
3K50,000LF boar::. Jsre :‘O::Oernalyca;i:i:s ::ovl;;:s :overage of _':49 _1_5_'3_ 9.0+ | 42.0 | F 580-720 | 19,500 | 2.56 50,000 | R '20 ]
3K50,000LK entire band with three tube types. K45 5.13 K720-890 l ; C Cw |12,300 1.33 | sppros 6,000

{Cathode bombardment power, 1600 max. watts (2300 Vdc., .69A)
$Cathode bombardment power, 1700 max. watts (2400 Vdc., .71 A)
* Peak synchronizing level.




TRIODES - KLYSTRONS

[ TRIODES MAXIMUM e |MAX.PLATE RATINGS TYPICAL OPERATING CONDITIONS
ENT | TRANSCON-| CLASS Peak A.F DC Plat Drivi P
DIMENSIONS | FILAMENT louctance | oF [Fsamarl 0 (0 ion] e God SR poe ok Foni Goren
1 il n 1ssipation ate r olts e [+ ower u’ U’
TYPE DESCRIPTION lf::fe':l Dul:’::::r Volts Amps. pmhos SERVICE ’ M:. ’ Yolts Amps WZHs Volts Yolts Pe\:TIJbe Amps. Ohms Watts Watts
s - 0/.100/.560 12,250 | 42 | 1,180
250TH 250-watt plate dissipa- 350 250 |3,000 H 65 |26
250TL tion, radiation cooled. - BAud| .... | 4000 h —;;g 400 | .100/.500 13,000 ;g 1,000
T o o |10.13 | 3.81 | 5.0 | 105 t’ >es0 [CCW/| 40 | 4000| 350 | 250 [4,000 T “Z0 v .33 ol 33 | 1,000
emittin rid, rov late. ! = 14
Hitcersien: s L virien AMPI| 40 | 3,000 280 | 165 |3,000 H 299 -] 200 B Rt
low-mu. . . q
watt plate dissipa: H 150 210 .134/.667,10,200 | 6 | 1,400
3331{‘ el i B Aud - | 3,000 .900 | 300 |3.000, 590 399 .130/.800, 9,100 55 | 1,800
B gl H =300 - 53
g:enderaflu:gusrfzc:‘se“f':;i:;' T'::,r:: 7.63 356 I%r I02r E |6,700 C CW 40 3,000 .900 300 3.000 L _400 . .500 1 40 l.200
emittin rid, rov late. . 400 ... o 50
r‘m,s?on" PR A AMPI| 40 | 2,500 .700 | 200 [2,500 " “gd0 cc | 450 | s
ow-mu. |
issi 115 ] 118,600 | 10
450TH 450-watt plate dissipa- BAud | ... | 6000 .600 | 450 [5,000 ! o ﬁggl.lzo/.bzo :gsoo 3o | 2,200
450TL tion, radiation cooled, = o = —300 f A T
eneral purpose triode. Thori- . = e e 1,800
e e e o [12.63 | 513 | 75 | 120 | 200 lccw | 40 | 6000 .600 | 450 |s,000 FT 2N o | as0 | 4
emittin rid, rova late. - e
H version highmu, L version AMPI| 40 | 4500 500 | 300 |4,500 " ~330 - | 345 33 | 1aso
low-mu. | e | e
592/3-200A3 200 wattplate BAud| ....| 3500 250 | 200 |3,000] -90 | 270 .080/.400 I8,000 | 20 820
issipation, radiation cooled, '
D o trinde. Thorie | 6.0 | 3.41 [10.0 | 5.0 3,600 |CCW | 150 | 3500 .250 | 200 |3,500 270 ... .228 .| 1s 600
ated tungsten filament, non-
emitting ?;srid, pyrovac plate. AM PI 150 2,600 | .200 130 |2,500 -300 | ... .200 586 19 375
TSOTL 750-watt plate dissipa- BAud | .... 10,000 /1.0 750 |56,000| -390 650 |.166/.834 /16,300 | 46 | 3,500
'p'.‘f,",;.o'fedifat,'ﬁz.cf’h°lf;fi;7%°:u°{§! 170 | 7.3 | 7.5 | 21.0 3,500 [CCW | 40 [10,000 1.0 750 |6,000| —700]|... |.625 ... | 125 [3.000
PN B AMPIl 40 | 8000 .8 500 |6,000 -950 ... |.415 _.. 1 75 | 2000
DR oot pllke . BAud| .... | 7,500| .750 |1,000 |6,000 -160|335 .220/1.05 13300 60 | 4,600
tion, radiation and forced- _
o coo|;°d,'°gznm| pupose | 123 | 513 | 7.5 | 155 9050 [CCwW| 50 | 7,500 | .750 |1,000 6,000 —350|... |.667 ... 60 | 3,000
triode. Thoriated tungsten fila- B
"'°"'-,";’"'"““‘"9 TR R AM PI 50 | 6,000 | .600 | 665 16,000/ -—500... [.600 j ... | 715 |2,935
vac plate.
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VACUUM CAPACITORS

FIXED TYPE

VARIABLE TYPE

Eimac vacuum capacitors are
small, vacuum-dielectric units
intended principally for use as
all or part of the plate tank
capacitance. They are also fre-
quently used as high-voltage
coupling and by-pass capaci-
tors at high frequencies and
as high-voltage neutralizing ca-
pacitors. Overall length 6%,
diameter 24",

Eimac variable vacuum capa-
citors are intended principally
for use as plate tank capacitors
in radio frequency amplifiers
and oscillators. The capacitance
variation is linear with respect
to shaft rotation and return to
previously indexed settings is
positive. The low-torque tuning
mechanism is designed with
adequate bearing surfaces to
provide long life.

T T 7
TYPE = VC6-20  VC6-32 VC12-20  VC12-32 | VC25-20 | VC25-32 | VC50-20  VC50-32
. T r
e itan
it 6 6 1z |2 25 25 50 50
Max. Peak . 2 000 | | e 1 ool a0 ann |
e 20,000 | 32,000 | 20,000 | 32,000 | 20,000 | 32,000 | 20,000 | 32,000
Max. RMS
o 28 28 28 28 28 28 28 28
|
& TYPE MAX. DIMENSIONS | CAPACITANCE | Max. Peak RF Voltage [ Max. RMS Current
Length Height Width ppfd Volts Amps
VVC60-20 | 5.69 | ... | 3.06 10-60 20,000 40
T baraliel  Split Stotor|  Paralldl _ Split Stator | Porallel _Spli Stator
VVC2-60-20 | 6.28 | 3. . SRS plit Stator aralle plit Stator aralle plit Stator
6.28 | 3.13 | 813 26,150 5.30 20,000 40,000 80 40
—— — — — —_ _— = —4— _—
VVC4-60-20 | 6.28 7.8 7.81| 40-240 I0-60T 20,000 40,000 160 80
| . .




RECTIFIERS - VACUUM CAPACITORS

HIGH VACUUM RECTIFIERS

MAXIMUM AVERAGE PLATE  PEAK INVERSE
DIMENSIONS | PLATE CUR. DISSIPATION  VOLTAGE FILAMENT

TYPE DESCRIPTION %::’?e':' Dil:’c“hee':' Ma. Watts Volts Volts Amps.
General purpose UHF instrument diode. Accurate to 700 Mc. 5-volt oxide

2-0IC coated cathode. Resonant frequency 2800 Mc. Suited to probe mounting. 1.81 563 l 0.1 1,000 5.3 0.4
High vacuum rectifier. High voltage, medium current. Instant heating,

2-25A thoriated tungsten filament. Radiation cooled pyrovac plate. 4.38 1.44 50 15 25,000 6.3 3.0
High vacuum rectifier. High voltage, medium current. Instant heating,

2-50A thoriated tungsten filament. Radiation cooled pyrovac plate. 5.50 1.82 75 30 30,000 5.0 4.0
High vacuum rectifier. High voltage medium current. [nstant heating,

2-150D thoriated tungsten filament. Radiation cooled pyrovac plate. 8.88 2.50 250 90 30,000 5.0 13.0
High vacuum rectifier. High voltage, high current. Instant heating, thoriated I

2-240A tungsten filament. Radiation cooled pyrovac plate. 1.2 3.82 500 150 40,000 7.5 12.0
High vacuum recﬁfi;THigh voltage, high current. Instant heating, thoriated

2-2000A tungsten filament. Radiation cooled pyrovac plate. 17.8 8.13 750 1,200 75,000 10.0 25.0
P'Tigh vacuum rectifier. High voltage, medium current. Instant heating, k

250R thoriated tungsten filament. Radiation cooled pyrovac plate. 10.13 3.82 250 150 60,000 5.0 10.5

253 High vacuum rectifier. High current. Instant heating, thoriated tungsten 8.75 2.50 350 i 100 15 000 5.0 10.0
filament. Radiation cooled pyrovac plate. : : i ! : :
High vacuum rectifier. High voltage, medium current. Instant heating, ‘ b

8020/100R thoriated tungsten filament. Radiation cooled pyrovac plate. 8 2.32 100 L 60 40,000 5.0 5

MERCURY VAPOR TYPES g A

KY21A ?;(i)c_t::‘n:rfellreai.e ;}:;:u‘x":::or rectifier. 2.5.volt, oxide coated filament. 7.69 2.25 750 3 11,000 2.5 10.0
RX21A MG U LG 2N 2020 o ML 7.63 | 2.25 750 3 11,000 2.5 10.0
B6A iy e e e T os |25 | 29 N
872A Mercury vapor rectifier. 5.0-volt, oxide coated filament. 8.5 2.3 1,250 5 10,000 5.0 7.5

1.25 amperes average plate current.
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AIR-SYSTEM SOCKETS

4-400A Air System Socket

This socket is designed to simp-
lify cooling of the 4.400A Eimac
tetrode. Its use insures distribution
of the correct amount of cooling
air to the various seals of the

tube with the most economical

blower size.

4-1000A Air System Socket

This socket is specifically designed
for use with the Eimac 4-1000A
tetrode. Its function with this tube
is the same as the 4-400A socket.
These sockets are supplied with all
the necessary mounting screws,
ground clips, and a pyrex glass
chimney for cooling the plate seal

4X150A Air System Socket

This socket is designed for use
with the Eimac 4XI50A power
tetrode. In addition to insuring
adequate cooling, it makes poss-
ible improved circuit arrangements
in high frequency applications. It
employs a built-in screen to cath-
ode bypass capacitor. lts compact
construction reduces lead induct-

area. 4XI50A /4000 ance to a minimum.

4-400A /4000
/ 4-1000A /4000

TUBE EXTRACTOR

The 4X150 tube extractor may be used for inserting or extracting the 4XI50A,
4X150D or 4X1506 from normal or deep cavities.

HR HEAT DISSIPATING CONNECTORS

HR Heat Dissipating Connectors are machined from solid dural rod, Hol
and are supplied with the necessary machine screws. The table TYPE I.engﬂl Dia. Dioae
( o M p l E T E D A T A below lists the proper connectors for use with each Eimac tube type. '
ON PRODUCTS LISTED IN THIS e e o Bree e oo (R fE0/N6T /BT L0SR
CATALO 50 aC - " " 't
GUE ARE AVAILABLE . . T s R HR-2 | 11/16 1/2 062
2.50A HR.3 100TH.TL HR- HR-2 " T "
A complete technical data sheet for a 214D HE vimzA KRS} = HR-3 11716 S
specific tube type will be sent upon request. ;;;g:A ::: ;:;;:;t ::2 :::; " " N
Such data sheets are also included in the 3C24 HR-| HR-| HR-4 17/8 3/4 ‘.IOZ
! . 2508 HRS
package with each tube. The sheet contains P T s s HR-5 | 7/8" 3/4" | .125"
application information in addition to elec- 4.125A HR-6 304TH-TL HR-7 HR-6 |
trical and mechanical data. ::«S)g: ::: 3;7):«” y ::: :z; HR-6 {7/8" 3/4" | .359"
: : . ; d ! |
If you wish help in selecting the proper tube :.slzo;)i;s.usa :ﬁi PRI HRde RS HR-7 | 1-11/32" I-3/8"l 125"
type or proper operating conditions for an 4PREOA HR-8 - R . ]
application, please write for advice to: "(‘;::A :i: HRS 1 ssea HR-8 HR-8 | I-11/32" I-3/8"; 570"
¥ 872A HR-8
:sxruA ::: | oot HR-9 HR.9 FIR=G! j4= 1327 R 1378 J670)
Application Engineering Dept. - s wm e e & HR-10 1-11/32"| 1-3/8" 510"
EITEL-McCULLOUGH, INC
'] L]
SAN BRUNO, CALIFORNIA




VACUUM PUMPS & GAUGES - SWITCHES - SOCKETS

HEAT DISSIPATING CONNECTORS - MISC.

EXPLANATION OF CLASS OF SERVICE SYMBOLS

B Aud

Class-AB or -B Audio Frequency Power Amplifier
or Modulator. (Typical operations shown

are for two tubes.)
VACUUM PUMP BTV  Class-B Linear Radio Frequency Power Amplifier.
Visual Television Service.
A glass barrel, triple-jet, air-cooled vacuum pump of the oil- H H{
diffusion type. Ultimate vacuum of 4x107 mm of mercury. Speed ccw Clas_s-c Radio Ffequency Power Ampllflel‘ and
without baffle approximately 67 liters per second. Simple to Oscillator. Continuous Wave, Such as for
operate, requires no liquid cooling, cold trap, or charcoal trap. Telegraphy and Frequency Modulated Service.
Can be disassembled with wrenches. Heater voltage 110 volts.
£.3 Current 1.7 amperes. Overall length below high-vac manifold . ;
_I C - 162", Shipping weight I8 pounds. Complete assembly includes AM PI Ampll.fl.lde Modulated Radio Freq.ue"cy Power
gk | flanges and nipples for connecting to high-vacuum manifold and Ampllflel‘. Plate Modulated or ng"l Level
-/ forepump system, together with necessary gaskets and complete Modulated (Plate and Screen Voltages Modulated].
i operating instructions.
L Pulse Pulsed Radio Frequency Power Amplifier. Plate and
IONIZATION GAUGE Plate r-f Excitation Voltages Pulsed.
Pulse Pulse Power Amplifier, Modulator, or Keyer Service.
=13 Mod
Essentially a triode vacuum tube with a pure tungsten filament

and molybdenum electrodes for measuring pressures from 10
to less than 10” mm of mercury, constructed of "hard” glass for

CONTACT FINGER STOCK
Eimac pre-formed contact finger stock is especially suitable
for making connections to coaxially constructed tubes and
those of external-anode design. The heat-treated copper alloy
0 16 material is silver plated for low r-f losses. It may be bent on

a one-half inch radius without breaking.
VACUUM SWITCH

sealing directly to nonex glass vacuum systems.

Contact finger stock may be obtained without heat
treatment or silver plating upon request.

gig A single pole, double throw switch WIDTH MATERIAL FINGER
J || L with contacts in high vacuum for ‘ TYPE Inches TH:C':’NESS l DEFILE:TION
< high voltage switching. Contact ! nches nches
spacing 015", Switch will handle "
r-f potentials as high as 20 Kv. In e Juer 008 1/32
DC switching will handle approxi- "
mately 1.5 amps. at 5 Kv. 31/32 31/32 010 ek
vs.2, 5, &
1-7/18" 1-7/16 010 1/8

EIMAC TUBES FOR PULSE SERVICES

Eimac tubes, with their "clean” internal construction, ample filament emission reserve, and hard-vacuum, make exceptionally fine pulse modulators, ampli-
fiers, or oscillators. Peak voltages and currents considerably in excess of the published data for continuous operation can be used in pulse work.
Data for specific pulse applications, or our Application Bulletin No. 3 titled ""Pulse Service Notes", will be supplied upon request. Our engineering services

are also available. Please don't hesitate to call on us; we are anxious to work with you.
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SECTION A

INTRODUCTION

The user of transmitting tubes is no doubt
familiar with the usual r-f circuits built around
neutralized triodes, and the many considerations
in layout, circuit design, adjustment, keying,
modulation, and care required to get the best
performance and life for his particular needs. He
probably is not so familiar with an accumulation
of factual experience using the latest designs of
the four-electrode transmitting tube, the tetrode.

It is the purpose of this application bulletin
to cite some of the experience which has been
had with current and new tetrodes to help users
obtain the full capabilities of the tubes.

Briefly stated these new tubes:

1. Have internal feedback coupling reduced

to a very small value.

2. Permit design of amplifier stages which
operate with driving power less than 1%
of output power in most cases, and with
negligible driving power in many audio
cases.

3. Operate efficiently and with good life at
audio and radio frequencies, including
the VHF region (30 to 300 Mc.) and in
some cases into the UHF region (300 to
3000 Mec.).
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4. Take abuse (providing it’s done intelli-
gently and not with a hammer]}.

5. Allow designers to build compact, simple,
flexible equipment with the least chance
of spurious interfering radiations.

The practical desired results, however, can
not be had unless the design, adjustment and
operation of the complete equipment are right.
This recital of some experience with Eimac tet-
rodes can not presume to supply the normal skill
and good techniques necessary to build success-
ful electronic equipment. It may make it easier
by showing layouts, circuit considerations, ad-
justment techniques, and operating values, which
have worked. In many ways the problem is little
different from building successful equipment
with triodes.

The bulletin tries to give a general under-
standing, and clues to understanding, some of
the behavior of circuits using tetrodes. For spe-
cific ratings, operating values and information
on a particular tube type, the technical data sheet
for the tube type should be studied. It comes with
the tube, or may be had for the asking.

Fig. |

Well arranged, filtered, and shielded

r-f amplifier. Designed and built by

R. L. Norton (W6CEM), and in use
at WIFH,



SECTION B

LAYOUT

B-1. General

The metallic enclosure in which the tetrode
or tetrodes operate serves the following three
purposes:

1. Completes the shielding between the out-
put (plate circuit) and the input (grid
circuit).

2. It channels the forced cooling air, or
convection air currents, so as to cool the
tube adequately and, incidentally, the
associated component parts as well.

3. It confines the radio frequency energy
and helps permit selection of the desired
frequency as the only one to be coupled
out to the useful load circuit.

A good example of a suitable enclosure is
shown in Fig 1.

B-1-a. Shielding
By referring to Figs. 2, 3, 4, 5, and 6, one

Fig. 2

Push-pull r-f amplifier employing 4-250A tetrodes.
Designed and built by C. F. Bane [W&WB)®,

Fig. 3

Push-pull 88-108 Mc. | Kw. amplifier employing
4-400A tetrodes. Radio Engineering Laboratories,
Model 701 transmitter.

can readily see several r-f layouts which have
been satisfactory in practice. Note that in all
cases the tube is mounted vertically with the
base down, and the socket is mounted flush with
the deck separating the compartment below the
tube and the compartment above the tube. In all
cases the grid and filament (or cathode termin-
als) are on the base end of the tube and extend
into the lower compartment. The plate circuit
and plate terminal are in the upper compart-

ment.

In the case of tubes having metal base shells,
grounding clips should be carried by the bolts
mounting the socket so as to bring the base shell
to chassis potential. This completes the shielding
between the output and input circuits since the
base shell of the tube comes up opposite the

screen shield within the tube itself.
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section B

Fig. 4

Push-pull 110 Mec. amplifier employing 4-1000A
tetrodes, Gates Radio Co. Model BF

3 kw trasmitter.

By having the tube and circuits in com-
pletely enclosed compartments and by properly
filtering incoming supply wires, it is possible to
prevent the coupling out of radio frequency
energy by means other than the desired output
coupling.

Such filtering prevents the coupling out of
energy which may be radiated promiscuously or

Fig. &

Experimental 950 Mc. doubler final and ftripler
driver employing 4XI150A tetrodes. Designed arid
built by Eitel-McCullough Laboratories.,

be fed back to the input or earlier stages to cause
trouble. Energy fed back to the input circuit
causes undesirable interaction in tuning, or self
oscillation. If energy is fed back to the earlier
stages, the trouble may be greater due to the
larger power gain over several stages.

The layout for an audio stage follows simi-
lar general arrangements. See Fig. 7.

Fig. 5
Experimental push-pull parallel 110 Mc. 3 kw ampfi-

fier employing 4X500A tetrodes. Designed and
built by Eitel-McCullough Laboratories.

page 3

Fig. 7

Experimental 500 watt Class-AB, audio amplifier.
Designed and built by Eitel-McCullough
Laboratories'.



4-125A mounting providing cooling, shielding and
isolation of output and input compartments.

B-1-b. Air Cooling

If the flow of cooling air is upward it will be
consistent with the normal flow of convection
currents. See Figs. 8 and 9. In all cases the
socket is an open structure or has adequate vent
holes to allow cooling of the base end of the tube.
Cooling air enters through the grid circuit com-
partment below the socket through a screened
opening, passes through the socket cooling the
base end of the tube, sweeps upward cooling the

Fig. 9

4X)50A chassis mounting providing cooling, shield-
ing and isolation of output and input compartments.

glass envelope and into the output circuit com-
partment. The output compartment also has a
mesh-covered opening which permits the air to
vent out readily. These arrangements apply
whether the tube is cooled by forced air or con-
vection circulated air. If the tube is to be forced-

SECTION B

air cooled, a suitable fan or blower is used to
pressurize the compartment below the tubes. No
holes should be provided for the air to pass from
the lower to the upper compartment other than
the passages through the socket and tube base.
Some pressure must be built up to force the prop-
er amount of air through the socket. In the case
of convection cooling, open louvers or screened
areas permit ready entrance of cool air, and all
access holes or vents should have large areas to
provide a minimum resistance to the flow of air.

ety
/-'«
)\

Fig. 10

DO NOT SUB-MOUNT A METAL BASE SHELL
TUBE. Base cooling is prevented and no improve-
ment in shielding results.

DO NOT SUB-MOUNT A TUBE WITH
METAL BASE SHELL SO THAT THE CHASSIS
DECK OR MOUNTING DECK COMES UP
ABOVE THE VENT HOLES OF THE BASE
SHELL OF THE TUBE. See Fig. 10. No improve-
ment in isolating output and input circuits re-
sults, and such an arrangment prevents the flow
of cooling air, whether forced or by convection
currents. If a tube must be recessed into the
mounting deck because of space limitations, a
recessing cylinder with wide clearances should be
used to permit the air from the base holes to vent
into the compartment above deck.

The method shown in Figs. 8 and 9 of sup-
plying the cooling air to the tube has worked
successfully, provided the desired flow is ob-
tained, and it is to be preferred over methods
which try to force cooling air transversely across
the tube base.

page



secTioN B

In the case of the 4X150A, 4-400A, and
4-1000A tetrodes, there are available complete
air system sockets. See Fig. 11. These permit
cooling air to be blown axially onto the base of
the tube, through or past the base, confined by a
suitable chimney to cool the glass portion of the
tube, and then forced onto the plate terminal or
through the anode cooler. This combined system
permits a single stream of air to cool a tube com-
pletely in a manner determined to be well bal-
anced by the manufacturer. Since the air chan-
nel is well defined and its resistance to the flow
of air standardized, a simple measurement of the
air pressure at the input indicates the proper
flow of air. This assumes that there are no other
air flow restrictions.

B-2. Component Parts

If one is to maintain the isolation of the out-
put and input circuits indicated on the general
layout, there must be some thought given to the
location of the component parts. All component
parts of the grid or input circuit and any earlier
stages must be kept out of the plate circuit com-
partment. Similarly, plate circuit parts must be
kept out of the input compartment. It must be
noted, however, that the screen lead of the tube
and connections to it via the socket are common
to both the output and input resonant circuits.
Due to the plate-screen capacitance of the tube,
the r-f plate voltage (developed in the output
circuit) causes an r-f current to flow out the
screen lead to the chassis. In the case of a push-
pull stage, this current may flow from the screen
terminal of one tube to the screen terminal of
the other tube. Similarly, due to the grid to
screen capacitance of the tube, the r-f voltage in
the input circuit will cause an r-f current to flow
in this same lead to chassis, or to the opposite
tube of the push-pull circuit.

Curiously enough, the inductance of this
lead, common to both the output and input cir-
cuits, has the desirable feature of providing volt-
age of opposite polarity to neutralize the feed-
back voltage of the residual plate to control-grid
capacitance of the tube. (This is discussed under
section D-2 ‘“Neutralization’.) It should be
noted, however, that the mutual coupling from
the screen lead to the input resonant circuit
might possibly be a source of trouble if accen-
tuated.

page 5
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Fig 11

Eimac 4-400A/4000 Air System Socket providing
balanced tube cooling by a single stream of air.

Parasitic oscillations are usually unavoid-
ably present in new designs. Such parasitic os-
cillations result from the minor characteristics
of some of the lead wires and circuit components
and such incidental circuits must be altered to
prevent their occurrence. This is a straight-for-
ward “de-bugging” and will not affect the per-
formance of the fundamental frequency.

Thus, after the general arrangement of the
layout of the new amplifier is known, the loca-
tion of the component parts is the next step. No
attempt is made to discuss details other than
those which are peculiar to power tetrodes.

No given layout can be guaranteed be a
cure-all for trouble. It is believed that pertain
basic ideas and arrangements can be considered
as good practice, which will make ‘‘de-bugging”’
easier, Certain of the component parts'might
just as well be laid out following one of these
arrangements.

The photographs of equipment are examples
of good layout. The bypassing arrangements
near the tetrode socket illustrated in Figs. 12,
13 and 14 are examples of successful arrange-
ments. They are not presumed to be perfect nor
the only possible good arrangements.

B-3. Lead Lengths

Some of the inter-connecting lead wires
close to the tube should be made extremely low
inductance to minimize the chances of forming
possible VHF parasitic circuits. If two or more
tubes are used they should be placed reasl)nably



Fig 12

Underside of push-pull multi-band r-f amplifier
employing 4-250A tetrodes. Designed and
built by C. F. Bane (W&WB)*.

close together to help provide short inter-con-
necting leads. The lead lengths of radio frequency
circuits involving the fundamental frequency can
usually be much longer and will depend a good
deal on the frequency of the fundamental. All of
the d-c, keying, modulating, and control circuit
wires can be quite long, if properly arranged,
and so be kept away from the active r-f circuits.
The following inter-connecting leads in a
tetrode power amplifier should preferably have
quite low inductance: the filament and screen by-
passing leads, the leads from grid and plate to
the tuning capacitor of the r-f circuit and return,
and the inter-connections from tube to tube in
push-pull or parallel arrangements. For a lead to
have low inductance, it must have a large sur-
face and be short in length, as in a strap or a
ribbon. This consideration also applies to that
portion of a lead inside of a bypass capacitor.

GRID

FILAMENT

Fig. 13

Typical socket bypassing of screen and filament

terminals as used by C. F. Murdock (W6OMC),

Note use of parallel low inductance ceramic and
larger mica capacitors.

SECTION B

B-4. Filament Bypassing

Low inductance bypass capacitors should be
used in bypassing the filament. It is good practice
to place one directly between the filament socket
terminals. If the circuit allows it, strap one fila-
ment directly to the chassis, and if not, use a sec-
ond bypass capacitor from one terminal to
chassis.

If two or more tubes are in a push-pull or
parallel circuit, one can use a short strap inter-
connecting one of the filament terminals of each
socket, Fig. 14c, g; or the tubes can be bypassed
as in the single tube case, Fig 14b, f. The mid-
point of the inter-connecting strap can be by-
passed or grounded directly.

YHEF HE
;meLE Tuese PUSH PULL TuBES St TusE ‘ PUBH PULL TUBES

% :*5‘ 'fgé:’ S g.f
‘o%:@‘;ﬁ ".&:»f;'%’rf
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Fig. I4

Yarious screen and filament bypassing
arrangements,

In case separate filament supplies are used,
as in individual metering circuits, filament by-
passes as shown in Fig. 14d have been found
satisfactory.

With tubes having a completely isolating
screen cone terminal such as the 4X500A and
4X150A, the general circuit arrangement is
usually different. The filament or cathode should
go directly or through bypasses to the cavity wall
or chassis to which the screen terminal is by-
passed. Typical cavities or arrangements are
shown in Figs. 5, 6, 9 and 17. In the case of the
4X150A air system socket, the cathode terminals
are secured to the mounting cup which also
forms one plate of the screen bypass capacitor.

B-5. Screen Bypassing and Screen Series Tuning

Low inductance leads are generally advisable
for screen terminal connections. For all fre-
quencies it has been found good practice for the
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SECTION B-C

screen bypass capacitor to go directly from
screen to one filament terminal. This applies to
tubes in push-pull as well as single tubes. In the
VHF region the connection to the screen term-
inals should be made to the mid-point of a strap
placed between the two screen terminals of the
socket. This provides for equal division of the
r-f current in the two screen leads and minimizes
the heating effects.

Above the self neutralizing frequency of the
tetrode (about 25 Mec. for the 4-1000A and
around 80 Mec. for the 4-125A) the screen bypass
capacitors are usually variable capacitors. (See
section D-2 “Neutralization”). The variable
capacitors are placed in the circuit at the same
location as the bypass capacitors. Care should
be taken to keep the inductance of the leads low.

The information in Fig. 14 and paragraphs

CIRCUIT CO

C-1. Basic Circuits

The basic circuits of tetrode amplifiers for
both audio and r-f power amplifiers are in gen-
eral similar to those for triode amplifiers. The
tubes perform the same functions and differ prin-
cipally in having much lower driving power re-
quirements and much greater inherent isolation
between output and input circuits. Such differ-
ences as exist in the details and associated cir-
cuits are discussed in the following paragraphs
and sub-sections.

In designing the basic r-f circuits, reference
should be made to the technical data sheet of the
particular tube type for the electrode voltages
and currents, and the output and driving power
to be expected.

Because of the ability of the screen to assist
in the flow of plate current, the grid can control
a large plate current without going positive. For
this reason low distortion audio amplifiers in
class AB, are possible. Thus, the tube requires
audio driving voltage only (with no grid current
flowing) while delivering large audio power,
such as 750 watts from a pair of 4-250A’s or 3
kw from a pair of 4-1000A tetrodes. For such a
circuit refer to Fig. 15 where a pair of receiving
tubes in a resistance coupled, phase inverting cir-
cuit is all that is required to drive the tetrode.
For a typical equipment design see Atkins &
Mandoli’, and Fig. 7.
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above apply directly to tubes having the screen
grid mounted on internal supporting lead rods,
as in the types 4-65A, 4-125A, 4-250A 4-400A,
4X500F and 4-1000A.

The types 4X150A, 4X150G, and 4X500A
have isolating screen cone terminals. These tubes
seem to work best when the screen bypass capac-
itor is a flat sandwich type of capacitor (using
silver coated mica for a dielectric) built directly
onto the peripheral screen contacting collet of
the socket. This arrangement is illustrated in
Figs. 5, 6, and 17. Provided the screen contacting
collets do not introduce appreciable inductance,
it has been found that capacitors having values
of about 800 micro-microfarads or greater are
suitable for VHF and UHF frequencies. At lower
frequencies the usual bypass capacitor values of
about .001 to .003 mfd are suitable.

NSIDERATIONS

4-2508

SHIELD

£

D03/ VR (50
003/ VR 40
OC3/VR 145
SCI/VRI9S
() v
0o o (<) -] 00 -t (L
3V .10V FROM -90v sy T +2500V

DRIVER
5 WATTS

Fig. 15

Typical high-level-modulated r-f amplifier circuit
with modulator and driver stages, 1000 watts
input.



VHF circuits appear very simple and clean
as shown in Figs. 3, 4, and 5. Care in bypassing
and neutralizing (if required) is very important.
For details see Sections B-4, B-5 and D-2. A
typical schematic circuit is shown in Fig. 16. An
understanding of transmission line circuits is
helpful though no more necessary in tetrode cir-
cuits than triode circuits.

ﬁ:

4-125A
A

RFC

+Esp

Fig. 16

Screen-tuning neutralization circuit for use above
100 Mc. with 4-125A tetrode.

Some tetrodes are able to operate well into
the UHF region, and coaxial type cavity circuits
are normally employed. In general, microwave
and cavity techniques apply to the cavity con-
struction. As indicated in Fig. 17, screen bypass-
ing is introduced as part of the cavity construc-
tion.

Fig. 17

Schematic cavity section of 1250 Mc., amplifier
employing 4X150G tetrode.

SECTION c

C-2. Bypassing, Filtering, Screening

Essentially the requirements for confining
the r-f energy to the desired circuits by bypass-
ing, filtering, and screening are the same with
tetrode power amplifiers as with triode amplifiers.
See section B-1, 4, 5 and D-2 for discussion of
best arrangements.

C-3. Power Supply Consideration

In general, power supply problems for the
plate and grid are the same as for the triode
amplifier. The need for screen voltage introduces
some new considerations and provides some new
possibilities.

Voltage for the screen grid of a power tet-
rode can readily be taken from the power supply
used for the plate of the tube. In this case a
series resistor, or potential dividing resistor, is
chosen so that with the intended screen current
the voltage drop through the resistor is adequate
to give the desired screen voltage. It is, of course,
possible to take the screen voltage from a low
voltage supply, frequently using one already
available in the equipment. There is considerable
latitude so that an available voltage can be used.
Sometimes a combination might be employed
where a dropping resistor is used in conjunction
with a low voltage or intermediate voltage sup-
ply. Frequently a combination of series resistor
and voltage source can be chosen so that the
rated screen dissipation will not be exceeded re-
gardless of the variations in screen current. With
a fixed screen supply, there are advantages in
using an appreciable amount of fixed grid bias so
as to provide protection against loss of excita-
tion, or for cases where the driver stage is being
keyed.

If the screen voltage is taken through a
dropping resistor from the plate supply, there is
usually little point in using a fixed grid bias be-
cause an unreasonable amount would be required
to protect the tube if the excitation failed. When
a screen dropping resistor is used, most of the
bias is normally supplied through a grid resistor
and other means are used for tube protection.

Under operating conditions with normal
screen voltage the cut-off bias is low (about 1/5
the screen voltage). When a stage loses excita-
tion and runs statically, the screen current falls
close to zero. (See static curves of tube in ques-
tion.) If the screen voltage is obtained through
a simple dropping resistor from the plate supply,
the screen voltage will then rise close to full plate
voltage. Because the cut-off bias required is pro-
portional to the screen voltage, the grid bias re-
quired will be much greater than the amount of
bias desired under normal operating conditions.
For further discussion see C-4 “Protection” and
C-5 “Keying”.
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SECTION C

If the output power of a transmitter or am-
plifier stage is to be adjustable by varying the
plate voltage, it is advisable to take the screen
voltage through a dropping resistor from the
plate supply. Then, as the plate supply voltage is
raised or lowered, the screen voltage rises or falls
also and the plate current will follow. Alter-
natively, the sceen supply could be separate but
with large series resistance to give poor regula-
tion, and the changes in screen current would
cause the screen voltage to rise or fall. It is
necessary to have the plate current proportional
to the plate voltage if the same loading adjust-
ment (load resistance) is to serve for all power
levels. If the plate current does not follow the
plate voltage, the loading would have to be
changed for each power level. This added control
over the screen voltage is necessary because the
plate current in a tetrode is principally controlled
by screen voltage when excitation is present, and
very little by plate voltage alone.

SCREEN YOLTAGE THROUGH
FIXED SCREEN SUPPLY DROPPING RESISTOR

FIXED GRID 8IAS RESISTOR GRID BIAS RESISTOR GRID BIAS

Alt variable grid Screen Mod. R-F Amp. | Plate Mod. R-F Amp.
drive applications, i.e.

Audio Amplifiers. Reduces effects of
Yideo Amplifiers. excitation variations.
Linear R.F Amplifiers.
6rid Mod, R-F Amp.

Provides protection
against loss of
excitation, or
keyed driver.

Varisble foading applications.

Power level adjustable by
changing plate voltage.

Protection can be had for
loss of excitation or keyed
excitor stage by using the
screen voltage control of
Fig. 20.

Fig. 18

Applications and circuits to which fixed and resistor type
screen and grid supplies are best suited.

In Fig. 18 a chart summarizes some of the
reasons for choosing either a fixed screen supply
or dropping resistor type of screen supply. Sim-
ilarly the type of the grid bias is important and
should be chosen with both the application and
the protection of the tube in mind. The d-c
screen and grid currents are sensitive to changes
in excitation and loading, and these changes af-
fect the d-c grid and screen voltages if the sup-
plies have appreciable internal resistance. These
effects may be very beneficial if properly employ-
ed but in some cases are undesirable. For all va-
riable grid drive applications a fixed screen sup-
ply and a fixed control grid bias are necessary. It
should be noted, however, that for a plate modu-
lated r-f amplifier, an r-f amplifier where a
variable loading condition is expected, or where
output power is to be controlled by changing
plate voltage, a screen source with poor regula-
tion is desirable, i.e.,, screen voltage obtained
through a screen dropping resistor,

page 9

SCREEN YOLTAGE THROUGH
CIRCUIT FAILURE FIXED SCREEN SUPPLY DROPPING RESISTOR
FIXED RESISTOR FIXED RESISIOR
GRID GRID GRID GRID
BIAS BIAS BIAS BIAS
Loss of Excitation|No Pro- Plate Current | Plate Current | Plate Current
tection Relay Relay Relay or Screen
Required Contrel Circuit—
Fig. 20
Loss of Antenna |Screen Screen Grid Nothing
Loading Current Current Current Required
Relay Relay Relay
Excess Antenna |Screen Under- [Screen Under. |Plate Current | Plate Current
Loading Current Current Relay Relay
Relay Relay
Failure of Plate |Screen Screen Grid Nothing
Supply Current Current Current Required
Relay Reley Relay
Failure of Screen (Grid |Nothing - —
Supply Current Required
Reley
Failure of Grid  [Plate Current |— Plate Current | —
Bias Supply Relay or Relay
creen Grid Current
Current Relay
Relay

Fig. 19 Protection Chart

This chart indicates the location of a suitable relay which should
act to remove the principal supply voltage from the stage or
transmitter to prevent damage to the tubes.

C-4. Protection

Eimac tetrodes are designed to stand con-
siderable abuse. For instance, the excess anode
dissipation resulting from detuning the plate cir-
cuit of the tube will have no ill effects if not ap-
plied for periods of time sufficient to overheat
the bulb and the seal structure.

Similarly the grid and screen will stand
some excess dissipation. In the latter cases, how-
ever, the maximum dissipation indicated on the
data sheet should not be exceeded except for time
intervals of less than a second. The maximum
dissipation rating of the grid and screen is
usually considerably above the typical values
used for maximum output so that ample operat-
ing leeway is provided. The time of duration of
overloads on the control and screen grids is
necessarily short because of the small heat stor-
age capacity of the wires. Futhermore, grid tem-
peratures cannot be seen, as in the case of the
plate temperature, and no visual warning of
accidental overload is had.

The type and degree of protection required
in an r-f amplifier against circuit failures will
vary with the type of screen and grid voltage
supply. Fig. 18 indicates some of the inherent
protection provided by certain types of supplies,
and Fig. 19 presents a chart of protection as re-
lated to certain kinds of circuit failures. For
screen voltage taken through a dropping resistor
from the plate supply, a plate relay provides al-
most universal protection. For a fixed screen sup-
ply a screen relay provides protection in most
cases, and, for protection against excess antenna
loading and consequent high plate dissipation, a
screen undercurrent relay should also be used.
(Starting up in the latter case will, of course, re-
quire a temporary hold-in circuit.)



Plate, screen, and grid bias voltages may be
applied simultaneously to a tetrode. Grid bias
and excitation can usually be applied alone to the
tube, especially if a grid leak resistor is used.
Plate voltage can be applied to the tetrode be-
fore the screen voltage, with or without excita-
tion to the control grid. NEVER APPLY
SCREEN VOLTAGE BEFORE PLATE VOLT-
AGE. The only exceptions would be when the
tube is cut off so that no space current (screen
or plate current) will flow, or the excitation and
screen voltage are low. If screen voltage is ap-
plied before the plate voltage and space current
can flow, the maximum allowable screen dissi-
pation will almost always be exceeded and dam-
age to the tube will result.

C-5. Keying

The tetrode power amplifier can be keyed
using the same basic principles employed with
any power amplifier. In addition, the screen elec-
trode provides another low power circuit where
keying can be introduced. Suitable filters, of
course, must be used so that the make and break
is slow enough to avoid high frequency sidebands
known as ‘key clicks”. The usual ‘“key click”
filter techniques apply.

There are several good methods of controlling
the tetrode r-f power amplifier when exciter key-
ing is used. With the screen voltage fixed and
with fixed bias greater than cut-off, the tube will
pass no current when the excitation is removed.

—
FROM EXCITER
10 PLATE TANK
25000 TO
10G000 OHMS
GRID LEAK
RESISTOR
I i
— +

Fig. 20

Scresn voltage control circuit for exciter keying
or protection against loss of excitation when
supplying screen from high voltage source

SECTION c
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Fig. 21

Tetrode amplifier keying circuit used by B, O.
Balou (WOBET)".

It is also possible to key the exciter stage
when the screen voltage is taken through a drop-
ping resistor and grid leak bias is used. See Fig.
20. In this system a high transconductance, low
mu triode is connected between screen and cath-
ode, and the controlling bias for the small triode
is taken from the tetrode bias developed in the
grid leak resistor. When normal excitation is
present on the tetrode r-f amplifier and grid bias
is developed, the triode control tube is cut off
and the screen voltage circuit operates normally.
If excitation voltage is removed from the tetrode
power amplifier, the bias voltage developed in
the resistor drops to zero and the control triode
becomes conducting. The current drawn by the
triode control tube will increase the IR drop in the
screen dropping resistor and lower the screen
voltage to a very low value.

There is still some screen voltage on the
tetrode and a small static plate current fows
which, however, is usually not enough for the
plate dissipation rating to be exceeded. This
value can be reduced further by putting a second
control triode in parallel with the first (also a
smart precaution against failure of the single
triode), by putting a gas regulator tube in series
with the lead to the screen before the screen
r-f bypass capacitor, or by introducing a small
amount of fixed bias on the tetrode between the
grid resistor and the tetrode grid. These pro-
cedures are usually not required. In fact, the
static plate current gives a desirable bleeder ac-
tion for the plate supply.

Fig. 21 shows a method of keying a tetrode
r-f power amplifier where the low voltage
power supply for the screen of the tetrode and
for the plate and screen of the driver stage is
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keyed directly. The circuit is described by
Ballou?, "'. This permits keying in a relatively
low voltage, low current circuit. The key click
filter capacitor, resistor, and choke are simple
and assure positive control of the keying wave
shape.

C-6. Modulating

A tetrode r-f amplifier can be amplitude
modulated in all the usual ways: plate modula-
tion, screen modulation, grid modulation, or
cathode modulation. Of these, plate modulation
is the type most extensively used, and a discus-
sion of several simple methods of obtaining sim-
ultaneous modulation of the screen will be
helpful in this respect.

T =
i e I‘_g? it

Fig. 22

Basic high-level-modulating circuits for tetrodes.

Fig. 22 shows three of the basic plate modu-
lation (or high level modulating) circuits, and
Fig. 15 shows a complete schematic involving a
plate modulated r-f amplifier and the audio
modulator stage, using a pair of 4-250A tetrodes
to modulate a pair of 4-250A tetrodes.

In plate modulation it is necessary to intro-
duce not only amplitude modulation of the plate
voltage, but also to develop about 70% ampli-
tude modulation of the screen voltage of the tube
as well, for 100% carrier modulation. Modula-
tion of the screen voltage can be developed in one
of the following three ways:

1. By supplying the screen voltage through

a dropping resistor connected to the un-
modulated d-c plate supply.

2. When a low voltage fixed screen supply
is used, a modulation choke is placed in
series with the supply. In the case of
voice modulation this is about a 10
henry choke.

3. A third winding on the modulation trans-
former designed to develop the required
screen modulation voltage.

page 11

It is interesting to note that in all three
cases the screen of the tetrode tube supplies the
necessary audio power. During the portion of
the modulation cycle when the plate voltage is
increased, the screen current decreases. If the
screen is supplied through an impedance such as
the screen dropping resistor, or modulation
choke, the voltage drop in this series impedance
becomes less and the screen voltage rises in the
desired manner. On the other part of the modula-
tion cycle when the plate voltage is decreased,
the screen current increases causing a greater
voltage drop in the screen series impedance, thus
lowering the voltage on the screen of the tube.

It will be noted that in the plate circuit as
the plate voltage increases, the plate current in-
creases, which requires power to be supplied
from the audio modulator. In the screen circuit
however, as the screen voltage increases, the
screen current decreases. This corresponds to
audio power being supplied from the tetrode
and d-c screen voltage source, and delivered to
the dropping resistor or series impedance. In the
case of the modulation transformer the power is
supplied back to the audio source. In all cases,
this power is a few per cent of the plate power
input to the tube and is therefore negligible.

Where modulation voltage appears on an
electrode of a tube, the r-f bypass capacitor of
this electrode should be kept to about .002 mmfd
or less in order to avoid bypassing high modula-
tion frequencies.

In grid modulation or screen modulation,
where 100% modulation capabilities are desired,
the tube efficiency under carrier conditions is
about half that expected in the r-f amplifier when
plate (high level) modulation is used. This
efficiency is usually on the order of 35% and thus
grid or screen modulation is not used unless there
is a desire to save on the physical size of the
modulation source.

When grid modulation is used, the screen
voltage and grid bias must be taken from sources
with good regulation. This usually means a sep-
arate low voltage power supply source. In the
case of screen modulation, the grid bias should
be taken from a grid leak bias resistor. The pro-
cedure in screen modulation is otherwise similar



to the standard procedure af modulating with an
electrode other than the plate. The r-f amplifier
is adjusted to good class-C operating conditions,
and then the grid bias is increased, or the screen
voltage is reduced, until the output antenna cur-
rent falls to half its former value. This gives a

SECTION C'D

carrier condition which will permit 100% ampli-
tude modulation. Under these conditions the
unmodulated carrier power is about !5 that of
the corresponding unmodulated class-C ampli-
fier. The grid bias or screen voltage can then be
modulated up and down about this carrier point.

CIRCUIT ADJUSTMENT AND
CHOICE OF OPERATING CONDITIONS

D-1 Stabilizing the Amplifier

At this point it is assumed that the ampli-
fier has been built, supply and control circuits
tested out, the filament voltage checked at the
tube sockets, air cooling is correct, and the grid
and plate circuits resonate at the desired fre-
quency. The next step is to apply voltage to the
amplifier and test for stability.

D-1-a. Testing for Parasitic Oscillations

In the case of the tetrode r-f power ampli-
fier, it will be necessary to investigate not only
for the possibility of self oscillation, but lack of
feedback on the fundamental frequency. The
basic steps of checking for self oscillation are
three fold:

1.

The amplifier should be operated without
r-f excitation and without fixed grid bias,
with light loading and with low voltages
applied to the screen and plate. The volt-
age should be high enough to develop
full plate dissipation, however. For this
test grid leak bias should be used. If the
screen and plate voltage supplies can-
not be adjusted directly to low voltages,
suitable series resistance should be used,
either in series with the rectifier out-
put or transformer primary so that the
voltages developed at the tube will be
low. (Simple light bulbs of the right size
will serve as resistors in series with the
primary of the rectifier transformers.)
The r-f circuits should be tuned off reso-
nance to see if self oscillation of the am-
plifier can be started. The presence of
any current on the grid milliameter
means that self oscillation is present.

By means of a wave meter the frequency
of self oscillation of the r-f power ampli-
fier is found.

3. The circuit supporting the self oscilla-
tion must be determined and altered so
that such oscillations cannot exist, and
without disturbing the performance on
the normal frequency of the amplifier.

The subject of parasitic oscillations in am-
plifiers has been well covered in the literature,
and the following references will be helpful:
Mix?, Fyler*, Bane®.

D-1-b. Correction of Parasitic Oscillation

The usual self oscillations in r-f power am-
plifiers have been found to fall in the following
three classes:

1. Oscillation at a VHF frequency from
about 40 to 150 Mc., regardless of the
normal frequency of the amplifier.

2. Self oscillation on the fundamental fre-
quency of the amplifier.

3. Oscillation at a low radio frequency be-
low the normal frequency of the ampli-
fier.

The low frequency oscillation in an ampli-
fier usually involves the r-f chokes, especially
when chokes are used in both the output and in-
put circuits. Because the possible feedback
coupling in a tetrode is negligible at such low
frequencies, this type of oscillation due to feed-
back through the tube is generally not found in
the tetrodes under discussion.

Oscillation near the fundamental frequency,
if it occurs, involves the normal resonant cir-
cuits, and brings up the question of neutralizing
the r-f power amplifier. This general subject is
discussed thoroughly under ‘‘Neutralization”
section D-2.

In case a parasitic self oscillation is found
on a very high frequency, the inter-connecting
leads of the tube, the tuning capacitor and by{pass
capacitors are involved. This type of oscillation
does not usually occur when the power ampli-
fier is designed for operation in the VHF region

page 12



SECTION D

and where the r-f circuits external to the tube
have negligibly small tuning capacitors. With-
out tuning capacitors the highest-frequency os-
cillating circuit possible is then the fundamental
and there would be no higher frequency circuit
available for the parasitic. (The only exception
would be where higher order modes of line cir-
cuits might provide a parasitic circuit. However,
little trouble has been found in this respect.)

7

&
T S

; -

Fig. 23

Usual circuit supporting VHF parasitic oscillation
in HF r-f amplifiers.

The VHF oscillation occurs commonly in
amplifier constructions where the radio fre-
quency circuits are composed of coils and capaci-
tors, as in the HF and LF region. As will be seen
in Fig. 23, the parasitic oscillation uses the capa-
citors of the fundamental resonant circuit as by-
pass capacitors, and the associated grid and plate
leads for the inductances of the parasitic circuit.
The tube capacitances help form the tuned-plate
tuned-grid oscillation circuits. The circuit is in-
dicated by the heavy lines in Fig. 23.

There are several straight-forward ways to
suppress the VHF parasitic oscillation. In gen-
eral, it will probably be more easily suppressed
if the general layout and bypassing methods in-
dicated earlier are followed.

It turns out that the frequency usually met
in a VHF parasitic oscillation is well above the
self neutralizing frequency of the tube. (See
D-2-b “Analysis of Neutralizing Circuits”.) How-
ever, if the self neutralizing frequency of the
tube can be increased and the frequency of the
parasitic lowered, complete suppression of the
parasitic may result, or its suppression by resis-
tor-coil parasitic suppressors made easier.
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The following table lists the usual frequency
around which the VHF parasitic may occur with
usual circuit lead lengths:

4-1000A 90-110-Mec.
4X500F . . . . 130-145 Mc.
4X500A Approx. 225 Me.
4-400A . . . . 130-150 Me.
4-250A . . . 130-150 Mc.
4-125A . . . . 130-145Me.
4-65A . . . . . 130-170 Mec.

It is also possible to predict fairly closely
with a grid dip wavemeter the frequency to be
expected in a given equipment. The circuit should
be complete and no voltages on the tube. The
grid terminal may be strapped to the filament or
screen because the grid circuit does not usually
seem to be involved. Couple the meter to the
plate or screen lead.

The following two methods of eliminating
the VHF parasitic oscillation have been used
successfully:

1. By placing a small coil and resistor com-
bination in the plate lead between the
plate of the tube and the tank circuit.
See Fig. 24. The resistor-coil combina-
tion is usually made up of a non-induc-
tive resistor of about 50 to 100 ohms,
shunted by 3 or 4 turns about %" in
diameter and frequently wound right
around the resistor. In some cases
it may be necessary to use such a sup-
pressor in both the plate and grid leads.
The resistor coil combination operates
on the principle that the resistor loads
the VHF circuit but is shunted by the
coil for the lower fundamental fre-
quency.

NJ
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Fig. 24

Placement of parasitic suppressors to eliminate
VHF parasitic oscillations in HF r-f amplifiers.



2. By the use of small parasitic chokes in
the plate lead. See Fig. 24. The size of
this coil will vary considerably depend-
ing upon the tube and the circuit layout,
and may run from about 4 to 10 turns of
about a 14 ' diameter. Apparently, the
presence of this choke in the frequency
determining part of the circuit lowers
the frequency of a possible VHF para-
sitic so that it falls near the self neutral-
izing frequency of the tube and bypass
leads. (See D-2-b “Analysis of Neutral-
izing Circuits.”) In addition to varying
the size of the suppressor choke, the
amount of inductance common to the
screen and filament in the filament
grounding strap may be a factor. This
can be varied simultaneously with the
suppressor choke.

Of the two methods indicated above for sup-
pressing VHF parasitic oscillations, the first one
is probably the simpler to use and has been
widely employed. No detailed study has been
made of the circuits involved in the second
method, but the method has been used success-
fully as indicated by Mix® and Bane®. A further
discussion of the theory believed active in the
second case is given under section D-2 “Neutral-
ization”.

The procedure of checking for self oscilla-
tion in an r-f power amplifier described above
in section D-1 will normally show up most trou-
ble and allow for its correction. If, however,
the correction is marginal it may sometimes
happen that under operating conditions the self
oscillation will be triggered off. The oscillation
may occur only on the peaks of amplitude modu-
lation or on keying surges. By observing the r-f
envelope on a cathode ray oscilloscope, the oscil-
lation can usually be seen. The trouble can be
fully eliminated by pursuing further the correc-
tive procedures outlined under D-1-b above.

A more difficult self oscillation to locate is
one occurring on a harmonic of the fundamental
frequency and occurring only when the stage is
operating. It will show up when testing for the
presence of abnormal power in the harmonics
under operating conditions.
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In the case of an audio amplifier employing
tetrodes, small non-inductive resistors of about
100 ohms resistance should be placed in series
with the plate, and possibly the grid as well, in
case self oscillation of the amplifier occurs in the
very high frequency portion of the r-f spectrum.
Should the audio or d-c voltage drop in the re-
sistor be objectionable, it can be shunted with a
small coil.

D-2. Neutralization

Whether or not a tetrode should be neutral-
ized seems to be an open question. As stated
previously, the feedback within tetrodes is a very
small fraction of the feedback present in triodes.
In a great many cases the isolation provided by a
tetrode is enough so that there is no need to use
any neutralization to counteract the negligible
feedback. This applies to all low frequency r-f
amplifiers. Whether or not neutralization should
be used in the HF, the VHF and UHF regions de-
pends entirely upon the particular tube type, the
cperating conditions and the desired isolation of
output and input circuits. In the case of tubes
having isolating screen cone terminals, as for in-
stance the 4X150A and 4X150G, no neutraliza-
tion has been found necessary up through their
highest useful amplifier frequency, approximate-
ly 500 Mec. and 1000 Mc. respectively. In the case
of the 4X500A, also employing the isolating
screen cone terminal, it is occasionally found de-
sirable to use neutralization at 100 Mc., though
this is frequently not necessary. In the case of
tetrodes having internal screen support lead rods,
such as the 4-125A and 4-250A types, the need to
employ neutralization in the HF region may be
found in amplifiers operating with high power
gain and high plate voltages, if complete isola-
tion of output and input circuits is desired. Fre-
quently it is not necessary.

At frequencies below the VHF region, neu-
tralization usually employs a capacitance bridge
circuit to balance out the feedback due to the
residual plate to grid capacitance. This assumes
that the screen is well bypassed to ground and
so provides the expected screening action. In the
VHF and UHF regions the screen is not necessar-
ily at r-f ground potential and the neutralizing
circuit becomes more involved. For suitable VHF
circuits and simple explanation, see Section
D-2-b *“‘Analysis of Neutralizing Circuits”.
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If neutralization on the fundamental fre-
quency below the VHF region is found desirable,
normal cross-neutralization of push-pull ampli-
fiers is simplest. The neutralizing capacitors are
small and each capacitor need only be a wire
connected to each side of the grid circuit, brought
through the chassis deck, and allowed to “look”
at the plate of the tube on the opposite half of
the circuit. This is illustrated in Fig. 2. The wire
or rod can be %2 ""to 1" away from the glass, and
by adjusting its length or spacing the last trace
of coupling can be eliminated from the amplifier.
A simple insulating collet mounted on the chassis
deck will support the wire or rod and allow it to
be adjusted.

In the case of a single-ended stage, either a
push-pull output or a push-pull input circuit can
be used to provide the out-of-phase voltage neces-
sary for neutralization. Because of the low volt-
age and the small size of the r-f input circuit, it
is usually simpler to make the input circuit push-
pull, and the circuit becomes a ‘“grid neutraliza-
tion” circuit. See Fig. 25. The neutralizing
capacitor, Cn, is again very small and similar to
those described above under cross-neutralization.
To maintain the balance of the input circuit while
tuning, it is desirable to have a padding capaci-
tor, Ci, equal in size to the input capacitance of
the tetrode.

RF
Output

Fig. 25

Push-pull grid neutralization, basic circuit.

Single-ended r-f stages can also be easily
grid-neutralized without using a conventional
push-pull input circuit. See Fig. 26. In this
method described by Bruene’, the input resonant
circuit is taken off ground a small amount by
making the input circuit bypass capacitor, C,
somewhat smaller than usual. The voltage to
ground across capacitor, C, is out of phase with
the grid voltage and can be fed back to plate to
provide neutralization. In this case the neutral-
izing capacitor, Cn, is considerably larger than
the capacitance plate to grid and is about the
size of those used for neutralizing triodes.

The basic circuit of the Bruene method is
shown in Fig. 26a. It can be redrawn as a capaci-
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tance bridge showing clearly the grid neutraliza-
tion circuit. See Fig. 26b. Balance is had when
Cn Cgp

C  Cgf where Cgp is the feedback capaci-
tance grid to plate of the tetrode, and Cgf is the
total input capacitance, including tube and stray
capacitance.

(a)

|
LN
i
|
~

Fig. 26

Single-ended grid neutralization described by Bruene®.
a) Basic Circuit. b) Arranged as
capacitance bridge.

Single-ended amplifiers can also be meutral-
ized by taking the plate circuit a small amount
off ground as was done in the single-ended grid
neutralizing scheme, and by using the tube ca-
pacitances as part of the bridge circuit. This
method has been described by Hultberg?.

Fig. 27

Single-ended plate neutralization, basic circuit.
See Hultberg’.

Such a circuit is shown in Fig. 27. It differs
from the usual r-f amplifier circuit in that the
plate by/pass capacitor is returned to the screen
side of the screen bypass capacitor, Cs, and in
adding stray capacitance from plate to ground,
Cp. The size of screen bypass capacitor, Cs, and
the amount of stray capacitance in Cp are chosen
to balance out the voltages induced in the input



circuit by the internal tube capacitances plate to
grid, Cpg, and screen to grid, Csg.

—! Output

Cs

o~
N

L
LA

By-pass

Fig. 28

Single-ended plate neutralization showing
capacitance bridge circuit present.

The circuit is redrawn in Fig. 28 in the
usual bridge circuit form. Balance is had when

Cp Cpg

Cs Cgs .

In usual tetrode structures the ca-
pacitance from screen to grid is roughly half the
published tube input capacitance. (The tube in-
put capacitance is mainly the sum of the capaci-
tance of the grid to screen and the capacitance
grid to cathode. Since as a first guess these two
capacitances are roughly equal, one is not far off
in using half the listed tube input capacitance.)

It should be noted that in all neutralizing
capacitance bridge circuits it is assumed that the
frequency is low enough so that inductances in
the connecting leads and tube structures can be
neglected. This is usually not the case in the
VHF region, especially in single-ended tetrode
stages where bridge circuits balance with a very
small voltage in part of the bridge circuit. At
VHF the small amount of voltage developed in
the residual inductance of the screen circuit can
be enough to accomplish neutralization in itself.
See section D-2-b ‘“Analysis of Neutralizing Cir-
cuits.”

D-2-a. Procedure

The neutralizing process for tetrodes fol-
lows the standard procedure. The first step in
rough adjustment is to break the d-c connections
of the plate voltage and screen voltage leaving
the r-f circuits intact. (If the d-c current path is
not broken, some current is found to flow in
either one of these circuits even though their
voltages are zero, and the presence of this cur-
rent causes the amplifier to work in the normal
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manner, generating r-f power in the plate circuit.
It will then be incorrect to adjust for zero power
in the plate circuit.)

As an indicator of neutralization adjust-
ment, one can use either a sensitive r-f meter
coupled to the plate circuit or observe the reac-
tion on the grid current as the plate circuit is
tuned. When the plate circuit is tuned through
resonance, the grid current will dip when the
circuit is out of neutralization in the same man-
ner as it does with triode neutralization adjust-
ments. The neutralizing circuit is adjusted until
the indication has been reduced to a minimum.

For the final trimming of the neutralization
adjustment, the stage should be returned to oper-
ating condition at reduced power similar to that
used when testing for parasitic oscillations, or
under the final loaded operating conditions. At
the higher frequencies and in the VHF region, it
will be found that a small additional trimming
adjustment of the neutralizing circuit is usually
required. When the plate circuit is tuned through
resonance, the minimum plate current and maxi-
mum control grid current should occur simul-
taneously. The d-c screen current should be
maximum at the same time.

The neutralizing procedures indicated above
apply not only to the HF radio frequencies, but
also apply in the VHF or UHF regions. In the
latter cases the neutralizing circuit is different
and the conventional cross-neutralization schemes
will not be applicable. See below.

Fig 29

Tetrode characteristics involved in feedback
circuit,
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COMPONENTS OF OUTPUT VOLTAGE

—— Qe

Fig. 30

Graphical presentation of components of output
circuit voltages in tetrode when self neutralized.

D-2-b. Analysis of Neutralizing Circuits

Careful analysis of the feedback circuits of
tetrodes in the VHF region has been made® and
the basic concepts follow. In Fig. 29 the tetrode
circuit elements involved in the feedback circuits
are indicated. These circuit elements are inher-
ent and inside the vacuum enclosure of the tube,
and involve the residual capacitance plate-to-
grid, the capacitance from plate to screen, the
capacitance from screen to grid, and the induct-
ance of the screen lead to the tube. It will be
noted that the r-f voltage developed in the plate
circuit Ep causes a current I to flow through the
plate to screen Cps, and the inductance L in the
screen leads. The passage of this current through
the inductance L develops a voltage -E which has
a polarity opposite to that of the plate voltage
Ep.

In Fig. 30 these same circuit elements and
voltages have been arranged with a graphical
representation where the height above or below
the zero line represents magnitude and polarity
of the r-f voltage of that part of the circuit with
respect to zero or filament voltage. Because all of
the circuit components involved are pure reac-
tances, the voltages are either in phase or out of
phase and so can be represented as positive and
negative with respect to each other. The voltages
plotted are the components only of the r-f out-
put circuit voltage Ep and no attempt is made to
show the normal driving voltage on the grid. The
plate “P” is shown at a high positive potential
above zero and the magnitude is represented by
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the distance above the zero line as shown by the
dimension Ep. The voltage developed in the
screen lead inductance places the screen at a
negative voltage with respect to the plate voltage.
The screen of the tube “S” is shown to be below
the filament line, or negative, by the amount -E.
If the circuit were perfectly neutralized* the con-
trol grid “G” would lie on the zero potential line
or at filament potential insofar as any action of
the r-f plate voltage ‘“Ep’’ on the input circuit is
concerned. If there is no component of output
voltage developed between grid and filament, the
circuit is neutralized.

The total r-f voltage between plate and
screen comprises plate voltage Ep and screen lead
inductance voltage -E. This total voltage is ap-
plied across a potential divider consisting of the
capacitance plate to grid, Cpg, in series with the
capacitance grid to screen, Cgs. When |this po-
tential divider is suitably matched to the magni-
tudes of the voltage Ep and screen lead voltage
-E, the control grid will have no voltage differ-
ence to filament as a result of the output circuit
voltage Ep. !

It should be noted in Fig. 30 that the poten-
tial dividing action between capacitances plate-
to-grid, Cpg, and grid-to-screen, Cgs, will not
be affected by the operating frequency. Ilt should
be noted also that the division of voltage between
plate and screen and screen and ground due to
the charging current, I, will vary greatly with
frequency. There will, therefore, be some part-
icular frequency at which this potential dividing
circuit places the grid at filament potential as far
as the plate circuit action is concerned, and this
is called the self neutralizing frequency of the
tetrode. At this particular frequency the! tetrode
is inherently neutralized due to the circuit ele-
ments within the tube structure and any 1éxternal
added screen lead inductance to ground,|Typical
self neutralizing frequencies with norma] screen
by-passing circuits are as follows:
Approximate Self Neutralizing Frequetcies of
Tetrodes !

4-1000A . . . . 25to 30 Me.
4-400A . . . . . . 45Mg
42504 . . . . . . 45Me
4X500F . . . 75to 90 Me
4-125A . . . . T5to 90 Mc
4-65A . . . . 80to 120 Mc
4X150A

4X150G apparently above the
4X500A useful range of the tube.



COMPONENTS OF OUTPUT VOLTAGE

——— Ot

Fig. 3

Components of output voltage of a tetrode when
neutralized by added series screen-lead
capacitance.

When the tube is operated below the self
neutralizing frequency, the normal cross neutral-
izing circuits apply. In this case a neutralizing
capacitor approximately equal to the plate grid
capacitance of the tube brings voltage of oppo-
site polarity from the output circuit to the grid
or from the input circuit to the plate.

If the operating frequency is higher than the
self neutralizing frequency of the tetrode, the
voltage -E developed in the screen grid lead in-
ductance is too large to give the proper voltage
division between the internal capacitances of the
tube. One obvious method of reducing the volt-
age in the screen lead reactance is to series tune
the screen lead to ground so as to lower the total
reactance. This takes the form of a series vari-
able capacitor as shown in the graphical repre-
sentation in Fig. 31.

Another method would be to change the
potential divider network made up of the tube
capacitances. This could be done by adding
capacitance external to the tube between grid
and plate. The method is shown in Fig. 32. This
added capacitance plate-to-grid is on the same
order of size as the residual grid plate capaci-
tance of the tetrode and hence is similar in con-
struction to the neutralizing capacitance used
at lower frequency. However, in this case the
small wire or rod standing up beside the tube
“looking”’ at the plate (and so forming a neutral-
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PgENIS OF QUTPUT VOLTAGE
—
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Fig. 32

Components of output voltage of a tetrode when
neutralized by added external grid-to-plate
capacitance,

izing capacitor) is connected to the grid of the
tube rather than to an opposite polarity in the
input circuit.

If the r-f power amplifier, operating above the
self neutralizing frequency of the tube, must
tune over a range of frequencies, it is probably
easier to use the screen series tuning capacitor
method and make this control available to the
operator. If operation is desired over a range of
frequencies including the self neutralizing fre-
quency of the tube, this circuit is also desirable
because the incidental lead inductance in the
variable tuning capacitor lowers the self neutral-
izing frequency of the circuit so that the neutral-
izing series capacitor can be made to operate
over the total desired frequency range. Obvi-
ously, if the range is too great, switching of neu-
tralizing circuits will be required. Usually, a
small 50 or 100 mmfd variable capacitor in the
screen lead has been found satisfactory.

D-2-c. Self-Neutralization of the VHF Parasitic

Another method of changing the self neu-
tralizing frequency of a tetrode is had when
using the general bypassing arrangement of
screen and filament shown in Fig. 23. The screen
lead is bypassed with minimum inductance to
the filament terminal of the tube. Some induct-
ance is introduced in the common filament and
screen grounding lead.
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Fig. 33

Components of output voltage of a tetrode neu-
tralized by adding inductance common to screen
and cathode return.

The circuit arrangement is plotted with
components of plate voltage in Fig. 33. The grid
is shown below the zero voltage or chassis poten-
tial, indicating that the voltage developed in the
total screen lead inductance to chassis is excess-
ive. If now the filament is tapped up on this in-
ductance, a point can be found where the voltage
difference between grid and filament is zero as
far as the components of plate voltage are con-
cerned. The arrangement will be found to self
neutralize at a higher frequency than if the fila-
ment and screen were separately bypassed to
chassis.

It has been found in tubes, such as the
4-65A, 4-125A, 4-250A, 4-400A and 4-1000A,
that the usual VHF parasitic is higher in fre-
quency than the normal self neutralizing fre-
quency of the tube. Thus, by increasing the self
neutralizing frequency of the tube and screen by-
pass arrangement, the tendency of the VHF par-
asitic to occur is reduced.

If now the frequency of the VHF parasitic
is reduced by increasing the inductance of the
plate lead (presuming this is the principle fre-
quency defining circuit), it can be made to ap-
proach the self neutralizing frequency of the tube
and so suppress the parasitic.

It is interesting to note that the later addi-
tion of cross-neutralization for the fundamenal
HF or LF frequency should not disturb this VHF
neutralization provided the fundamental neutral-

izing circuit involves only voltages of the lower’

or fundamental frequency.
In its purest form this might mean having
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zero impedance for the VHF parasitic frequency
between the point in the grid circuit where the
neutralizing capacitor is connected and the
chassis.

D-3. Properly Adjusting Excitation and Loading

In adjusting an r-f amplifier for proper ex-
citation and proper loading, it will be noticed
that the procedure is different, depending upon
whether the screen voltage is taken from a fixed
supply or a dropping resistor supply with poor
regulation.

In the case where both the screen supply and
grid bias are from fixed sources with good regu-
lation, the plate current is almost entirely con-
trolled by the r-f excitation. One should first
vary the excitation until the desired plate cur-
rent flows. The loading is then varied until the
maximum power output is obtained. Following
these adjustments the excitation is then trimmed
along with the loading until the desired control
grid, and screen grid currents are had.

In the case of an r-f amplifier where both
the screen and grid bias are taken from sources
with poor regulation, the stage will handle very
much like the triode r-f power amplifier. The
plate current will be adjusted principally by
varying the loading, and the excitation will be
trimmed to give the desired control grid current.
In this case the screen current will be almost
entirely set by the choice of the dropping re-
sistor. It will be found that excitation and load-
ing will vary the screen voltage considerably and
these should be trimmed to give about the nor-
mal screen voltage.

D-4. Operating Voltages and Currents for
Various Applications

Probably the simplest way to get an idea of
the capabilities of the tube, and the voltages and
currents to be used on the various electrodes, is
to refer to the technical data sheet for that tube
type. A number of typical operating conditions
are given for various classes of service. A great
many other operating conditions are possible,
but these particular ones are usually selected to
show the maximum capabilities of the tube for
different plate voltages. At no time shpuld the
maximum ratings for that class of service be
exceeded.

As long as none of the maximum ratings of
the tube are exceeded, a wide choice of woltages
on the plate, screen, or grid, and a wide fange of
plate current values is available. In general it
will be found that for efficient operation the




ratios of d-c grid current, d-c screen current, d-c
plate current should be kept somewhere near the
ratios indicated on the data sheet. Thus, if 1% or
23 of the indicated plate current is to be used,
the d-c grid current and d-c screen current
should be approximately 15 or 24 of the values
indicated on the data sheet.

For those interested in estimating tube per-
formance from the characteristic curves of the
tube, two application bulletins are avaliable?® *°.
These application bulletins describe simple
means of calculating or estimating from charac-
teristic curves the performance of tubes as class-
C r-f amplifiers.

In referring to the characteristic curves of
a tube, it should be recognized that these curves
are typical of a normal tube. As in all manufac-
tured products, some tolerance is allowed. In
general, the currents indicated will be within
plus or minus 10% of the values shown.

D-5. Effect of Different Screen Voltages

Typical operating values for a tetrode for
a particular value of screen voltage are given on
the published data sheet. The screen voltage is
not critical and the value used has been chosen
as a convenient value consistent with low driv-
ing power and reasonable screen dissipation. If
lower values of screen voltage are used, more
driving power will be required on the grid to
obtain the same plate current. If higher values
of screen voltage are used less driving power
will be required. Thus, high power gain
can be had provided the circuit has adequate
stability. Care should be observed that the screen
dissipation limit is not exceeded. The value of
screen voltage can be chosen to suit available
power supplies or amplifier conditions.

For a method of altering the coordinate and
curve scales of the tube curves to obtain a set of
curves for another screen voltage, see page 5 of
the Eimac 4-65A Technical Data Sheet®.

D-6. Balance of Push-Pull Amplifiers

In a push-pull r-f amplifier lack of balance
of plate circuit or plate dissipation is usually due
to lack of symmetry in the r-f circuit. Normally,
the tetrodes are similar enough that such un-
balance is not associated with the tube and its
characteristics. This point can readily be checked
by interchanging the tubes in the sockets (pro-
vided both tubes have the d-c voltages to plate,
screen, and grid in common) and seeing whether
the unbalanced condition remains with the socket
location or moves with the tubes. If it remains
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with the socket location, the circuit requires ad-
justment. If appreciable unbalance is associated
with the tubes, it is possible that one tube is not
normal and should be investigated further.

The basic indicators of balance are the plate
current per tube and the plate dissipation of
each tube. It is assumed that the circuit
applies the same d-c plate voltage, d-c screen
voltage, and d-c grid bias to each tube from com-
mon supplies. Also, it is assumed that the plate
circuit is mechanically and electrically symmet-
rical or approximately so to begin with.

Unbalance in a push-pull r-f amplifier is
usually caused by unequal r-f voltages applied to
the grids of the tubes, or by the r-f plate circuit
applying unequal r-f voltages to the plates of the
tubes. The r-f grid excitation should first be
balanced until equal d-c plate currents flow in
each tube. Then the r-f plate circuit should be
balanced until equal plate dissipation appears
on each tube.

The balance of plate current is a more im-
portant criterion than equality of screen current
or grid current. This results from the fact that
tubes are more uniform in the plate current
characteristics, and also that the screen current
is very sensitive to lack of voltage balance in
the r-f plate circuit.

Once the d-c plate currents per tube have
been made equal by adjusting the r-f grid cir-
cuit, the r-f plate circuit can be adjusted to give
equal plate dissipations, as noted. Or, if the
tubes have equal screen current characteristics,
the r-f plate circuit could be balanced until equal
screen currents result. If the tubes differ some-
what in screen current characteristics, and the
circuit has common d-c supply voltages, the final
trimming of the plate circuit balance could be
made by interchanging tubes and adjusting the
circuit to give the same screen current for each
tube regardless of its location.

It should be noted that the d-c grid current
has not been used as an indicator of balance of
the r-f power amplifier. It is probable that after
following the above procedure the grid currents
will be fairly well balanced, but in itself it is not
a safe indicator of balance of grid excitation.

In audio power amplifiers operating in
Class-AB, or Class-AB,, the idle d-c plate current
per tube should be balanced by separate bias ad-
justments for each tube. In many cases some
lack of balance of the plate currents will have
negligible effect on the overall performance of
the amplifier.
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When tubes are operating in the idle posi-
tion close to cut-off, operation is in a region
where the plate current cannot be held to a close
percentage tolerance. At this point the action of
the positive screen and plate voltages is in
delicate balance with the opposing negative grid
voltage. The state of balance is indicated by the
plate current. Very minor variations of indi-
vidual grid wires or diameter of grid wires upset
the balance, and it is practically impossible to
control such minor variations in manufacture.
In many audio amplifier applications, especially
where the larger power tetrodes are used, the
circuit should be designed to permit the bias to
be adjusted individually on the tubes.

D-7. Harmonic Amplifiers and Control
of Harmonics

The use of power tetrodes to give good effi-
ciency in harmonic amplifiers and to control the
presence of unwanted harmonics in the output
circuit is inherently sound. Because of the shield-
ing built into the tetrode, the coupling between
the output and input circuits( and the input and
output circuits) has been reduced to a negligibly
small value. (To estimate harmonic amplifier
performance see Brown'? and the Eimac applica-
tion bulletin “Tube Performance Computor’®,)

A pulse of plate current delivered by the
tube to the output circuit contains energy on
the fundamental and most harmonic frequencies.
The output plate circuit resonance, coupling, and
shielding must be designed to select the desired
frequency and avoid radiation of the undesired
frequencies.

It is not generally appreciated that the pulse
of grid current also contains energy on the har-
monic frequencies and control of these harmonic
energies may be quite important. The ability of
the tetrode to isolate the output circuit from the
input circuit over a very wide range of frequen-
cies is important in avoiding feed-through of
harmonic voltages from the grid circuit. An im-
portant part of this shielding is the fact that
properly designed tetrodes permit the construc-
tion of complete shielding in the amplifier layout
so that coupling external to the tube is also
prevented.

It has been found that the plate circuit effi-
ciency of tetrode harmonic amplifiers is quite
high. In triode amplifiers, if feed-back of the
output harmonic frequency occurs, the phase of
the voltage fed back is usually such as to reduce
the harmonic content of the plate pulse, and
thereby lower the plate circuit efficiency. Since
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tetrodes have negligible feedback, the efficiency
of a harmonic amplifier is usually up to expected
efficiencies.

Also, the high amplification factor of a tet-
rode causes the plate voltage to have little effect
on the flow of plate current, and it is easier to
obtain plate pulses with high harmonic energies
without using excessive grid basis. A well de-
signed tetrode also permits large r-f voltages to
be developed in the plate circuit while still pass-
ing high peaks of plate current in the r-f pulse.
These two factors help further to increase the
plate efficiency.

In r-f amplifiers operating either on the
fundamental or a desired harmonic frequency,
the control of unwanted harmonics is very im-
portant. The subject is well covered in the litera-
ture discussing the reduction of interference with
television receivers. The following steps permit
reduction of the unwanted harmonic energies
present in the output circuit:

1. The circuit impedance between plate and
cathode should be very low for the high
harmonic frequencies. Usually this is ob-
tained by having some or all of the tun-
ing capacitance of the resonant circuit
close to the tube.

2. Complete shielding of the output com-
partment.

3. The use of inductive output coupling
from the resonant plate circuit and pos-
sibly a capacitive or Faraday shield be-
tween the coupling coil and the tank coil,
or a high frequency attenuating circuit
such as a pi, or pi-L net.

4. The use of low pass filters for all supply
leads and wires coming into the output
and input compartments.

5. The use of resonant traps for particular
frequencies.

D-8. Driving Power Requirements

The technical data sheet for a particular tube
gives the approximate driving power required.
For radio frequencies below the VHF region, the
driving powers are obtained by calculation and
confirmed by direct tests. The listed driving
power gives the total power taken by the tube
grid and the bias circuit. This driving power
figure does not allow for losses in the r-f resonant
circuit since such losses depend principally on
the design of that circuit. The circuit losses can
be kept to a low value by proper design. Some
allowance for them must be made, however, in
determining the total driving power to be sup-
plied by the driver stage.



In the case of tetrodes operating in the VHF
and UHF region, the approximate driving power
given under typical operation on the data sheets
is obtained by direct measurement in operating
equipment. Because it is impossible to separate
the circuit action and the tube action, the driving
power listed is the total power taken by the tube
and a practical amplifier circuit.

The total driving power required from the
exciter stage in the VHF and UHF region is pre-
sumably composed of the following:

1. The power taken by the grid itself and
the bias circuit (which is equal to that
for the same grid voltages and current
acting in a low frequency circuit).

2. The resistance losses caused by the r-f
charging currents passing through the
leads of the tube into the tube capaci-
tances.

3. Power fed through to the output circuit
and power dissipated on plate and screen
due to the presence of cathode lead
inductance.

4. Excess energies taken on by the space
current electrons within the tube due to
the rapidly varying grid voltage. Some
of this excess energy shows up in bom-
bardment of the cathode and general
tube structure.

5. Some dielectric loss in the insulating
material of the tube envelope.

6. Losses in the r-f grid circuit and a por-
tion of the input line coupled to the driv-
ing circuit.

The total driving power in the VHF and
UHF region is often greater than the grid dissi-
pation capability of the tube. As indicated above,
the portion of the driving power which appears
as grid dissipation can be calculated in the nor-
mal manner’® (d-c grid current times the peak
positive grid voltage).

LIFE

E-1. Moximum Tube Ratings.

The technical data sheet for each tube type
gives the basic maximum ratings for each class
of service. Also on the technical data sheet will
be found references to cooling air and maximum
temperature, and mechanical considerations as
they may affect life. Careful observance of the
information on the data sheet will avoid damage
to the tube and shortening of its useful life. A
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D-9. VHF and UHF Operating Conditions for

Satisfactory Plate Efficiency and Minimum
Drive.

When operating a tube in the VHF and UHF
region the driving power can usually be mini-
mized without appreciably affecting the plate
conversion efficiency, by the following steps:

1. A minimum d-c control grid bias should
be used. Frequently, it is advisable to
bring this down to approximately cut-
off.

2. A high value of d-c screen voltage is ad-
visable even though it appears to in-
crease the fraction of the cycle during
which plate current flows.

3. Using the minimum r-f excitation volt-
age necessary to obtain plate circuit per-
formance, even though the d-c grid cur-
rent is considerably lower than one
would expect at lower frequencies.

4. The cathode lead inductance common to
the output and input circuits should be
kept to a low value.

It is found that the choice of driving condi-
tions as indicated above does not necessarily de-
crease the plate efficiency as much as at lower
radio frequencies. The steps indicated above
should be tried experimentally to determine
whether or not the plate circuit efficiency is ap-
preciably effected. As will be indicated below
under section E-3, it is preferable to sacrifice
plate efficiency somewhat and improve the life
expectancy of the tube in the VHF and UHF
region.

It has also been observed that optimum out-
put power at these frequencies is obtained when
the loading is greater than would be used at low-
er frequencies. Apparently the use of lower r-f
voltage in the plate circuit is desirable. Fortun-
ately, this same condition reduces driving power
and screen current and, as will be noted later,
improves life expectancy.

reprint on Vacuum Tube Ratings is available!®.

In general, the tube ratings are so chosen
that operation within the ratings will give a
minimum of 1000 hours of guaranteed life. The
typical life expectancy is therefore considerably
greater and will depend upon a great many fac-
tors, some of which are discussed below. In
general, operation below the maximum ratings
will increase the life expectancy of the tube. This
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is especially true with reduction in the plate dis-
sipation of the tube. Very roughly speaking, the
life expectancy will go up directly as the plate
dissipation and total watts being handled by the
tube go down.

If tubes are to be used in pulse service with
short pulses and appreciable off-time between
pulses, the tube ratings are quite different. For
information and assistance on pulse application
write to the Field Engineering Department of
Eitel-McCullough, Inc., San Bruno, California, or
refer to Application Bulletin No. 3 “Pulse Serv-
ice Notes’''!,

E-2. Cooling

Adequate cooling of the tube envelope and
metal-to-glass seals is one of the principle factors
affecting tube life. Deteriorating effects increase
directly with the temperature of the tube envel-
ope and seals. The technical data sheet for the
particular tube type should be studied thor-
oughly with reference to the air cooling require-
ments. Even if no air cooling is specified, ample
free space for circulation of air around the tube
is required or else some air must be forced past
the tube.

Excess cooling air will have only beneficial
results and tnadequate cooling air is almost cer-
tain to invite premature failure of the tube.

Tubes operated in the VHF and UHF region

are inherently subjected to greater heating action
than tubes operated at lower frequencies. This

results directly from the flow of larger r-f charg-
ing currents into the tube capacitances, dielectric
losses, and a tendency for electrons to bombard
parts of the tube structure other than the normal
grid and plate. See section E-3 for a discussion
of “VHF and UHF Life Considerations.” Greater
cooling air is therefore required at these higher
frequencies. For tubes designed to operate in the
VHF and UHF region, such as the Eimac tet-
rodes, the cooling air is specified for the normal
top frequencies of the tube.

E-3. VHF and UHF Life Considerations

A tube designed for VHF and UHF work
must have very small size if practical resonant
circuits are to be built around them. Further-
more, these tubes operate less efficiently and
have much greater incidental losses than at
lower frequency. For these reasons, the power
which must be dissipated from the electrodes
and tube envelope seals is very much greater per
unit of area than for tubes designed solely for
low frequency.
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If the tubes are to become a part of a VHF
line circuit or cavity UHF circuit, the inductance
associated with the electrode supports and leads
must be reduced to a very small value. In the
case of the 4X150A, 4X150G, and 4X5004A, some
of the electrode leads and supports take the form
of large surfaces, conical or cylindrical in shape,
and extremely short. This means that the
amount of heat conducted out through the metal-
to-glass seals is greatly increased. It also means
that the terminal connections of the tube are
large surfaces with relatively thin walls.

The mechanical layout of sockets, connec-
tions, and circuits close to the tube must allow
ample cooling air to be blown against the tube
seals and surfaces. Also ample contacting surface
to carry the heavy radio frequency charging cur-
rents must be provided. Since these two require-
ments may tend to conflict, considerable thought
must be given to an adequate layout.

E-3-a. Connectors

Where the tube terminals are large cylindri-
cal surfaces, the contacting portions of the socket
are either spring collets or a multiplicity of
spring fingers. Usually these multiple contacting
surfaces are made of beryllium copper to pre-
serve the spring tension at the relative high
temperatures present on tube terminals and are
silver plated to reduce r-f resistance.

Rigid clamping connectors should be avoided
even though the radius of the curvature seems to
be close to that of the cylindrical contacting sur-
face of the tube. It has been found that such
rigid clamping connectors will distort the tube
terminal and fracture the adjacent metal-to-glass
seal. Similarly set screw connecting devices are
questionable on large cylindrical tube terminals
unless they act to distribute the pressure uni-
formly and without any distorting effects.

If the connectors fail to provide multiple
contacts to the cylindrical tube seals, concentra-
tion of r-f charging current will result and the
overheating may be destructive. Once the con-
nector loses its spring action the heating is
aggravated and damage to the tube is very apt to
occur. All tube connectors should be inspected
and serviced regularly to be sure that uniform,
good contact to the tube results.

E-3-b. Tube Temperatures

Forced air cooling of the seals and tube
envelope, as well as of an external anode, is im-
perative. Both air flow and maximum tempera-
tures are given on the data sheets snd both



should be measured to be certain that ample air
and cooling results. The problem of making
temperature measurements under these condi-
tions is severe. The most practical technique has
been to use a very light spray of very thin tem-
perature indicating paint, such as Tempilag—
made by the Tempil Corporation, 132 West 22nd
Street, New York 11, N. Y. By using an ex-
tremely thin spray and not covering solidly, a
temperature gradient across the indicating paint
due to the action of the cooling air will be
avoided. For further discussion see Eimac appli-
cation bulletin'® on the subject.

E-3-c. Backheating by Electrons

Another action involving the motion of
electrons within the tube is present at VHF and
UHF and has been commonly referred to as back-
heating of the cathode. Due to the fact that the
time of flight of the electrons from the cathode
through the grid structure to the plate becomes
an appreciable part of the cycle, the electrons
can be stopped in flight and turned back by the
rapidly changing grid voltage. Under these con-
ditions the electrons are turned back or deflected
from their normal paths and given excess energy
with which the electrons bombard the cathode
and other portions of the tube structure. This
effect can be greatly aggravated by the choice
of operating conditions to the extent that very
destructive effects occur. The tube can even be
destroyed within a few minutes under severe
conditions.

Fortunately, the conditions which tend to
minimize this back-bombardment by electrons
are the same as those giving minimum driving
conditions as discussed under “VHF Operating
Conditions” section D-9. The tendency for elec-
trons to be turned back in flight is reduced by the
use of the lowest possible r-f grid voltage on the
tube. This is obtained by using the lowest pos-
sible d-c grid bias. In tetrodes this effect is in-
herently much lower because of the action of the
d-c accelerating voltage on the screen of the
tube. The d-c screen voltage acts to continue
accelerating the electrons toward the anode, and
also inherently permits the use of very much
smaller grid voltages. Consequently, under
favorable conditions the number of electrons
turned back to heat the cathode and tube struc-
ture can be kept to a practical low level. In addi-
tion to the use of low d-c grid bias, a high screen
voltage is desirable.

At the same time the plate circuit should
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always operate with heavy loading (low external
plate impedance) so that the minimum instan-
taneous value of plate voltage shall stay suffi-
ciently positive to continue accelerating electrons
to the anode. For this reason best life is had
when the tetrode amplifier is heavily loaded as
indicated by having small values of d-c screen
and d-c control grid current,

NEVER OPERATE WITH LIGHT PLATE
LOADING. 1If the plate load is removed so that
the minimum instantaneous plate voltage tends
to fall to values around cathode potential (as it
must do when the loading is removed completely
and excitation is present), the number of elec-
trons turned back can be completely destructive
to the tube. It has been found that under condi-
tions of “no loading” the electron bombardment
of the insulating glass portion of the tube is
often sufficient to cause a suck-in of the glass.
Automatic protection should be installed to re-
move all voltages from the tube when the plate
circuit loading becomes too light for the amount
of excitation applied.

It should be noted that parasitic oscillations
are seldom loaded heavily, as indicated by the
high grid currents often had during such self os-
cillation. Thus excessive r-f plate voltages are de-
veloped which at VHF can be damaging in the
same manner as unloaded operation on a VHF
fundamental frequency. Should such unloaded
VHF parasitic oscillation be present simultan-
eously with apparently satisfactory operation on
the fundamental, unexplained reduction of life
may result.

Occasionally, also, an output line circuit
can resonate simultaneously to a harmonic fre-
quency as well as to the fundamental fre-
quency. The higher resonant modes of practical
line circuits are not normally harmonically re-
lated, but sometimes the tuning curve of a mode
will cross the fundamental tuning curve and at
that point the circuit will build up resonant volt-
ages at both the harmonic frequency and funda-
mental frequency. The harmonic resonance is
usually lightly loaded and the damaging action
is similar to that of lightly loaded parasitic or
fundamental operation. Again the operation of
the tube and circuit on the fundamental may ap-
pear normal, but with lower than expected effi-
ciency, and damaging action to some degree can
occur.

In addition to operating the tube with
minimum bias, high screen voltage, and heavy
loading on the plate circuit, some degree of com-
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SECTION F

pensation for the remaining back heating of the
cathode may be required. This can be accom-
plished by lowering the filament voltage or heat-
er voltage until the cathode operates at normal
temperature. It has been found with tetrodes
that by taking precautions necessary to minimize

TECHNICAL

The Field Engineering Department of Eitel-Mc-
Cullough, Inc., will gladly assist tube users in the
choice of tubes and operating conditions. This is
especially important where a prototype design of

back bombardment by electrons the compensa-
tion for back heating of the cathode is not large
and may often be neglected. In cases where it is
suspected, it is advisable to discuss the subject in
detail with the Field Engineering Department of
Eitel-McCullough, Inc., in San Bruno, California.

ASSISTANCE

equipment and later manufacture is planned.
Such assistance makes use of the accumulated
detailed experience with the tube types involved
and is handled confidentially and without charge.
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4-65R

RADIAL-BEAM
POWER TETRODE
o
MODULATOR
OSCILLATOR
AMPLIFIER

EITEL-McCULLOUGH,

SAN BRUNO, CALIFORNIA

The Eimac 4-65A is a small radiation-cooled transmitting tetrode having a
maximum plate-dissipation rating of 65 watts. The plate operates at a red color at
maximum dissipation. Short, heavy leads and low interelectrode capacitances con-
tribute to stable efficient operation at high frequencies.

Although it is capable of withstanding high plate voltages, the internal
geometry of the 4-65A is such that it will deliver relatively high power ouput at a
low plate voltage.

The quick-heating filament allows conservation of power during standby periods
in mobile applications.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated tungsten
Voltage - - - - - - - - - 6.0 volts
Current - - - - - - - - 3.5 amperes
Grid-Screen Amplification Factor (Average) - - - - 5
Direct Interelectrode Capacitances (Average)
Grid-Plate - - o o = - o - 0.08 puf
Input - - - - - - - - - 8.0 uuf
Output - - - - - 2.1 upf
Transconductance (Ib = 125 ma., Eb = 500 v., Ec, =250 v.) - 4000 pmhos
Frequency for Maximum Ratings - - - - - 150 Mec.
MECHANICAL § National HX-29 Socket
Base - - - - - - - - - - - 5-pin—Fits | Johnson 122-101 Socket
Mounting - - - - = - 5 - - - - - - - Verticul', base down or up
Cooling - - - - - - - - - - = - - - Convection and Radiation
Recommended Heat Dissipating Connector - - - - - - - - S 2 Eimac HR-6
Maximum Over-all Dimensions .
Length - - - - - . - - - = - - - - 4.38 inches
Diameter - - = o 5 o = . - - - - - - 2.38 inches
Net Weight - - - - - - - - - - - - - - - 3 ounces
Shipping Weight - - - - - - - - - - - - - - 1.5 pounds
» RADIO-FREQUENCY POWER AMPLIFIER
AND OSCILLATOR TYPICAL OPERATION
Class-C Telegraphy or FM Telephony g-g ;’lute V\r;ltlt:ge - - - ggg lggg l;gg Zggg ngg vn::s
- creen oitage - - - Vi
MAXIMUM RATINGS (Key-down conditions, per tube) D€ Grid vcnm-ge'g DSB8 so—ioo volts
= ate urren - - -
D-C PLATE VOLTAGE - - - - 3000 MAX. VOLTS  DC Screen Current* - - - 40 40 40 40 22 ma
D-C SCREEN VOLTAGE - - - - 400 MAX. YOLTS frcysunren i - N U
D-C GRID VOLTAGE - - - - —500 MAX. YOLTS  Drivins pooe Yotose - - 170 172 180 190 179 volts
D-C PLATE CURRENT - - - - 150 MAX. MA gf":e"PDlSSlprhnn' - - - ;g l;g 2;2 zgg ]54.2 watts
PLATE DISSIPATION - - - . 65 MAX. WATTS  plate Power input - - - watts
SCREEN DISSIPATION - - - - 10 MAX. WATTS Plate Power Output - - 1 43 33 163 233 290 e
- - - - 3 *Approximate values.
» PLATE-MODULATED RADIO-FREQUENCY TVRICAL [ORERATION
AMPLIFIER D-C Plate Voltage - - - 600 1000 1500 2000 2500 volts
D-C $ Vott, - - - 250 250 250 250 250 vol
Class-C Telephony (Carrier conditions unless otherwise specified, 1 tube) D-C Gcfgsc’\‘/"l:ﬂgzge - - -~ =120 —125 —125 —130 —135 ::|::
D-C Plate Current - - - 120 120 120 120 110 ma
MAXIMUM RATINGS D-C Screen Current* - - - 40 40 40 40 25 ma
D-C Grid Current* - - - 15 16 16 16 12 ma
D-C PLATE VOLTAGE - - - - 2500 MAX. YOLTS SPcre:nADésssipntinn;, & - - - 10 10 10 10 6.3 watts
D-C SCREEN VOLTAGE - - - - 400 MAX. YOLTS Gl A L g Uy
1009 Modul -l N
D-C GRID VOLTAGE - - - - —500 MAX. VOLTS  peau it oulation ™ - - 239 230 230 230 230 voits
D-C PLATE CURRENT - - - - 120 MAX. MA Elri‘ingp inelr' ; - - - 37.§ ]32.3 138'3 234.8 227.2 watts
PLATE DISSIPATION - - - - 45 MAX. WATTS ote Power lnput - - - watts
SCREEN DISSIPATION - - - - 10 MAX. WATTS  biots howerOutut - - - 5 39 15 183 235 wote
GRID DISSIPATION - - - - 5 MAX. WATTS *Approximate values.

(Effective 5-14-54) Copyright 1954 by Eitel-McCullough, Inc. P Indicates change from sheet dated 1-30-53



Note: Typical operotion doto ore bosed on conditions of adjusting the r-f grid drive to o specified plote current, mointoining fixed conditions
of grid bios ond screen voltoge. It will be found thot if this procedure is followed, there will be little voriotion in power output between
tubes even though there moy be some voriotion in grid ond screen currents. Where grid bios is obtoined principolly by meons of o grid

Lresistor, to control plate current it is necessory ta moke the resistor adjustoble.

» AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

MAXIMUM RATINGS (PER TUBE)

D-C PLATE VOLTAGE - - - - - - - - - - - - - 3000 MAX. VOLTS

D-C SCREEN VOLTAGE - - - - - - - - - - - - - 600 MAX. YOLTS

MAX-SIGNAL D-C PLATE CURRENT, PER TUBE - - - - - - - - 150 MAX. MA

PLATE DISSIPATION, PER TUBE - - - - - - - - - - - 65 MAX. WATTS

SCREEN DISSIPATION, PER TUBE - - - - - - - - - - - 10 MAX. WATTS
TYPICAL OPERATION TYPICAL OPERATION
Class-AB, (Sinusoidal wave, two tubes unless otherwise specified) Class-AB, (Sinusoidal wave, two tubes unless otherwise specified)
D-C Plate Voltage - - - - - 1000 1500 1750 volts D-C Plate Voltage - - - 600 1000 1500 1800 volts
D-C Screen Voltage - - - - - 500 S00 500 volts D-C Screen Voltage - - - 250 250 250 250 volts
D-C Grid Voltage' - = - - - —100 —110 —115 volts D-C Grid Voltage** - - - —40 —40 —45 —50 volts
Zero-Signal D-C Plate Current - - - 60 60 40 ma Zero-Signal D-C Plate Current - 60 60 60 50 ma
Max-Signal D-C Plate Current - - - 170 180 170 ma Max-5ignal D-C Plate Current - 300 300 250 220 me
Moax-Signal D-C Screen Current* - - 30 20 23 ma Max-Signal D-C Screen Current* - 80 60 40 30 ma
Maox-Signol D-C Grid Current - - - 0 0 0 Effective Plote-to-Plote Lood - 3600 6800 14,000 20,000 ohms
Effective Plate-to-Plote Load - - - 9000 15,000 20,000 ohms Peak A-F Grid Voltage (per tube) - 120 105 100 90 volts
Peak A-F Grid Voltage (per tube) - - 85 85 90 volts Max-Signal Pcak Driving Power* - 7.4 6.0 38 2.6 watts
Max-Signal Plote Power Input - - - 170 270 300 watts Max-Signal Nominal Driving Power* 3.7 3.0 1.9 1.3  watts
Max-Signal Plote Power Output - - 80 145 175 wotts Max-Signal Plote Power Input - 180 300 375 395 watts
* Approximote value. Max-Signal Plate Power Output - 90 170 250 270 watts
'Adjust to stated zero-signal D-C Plote Current, * Approximate values.
The effective grid circuit resistance for each tube must not exceed 250,000 ohms. * *Adjust to stated Zero-Signal D-C Plate Current.

» RADIO-FREQUENCY LINEAR POWER AMPLIFIER 1.\ orerarion
SINGLE SIDE BAND SUPPRESSED CARRIER

Class-AB, (Voice wave only, per tube)

Class-B (One tube) D-C Plate Voltage - - - - - - 1500 2000 2500 volts
MAXIMUM RATINGS D-C Screen Voltage - - - - - 300 400 500 volts

D-C PLATE VOLTAGE - - - - - - - 3000 MAX. VOLTS D-C Grid Voltage* - - - - - —55 —80 —105 volts
D-C SCREEN VOLTAGE - - - - - . =« 600 MAX. VOLTS Zero-Signal D-C Plate Current - - - 35 25 20 ma
PLATE DISSIPATION - - - .. =« =« =« 65 MAX. WATTS Mox-Signal D-C Plate Current - - - 200 270 230 me
SCREEN DISSIPATION - e e e e e 10 MAX. WATTS Mox-Signal D-C Screen Current** - - 45 6S 45 ma

GRID DISSIPATION - e e e e e . S MAX. WATTS Max-Signal Peak R-F Grid Voltage - - 150 190 165 volts
Max-Signal D-C Grid Current** - - - 15 20 8 ma

*Adjust to stoted Zera-Signol Plate Current. Max-Signal Driving Power** - - - - 2.3 38 1.3 watts

* *Appraximate values. Max-Signal Plate Power Input - - - 300 540 575 watts

T Caridarably Test thon Mox-Signol Dsiponion. 1 the. ompntier Mox-Signal Plate Dissipation®** - . . 105 190 225 watts

GO S CEaODY) . Fy f . Average Plate Dissipation - - - - 60 65 65 watts

:-;u':: gg ,:.eééidm”ﬂmeff;?%&?‘fe signal saurce, arrongements Max-Signal Useful Power Output - - - 150 300 325 waotts

[ IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER “TYPICAL OPERA- |
TIONS,”” POSSIBLY EXCEEDING MAXIMUM RATINGS, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS. |

L =
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APPLICATION

MECHANICAL

Mounting—The 4-65A must be mounted vertically, base
up or base down. The socket must provide clearance for
the glass tip-off which extends from the center of the
base. A flexible connecting strap should be provided
between the plate terminal and the external plate cir-
cuit, and the Eimac HR-6 cooler (or equivalent) used on
the tube plate lead. The socket must not apply lateral
pressure against the base pins. The tube must be pro-
tected from severe vibration and shock.

Adequate ventilation must be provided so that the
seals and envelope under operating conditions do not
exceed 225°C. For operation above 50 Mc., the plate
voltage should be reduced, or special attention should
be given to seal cooling.

In intermittent-service applications where the “on
time does not exceed a total of five minutes in any ten
minute period, plate seal temperatures as high as 250°C
are permissible, When the ambient temperature does not
exceed 30°C it will not ordinarily be necessary to provide
forced cooling of the bulb and plate seal to hold the
temperature below this maximum at frequencies below
50 Mc, provided that a heat-radiating plate connector is
used, and the tube is so located that normal circulation
of air past the envelope is not impeded.

ELECTRICAL

Filoment Valtoge— The filament voltage, as measured
directly at the filament pins, should be between 5.7 volts
and 6.3 volts.

Bios Voltage—D-C bias voltage for the 4-65A should not
exceed -500 volts. If grid-leak bias is used, suitable pro-
tective means must be provided to prevent excessive plate
or screen dissipation in the event of loss of excitation.

Grid Dissipation—G@Grid dissipation for the 4-65A should
not be allowed to exceed five watts. Grid dissipation may
be calculated from the following expression:
Pg=ecmplc
where Pg = Grid dissipatian,
ecmp = Peak pasitive grid valtage, and
l¢ = D-c grid current.

€cmp May be measured by means of a suitable peak
voltmeter connected between filament and grid.*

Screen Valtage—The D-C screen voltage for the 4-65A
should not exceed 400 volts except in the case of class-
AB audio operation and Single Side Band R-F amplifier
operation where it should not exceed 600 volts.

Screen Dissipation—The power dissipated by the screen of
the 4-65A must not exceed 10 watts. Screen dissipation
is likely to rise to excessive values when the plate volt-

age, bias voltage or plate load is removed with filament
and screen voltages applied. Suitable protective means
must be provided to limit screen dissipation to 10 watts
in the event of circuit failure.

Plote Voltoge—The plate-supply voltage for the 4-65A
should not exceed 3,000 volts. Above 50 Mc. it is advis-
able to use a lower plate voltage than the maximum,
since the seal heating due to R-F charging currents in the
screen leads increases with plate voltage and frequency.
See instructions on seal cooling under “Mechanical” and
*Shielding.”

Plate Dissipotion—Under normal operating conditions,
the plate dissipation of the 4-65A should not be allowed
to exceed 65 watts in unmodulated applications.

In high-level-modulated amplifier applications, the
maximum allowable carrier-condition plate dissipation
is 45 watts.

Plate dissipation in excess of maximum rating is per-
missible for short periods of time, such as during tuning
procedures.

OPERATION

Class-C FM or Telegrophy—The 4-65A may be operated
as a class-C FM or telegraph amplifier without neutrali-
zation up to 110 Mc. if reasonable precautions are taken
to prevent coupling between input and output circuits
external to the tube. In single ended circuits, plate, grid,
filament and screen by-pass capacitors should be re-
turned through the shortest possible leads to a common
chassis point. In push-pull applications the filament and
screen terminals of each tube should be by-passed to a
common chassis point by the shortest possible leads, and
short, heavy leads should be used to interconnect the
screens and filaments of the two tubes. Care should be
taken to prevent leakage of radio-frequency energy to
leads entering the amplifier, in order to minimize grid-
plate coupling between these leads external to the
amplifier.

Where shielding is adequate, the feedback at fre-
quencies above 110 Mc. is due principally to screen-lead-
inductance effects, and it becomes necessary to introduce
in-phase voltage from the plate circuit into the grid cir-
cuit. This can be done by adding capacitance between
plate and grid external to the tube. Ordinarily, a small
metal tab approximately 34" square and located adjacent
to the envelope opposite the plate will suffice for neutral-
ization. Means should be provided for adjusting the

*Far suitable peak V.T.V.M. circuits see, far instance, Vacuum Tube
Ratings,” Eimae News, Jonuary 1945. This article is available in
reprint farm an request.
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spacing between the neutralizing capacitor plate and the
envelope. An alternate neutralization scheme for use
above 110 Mc is illustrated in the diagram on page 4.
In this circuit, feedback is eliminated by series-tuning
the screen to ground with a small capacitor. The socket
screen terminals should be strapped together as shown
on the diagram, by the shortest possible lead, and the
lead from the mid point of this screen strap to the capaci-
tor, C, and from the capacitor to ground should be made
as short as possible.

Driving power and power output under maximum out-
put and plate voltage conditions are shown below. The
power output shown is the actual plate power delivered
by the tube; the power delivered to the load will depend
upon the efficiency of the plate tank and output coupling
system. The driving power is likewise the driving power
required by the tube (includes bias loss). The driver out-
put power should exceed the driving power requirements
by a sufficient margin to allow for coupling-circuit losses.
The use of silver-plated linear tank-circuit elements is
recommended for all frequencies above 75 Mc.

300 —Tr—Tr—T—T—T—T—T1 15
o EIMAC 4-65A TYPICAL PERFORMANCE
4 - CLASS~C TELEGRAPHY (4
5 PLATE VOLTAGE — 1500 VOLTS =
* 0| A <
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g TPUT //’ 5
3
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° 100 ><‘\ 2
- 4 8 o
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FREQUENCY - MEGACYCLES

Class-C AM Telephony—The R-F‘ circuit considerations
discussed above under Class-C FM or Telegraphy also
apply to amplitude-modulated operation of the 4-65A.
When the 4-65A is used as a class-C high-level-modulated

'.
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amplifier, both the plate and screen should be modulated.
Modulation voltage for the screen is easily obtained by
supplying the screen voltage via a series dropping resistor
from the unmodulated plate supply, or by the use of an
audio-frequency reactor in the positive screen-supply
lead, or from a separate winding on the modulation trans-
former., When screen modulation is obtained by either
the series-resistor or the audio-reactor methods, the
audio-frequency variations in screen current which result
from the variations in plate voltage as the plate is
modulated automatically give the required screen modu-
lation. Where a reactor is used, it should have a rated
inductance of not less than 10 henries divided by the
number of tubes in the modulated amplifier and a maxi-
mum current rating of two to three times the operating
D-C screen current. To prevent phase-shift between the
screen and plate modulation voltages at high audio fre-
quencies, the screen by-pass capacitor should be no
larger than necessary for adequate R-F by-passing.

For high-level modulated service, the use of partial

grid-leak bias is recommended. Any by-pass capacitors
placed across the grid-leak resistance should have a
reactance at the highest modulation frequency equal to
at least twice the grid-leak resistance.
Class-AB, and Class-AB, Audio—Two 4-65As may be used
in a push-pull circuit to give relatively high audio output
power at low distortion. Maximum ratings and typical
operating conditions for class-AB, and class-AB, audio
operation are given in the tabulated data.

Screen voltage should be obtained from a source hav-
ing reasonably good regulation, to prevent-variations in
screen voltage from zero-signal to maximum-signal condi-
tions. The use of voltage regulator tubes in a standard
circuit should provide adequate regulation.

Grid bias voltage for class-AB, service may be obtained
from batteries or from a small fixed-bias supply. When a
bias supply is used, the D-C resistance of the bias source
should not exceed 250 ohms. Under class-AB, conditions
the effective grid-circuit resistance should not exceed
250,000 ohms.

The peak driving power figures given in the class-AB,
tabulated data are included to make possible an accurate
determination of the required driver output power. The
driver amplifier must be capable of supplying the peak
driving power without distortion. The driver stage should,
therefore, be capable of providing an undistorted average
output equal to half the peak driving power requirement.
A small amount of additional driver output should be
provided to allow for losses in the coupling transformer.

In some cases the maximum-signal plate dissipation
shown under “Typical Operation” is less than the maxi-
mum rated plate dissipation of 4-65A. In these cases,
with sine wave modulation, the plate dissipation reaches
a maximum value, equal to the maximum rating, at a



point somewhat below maximum-signal conditions.

The power output figures given in the tabulated data
refer to the total power output from the amplifier tubes.
The useful power output will be from 5 to 15 per cent
less than the figures shown, due to losses in the output
transformer.

Because of the intermittent nature of the voice, and
the low average power, it is possible in cases where size
and weight are important to operate a class-AB stage
at higher peak power values than those indicated for
sine wave.

In order to obtain peak power above that shown for
sine wave (peak is twice average for sine wave), the
plate-to-plate load impedance must be made proportion-
ately lower than the value shown for a particular plate
voltage. Also, more peak driving power will be required.
At no time should the average plate or grid dissipation
exceed the maximum values shown.

KEYING THE TETRODE AMPLIFIER

Tetrode Keying Circuit

The flow of plate current in an R-F tetrode amplifier
depends not only on the control grid bias and excitation,
but also on the voltage applied to the screen grid.

One easy method of keying is to remove the excitation
and screen grid voltage simultaneously, while leaving the
plate voltage still applied to the amplifier stage. This
method also has an advantage in that the final tube can
be made to draw a safe amount of current key-up posi-
tion, maintaining a steadier drain on the power supply
while keying. This tends to minimize “blinking lights”
on weak AC supply lines when using moderate power.
By properly choosing the values of L, C, and R, in the
circuit, perfectly clean-cut highest speed hand keying
can easily be obtained that is entirely devoid of clicks.

The keying circuit is shown in the diagram and V, is
the driver tube, which may be any one of the small
tetrodes such as an 807, 2E26, 6146, 6L6 or 6AG7, used
either as a frequency multiplier or a straight-through
amplifier, This tube should furnish about five watts of

output power which allows ample driving power for
one 4-65A, including circuit losses. Capacitance coupling
is shown in the diagram, but this, of course, could just
as well be link coupling.

Steady driving power is fed to the grid of V, from
the exciter. The keying circuit controls the plate and
screen voltages on V,, as well as the screen voltage on
the 4-65A, all obtained from a common power supply B,.
This supply should furnish sufficient voltage to the plate
of V, to obtain the necessary driving power. Normally
this voltage will be about the correct voltage for the
screen of the 4-65A and resistor R, may be omitted.

When the key is up there is no excitation to the 4-65A,
and consequently no grid leak bias. At the same time, the
screen voltage has also been removed so that very little
current is drawn by the plate. With plate voltages up to
2000 volts, the amount of current drawn is not sufficient
to heat the plate beyond its rated plate dissipation and a
fixed bias is not required. However, with plate voltages
over 2000 volts, a small fixed bias supply is needed to

keep the plate dissipation within the rated limit. An
ordinary 2215 volt C battery in the control grid circuit

will furnish sufficient bias to completely cut the plate
current off at 3000 volts, while some lower value of bias
can be used to permit a safe amount of current to flow
in key-up position, presenting a more constant load to
the power supply.

A tapped resistor R, serves to supply screen voltage to
V, and by adjusting this tap, the excitation to the 4-65A
may be easily controlled. This method of controlling the
output of a tetrode is not recommended in the larger tet-
rodes, however, as it is wasteful of power and the lowered
power output obtained is due to a loss in efficiency. R,
also serves as a means of keeping the screen of the 4-65A
at ground potential under key-up conditions, stabilizing
the circuit. Ry is the normal power supply bleeder.

The keying relay must be insulated to withstand the
driver plate voltage. Key clicks may be completely elim-
inated by the proper selection of L,, R, and C, in series
with and across the relay. In many applications values of
500 ohms for R, and 0.25 ufd for C, have been found
entirely satisfactory. Choke L, is best selected by trial
and usually is on the order of 5 henries. A satisfactory
choke for this purpose can be made by using any small
power-supply choke, capable of handling the combined
current of the final screen grid and the driver stage,
and adjusting the air gap to give the proper inductance.
This may be checked by listening for clean keying on the
“make” side of the signal or by observation in a ’scope.

R-F by-pass condensers C, and C, will have some
effect on the required value of L, as well as C,. These
by-pass condensers should be kept at as small a value of
capacity as is needed. In most cases .002 ufd is sufficient.
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SHIELDING

The internal feedback of the tetrode has been substan-
tially eliminated, and in order to fully utilize this advan-
tage, it is essential that the design of the equipment
completely eliminates any feedback external to the tube.
This means complete shielding of the output circuit from
the input circuit and earlier stages, proper reduction to
low values of the inductance of the screen lead to the
R-F ground, and elimination of R-F feedback in any
common power supply leads.

Complete shielding is easily achieved by mounting the
socket of the tube flush with the deck of the chassis as
shown in the sketch on page 7.

The holes in the socket permit the flow of convection
air currents from below the chassis up past the seals in
the base of the tube. This flow of air is essential to cool
the tube and in cases where the complete under part of
the chassis is enclosed for electrical shielding, screened
holes or louvers should be provided to permit air circu-
lation. Note that shielding is completed by aligning the
internal screen shield with the chassis deck and by pro-
per R-F by-passing of the screen leads to R-F ground.
The plate and output circuits should be kept above deck
and the input circuit and circuits of earlier stages should
be kept below deck or completely shielded.

DIFFERENT SCREEN VOLTAGES

The published characteristic curves of tetrodes are
shown for the commonly used screen voltages. Occasion-
ally it is desirable to operate the tetrode at some screen
voltage other than that shown on the characteristic
curves. It is a relatively simple matter to convert the
published curves to corresponding curves at a different
screen voltage by the method to be described.

This conversion method is based on the fact that if
all inter-electode voltages are either raised or lowered
by the same relative amount, the shape of the voltage
field pattern is not altered, nor will the current distribu-
tion be altered; the current lines will simply take on new
proportionate values in accordance with the three-halves
power law. This method fails only where insufficient
cathode emission or high secondary emission affect the
current values. )

For instance, if the characteristic curves are shown at
a screen voltage of 250 volts and it is desired to deter-
mine conditions at 500 screen volts, all voltage scales
should be multiplied by the same factor that is applied
to the screen voltage (in this case—2). The 1000 volt
plate voltage point now becomes 2000 volts, the 50 volt
grid voltage point, 100 volts, etc.

The current lines then all assume new values in ac-
cordance with the 3/2 power law. Since the voltage was
increased by a factor of 2, the current lines will all be
increased in value by a factor of 23/2 or 2.8. Then all the
current values should be multiplied by the factor 2.8.
The 100 ma. line becomes a 280 ma. line, etc.

Likewise, if the screen voltage given on the charac-
teristic curve is higher than the conditions desired, the
voltages should all be reduced by the same factor that
is used to obtain the desired screen voltage. Correspond-
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ingly, the current values will all be reduced by an amount
equal to the 3/2 power of this factor.

For convenience the 3/2 power of commonly used
factors is given below:
Voltoge Foctor .25 .5 .75 1.0 125 150 175 |
Corresponding

Current Factor .125 .35 .65 1.0 1.4 184 23

J

Voltage Factar 2.0 225 2.5 275 3.0
Corresponding ‘
Current Factor 28 3.4 4.0 46 52

SINGLE SIDE BAND
SUPPRESSED CARRIER OPERATION

The 4-65A may be operated as a class B linear ampli-
fier in SSSC operation and peak power outputs of over
300 watts per tube may be readily obtained. This is
made possible by the intermittent nature of the voice.
If steady audio sine wave modulation is used, the single
side band will be continuous and the stage will operate
as a C-W class-B amplifier. With voice modulation the
average power will run on the order of 1/5th of this con-
tinuous power.

—

E—

The same precautions regarding shielding, coupling
between input and output circuits, and proper R-F by-
passing must be observed, as described under Class-C
Telegraphy 'Operation.

Due to the widely varying nature of the load imposed
on the power supplies by SSSC operation, it is essen-
tial that particular attention be given to obtaining good
regulation in these supplies. The bias supply especially,
should have excellent regulation, and the addition of a
heavy bleeder to keep the supply well loaded will be
found helpful.

Under conditions of zero speech signal, the operating
bias is adjusted so as to give a plate dissipation of 50
watts at the desired plate and screen voltages. Due to
the intermittent nature of voice, the average plate dis-
sipation will rise only slightly under full speech modula-
tion to approximately 65 watts. At the same time, how-
ever, the peak speech power output of over 300 watts
is obtained.

$SSC TUNING PROCEDURE

Tuning the SSSC transmitter is best accomplished
with the aid of an audio frequency oscillator and a ca-
thode-ray oscilloscope. The audio oscillator should be
capable of delivering a sine wave output of a frequency
of around 800 to 1000 cycles so that the frequency will
be somewhere near the middle of the pass-band of the
audio system. Since successful operation of the class-B
stage depends on good linearity and the capability of
delivering full power at highest audio levels, the final
tuning should be made under conditions simulating peak
modulation conditions. If a continuous sine wave from
the audio oscillator is used for tuning purposes, the
average power at full modulation would be about five
times that of speech under similar conditions of single
side band operation and the final amplifier would be
subjected to a heavy overload. One method of lowering
the duty cycle of the audio oscillator to closer approxi-

-



mate speech conditions would be to modulate the oscilla-
tor with a low frequency.

An alternate method would be to use the continuous
audio sine wave, making all adjustments at half voltages
and half currents on the screen and plate, thus reducing
the power to one quarter. The stand-by plate dissipation
under these conditions should be set at about 10 watts.
Following these adjustments, minor adjustments at full
voltages and 50 watts of stand-by plate dissipation could
then be made, but only allowing the full power to remain
on for ten or fifteen second intervals.

The first step is to loosely couple the oscilloscope to
the output of the exciter unit. The final amplifier with
its filament and bias voltages turned on should also be
coupled to the exciter at this time. With the audio oscil-
lator running, adjust the exciter unit so that it delivers
double side band signals. Using a linear sweep on the
oscilloscope, the double side band pattern will appear on
the screen the same as that obtained from a 100% sine
wave modulated AM signal. Next vary the audio gain
control so that the exciter can be checked for linearity.
When the peaks of the envelope start to flatten out the
upper limit of the exciter output has been reached and
the maximum gain setting should be noted. The coupling
to the final stage should be varied during this process
and a point of optimum coupling determined by watch-
ing the oscilloscope pattern and the grid meter in the
final stage.

Next, adjust the exciter for single side band operation
and if it is working properly, the pattern on the oscil-
loscope will resemble an unmodulated AM carrier. The
phasing controls should be adjusted so as to make the
envelope as smooth on the top and bottom as possible.
If the above conditions are satisfied, the exciter unit can
be assumed to be operating satisfactorily.

Next, loosely couple the oscilloscope link to the output
of the final amplifier and again adjust the exciter unit
to give double side band output.

If the reduced duty cycle method is used, the following
tuning procedure may be followed:

1. Cut the audio output to zero.

2. Apply 120 volts of bias to the 4-65A control grid.

3. Apply the operating plate voltage followed by the
operating screen voltage.

4. Reduce bias voltage to obtain 50 watts of stand-by
plate dissipation.

5. Increase audio gain, checking the oscilloscope pat-
tern for linearity as in the case of the exciter, and adjust
for optimum antenna coupling.

6. Re-adjust exciter unit for single side band operation.

7. Disconnect test signal and connect microphone.

8. Adjust the audio gain so that the voice peaks give
the same deflection on the oscilloscope screen as was
obtained from the test signal peaks.

If the alternate method is used with a 100% duty cycle
from the audio oscillator, then step 3 should be to apply
half voltages and the stand-by plate dissipation should
be set at 10 watts.

After the audio oscillator is disconnected and step 8
completed at half voltages, the full voltages can then be
applied and the stand-by plate dissipation adjusted for
50 watts.

It is essential that the microphone cable be well
shielded and grounded to avoid R-F feedback that might
not occur when the lower impedance audio oscillator is
used as an audio source.

Typical operational data are given for SSSC in the
first part of this data sheet.

HR-6 HEAT DISSIPATING
CONNECTOR .
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COMPONENTS FOR TYPICAL CIRCUITS

Lp1-Cpt— Tank circuit appropriate for operating frequency:
Q=12. Capacitor plate spacing =.200".
Lp2-Cp2— Tank circuit appropriate for operating frequency;
Q=12. Capacitor plate spacing=.200".
1p3-Cp3— Tank circuit appropriate for operating frequency:
Q= 12. Capacitor plate spacing =.375".
Lg1-Cg1— Tuned circuit appropriate for operating frequency.
Lg2-Cg2— Tuned circuit appropriate for operating frequency.
Ci1— .002 -ufd. 500V Mica
C2—.002 -ufd. 5000V Mica
C3— .001 -ufd. 2500Y Mica
Cq— .1 -ufd. 1000V paper
Cs— .1 -ufd. 600 V paper
Cs— 16 -ufd. 450V Electrolytic
C7— 10 -ufd. 100V Electrolytic
R1—53,000 ohms 200 watt—50,000 ohm adjustable
R2—250,000 ohms | watt
R3— 5,000 ohms 5 watt
Rs— 25,000 ohms 2 watts
Rs— 26,500 ohms 200 watts—30,000 ohm adjustable
Rs— 2,500 ohms 5 watts
R7— 750 ohms 5 watts
RFC1— 2.5 mhy. 125 ma. R-F choke
RFC2— 1 mhy. 500 ma. R-F choke
T1—150 watt modulation transformer; ratio primary to second-
ary impedance approx. I:l.I Pri. impedance 15,000 ohms,
sec. impedance 16,700 ohms.
T2—5 watt driver transformer impedance ratio primary to 1/2
secondary 1.5:1.
T3—300 watt modulation transformer; impedance ratio pri. to
sec. approx. 2.4:1i Pri. impedance=20,000 ohms, sec. im-
pedance =8,333 ohms.
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Typical high-level-modulated R-F amplifier, 240 watts plate
input. Modulator requires zero driving power.
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Typical high-level-modulated R-F amplifier circuit, with
modulator and driver stages, 480 watts plate input.
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4X150A

RADIAL-BEAM
POWER TETRODE

EITEL-McCULLOUGH, INC.

SAN BRUNO, CALIFORNIA
These Data apply to type 4X150D
which is identical to 4XIS0A except
for the heater rating of 26.5 volts
0.57 ampere.

The Eimac 4XI50A is a compact power tetrode intended for use as an amplifier, oscillator or
frequency multiplier over a wide range of frequencies extending into the UHF region. It is cooled by
forced air.

A single 4XI50A operating in a coaxial-cavity amplifier circuit will deliver up to 140 watts of
useful power output at 500 megacycles.

The maximum rated plate voltage for the 4XI150A is 1250 volts, and the tube is capable of good
performance with plate voltages as low as 400 volts. Its high ratio of transconductance to capacitance
and its 150-watt plate dissipation rating make the 4X150A useful for wide-band amplifier applications.

The use of the Eimac 4XI50A Air-System Socket, or a socket providing equivalent air-cooling
facilities, is required.

GENERAL CHARACTERISTICS

ELECTRICAL

Cathode: Oxide Coated, Unipotential

Minimum Heating Time - - - - : - - - 30 seconds

Cathode-to-Heater Voltage - - - - - - - 150 max. volts
Heater: Voltage - - - - - - = - - - - 6.0 volts

Current - - - - - - - - - - - 2.6 amperes s
Grid-Screen Amplification Factor (Average) - - - - - - - - 5
Direct Interelectrode Capacitances (Average)

Grid-Plate - - - - - - - - - - 0.03 uuf

Input s . 5 m . . - = SRS 15.5 unf

Output - - - - o - - - - - - 4.5 wuf
Transconductance (E»=500v., E.;=250v., l,=200 ma) - - - - - - - - - - - - 12,000 yumhos
Frequency for Maximum Ratings - - - - - - - - - - - - - - - - 500 Mc

MECHANICAL

Base - - - - - - = - - - - - - - - - - - - - 9-pin, special
Recommended Sockef - - - - - - - - - - - - - - Eimac 4XI50A Air-System Socket
Base Connections - - - - - - - - - - - - - - - - = See outline drawing
Mounting - - - - - - - - . - - - - - - - - - - - - Any position
Cooling - - - - - N - - - - - - - - - - - - = . Forced air
Maximum Over-all Dimensions

Length - - - . . - - - . - - - . - - - - . - 247 inches

Diameter - - - - - - - - - - - - - - - - - - - 1.65 inches

Seated Height - - - - - - - - - - - - - - - - 1901  inches
Net Weight - - - - - - - - - - - - - - - - - - - - 5.2 ounces
Shipping Weight - - - - - - o - - - - - - o - - - - - 1.6 pounds

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions of
grid bias and screen voltage. It will be found that if this procedure is followed, there will be little variation in power output between tubes even
though there may be some variation ir grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, to control
plate current it is necessary to make the resistor adjustable.

RADIO-FREQUENCY POWER

TYPICAL OPERATION (Frequencues up to 165 Mc., per tube)

D-C Plate Yoltage - 600 750 1000 1250 volts
D-C Screen VYoltage 250 250 250 250 volts
D
D

AMPLIFIER OR OSCILLATOR -C Grid Voltage - - - . —75 —80 —80 —30 volts
-C Plate Current - - - - 209 200 200 200 ma
cl C Tel h EM Tel h g-g z:reeré Current - - - 37 37 l3g fg ma
$S= rid Current - - - - 19 10 ma
(Ka s & egrop y or elephony ’ Eeak R~ FPGnd Yoltage (approx.) - 093 09; 09; :JO: volts
- it riving Power - = e b watts
ey down conditions, per tube) Plate Power lnput . - - - 120 150 200 250 watts
Plate Power Output - - - - 85 110 50 195 watts

i
MAXIMUM RATINGS The performance figures for frequencies up to 165 Mc. are obtained by

calculation from the tube characteristic curves and confirmed by direct
tests. The driving power includes only power taken by the tube g-id and

D-C PLATE VOLTAGE £ 1250 MAX. VOLTS :he bias ::hlrcun The' grwmg pc:we- an'd putpu- power do not allow for
osses in the associated resonant circuits
D-C SCREEN VOLTAGE _ 300 MAX. VOLTS b TYPICAL OPERATION (Single tube, 500-Mc., coaxial cavity)
D-C Plate Yoltage - - - - 600 800 1000 125C volts
D-C GRID VOLTAGE - - —250 MAX. VOLTS DS Sravolage - - 1 1 Za X Ko X% vom
g-g ;la'e Cgrenf ’- - - a 200 200 200 200 ma
D-C PLATE CURRENT - 250 MAX. MA DC Grid Curramt - < - - 10 .10 15 1w
Driver Output Power (approx) - 10 10 10 10 watts
PLATE DISSIPATION - - 150 MAX., WATTS Power Input - <120 160 200 250 watts
Useful Power Oufpui - - - &5 b 1o 140 watts
SCREEN D‘SS‘PAT'ON R 12 MAX. WATTS These typical performance figures were obtained by direct measurement

in operating equipment. The output power is useful power measured in
a load circuit. The driving power is the total power taken by the tube

GRID DISSIPATION - . 2 MAX. WATTS and a practical resonant circuit. In many cases with further re‘inement

and improved techniques better performance might be obtained.

(Effective 5-10-54) Copyright 1954 by Eitel-McCullough, Inc. ’ Indicates change from sheet dated 8-15-52



PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER
Class-C Telephony (Carrier conditions, per tube)

MAXIMUM RATINGS

D-C PLATE VOLTAGE - 1000 MAX. YOLTS
D-C SCREEN VOLTAGE - 300 MAX. YOLTS
D-C GRID VOLTAGE - -250 MAX. YOLTS

D-C PLATE CURRENT - 200 MAX. MA
PLATE DISSIPATION - - 100 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS

GRID DISSIPATION - - 2 MAX. WATTS

/ ~ax150A

TYPICAL OPERATION (Frequencies up to 165 Mc.)

D-C Plate Yoltage - - - - 400 600 800 1000 volts
D-C Screen Yoltage - . . 250 250 250 250 volts
D-C Grid Yoltage - - - - -9 —95 —100 —I05 volts
D-C Plate Current - - - . 200 200 200 200 ma
D-C Screen Current - .. 40 35 25 20 ma
D-C 6rid Current - - . - 7 8 0 IS ma
Peak A-F Screen Yoltage at crnf

of 100% Modulation - 140 150 160 170 volts
Peak R.F Grid lnpuf Vollaqo

{approx.) - - ilo 120 120 125 volts
Driving Power (approx.) - - | [} 1.5 2 watts
Plate Dissipation - - - - 25 40 60 60 watts
Plate Power Input . - - - 80 120 160 200 watts
Plate Power Output - - - 113 80 100 140 watts

RADIO-FREQUENCY POWER
AMPLIFIER

Class-B Linear, Television Visual Service (per tube)
MAXIMUM RATINGS

D-C PLATE VOLTAGE - 1250 MAX. YOLTS
D-C SCREEN YOLTAGE - - 400 MAX. VOLTS
D-C GRID YVOLTAGE - - -250 MAX. YOLTS
D-C PLATE CURRENT
(AVERAGE) - - - 250 MAX. MA

PLATE DISSIPATION - - 150 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - - 2 MAX. WATTS

TYPICAL OPERATION (Frequencies up to 216 Mc., 5 Mc. bandwidth)
D-C Plate Yoltage - - - - - 750 1000 1250 volts
D-C Screen Yoltage - - - - - 300 300 300 volts
D-C Grid Yoltage - - - 50 —45 =70 volts

During Sync-Pulse Peak:

D-C Plate Current N 335 330 305 ma
D-C Screen Current - - - - - S0 45 45 ma
D-C Grid Current - - . - 15 20 25 ma
Peak R-F Grid Yoltage - - - - 85 9% 100 volts
R-F Driver Power (approx.) - - - 7 8 9 watts
Useful Power Output - - - - - 135 200 250 watts
Black Level:

D-C Plate Current - - - - - 245 240 230 ma
D.C Screen Current - - - - - 20 15 10 ma
D-C 6rid Current - - - - 4 4 4 ma
Peak R-F Grid Yoltage (approl) e - &5 70 75 volts
R-F Driver Power (approx.) - - - 4.25 47 5.5 watts
Plate Power Input - - - - - 185 240 290 watts
Useful Power Output - - - - - 75 1o 140 watts

CLASS-AB OR -B POWER
AMPLIFIER OR MODULATOR
MAXIMUM RATINGS (Per tube)

D-C PLATE VOLTAGE - 1250 MAX. VOLTS
D-C SCREEN VOLTAGE - 400 MAX. VOLTS
D-C PLATE CURRENT 250 MAX. MA
PLATE DISSIPATION - - 150 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - - 2 MAX. WATTS

Page Two

TYPICAL OPERATION
Class AB (Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Yoltage - - - - 600 800 1000 1250 volts
D-C Screen Yoltage - - 300 300 300 300 volts
D-C 6rid Yoltage (approx. )’ - -44 -47 -47 ~48 volts
Zero-Signal D-C Plate Current - 160 120 120 115 ma
Max-Signal D-C Plate Current - 380 380 380 390 ma
Zero-Signal D-C Screen Current - 0 0 0 0 ma
Max-Signal D-C Screen Current - 65 [ 60 40 ma
Effective Load, Plate-to-Plate - 3550 4625 5850 7200 ohms
Peak A-F Grid Inpuf Volfaqo

per tube} - - 44 47 47 48 volts
Driving Power - 0 0 0 0 watts
Max-Signal Plate Dmlpahon

(per tube) - - 45 55 70 90 watts
Max-Signal Plate Powor Oufpuf - 140 195 240 310 watts

*Adjust grid voltage to obtain specified zero-signal plate current.
Maximum permissible grid circuit series resistance 100,000 ohms per tube.

TYPICAL OPERATION
Class AB, (Sinusoidal wave, two tubes unless otherwise specified)
D.C Plate Yoltage - 600 800 1000 1250 volts

D-C Screen Yolta o - - - 300 300 300 300 volts
D-C Grid Yoltage*® - - -4 —43 —43 —44 volts
Zero-Signal D-C Plate Curnnf - 185 160 165 180 ma
Max-Signal D-C Plate Current - 485 490 495 475 ma
Zero-Signal D-C Screen Current - 0 0 0 0 ma
Max-Signal D-C Screen Current - 85 5 70 65 ma
Effective Load, Plate-to-Plate - 2600 3500 4600 5600 ohms
Peak A-F Grid Inpuf Volfaqn

(per tube) - - a7 48 49 50 volts
Max-Signal Peak Drivlnq Pown - 0.15 0.15 0.15 0.15 watts
Max-Signal Nominal Drmnq Powor

(appro: rox.) b3 75 75 75 mw
Max-Signal Plah Dmlpahon

(per fubn}, - 60 s 90 85 watts
Max-Signal Plate Powor Oufpvt - 170 240 315 425 watts

**Adjust grid voltage to obtain specified zero-signal plate current.
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“8X150A

APPLICATION

MECHANICAL

Mounting—The 4X150A may be mounted in any position.
Use of the Eimac 4X150A Air-System Socket, or its
equivalent, is required.

The tube will fit a standard ‘“loktal” socket, but the
use of such a socket prevents adequate air-cooling of the
base of the tube. Use of the “loktal” socket is not
recommended.

Connections to the terminals of all the electrodes ex-
cept the plate are provided by the Air-System Socket.
The anode-cooler assembly provides a terminal surface
for the plate connection. For high-frequency applications
a metal band or a spring-finger collet should be used to
make good electrical contact with the cylindrical outer
surface of the anode cooler. Points of electrical contact
should be kept clean and free of oxidation to minimize
r-f losses.

Cooling—The 4X150A requires sufficient forced-air cool-
ing to keep the cooler core and the metal parts of the
metal-to-glass seals from exceeding a maximum tempera-
ture of 150°C. The air flow must be started when power
is applied to the heater, and must continue without in-
terruption until all electrode voitages have been removed
from the tube.

The Eimac Air-System Socket directs the air over the
surfaces of the tube base, and through the anode cooler
to provide effective cooling with a minimum air flow.
Seven and one-half cubic feet of cooling air per minute
must flow through the Air-System Socket and the anode
cooler for adequate cooling. This corresponds to a total
pressure drop of 0.6 inches of water through the socket
and the anode cooler.

The air requirements stated above are based on
operation at sea level and an ambient temperature of
20°C. Operation at high altitude or at high ambient
temperatures requires a greater volume of air flow. The
necessary design information for such conditions is con-
tained in an article entitled “Blower Selection for Forced-
Air-Cooled Tubes”, by A. G. Nekut, in the August, 1950,
issue of ‘“Electronics.”

One method of measuring temperature is provided by
the use of the “Tempilaq”, a temperature-sensitive
lacquer, which melts when a given temperature is
reached. Where forced-air cooling is employed, very
thin applications of the lacquer must be used. This
product is obtainable from the Tempil Corporation, 132
West 22nd St., New York 11, N. Y.

ELECTRICAL

Heater—The heater should be operated as close to 6.0
volts as possible, but it will withstand heater-voltage
variations as great as 10% without injury. Some varia-
tion in power output must be expected to occur with
variations of the heater voltage.

Cathode—The cathode is internally connected to the four
even-numbered base pins. All four corresponding socket
terminals should be used for connection to the external
circuit. The leads should be of large cross-section and as
short and direct as possible to minimize cathode-lead
inductance.

Grid Dissipation— Grid-circuit driving-power require-
ments increase with increasing frequency because of cir-
cuit losses other than grid dissipation. This becomes
noticeable at frequencies near 30 Mc., and increases until

at 500 Mc. as much as 30 watts driving power may be
required in ordinary circuits.

Despite the increased driving power required by the
circuit as a whole at higher frequencies, the power
actually consumed by the tube grid does not increase
greatly. Satisfactory operation in stable amplifier circuits
is indicated by d-c grid-current values below approxim-
ately 15 milliamperes.

Screen Dissipation—Bias- or plate-supply failure or un-
loaded-plate-circuit operation can cause the screen cur-
rent and dissipation to rise to excessive values. Protection
for the screen can be provided by an overload relay in
the screen circuit, in addition to the usual plate-overload
relay. Use of a screen-current milliammeter is advisable.

Plate Dissipation—The maximum-rated plate dissipation
is 150 watts. The maximum-rated plate dissipation for
plate-modulated applications is 100 watts under carrier
conditions, which permits the plate dissipation to rise
to 150 watts under 100% sinusoidal modulation.

Plate dissipation may be permitted to exceed the
maximum rating momentarily, as, for instance, during
tuning.

UHF Operation—Transit time effects, which occur at
ultra-high frequencies in the 4X150A, can be minimized
by adherence to the operating conditions suggested
below:

1. Use a minimum d-c bias voltage, not over twice
cut-off.

2. Apply only enough drive to obtain satisfactory
plate efficiency.

3. Operate the screen at reasonably high voltage, but
do not exceed the screen-dissipation rating. The
circuit should be loaded to obtain screen-current
values close to those given under ‘Typical
Operation” at 500 Mc.

4. Fairly heavy plate loading is required. In general,
low-voltage, high-current operation is preferable
to operation at high voltage and low current. If
conditions require a change to lighter plate load-
ing, the drive should also be reduced to the mini-
mum value for satisfactory operation at the new
output level.

5. Parasitic oscillations are usually associated with
excessive grid and screen current and are in-
jurious to vacuum tubes. Similarly, tuned-plate
circuits which accidentally become simultaneously
resonant to harmonics and the fundamental fre-
quency may also cause low efficiency and damage
tubes.

Plate Modulation—Plate modulation can be applied to the
4X150A when it is operated as a class-C radio-frequency
amplifier. To obtain 100% modulation, the d-c¢ screen
voltage must be modulated approximately 55%, in phase
with the plate modulation. Self-modulation of the screen
by means of a series resistor or reactor may not be satis-
factory in this particular tetrode due to the screen-
voltage, screen-current characteristics.

Grid Resistance—In class-A and -AB, amplifiers, where no
grid current flows, the grid-bias voltage may be applied
through a resistor. The maximum permissible series re-
sistance per tube is 100,000 ohms.

Special Applications—If it is desired to operate this tube
under conditions widely different than those given here,
write to Eitel-McCullough, Inc., San Bruno, California, for
information and recommendations.

Page Three
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4-400R

RADIAL-BEAM
POWER TETRODE

EITEL-McCULLOUGH, INC. .

MODULATOR
SAN BRUNO, CALIFORNIA OSCILLATOR
AMPLIFIER
The Eimac 4-400A is a compact, ruggedly constructed power tetrode having a maximum plate dissipation
rating of 400 watts. ¥ is intended for use as an amplifier, oscillator or modulator. The low grid-plate capacitance
of this tetrode coupled with its low driving-power requirement allows considerable simplification of the asso-
ciated circuit and driver stage.
The 4-400A is cooled by radiation from the plate and by circulation of forced-air through the base, around
the envelope, and over the plate seal. Cooling can be greatly simplified by using an Eimac 4-400A /4000 Air-
System Socket and its panying glass chi y. This socket is designed to maintain the correct balance
of cooling air between the componaent parts of the tube.
GENERAL CHARACTERISTICS
ELECTRICAL
Filament: Thoriated tungsten
Voltage - - . - - - - . - - - - 5.0 volts
Current - - - - - - - - - - - - 145 amperes
Grid-Screen Amplification Factor (Average} - - - - - - - - - 5.1
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - - - - - 012 ppufd
Input - - - - - - - - - - - - - 125 ppfd
Output - - - - - - - - . - - - - 4.7 ppfd
Transconductance (1,=100ma., E»=2500V., E..=500V.} - - - - 4,000 pmhos
Frequency for Maximum Ratings - - - - - - - - - - 110 Me.
MECHANICAL
Base . N = B - = - - : - - - - See drawing
Basing - - - - - - - - - - - - - - See drawing
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - Radiation and forced air
Recommended Heat Dissipating Plate Connector - - - - - - - - - - - - - Eimac HR-6
Recommended Socket - - 5 S S 3 5 5 5 S

- - - Eimac 4-400A/4000 Air-System Socket

Maximum Over-all Dimensions

Length . - - - - - - - - - - - - - - - - - - 6.38 inches

- 3.56 inches

Diameter - 5 5 5 5 3 S 5 5
Net Weight - S 5 5 5 5 N
Shipping Weight - - - a o

- 5 - 5 - 8 - - 9 ounces

If an Air-System Socket is used, mounted on a Ya inch deck, the over-all dimensions of the
HR-6 Heat Dissipating Plate Connector are:

Length - - - S 5 5 N R
Diameter - . 5 - 5 R .

- - 2.5 pounds
system including chimney and

- - - - 8.0 inches

. 5 5 5 - - 5.5 inches

Noh:‘ Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions
of grid bias and screen voltage. It will be fou‘nd that if this procedure is followed, there will be little variation in power output between
tubes even though there may be some variation in grid and screen currents, Where grid bias is obtained principally by means of a grid re-
sistor, to control plate current it is necessary to make the resistor adjustable.

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR
Class-C Telegraphy or FM Telephony

MAXIMUM RATINGS (Key-down conditions, per tube to 110 Mc.}

D-C PLATE YVOLTAGE - S 5 - - & S 5 5 . 5 5 . 4000 MAX. YOLTS

D-C SCREEN VOLTAGE - - - - - - - - - - - - - 600 MAX. YOLTS
D-C PLATE CURRENT 350 MAX. MA

PLATE DISSIPATION 400 MAX. WATTS
SCREEN DISSIPATION 35 MAX. WATTS
GRID DISSIPATION

- - - 10 MAX. WATTS
TYPICAL OPERATION (Frequencies below 75 Mc., one tube} TYPICAL OPERATION (110 Mc., two tubes)
D-C Plate Voltage - - - - - 2500 3000 4000 volts
D-C Screen Voltage - - - - - 500 500 S00 volts D-C Plate Voltage - - - - . - - 3500 4000 volts
D-C Grid Voitage - - - - - —200 —220 —220 volts
g_g ;Iah cé",,,, e 350 350 350 ma D-C Screen Voltage - - . . . . . 500 S00 volts
- creen Current - - - - - 46 4% 40 ma .
D-C Grid Current - . S s 19 I8 ma D-C Grid Voltage - - - - . - - —I70 —I70 volts
Screen ‘Di_mp'a'ion - - - - 23 23 20 watts D-C Plate Current - - - - - - - 500 540 ma
Grid Dissipation - - - - - - 1.8 1.9 1.8 waitts
Peak R-F Grid input Voltage - - - 300 320 30 volt D-C Screen Current - - - . - . . u i ma
riving Power* . - - - - - 54 6.1 5.8 watts . . . . . . . S
Plate Power Input - - . - . g75 1050 1400 watts D-C Grid Current - 0 20 ma
Plate Dissipation - - . . . . 215 250 300 watts Driving Power (approx.) D 20 20 watts
Plate Power Output - - - . - 640 800 1100 watts Plate Power Output (a ) 1300 1600 t#
‘D.riying Power ingreascs as frequency is increzsed. At 75 Mc. the LU LG ) : ) ° watts
driving power required is approximately 12 watts. Useful Power Output L I 1160 1440 watts
tGuarantee applies only when the 4.400A is used as specified with (Effective 1-15.55) Copyright 1955 by Eitel-McCullough, Inc.

adequate air in the 4-400A /4000 Air-System Socket or equivalent. ' Indicates change from sheet dated 1-30-53.



PLATE MODULATED RADIO FREQUENCY
AMPLIFIER

Class-C Telephony (Carrier conditions unless otherwise specified. One tube)

*Adjust to give stated zero-signal plate current, The D-C resistance in
series with the control grid of each tube should not exceed 250,000 ohms.

*Adijust for stated zero-signal plate current.

MAXIMUM RATINGS (Frequencies below 75 Mc. Continuous TYPICAL OPERATION (Frequencies below 75 Mc. Continuous
Service) Service)
D.C Plate Volta - - - . 2000 2500 3000 it
D-C PLATE VOLTAGE - . - 3200 MAX. VOLTS D-C Screen Voltage . . . . . 'S0 50 500 vaits
D-C Grid Voltage - - - - =220 —220 —220 volts
D-C SCREEN VOLTAGE - - - 600 MAX, YOLTS D.C Plate Current R 275 275 2715 ma
D-C Screen Current - - . - 30 28 26 ma
D-C GRID VOLTAGE - - - —800 MAX. VOLTS D-C 6rid  Current 2900 oo 12 12 12 ma
Screen Dissipation - . - . - I5 14 13 watts
D.C PLATE CURRENT - - - 275 MAX. MA Grid Dissipation - - - - - 1.1 [N 1.1 watts
i PImk(l:l)f/ SCfGGc:I Iv‘:"“;. 350 350 350 |
o atio - - - - +
PLATE DISSIPATION . - - . 270 MAX. WATTS Peak R-F Grid Input "Vouag. LD a0 2% 290 ol
SCREEN DISSIPATION - - - 35 MAX. WATTS ,?.2,';"9,0',’,‘;';",",,“,' : R
Plate Dissipation - - - . . . (0 178 195
GRID DISSIPATION - - - - 10 MAX. WATTS Plate Pt;:fefa('):':puo . - -« - 380 510 630 ::g:
MAXIMUM RATINGS (Frequencies below 30 Mc., Intermittent TYPICAL OPERATION (Frequencies below 30 Mc., Intermittent
Service) Service)
D-C Plate Voltage - - - - 4000 MAX. VOLTS D~C Plate Voltage 5 o o 2000 2500 3000 3850 volts
o 5 o o — — —
D-C Screen Voltage - - - - 600 MAX. YOLTS Bg ;l".". cg:.g"" con 2;3 75 o Fr
D-C Grid Voltage - - - - —500 MAX. VOLTS D.C &g Curamt . . . B B B M
Screen Dissipation - - - 13 14 13 12 watts
D-C Plate Current o o - o 275 MAX. MA Grid Dissipation - - - - 1.t K] 1.1 1.2 watts
P.(alkoog' a SC;.T'I' VO;MQO 350 350 350 350 It
a0 g A o a o
Plate Dissipation - T A LS AU Peak R-F Grid Input Vomg. 5 9 29 29 315 volts
Screen Dissipation - - - - 35 MAX. WATTS E::::"gl’o::rwlrnpuo DD %;% 533 ?3?;5 .&‘.3 ::n:
+ Di ti - - - 0 178 235 H:
Grid Dissipation - - - - 10 MAX. WATTS m:o: Po?v‘o'rp ‘(')?.':puo - - 380 510 430 765 ::n:
AUDIO FREQUENCY POWER AMPLIFIER
AND MODULATOR—CLASS AB
MAXIMUM RATINGS (PER TUBE)
D-C PLATE VOLTAGE - - - - - - - - - - - - 4000 MAX. VOLTS
D-C SCREEN VOLTAGE - - - - - - - - - - - 800 MAX. YOLTS
MAX-SIGNAL D-C PLATE CURRENT - - - - - - - - - 350 MAX. MA,
PLATE DIiSSIPATION - - - - - - - - - - - - 400 MAX. WATTS
SCREEN DISSIPATION - - - - - - - - - - - - 35 MAX. WATTS
GRID DISSIPATION . - - - - - - - - - - - - 10 MAX. WATTS
TYPICAL OPERATION CLASS AB, TYPICAL OPERATION CLASS AB,
(Sinusoidal wave, two tubes unless otherwise specified) (58“;"""5' ",'al" two tubes unless °'h°2'"‘5° specified)
D-C Plate Voltage - - - - 2500 3000 3500 4000 volts DI beroen Vonlee o o o B0 3m0 a0 4000 volts
D-C Screen Voltage - - 750 750 750 750 volts D.C Grid Voluge {approx. )o . —75 —80 85 90 volts
D-C Grid Voltage (approx.)* - —I30 —I37 —I45 —IS0 volts Zero-Signal D-C Plate Current - 190 160 140 120 ma
Zero-Signal D-C Plate Current - 190 160 140 120 ma Max-Signal D-C Plate Current - 700 700 700 638 ma
Max-Signal D-C Plate Current - 635 635 810 585 ma Zero-Signal D-C Screen Current - 0 0 0 0 ma
m:_-ss;g::ll 93 ;’5::::.' g::;::: : - ” ~ o Max-Signal D-C Screen Current - 50 40 38 32 ma
Effective Load, Plate-to-Plate - 6800 8900 11,500 14,500 ohms P00 B ',’,',:,':,’"{,’::;‘:;, LS R QORI G800 REE. 000, (ohims
Peak A-F Grid Input eltess (per tube) - - 133 140 145 140 volts
(per tube) - - 130 137 145 150 volts Max.Signal Peak Dnvmg Power 8.6 9.0 10.2 7.0 watts
Drivina Power - - 0 0 0 0 watts Max-Signal Nominal Driving Power 43 45 s.| 3.5 watts
Max- s'.gr"‘:'u::"' Dusnpa'lon A 370 400 400 400 watts Max-Signal Plate Dissipation
MaxEignal Piate Power Output - 880 1110 130 1580 wath MaxSianal "Biote Powsr Output - 1y (52 (0 0 weth

Pulse Service —For information on Pulse Service Ratings, “Application Bulletin No. 3, Pulse Service Notes',

will be furnished free on request

IF IT 1S DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION", POSSIBLY
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.

APPLICATION

MECHANICAL

Mounting—The 4-400A must be mounted vertically,
base up or base down. The socket must be constructed
so as to allow an unimpeded flow of air through the
holes in the base of the tube and must also provide
clearance for the glass tip-off which extends from the
center of the base. The metal tube-base shell should
be grounded by means of suitable spring fingers. The
above requirements are met by the Eimac 4-400A /4000
Air-System Socket. A flexible connecting strap should
be provided between the Eimac HR-6 cooler on the
plate terminal and the external plate circuit. The tube
must be protected from severe vibration and shock.

’ Indicates change from sheet dated 1.30-53.

Cooling—Adequate forced-air cooling must be provided
to maintain the base seals at a temperature below
200"8., and the plate seal at a temperature below
225°C.

When the Eimac 4-400A /4000 Air-System Socket is
used, a minimum air flow of 14 cubic feet per minute
at a static pressure of 0.25 inches of water, as measured
in the socket at sea level, is required to provide ade-
‘quate cooling under all conditions of operation. Seal
temperature limitations may require that cooling air
be supplied to the tube even when the filament alone
is on during standby periods.

In the event an Air-System Socket is not used, pro-



vision must be made to supply equivalent cooling of
the base, the envelope, and the plate lead.

P Tube temperatures may be measured with the aid of
“Tempilaq™, a temperature-sensitive lacquer manufac-
tured by the Tempil Corporation, 11 West 25th Street,
New York 10, N. Y

ELECTRICAL
Filament Voltage—For maximum tube life the filament
voltage, as measured directly at the filament pins,
should be the rated voltage of 5.0 volts. Variations in
filament voltage must be kept within the range from
4.75 to 5.25 volts.
Bias Voltage—The d-c bias voltage for the 4-400A
should not exceed 500 volts. If grid leak bias is used,
suitable means must be provided to prevent excessive
place or screen dissipation in the event of loss of excita-
tion, and the grid-leak resistor should be made adjust-
able to facilitate maintaining the bias voltage and plate
current at the desired values from tube to tube. In
operation above 50 Mc,, it is advisable to keep the bias
voltage as low as is practicable.
Screen Voltage—The d-c screen voltage for the 4-400A
should not exceed 600 volts in r-f applications. In
audio applications a maximum d-c screen voltage of
800 volts may be used. The screen voltages shown
under “Typical Operation” are representative voltages
for the type of operation involved.
Plate Voltage—The plate-supply voltage for the 4-400A
should not exceed 4000 volts in CW and audio applica-
tions. In plate-modulated telephony service the d-c
plate-supply voltage should not exceed 3200 volts, ex-

4-400A

cept below 30 Mc., intermittent service, where 4000 volts
may be used.
Grid Dissipation—Grid dissipation for the 4-400A should
not be allowed to exceed 10 watts. Grid dissipation may
be calculated from the following expression,
Pg=ecmpIc

where P, =Grid Dissipation

ecmp = Peak positive grid to cathode voltage, and

I. =D-c grid current

ecmp may be measured by means of a suitable peak
voltmeter connected between filament and grid. (For
suitable peak v.t.v.m. circuits see Eimac Application
Bulletin Number 6, “Vacuum Tube Ratings.” This
bulletin is available on request.)

Screen Dissipation—The power dissipated by the screen
of the 4-400A must not exceed 35 watts. Screen dissipa-
tion is likely to rise to excessive values when the plate
voltage, bias voltage or plate load are removed with
filament and screen voltages applied. Suitable protective
means must be provided to limit screen dissipation to
35 watts in event of circuit failure.

Plate Dissipation—Under normal operating conditions,
the plate dissipation of the 4-400A should not be al-
lowed to exceed 400 watts.

In plate modulated amplifier applications, the maxi-
mum allowable carrier-condition plate dissipation is 270
watts. The plate dissipation will rise to 400 watts under
1009, sinusoidal modulation.

Plate dissipation in excess of the maximum rating is
permissible for short periods of time, such as during
tuning procedures.

GENERAL INFORMATION PERTAINING TO THE OPERATION OF THE 4-400A MAY BE FOUND IN APPLICATION BULLETIN NO. 8, "THE
CARE AND FEEDING OF POWER TETRODES." THIS BULLETIN 1S AVAILABLE UPON REQUEST.
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’ Indicates change from sheet dated 1.30-53,
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EITEL-McCULLOUG

SAN BRUNO, CALIFORNIA

H INC.

The Eimac 4-250A is a compact, ruggedly constructed power tetrode

dissipation rating of 250 watts, It is intended for use as an amplifier, oscillator or modulator. The
low grid-plate capacitance of this tetrode coupled with its low driving-power requirement allows

considerable simplification of the associated circuit and driver stage.
The 4-250A is cooled by radiation from the plate and by circulation
base and around the envelope.

GENERAL CHARACTERISTICS
ELECTRICAL
Filament: Thoriated tungsten
Voltage - - - E - - = - = .
Current - - - 3 S - 5 s . -
Grid-Screen Amplification Factor (Average) - = 2 z =

Direct Interelectrode Capacitances (Average)
Grid-Plate - - - 5 o Z 5 . . .

Input - - - o S - = . . =
Output - - - = o o 5 % 2
Transconductance (lb=100 ma., E»=2500V., E..=500V.) - - -
P Frequency for Maximum Ratings - - - o - = -
MECHANICAL
Base - - - 3 S = = = . = 5
Recommended Socket - . . < - -
Basing - - - . - - . o . . o o

Mounting Position - - - - s = - - 5
Cooling - o . = - S - - - . . =

Recommended Heat Dissipating Plate Connector - - - -
P Maximum Temperature of Base and Plate Seals 3 Base Seals )
Plate Seal - -
Maximum Over-all Dimensions - - - -3 Length T
Diameter . - -
Net Weight - - - - - o o o 5 5 -
Shipping Weight - - - - - . o R

- E. F Johnson Co. socket No. 122.275,
National Co. No. HX-100, or equivalent.

Vertical, base down or up

having a maximum plate

of forced-air through the

5.0 volts
14.5 amperes
5.1

0.12 ppf
12.7 ppf
4.5 upf
- 4000 umhos
- 110 Me.

S-pin metal shell

See drawing

Radiation and forced air

Eimac HR-6

200° C.
170° C.
6.38 inches
3.56 inches
8.0 ounces
2.0 pounds

plate current it is necessary to make the resistor adjustable.

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions of
grid bias and screen voltage. It will be found that if this procedure is followed, there will be little variation in power output between tubes even
though there may be some variation in grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, #o control

RADIO-FREQUENCY POWER AMPLIFIER

TYPICAL OPERATION (Frequencies below 110 Mc.)

AND OSCILLATOR PoLNCRD C T M e A
Class-C FM or Telegraphy (Key-down conditions, | tube) D-C Grid Voltage e e e . 150 —180  —225 volts
MAXIMUM RATINGS D-C Plate Current L 300 345 312 ma
D-C PLATE VOLTAGE' - - - 4000 MAX. VOLTS e e M e T
D-C SCREEN VOLTAGE - - - 600 MAX. VOLTS Screan Dissipation - - - - - 31 W 25 waths
D-C GRID VOLTAGE - - - - —500 MAX. YOLTS Grid Dissipation T X 0.8  0.46 watts
D-C PLATE CURRENT - . . . 350 MAX. MA Po?k' R-F Grid Input Yoltage (approx.) - 220 265 303 volts
PLATE DISSIPATION - . - - 250 MAX. WATTS Hete Pk limeie S Coll RSIETICORC
SCREEN DISS'PAT'ON = ] ] 35 MAX WATTS Plate Dissipafion . . - - . o 178 238 250 watts
GRID DISSIPATION - - - - 10 MAX. WATTS Plate Power Output . - - - . 575 808 1000 watts
PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATION (Frequencies below 110 Mc.) )
AMPLIFIER Db-g l;laf. Vo\l,fa'?o ol e o ol 3 o 245:: 3m vo:::
Class-C Telephony -C Scraen Voltage R . N o
(Carrier conditions unless otherwise specified, | tube) g.g fl:: \g‘l::;:' i S - —ggz —;;: ;::“
MAXIMUM RATINGS D-C Screen Current “ g e e e . 30 30 mea
D-C PLATE VOLTAGE' - - - 3200 MAX. VOLTS reggeisd o of d KA CEECERL W YLD
Peak A-F S Yolt 100% lati - i
D-C SCREEN VOLTAGE - - - 600 MAX. YOLTS S::nn Dissi::f.i:n °.“9'.( -7 "t°d“.‘f'°".) S 3?2 3?2 ::::s
D-C GRID VOLTAGE - - - - —500 MAX. YOLTS Grid Dissipation o o o o AN 1.8 2.7 watts
D-C PLATE CURRENT - . . . 275 MAX. MA Peak R-F Grid Input Voltage (approx.) - - 255 365 volts
PLATE DISSIPATION - - - - 165 MAX. WATTS Cadraprest i BN N
Plate Power Input - - - - - - 508 675 watts
SCREEN DISSIPATION - - - 35 MAX. WATTS Plate Dissipation - - - « . - . 125 165 watts
GRID DISSIPATION - - - - 10 MAX, WATTS Plate Power Output e e e s+ e 375 510 watts

(Effective 8-24.53) Copyright 1952 by Eitel-McCullough, Inc.
) Indicates change from sheet dated 8-15.52.

1Above 110 Mc. the maximum plate
See page four

voltage rating depends upon frequency.

2Driving power increases above 40 Mc. See page four.



AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR—CLASS AB
MAXIMUM RATINGS (PER TUBE)

D-C PLATE YOLTAGE - - - o J 5
D-C SCREEN YOLTAGE - - = o .
MAX-SIGNAL D-C PLATE CURRENT - - -
PLATE DISSIPATION - - - - o -
SCREEN DISSIPATION
GRID DISSIPATION - - - s 3 s

TYPICAL OPERATION CLASS A8,
(Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Voltage > - - 1500 2000 2500 3000 volts
D-C Screen Voltage - - - 800 600 600 600 volts
D-C Grid Voltage 1.2 - - —95 —I04 —I10 —I16 volts
Zero-Signal D-C Plate Currenf - 120 110 120 120 ma
Max-Signal D-C Plate Current - 400 405 430 417 ma
Zero-Signal D-C Screen Current - —04 —03 —03 —0.2 ma
Mazx-Signat D-C Screen Current - 23 22 13 0.5 ma

Effective Load, Plate-to-Plate 6250 9170 11,400 15,000 ohms

Peak A-F Grid Input Volfage

(per tube) B - - 64 88 90 93 volts
Driving Power - 0 0 0 0 watts
Max-Signal Plate Dnsslpahon

{per tube) - - 145 175 225 250 watts
Max-Signal Plate Power Oufpuf - 3I0 460 625 750 watts
Total Harmonic Distortion - - 25 2 25 per cent

IAdjust for stated zero-signal plate currenf
2The effective grid-circuit resistance must not exceed 250,000 ohms.
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-« = - - - 4000 MAX. YOLTS

= = - - = - - 600 MAX. YOLTS

- i - - - - - 350 MAX. MA

- = - - B - - 250 MAX. WATTS
- - - - - S 35 MAX. WATTS
- - - - - S 10 MAX. WATTS

TYPICAL OPERATION CLASS A8,
{Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Voltage - - 1500 2000 2500 3000 volts
D-C Screen Voltage - - 300 300 300 300 volts

D-C Grid Voltage?! - - —48 —48 —5l —53 volts
Zero-Signal D-C Plate Currenf - 100 120 120 125 ma
Max-Signal D-C Plate Current - 485 510 500 473 ma
Zero-Signal D-C Screen Current - 0 0 0 0 ma
Max-Signa| D-C Screen Current - 34 26 23 33 ma
Effective Load, Plate-to-Plate - 5400 8000 10,900 16,000 ohms
Peak A-F Gnd Input Volfage

{per tube) = - 9% 99 100 99 volts
Max-Signal Avg. Druvmg Power

{approx.) 2.0 23 22 1.9 watts
Max-Signal Peak Drwmg Power- 4.7 55 4.8 4.6 watts
Max-Signal Plate Dissipation

(per tube) - 150 185 205 190 watts
Max-Signal Plate Power Oufpuf - 428 650 840 1040 watts
Total Harmonic Distortion - - 3 4 4 45 per cent

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION", POSSIBLY
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.

APPLICATION

Mechanical

Mounting—The 4-250A must be mounted vertically, base down
or base up. The socket must be constructed so as to allow an
unimpeded flow of air through the holes in the base of the tube
and must also provide clearance for the glass tip-off which
extends from the center of the base. The tube should be mounted
above the chassis deck to allow free circulation of air in the
manner shown in the mounting diagram below. The metal tube-
base shell should be grounded by means of suitable spring
fingers. The above requirements are met by the E. F. Johnson
Co. socket No. 122-275, the National Co socket No. HX-100,
or a similar socket.

A flexible connecting strap should be provided between the
HR-6 Heat Dissipating Plate Connector on the plate terminal
and the external circuit. The tube must be protected from
severe vibration and shock.

A= AN

RSE|

4.250A mounting providing base cooling, shielding and isolation
of output and input compartments.

Page Two

Cooling—Adequate cooling must be provided for the seals and
envelope of the 4-250A. Forced-air circulation in the amount
of five cubic feet per minute through the base of the tube is
required. This air should be applied simultancously with filament
power. The temperature of the plate seal, as measured on the
top of the plate cap, should not exceed 170°C. in continuous-
service applications.

A relatively slow movement of air past the tube is sufficient
to prevent a plate seal temperature in excess of the maximum
rating at frequencies below 30 Mc. At frequencies above 30
Mec., radio-frequency losses in the leads and envelope contribute
to seal and envelope heating and special attention should be
given to bulb and plate seal cooling. A small fan or centrifugal
blower directed toward the upper portion of the envelope will
usually provide sufficient circulation for cooling at frequencies
above 30 Mc. (The Eimac 4-400A Air-System Socket provides a
convenient method of mounting and cooling the 4-250A at VHF,
should the user desire to use it. Full information is available on
the 4.400A data sheet, or it will be sent from the factory on
request.)

In intermittent-service applications where the “on’ time does
not exceed a total of five minutes in any ten-minute period,
plate-seal temperatures as high as 220° C. are permissible. When
the ambient temperature does not exceed 30° C. it will not
ordinarily be necessary to provide forced cooling of the bulb
and plate seal to hold the temperature below this maximum at
frequencies below 30 Mc., provided that a heat-radiating plate
connector is used, and the tube is so located that normal circu-
lation of air past the envelope is not impeded. The five cubic
feet per minute base-cooling requirement must be observed
in intermittent service.

Electrical

Filoment Yaltage—For maximum tube life the filament voltage,
as measured directly at the base pins, should be the rated value
of 5.0 volts. Yariations should be held within the range of 4.75
to 5.25 volts.

Bios Yaltoge—D-c bias voltage for the 4-250A should not exceed
500 volts. If grid-leak bias is used, suitable protective means
must be provided to prevent excessive plate or screen dissipation
in the event of loss of excitation.
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Grid Dissipation—Grid dissipation for the 4-250A should not be
allowed to exceed ten watts. Grid dissipation may be calculated
from the following expression:
Pu.':'ermplc
where P;=Grid dissipation
ecmp = Peak positive grid voltage, and
l.=D-c grid current.

e.mp may be measured by means of a suitable paak voltmeter
connected between filament and grid®.

Screen Voltage-—The d-c screen voltage for the 4-250A should
not exceed 600 volts.

Screen Dissipation—The power dissipated by the screen of the
4.250A must not exceed 35 watts, Screen dissipation is likely to
rise to excessive values when the plate voltage, bias voltage or
plate load is removed with filament and screen voltages applied.
Suitable protective means must be provided to limit screen
dissipation to 35 watts in the event of circuit failure.

Plate Voltage —The plate-supply voltage for the 4-250A should
not exceed 4000 volts for frequencies below 110 Mc. Above 110
Mc., the maximum permissible plate voltage is less than 4000
volt, as shown by the graph on page four.

Plate Dissipation_Under normal operating conditions, the plate
dissipation of the 4-250A should not be allowed to exceed 250
watts in unmodulated applications.

In plate-modulated amplifier applications, the maximum allow-
able carrier-condition plate dissipation is 165 watts.

Plate dissipation in excess of the maximum rating is permissible
for short periods of time, such as during tuning procedures.

Operation

Class-C FM or- Telegraphy —The 4.250A may be operated as a
class-C amplifier, FM or telegraphy, without neutralization up to
30 Mc. if reasonable precautions are taken to prevent coupling
between input and output circuits external to the tube. A
grounded metallic plate on which the socket may be mounted
and to which suitable connectors may be attached to ground the
tube base shell, provides an effective isolating shield between
grid and plate circuits. In single-ended circuits, plate, grid, fila-
ment and screen by-pass capacitors should be returned through
the shortest possible leads to a common chassis point. In push-
pull applications the filament and screen terminals of each tube
should be by-passed to a common chassis point by the shortest
possible leads, and short, heavy leads should be used to inter-
connect the screens and filaments of the two tubes. Care should
be taken to prevent leakage of radio-frequency energy to leads

-
|
|

400 N RFC
~Ec +Ese
|
l |
} 1

Screen-tuning neutralization circuit for use above 45 Mc.
C — Approximately 100uufd. per section, maximum.
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entering the amplifier in order to minimize grid-plate coupling
between these leads external to the amplifier.

At frequencies from 30 Mc. to 45 Mc. ordinary neutralization
systems may be used.

Where shielding is adequate, the feed-back at frequencies
above 45 Mec. is due principally to screen-lead-inductance
effects, and it becomes necessary to introduce in-phase voltage
from the plate circuit into the grid circuit. This can be done by
adding capacitance between plate and grid external to the tube.
Ordinarily, a small metal tab approximately ¥-inch square con-
nected to the grid terminal and located adjacent to the envelope
opposite the plate will suffice for neutralization. Means should
be provided for adjusting the spacing between the neutralizing
capacitor plate and the envelope. An alternative neutralization
scheme is illustrated in the diagram below. In this circuit, feed-
back is eliminated by series-tuning the screen to ground with a
small capacitor. The socket screen terminals should be strapped
together, as shown on the diagram, by the shortest possible lead,
and the leads from the screen terminal to the capacitor, C, and

from the capacitor to ground should be made as short as poss-
ible.

Driving power and power output under maximum output and
plate voltage conditions are shown on page 4. The power output
shown is the actual plate power delivered by the tube; the
power delivered to the load will depend upon the efficiency of
the plate tank and output coupling system. The driving power is
likewise the driving power required by the tube (includes bias
loss). The driver output power should exceed the driving power
requirement by a sufficient margin to allow for coupling-circuit
losses. The use of silver-plated linear tank-circuit elements is
recommended for all frequencies above 110 Mc.

Class-C AM Telephony —The r-f circuit considerations discussed
above under Class-C FM or Telegraphy also apply to amplitude-
modulated operation of the 4.250A. When the 4-250A is used
as a class-C plate-modulated amplifier, modulation should be
applied to both plate and screen. Modulation voltage for the
screen may be obtained from a separate winding on the modu-
lation transformer, by supplying the screen voltage via a series
dropping resistor from the unmodulated plate supply, or by the
use of an audio-frequency reactor in the positive screen-supply
lead. When screen modulation is obtained by either the series-
resistor or the audio-reactor method, the audio-frequency varia-
tions in screen current which result from the variations in plate
voltage as the plate is modulated automatically give the required
screen modulation. Where a reactor is used, it should have a
rated inductance of not less than 10 henries divided by the
number of tubes in the modulated amplifier and a maximum
current rating of two or three times the operating d-c screen
current. To prevent phase shift between the screen and plate
modulation voltages at high audio frequencies, the screen by-
pass capacitor should be no larger than necessary for adequate
r-f by-passing.

For plate-modulated service, the use of partial grid-leak bias
is recommended. Any by-pass capacitors placed across the grid-
leak resistance should have a reactance at the highest modula-
tion frequency equal to at least twice the grid-leak resistance.

Class-AB, and Class-AB, Audio —Two 4-250A's may be used in
a push-pull circuit to give relatively high audio output power at
low distortion. Maximum ratings and typical operating conditions
for class-AB, and class-AB; audio operation are given in the
tabulated data.

Screen voltage should be obtained from a source having
reasonably good regulation to prevent variations in screen volt-
age from zero-signal to maximum-signal conditions. The use of
voltage regulator tubes in a standard circuit should provide ade-
quate regulation.

Grid bias voltage for class-AB, service may be obtained from
batteries or from a small fixed-bias supply. When a bias supply
is used the d-c resistance of the bias source should not exceed
250 ohms. Under class-AB, conditions the effective grid-circuit
resistance should not exceed 250,000 ohms.

3 For suitable peak v.t.v.m. circuits see, for instance, '‘Vacuum Tube
Ratings,' Eimac News, January, 1945, This article is available in reprint
form on request.

Page Three
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The peak driving power figures given in the }

class-AB; tabulated data are included to make

~—360*9295 pia
possible an accurate determination of the required | _‘] %% 010 7'
driver output power. The driver amplifier must be 2 i
capable of supplying the peak driving power with- Gae T

out distortion. The driver stage should, therefore, I

be capable of providing an undistorted average gts 3% B A
output equal to half the peak driving power re- Sgol
quirement. A small amount of additional driver

output should be provided to allow for losses in the

coupling transformer. J—}MAX. 00000

-2 DIA. MAX-

In some cases the maximum-signal plate dissipa-
tion shown under "Typical Operation™ is less than
the maximum rated plate dissipation of the 4-250A. I{- DIA. PC——.

In these cases, the plate dissipation reaches a

maximum value, equal to the maximum rating, at a

point somewhat below maximum-signal conditions.

1882003 DIA.
5 PINS
The power output figures given in the tabulated
data refer to the total power output from the R o
amplifier tubes. The useful power output will be
from 5 to 15 per cent less than the figures shown,
due to losses in the output transformer.
| L1 T 1 1 ] ] |
dooo l__!' T [ cLASS-C_TELEGRAPHY T | | 117 H
. 111 T - —— : f
L - JIed B |
) SkASS-C TCLEPHONY i 1 i N
3000 + t T T
2 . EIMAC 4-250A I i
3 MAXIMUM RATED PLATE VOLTAGE T 1 N
> VERSUS \
2000 FREQUENCY | | i
i ! ! ] ! ] I : : ! I 1 } ﬁ | [ I J__ NS |
’ i T 1 ..I_I, = sl 0 { Lt v T i rrry
. 800f- ——— +—— + —+ -,—! 4+ i '[‘POV(.ER OUT PUT — ot =F HEN 1'[—
e == T —— 1 i~
; T — ! | { | !
x : [
2 .500 - | A { J_-
= 1 .{, i
3 - | . +
g i [ | | [ [ [ [ 1
R .0 | [EMAC 4-250A TYPICAL PERFORMANCE [ 1] . [ 1]
| CLASS-C TELEGRAPHY AT MAXIMUM T 17 1T 171 | T 11
b RATED PLATE VOLTAGE L | L L4 L L]
T ‘ T T T ' l ol
DRIVING POWER AND POWER OUTPUT
2 VERSUS FREQUENCY g - w | I SIS S L
- T T T
INEENIE S R
n |
2
: /
= 0 1 t :
: ]
= ! £
8 /
£ | 1 £ |
> | 1
- ' i a : A
! | I I I ., o
! | ORIVING_POWER 1 -~ 1
B I | | | N NN N S i [ |
| [ ] ' [ 1
d | || | | l ! ]
] 5 10 50 100 150

FREQUENCY - MEGACYCLES

} Indicates change from sheet dated 8-15-52.
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QUTPUT ouTPUT
Ley
RFC2
—
Ce1
—C2
4-250A
N B | -

|
l Rs

e |
|
|
ISNIELD

RFCy
l - e 22s ua
I
C1 4-1254
=
| ") ¢
L
______ J ] Rz
192 ¥ PLAR o~
[ Ik
p it
P —ie
180y +3000V. ‘
333 MA, e A
cy =
. 1 T 5 & &
= 3 R e, Jt 8.
Typical radio frequency power amplifier circuit, Class-C & P52 Lo b e Sme

telegraphy, 1000 watts input.
Typical high-level-modulated r-f amplifier circuit, with

modulator stage, 675 watts input.

COMPONENTS FOR TYPICAL CIRCUITS

Lpi - Cpi — Tank circuit appropriate for operating frequency:

SurruT Q=12. Capacitor plate spacing=.200".
Lp: - Cp- — Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.200".

Les . .
Lys - Cps — Tank circuit appropriate for operating frequency;
A4 Q@ =12. Capacitor plate spacing=.375".
cea R3 RFCa Ly -Cer — Tuned circuit appropriate for operating frequency.
L 5 Lg: -Cyo — Tuned circuit appropriate for operating frequency.
4-2508, ca 4-250A Pprop
= C, ~— .002-ufd. 500-v. mica
= RS ek GEL =T 1 C. — .002-ufd. 5000-v mica
' - S AN | - C; — .001-ufd., 2500-v. mica
; ~ 1 i C(—.l1-ufd., 1000-v. paper
sm:l.oi X{’ C&& : C: — .1-ufd. 600-v. paper
t I—Wf 1 - Cg — .5-ufd. 600-v paper
! < e B g C; — .03-ufd., 600-v. paper
| A 75 I gg—.;;uﬁ:; IIO(%)O-V. paper
[ ! 9 — .25-utd,, -v. paper
Laa 4 fIc [E&QQJL“ ! R; == 86,700 ohms, adjustable 100,000 ohms, 100 watts
J

L (_0'_] ________ R:— 250,000 ohms, !/; watt
Ri— 15,000 ohms, 5 watts
G307 C‘“ 4-250A R Rs — 25,000 ohms, 2 watts
Rug Rs — 2,500 ohms, 5 watts
-— R; — 35,000 ohms, 160 watts
. Ry — 250,000 ohms, /3 watt
y Re — 200,000 ohms, 2 watts

R0 — 500 ohms, /3 watt
R,y — | megohm, /3 watt
Ri» — 100,000 ohms, | watt
a33v R — 200,000 ohms, /3 watt
onalvarse Ri¢— 10,000 ohms, /3 watt
Ris — 50 ohms, 10 watts

A2
R

it o Ris — 100,000 ohms, 100 watts
o PRRITAT oc3/vR10s RFC, — 2.5-mhy., 125-ma. r-f choke
i oc3/vA 08 RFC; — 1-mhy., 500-ma. r-f choke
T Y T, — 350-watt modulation transformer; ratio pri. to sec. approx.
g:;v-% ‘,.??;_ s3x +30  —dow. shia = a0y 1.5 : I; pri. impedance 20,300 ohms, sec. impedance 13,300
SwaTs M. ohms.
. . ~ L T. — 600-watt modulation transformer; ratio pri. to sec. approx.
Typical high-level-modulated r-f amplifier circuit, with 1.8 : I; pri. impedance 11,400 ohms, sec. impedance 6,250
modulator and driver stages, 1000 watts input. ohms.
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RADIAL-BEAM
EITEL-McCULLOUGH, INC. iy i
SAN BRUNO, CALIFORNIA MODULATOR

OSCILLATOR
AMPLIFIER

The Eimac 4-125A is a radial-beam power tetrode intended for use as an
amplifier, oscillator, or modulator. It has a maximum plate-dissipation rating of
125 watts and a maximum plate-voltage rating of 3000 volts at frequencies
up to 120 Mec.

The low grid-plate capacitance of this tetrode together with its low driving-
power requirement allows considerable simplification of the associated circuit
and driver stage.

Cooling is by radiation from the plate and by air circulation through the
base and around the envelope.

The 4-125A in class-C r-f service will deliver up to 375 watts plate power
output with 2.5 watts driving power. Two 4-125A’s in class-B modulator service
will deliver up to 400 watts maximum-signal power output with 1.2 watts
nominal driving power.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - - - - - - - - - - - 5.0 volts
Current - - - - - - - - - - - - - 6.5 amperes
Grid-Screen Amplification Factor (Average) - - - - - - - - - 5.9
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - - - - - - 0.05 upfd
Input - - - - - - - - - - - - - - 10.8 pufd
Output - - - - - - - - - - - - - 3.0 pufd
Transconductance (1,=50 ma., E,=2500V., E.,=400V.) - - - - - - 2450 umbhos
Highest Frequency for Maximum Ratings - - - - - - - - - 120 Mc
MECHANICAL
Base - - - - - - - - - - - - - - 5-pin metal shell
Basing - - - - - - - - - - - - - See outline drawing
Socket - - - E. F. Johnson Co. socket No. 122-275, National Co. No. HX-100, or equivalent
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - Radiation and forced air
Recommended Heat-Dissipating Plate Connector - - - - - - - - Eimac HR-6
p Maximum Over-all Dimensions:
Length - - - - - - - - - - - - - 5.69 inches
Diameter - - - - - - - - - - - - - 2.81 inches
Net Weight - - - - - - - - - - - - - - 6.5 ounces
Shipping Weight - - - - - - - - - - - - - 1.5 pounds

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions of
grid bias and screen voltage. It will be found that if this procedure is followed, there will be littie variation in power output between tubes even
though there may be some variation in grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, to control
plate current it is necessary to make the resistor adjustable.

(Effective 7-15-54) Copyright, 1954 by Eitel-McCullough, Inc. ’ Indicates change from sheet dated 1-5-53
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RADIO-FREQUENCY POWER AMPLIFIER HIGH-LEVEL MODULATED RADIO-FREQUENCY
AND OSCILLATOR AMPLIFIER
Class-C Telegraphy or FM Telephony Class-C Telephony
(Key-down conditions, | tube) (Carrier conditions unless otherwise specified, | tube)
MAXIMUM RATINGS MAXIMUM RATINGS
D-C PLATE VOLTAGE! - - - 3000 MAX. YOLTS D-C PLATE YOLTAGE! - - 2500 MAX. YOLTS
D-C SCREEN YOLTAGE - - - 400 MAX. YOLTS D-C SCREEN VOLTAGE - - - 400 MAX. YOLTS
D-C GRID VOLTAGE - 5 - - —500 MAX. YOLTS D-C GRID YOLTAGE - - - - —500 MAX. YOLTS
D-C PLATE CURRENT - - - - 225 MAX. MA D-C PLATE CURRENT - - - - 200 MAX. MA
PLATE DISSIPATION . - - - 125 MAX. WATTS PLATE DISSIPATION - - - - 85 MAX. WATTS
SCREEN DISSIPATION - R - 5 20 MAX. WATTS SCREEN DISSIPATION - - - - 20 MAX. WATTS
GRID DISSIPATION . 5 5 o 5 MAX. WATTS GRID DISSIPATION . - - 5 MAX. WATTS
TYPICAL OPERATION TYPICAL OPERATION
(Frequencies below 120 Mc.) (Frequencies below 120 Mc.)
D-C Plate Voltage . . . 2000 2500 3000 volts D-C Plate Volage - - - 2000 2500 volts
D-C Screen Voltage - - - 350 350 350 vols D-C SC':“" Yoltage O = s 350 350 volts
D-C Grid Voltage R R - —100 —I50 —I50 volts D-C Grid Voltage - - - - =220 —210 volts
D-C Plate Current - - - - 150 152 ma
D-C Plate Current - . . 200 200 167 ma D-C Screen Current - 33 30 ma
D-C Screen Current - - - 50 40 30 ma D-C Grid Current - - - - 10 9 ma
D-C Grid Current R R . 12 12 9 ma Screen Dissipation - - - - - L5 105 watts
S Grid Dissipation - - - - - 1.6 1.4 watts
Scl:oon-D.lmp'ahon - - - 8 14 105 watts Peak A-F Screen Voltage, 100%
Grid Dissipation - - - - 1.6 2 1.2 watts Modulation - 5 g 3 * 210 210 volts
Peak R-F Grid Input Voltage 230 320 280 volts Peak R-F Grid Input Voltage (approx.) - 375 360 volts
(approx.) . - 5 - Driving Power (approx.)3 . - 3.8 33 watts
Driving Power (approx.)s . . 28 38 2.5 wahs Plate Power Input - - - - 300 380 watts
Plate Dissipation - - - - - 75 80 watts
Plate Pc:w?r l?puf ° ° ° 400 500 500 watts Plate Power Output 5 - - 225 300 watts
Plate Dissipation - - - 125 125 125 watts
Plate Power Output - - . 275 375 375 watts AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR
Class-AB,
AUDIO-FREQUENCY POWER AMPLIFIER MAXIMUM RATINGS
AND MODULATOR D.C PLATE VOLTAGE - - . . 3000 MAX. VOLTS
Class-AB, D-C SCREEN VOLTAGE - - - 400 MAX. VOLTS
MAXIMUM RATINGS MAX.SIGNAL D-C PLATE CURRENT,
PER TUBE - - - - - 225 MAX. MA
D-C PLATE VOLT 5 5 5 R :
AGE 3000 MAX. VOLTS PLATE DISSIPATION, PER TUBE - - 125 MAX. WATTS
T REEN VOLTAGE - = - - 600 MAX. VOLTS SCREEN DISSIPATION, PER TUBE 20 MAX. WATTS
MAX-SIGNAL D-C PLATE CURRENT, ' i ’
PER TUBE - - - - - 225 MAX. MA TYPICAL OPERATION
PLATE DISSIPATION, PER TUBE - 5 125 MAX. WATTS (Sinusoidal wave, two tubes unless otherwise specified)
SCREEN DISSIPATION, PER TUBE . 0 LW D-C Plate Voltage . . . 1500 2000 2500 volts
S S UL D-C Screen Voltage - - 350 350 350 volts
TYPICAL OPERATION D-C Grid Voltage - - - —41  —45 —43 volis
(Sinusoidal wave, two tubes unless otherwise specified) Zero-Signal D-C Plate Current - 87 72 93 ma
D-C Plate Volt - - - 1500 2 2 Max-Signal D-C Plate Current 400 300 260 ma
D-C Sc:o.o 30;90 600 2:: :3: vo::‘ Zero-Signal D-C Screen Current - 0 0 0 ma
oon ag’o - volrs Max-Signal D-C Screen Current - 34 5 6 ma
D-C Grid Voltage® - . . 90 —94 95 volts Effective Load, Plate-to-Plate 7200 13,600 22,200 ohms
Zoro-Signal D-C Plate Current - 60 50 50 ma Peak A-F Grid Input Voltage
Max-Signal D-C Plate Current - 222 240 232 ma M (S?" :"‘l”) D : P- - 141 105 89 volts
Zero-Signal D-C Screen Current -  —(.0 —05 —03 ma n-(;g::o..A)vg: — -owor- 25 1.4 1 watts
Max-Signal D-C Screen Current - 17 6.4 8.5 ma Max-Signal Peak Driving Power - 5.2 3.1 2.4 watts
Effective Load, Plate-to-Plate - 10,200 13,400 20,300 ohms Max-(Signal Pll;f)o Dissipation 125 125 122 watts
Peak, A-F Grid | Pegiube P
oe (per h‘br;d) npuf- Volffgo R 90 94 96  volts Max-Signal Plate Power Output - 350 350 400 watts
oo Total Harmonic Distortion - - 25 1 2.2 per ct,
Driving Power - - - - 0 0 0 watt . . .
Max-Signal Plate Dissipation freq:zﬁzs. '52e°e h;;:‘.n'h‘e‘ maximum plate voltage rating depends upon
(p" tube) " " ) 87.5 125 125 watts ?The effective grid circuit resistance for each tube must not exceed
Max-Signal Plate Power Output - 158 230 330 watts 250,000 ohms.
Total Harmonic Distortion - 5 2 26 per ct. 8 Driving power increases above 70 Mc, See page 4.

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER

"TYPICAL OPERATION", POSSIBLY

EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.
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APPLICATION

MECHANICAL

Mounting—The 4-125A must be mounted vertically,
base down or base up. The socket must be constructed
so as to allow an unimpeded flow of air through the
holes in the base of the tube and must also provide
clearance for the glass tip-off which extends from the
center of the base. The tube should be mounted above
the chassis deck to allow free circulation of air in the
manner shown in the mounting diagram below. The
above requirements are met by the E. F. Johnson Co.
socket No. 122-275, the National Co. socket No. HX-100,
or a similar socket.

A flexible connecting strap should be provided be-
tween the HR-6 Heat Dissipating Plate Connector on
the plate terminal and the external circuit. The tube
must be protected from severe vibration and shock.

/ sz“t&ﬂ

4-125A mounting providing base cooling, shielding and isolation
of output and input compartments.

Cooling—Adequate cooling must be provided for
the seals and envelope of the 4-125A. in continu-
ous-service applications, the temperature of the
plate seal, as measured on the top of the plate
cap, should not exceed 170° C. A relatively slow
movement of air past the tube is sufficient to prevent
seal temperatures in excess of maximum at frequencies
below 30 Mec. At frequencies above 30 Mc., radio fre-
quency losses in the leads and envelope contribute to seal
and envelope heating, and special attention should be
given to cooling. A small fan or centrifugal blower di-
rected toward the upper portion of the envelope will
usually provide sufficient circulation for cooling at fre-
quencies above 30 Mc., however.

In intermittent-service applications where the ‘“on”
time does not exceed a total of five minutes in any ten-
minute period, plate seal temperatures as high as 220° C.
are permissible. When the ambient temperature does not
exceed 30° C. it will not ordinarily be necessary to
provide forced cooling to hold the temperature below
this maximum at frequencies below 30 Mc., provided
that a heat-dissipating plate connector is used, and the

tube is so located that normal circulation of air past the
envelope is not impeded.

Provision must be made for circulation of air
through the base of the tube. Where shielding or sock-
et design makes it impossible to allow free circulation of
air through the base, it will be necessary to apply forced-
air cooling to the stem structure. An air flow of two
cubic feet per minute through the base will be sufficient
for stem cooling.

ELECTRICAL

Filament Voltage—For maximum tube life the filament
voltage, as measured directly at the filament pins, should
be the rated value of 5.0 volts. Unavoidable variations

in filament voltage must be kept within the range from
4.75 to 5.25 volts.

Bias Voltage—D-c bias voltage for the 4-125A should
not exceed 500 volts. If grid-leak bias is used, suitable
protective means must be provided to prevent excessive
plate or screen dissipation in the event of loss of
excitation.

Screen Voltage—The d-c screen voltage for the 4-125A
should not exceed 400 volts, except for class-AB: audio
operation.
Plate Voltage—The plate-supply voltage for the 4-125A
should not exceed 3000 volts for frequencies below 120
Mc. The maximum permissible plate voltage is less than
3000 volts above 120 Mc., as shown by the graph on
page 3.
Grid Dissipation—Grid dissipation for the 4-125A
should not g: allowed to exceed five watts. Grid dissipa-
tion may be calculated from the following expression:
P;_ecmplc
where P,=Grid dissipation,
ecmp=Peak positive grid voltage, and
I, =D-c grid current.
e.mp May be measured by means of a suitable peak
voltmeter connected between filament and grid".
Screen Dissipation—The power dissipated by the screen
of the 4-125A must not exceed 20 watts. S¢reen dissipa-
tion is likely to rise to excessive values when the plate
voltage, bias voltage or plate load are removed with
filament and screen voltages applied. Suitable protective
means must be provided to limit screen dissipation to 20
watts in the event of circuit failure.

Plate Dissipation—Under normal operating conditions,
the plate dissipation of the 4-125A should not be al-
lowed to exceed 125 watts in unmodulated applications.

In high-level-modulated amplifier applications, the
maximum allowable carrier-condition plate dissipation is
85 watts. The plate dissipation will rise to 125 watts
under 1009, sinusoidal modulation.

Plate dissipation in excess of the maximum rating is
permissible for short periods of time, such as during
tuning procedures.

*For suitable peak v.t.v.m. circuits see, for instance, '*Vacuum Tube
Ratings'', Eimac News, January, 1945. This article is available in reprint
form on request.
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OPERATION

Class-C Telegraphy or FM Telephony—The 4-125A
may be operated as a class-C telegraph or FM telephone
amplifier without neutralization up to about 30 Mc. if
reasonable precautions are taken to prevent coupling
between input and output circuits external to the tube.
A grounded metallic plate on which the socket may be
mounted as shown in the mounting diagram on page three
provides an effective isolating shield between grid and
plate circuits. In single-ended circuits, plate, grid, fila-
ment and screen by-pass capacitors should be returned
through the shortest possible leads to a common chassis
point. In push-pull applications the filament and screen
terminals of each tube should be by-passed to a common
chassis point by the shortest possible leads, and short,
heavy leads should be used to interconnect the screens
and filaments of the two tubes. Care should be taken to
prevent leakage of radio-frequency energy to leads enter-
ing the amplifier, to prevent grid-plate coupling between
these leads external to the amplifier.

Where shielding is adequate, the feed-back at fre-
quencies above 100 Mc. is due principally to screen-lead-
inductance effects, and it becomes necessary to introduce
in-phase voltage from the plate circuit into the grid
circuit. This can be done by adding capacitance between
plate and grid external to the tube. Ordinarily, a small
metal tab approximately 34-inch square connected to
the grid terminal and located adjacent to the envelope
opposite the plate will suffice for neutralization. Means
should be provided for adjusting the spacing between the
neutralizing capacitor plate and the envelope, but care
must be taken to prevent the neutralizing plate from
touching the envelope. An alternative neutralization
scheme is illustrated in the diagram below. In this
circuit feed-back is eliminated by series-tuning the
screen to ground with a small capacitor. The socket
screen terminals should be strapped together, as shown
on the diagram, by the shortest posible lead, and the
leads from the screen terminal to the capacitor, C, and
from the capacitor to ground should be made as short
as possible. All connections to the screen terminals
should be made to the center of the strap between the
terminals, in order to equalize the current in the two
screen leads and prevent overheating one of them. The
value for C given under the diagram presupposes the
use of the shortest possible leads.

At frequencies below 100 Mec. ordinary neutralization
systems may be used. With reasonably effective shield-
ing, however, neutralization should not be required

below about 30 Mec.

The driving power and power output under typical
operating conditions, with maximum output and plate
voltage, are shown on page 5. The power output shown
is the actual plate power delivered by the tube; the power
delivered to the load will depend upon the efficiency of
the plate tank and output coupling system. The driving
power is likewise the driving power required by the tube
(includes bias loss). The driver output power should
exceed the driving power requirement by a sufficient
margin to allow for coupling-circuit losses. These losses
will not ordinarily amount to more than 30 or 40 per
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cent of the driving power, except at frequencies above 150
Me. The use of silver-plated linear tank-circuit elements
is recommended at frequencies above 100 Mc.

Conventional capacitance - shortened quarter - wave
linear grid tank circuits having a calculated Z, of 160
ohms or less may be used with the 4-125A up to 175 Mc.
Above 175 Mec. linear grid tank circuits employing a
“capacitor’-type shortening bar, as illustrated in the
diagram below, may be used. The capacitor, C,, may con-
sist of two silver-plated brass plates one inch square with
a piece of .010 inch mica or polystyrene as insulation.

Class-C AM Telephony—The r-f circuit considera-
tions discussed above under Class-C Telegraphy or FM
Telephony also apply to amplitude-modulated operation
of the 4-125A. When the 4-125A is used as a class-C
high-level-modulated amplifier, modulation should be
applied to both plate and screen. Modulation voltage for
the screen may be obtained from a separate winding on
the modulation transformer, by supplying the screen
voltage via a series dropping resistor from the unmodu-
lated plate supply, or by the use of an audio-frequency
reactor in the positive screen-supply lead. When screen
modulation is obtained by either the series-resistor or the
audio-reactor method, the audio-frequency variations in
screen current which result from variations in plate
voltage as the plate is modulated automatically give the
required screen modulation. Where a reactor is used, it
should have a rated inductance of not less than 10
henries divided by the number of tubes in the modu-
lated amplifier and a maximum current rating of two
or three times the operating d-c screen current. To pre-
vent phase shift between the screen and plate modula-
tion voltages at high audio frequencies, the screen by-
pass capacitor should be no larger than necessary for
adequate r-f by-passing. Where screen voltage is obtained
from a separate winding on the modulation transformer,
the screen winding should be designed to deliver the
peak screen modulation voltage given in the typical
operating data on page 2.

For high-level modulated service, the use of partial
grid-leak bias is recommended. Any by-pass capacitors
placed across the grid-leak resistance should have a re-
actance at the highest modulation frequency equal to at
least twice the grid-leak resistance.

Class-AB, and Class-AB, Audio—Two 4-125A’s may
be used in a push-pull circuit to give relatively high
audio output power at low distortion. Maximum ratings
and typical operating conditions for class-AB, and class-
AB, audio operation are given in the tabulated data.

When type 4-125A tubes are used as class-AB, or class-
AB, audio amplifiers at 1500 plate volts, under the con-
ditions given under “Typical Operation”, the screen
voltage must be obtained from a source having reason-
ably good regulation, to prevent variations in screen
voltage from zero-signal to maximum-signal conditions.
The use of voltage regulator tubes in a standard circuit
will provide adequate regulation. The variation in screen
current at plate voltages of 2000 and above is low enough
so that any screen power supply having a normal order

o



of regulation will serve. The driver plate .supply makes
a convenient source of screen voltage under these con-
ditions.

Grid bias voltage for class-AB, service may be ob-
tained from batteries or from a small fixed-bias supply.
When a bias supply is used, the d-c resistance of the
bias source should not exceed 250 ohms. Under class-
AB, conditions the effective grid-circuit resistance for
each tube should not exceed 250,000 ohms.

The peak driving power figures given in the class-
AB, tabulated data are included to make possible an
accurate determination of the required driver output

power. The driving amplifier must be capable of supply-
ing the peak driving power without distortion. The driver
stage should, therefore, be capable of providing an un-
distorted average output equal to half the peak driving
power requirement. A small amount of additional driver
output should be provided to allow for losses in the
coupling transformer.

The power output figures given in the tabulated data
refer to the total power output from the amplifier tubes.
The useful power output will be from 5 to 15 per cent
less than the figures shown, due to losses in the output
transformer.

i
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Typical circuit arrangement useful for frequencies above 175 Mc.
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Ecc2 Er Enn
0.C.SCREEN VOLTS| FILAMENT VOLTS | DC.GRIO VOLTS | DRIVING POWER | O.C. PLATE VOLTS
350 V., 40 MA. “so0v. | -1s0v, 12maA. 3.8 WATTS | 2500V, 200 MA.
330V, 30 MA. sov. ~130V. 9 MA. 2.3 WATTS | 3000 V., 187 MA.
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=150 V.. 24MA. 350V, 80 MA 7.6 WATTS 9.0 V. ~_ZSDO v 400 MA_
~150 v, 18MA 330V, 60 MA. 5.0 WATTS s.ov. 3000 v, 333 MA.

Typical radio-frequency power amplifier circuit, Class-C Typical radio-frequency power amplifier circuit, Class-C
telegraphy, 500 watts input. telegraphy, 1000 watts input.
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Typical high-level-modulated r-f amplifier circuit, with modulator

and driver stages, 380 watts plate input.

Typical high-level-modulated r-f amplifier circuit, with modulator

and driver stages, 750 watts plate input.

See opposite page for list of components.
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COMPONENTS FOR TYPICAL CIRCUITS

{Diagrams, Page &)

Lpi- Cpi—Tank circuit appropriate for operating frequency;
@=12. Capacitor plate spacing=.200".

Lp:- Cpa —Tank circuit appropriate for operating frequency;
@=12. Capacitor plate spacing=.200".

Lps- Cpa —Tank circuit appropriate for operating frequency;
@ =12, Capacitor plate spacing=.375".

Lps- Cpe —Tank circuit appropriate for operating frequency;
@ =12, Capacitor plate spacing=.375".

Les - Cou — Tuned circuit appropriate for operating frequency.

Lgz- Coa— Tuned circuit appropriate for operating fregency.

C, — .002-ufd., 500-v. mica

C; — .002-ufd., 5000-v. mica

C, — .001-ufd., 2500-v. mica

C.— 16-ufd., 450-v. electrolytic

C; — 10-ufd., 25-v. electrolytic

R, — 7000 ohms, 5 wats

R; — 70,000 ohms, 100 watts

Rs — 3500 ohms, 5 watts

R.— 35,000 ohms, 200 watts

R; — 560 ohms, | watt

Rs — 25,000 ohms, 2 watts

R: — 1500 ohms, § watts

RFC, — 2.5-mhy., 125-ma. r-f choke

RFC; — 1-mhy., 500-ma. r-f choke

T, — 10-watt driver transformer; ratio pri. to /3 sec. approx. 2:1.

T: — 200-watt modulation transformer; ratio pri. to sec. approx.
1:1; pri. impedance= 16,200 ohms, sec. impedance = 16,500
ohms.

Ts — S-watt driver transformer; ratio pri. to /2 sec. approx. 1.1:1.

T.— 400-watt modulation transformer; ratio pri. to sec. approx.
2.h7:l: pri. impedance=22,200 ohms, sec. impedance = 8300
ohms.

4

-1 =360 _ 5,0 DIA

+.005

+
&l-

3

=22 MAX. DIA:

=~ I§ DIANOMI= - DiA.NOM AIR HOLE

o> 5 PINS
3 L)

80TTOM VIEW

eSS 5
IS-  DIA. NOM. AIR
HOLES EQUALLY
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« 5% pla.Nom
AIR_HOLES

188+ .003 DIA,

'Indica'es change from sheet dated !-5.53
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4E21A /5-115B

RADIAL-BEAM
POWER PENTODE
°
EITEL-McCULLOUGH, INC. MODULATOR
OSCILLATOR
SAN BRUNO, CALIFORNIA
AMPLIFIER
The Eimac 4E27A/5-125B is a power pentode intended for use as a modulator, oscillator or
amplifier. The driving-power requirement is very low, and neutralization problems are simplified or
eliminated entirely. The tube has a maximum plate-dissipation rating of 125 watts and a maximum
plate voltage rating of 4000 volts at frequencies up to 75 Mec. Cooling is by convection and radia-
tion. Type 4E27A/5-1258B unilaterally replaces type 4E27.
The 4E27A/5-125B in class-C r-f service will deliver up to 375 watts plate power output with
less than 2 watts driving power. [t will deliver up to 75 watts of carrier for suppressor modulation.
Two 4E27A/5-125B's will deliver up to 300 watts maximum-signal plate power output in class
AB, modulator service, 400 watts in class AB; with less than | watt driving power.
GENERAL CHARACTERISTICS
ELECTRICAL
Filament: Thoriated tungsten
Voltage - - - - - - - - - - - - - 5.0 volts
Current - - - - - - - - - - - - - 7.5 amperes
Grid-Screen Amplification Factor (Average) - - - - - - - - - 5.0
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - - - - - 0,08 ppufd
Input 5 5 = 3 5 5 - - - - - - - 10.5 ppufd
Output - - - - - - - - - - - - - 4.7 pptd
Transconductance (lb=50ma., E»=2500v., Ec=500v., Ec;= Ov.) .- - - 2150 umhos
Highest Frequencies for Maximum Ratings - - - - - - - - 75 Mec.
MECHANICAL
Base - - - - - - - - - - - - - 7-pin, metal shell
Connections - - - - - - - - - - - - - - See drawing
Socket* - - - - - - - . E F Johnson Co. No. 122-237, or equivalent
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling T S S - - - - Convection and radiation
Recommended Heat Dissipating Plate Connector - - - - - - - - - - - - - - - Eimac HR-5

Maximum Over-All Dimensions:

Length - - - - - - - - - - - - - . - - - - - - - 6.19 inches
Diameter - - - - - - - - - - - - - - - - - - - - 2.75 inches
Net Weight (Average) - - - - - - - - - - . - . - - - - - - - 6.0 ounces
Shipping Weight - - - - - - - . - e e e e . & - - - - - - 2,0 pounds

*See "'Cooling'' under Application Notes.

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to specified plate current, maintaining fixed condi-
tions of grid bias, screen voltage and suppressor voltage. It will be found that if this procedure is followed, there will be littla variation
in power output between tubes even though there may be some variation in grid, screen and suppressor currents. Where grid bias is ob-
lained principally by means of a grid resistor, to control plate current it is necessary to make the resistor adjustable.

RADIO-FREQUENCY POWER AMPLIFIER ;Y"'CSAL OPE"AUC‘"N 50 s Vorr

ero Juppressor volts, creen olrs
OR OSCH.LATOR . D-C Plate Voltage - - - - 1000 1500 2000 2500 3000 volts
Class-C Telegraphy or FM Telephony, Frequencies up to 75 Mc. D-C Grid Voltage - - - - —I20 —I30 —IS0 —I70 —200 volis
(Key-down conditions, per tube) D-C Plate Current - - - . 145 180 200 184 187 ma
MAXIMUM RATINGS D-C Screen Current*® - - . 7 20 23 18 12 ma
D-C PLATE VOLTAGE - - - 4000 MAX. YOLTS D-C Grid Current®* - - - - 3 8 I 9 7 ma
D-C SCREEN VOLTAGE . - - 750 MAX. VOLTS Peak R-F Grid Input Voltage - 170 200 240 250 270 volts
D-C GRID YOLTAGE O - - —500 MAX. VOLTS Driving Power*® - - - = 10 e 26 23 1.9 watts
D-C PLATE CURRENT - - - 200 MAX. MA Grid Dissipation® - - - - 3 & 10 8 5 wathks
PLATE DISSIPATION - - - - 125 MAX. WATTS Screen Dissipation® - - . . 85 10 12 9 & watts
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS Plate Dissipation - - - - 55 95 125 125 125 watts
SCREEN DISSIPATION - - - 20 MAX. WATTS Plate Power lnput - - - - 145 270 400 460 500 watts
GRID DISSIPATION - - - - 5 MAX. WATTS Plate Power Output - - - % 175 275 335 375 watts
TYPICAL OPERATION TYPICAL OPERATION
60 Suppressor Volts, 500 Screen Volts Zero Suppressor Volts, 750 Screen Volts
D-C Plate Voltage - - - - 1000 1500 2000 2500 3000 volts D-C Plate Voltage - - - - 1000 1500 2000 2500 3000 volts
D-C Grid Voltage - - - - =120 —130 —I50 —i70 —200 volts D-C Grid Voltage - - - - =170 —180 =200 —225 —250 volts
D-C Plate Current - - - - 167 200 200 186 167 ma D-C Plate Current - - - - 160 200 200 I8 167 ma
D-C Suppressor Current* - - ] 5 4 3 3 ma D-C Screen Current® e | Z I > B ¥} 9 ma
g'g g";'"c Curre:\f‘ - " " " ?, 2 e D-C Grid Current* - - . . 3 6 ] 4 3 ma
- i urrent - - - - [ 8 8 ma .
Peak R-F Grid Input Voltage - 170 200 222 240 260 volts D I I
Driving Power® - ... 00 1 18 LT 16 walts eid Disioation® - . - : : : o vans
Grid Dissipation®* - . . . 3 6 6 5 6 watks rid Dissipation . T ! 4 3 2 2 watts
Screen Dissipation®* - - . - 55 55 55 35 25 watts Screen P'f"p‘f""" -t - 16 18 17 9 7 watts
Plate Dissipation - - - - 47 85 100 115 125 watts Plate Dissipation - - - - 45 85 100 115 125 watts
Plate Power input - - . . 167 300 400 455 500 watts Plate Power Input - - - - 160 300 400 465 500 watts
Plate Power Output - - - 120 215 300 350 375 watts Plate Power Output - - - 15 215 300 350 375 watts

. *Approsximate Values
(Effective 8-15-52) Copyright, 1952 by Eitel-McCullough, Inc. Supersedes Sheet Dated 12-1-49



PLATE-MODULATED RADIO-FREQUENCY
AMPLIFIER

Class-C Telephony, Frequencies up to 75 Mc.

(Carrier conditions, per tube, unless otherwise specified)

MAXIMUM RATINGS

4

o'

pRY

“"4E27A/5-125B

TYPICAL OPERATION
Zero Suppressor Yolts, 500 Screen Yolts
D-C Plate Voltage - -
D-C Grid VYoltage - -

- - 1000 1500 2000 2500 volts
D-C Plate Current - - -

- - =190 =195 —200 —205 volts
- - 149 150 ISI 152 ma

D-C Screen Current* - - 20 18 17 16 ma

D-C PLATE VYOLTAGE - - - 3200 MAX. YOLTS D'CkGAfig SC""""; ' S - 7 7 8 8 ma
D-C SCREEN VOLTAGE - - . 750 MAX. VOLTS Paak AWF Screen Voltage

(100% Modulation) - - - - 380 350 350 350 volts
D-C GRID VOLTAGE - - . .  -500 MAX. VOLTS Peak R-F Grid Input Yoltage - - - 260 265 270 275 volts
D-C PLATE CURRENT - - - 160 MAX. MA Driving Power* - . - . . . 2 2 2 2 watts
PLATE DISSIPATION . . . . 85 MAX. WATTS Grid Dissipation® - - - - . 05 05 05 05 waths
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS T L T e e e e

] on - - - - - watts

SCREEN DISSIPATION - - - 20 MAX. WATTS Plate Power Input - - - - - 149 225 300 380 watts
GRID DISSIPATION - - - - § MAX. WATTS Plate Power Output - - - - . 85 |53 220 295 watts
SUPPRESSOR-MODULATED TYPICAL OPERATION

RADIO-FREQUENCY AMPLIFIER

Class-C Telephony, Frequencies up to 75 Mc.
(Carrier conditions, per tube, unless otherwise specified)

MAXIMUM RATINGS

D-C PLATE VYOLTAGE - - - 4000 MAX. YOLTS
D-C SCREEN YOLTAGE - - - 750 MAX. YOLTS
D-C GRID VOLTAGE - - - - —500 MAX. YOLTS
D-C PLATE CURRENT - - - 200 MAX. MA

PLATE DISSIPATION - - - - 125 MAX. WATTS
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS
SCREEN DISSIPATION - - - 20 MAX. WATTS
GRID DISSIPATION - - - - 5§ MAX. WATTS

D-C Plate VYoltage - - - - - 1500 2000 2500 3000 volts
D-C Suppressor Voltage - - - - =220 —260 —305 350 volts
Peak A-F Suppressor Yoltage
(100% Modulation) - -
D-C Screen Yoltage - -
Fixed D-C Screen Voltage
Screen Dropping Resistor!
D-C Grid Voltage - -
D-C Plate Current - -
D-C Screen Current* -
D-C Grid Current* - -
Peak R-F Grid Input Voltage
Driving Power®* - - -
Grid Dissipation® - -
Screen Dissipation® . - -
Plate Dissipation - -
Plate Power Input - - -
Plate Power Qutput - - -

1Adjust to stated d-c screen voltage.

- 220 260 305 350 volts
- 400 400 400 400 voits
- 610 445 450 4610 volts
- 5500 9100 10,000 8300 ohms
- —170 —I80 —190 —200 volts
60 ma
- 38 27 25 25 ma
[ 5 5 4 ma
250 volts
14 13 1.2 1.2 watts
35 .25 .25 .20 watts
15 1 10 10 watts
54 68 87 105 watts
89 118 148 180 watts
35 50 6 75 watts
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AUDIO-FREQUENCY POWER AMPLIFIER
OR MODULATOR
Class-AB, Sinusoidal Wave

MAXIMUM RATINGS (Per Tube)

D-C PLATE VYOLTAGE - - - 4000 MAX. YOLTS
D-C SCREEN YOLTAGE - - - 750 MAX. VOLTS
D-C GRID VOLTAGE - - - - =500 MAX. VOLTS
D-C PLATE CURRENT - - - 200 MAX. MA

PLATE DISSIPATION - - - - 125 MAX. WATTS
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS
SCREEN DISSIPATION - - - 20 MAX. WATTS
GRID DISSIPATION - - - - 5§ MAX. WATTS

TYPICAL OPERATION (Two tubes unless otherwise specified)
Class-AB,

D-C Plate VYoltage - - - .. 1500 2000 2500 volits
D-C Suppressor Yoltage - - - - 0 0 0 volts
D-C Screen VYoltage - - - - - 500 500 500 volts
D-C Grid VYoltage’ - - - - - -70 —-80 —85 volts
Zero-Signal D-C Plate Current - - 1o 85 65 ma
Max-Signal D-C Plate Current - - 205 210 220 ma
Zero-Signal D-C Screen Current* - - 0 0 0 ma

Max-Signal D-C Screen Current® - - Is 13 8 ma
Effective Plate-to-Plate Load - - - 13,700 18,000 20,000 ohms
Peak A-F Grid VYoltage (per tube) - 70 80 85 volts
Max-Signal Driving Power* - - - 0 0 0 watts
Max-Signal Plate Power Input - - - 310 420 550 watts
Max-Signal Plate Power Output - - 200 250 300 watts
'Adjust to stated zero-signal d-c plate current. The effective grid cir-
cuit resistance for each tube must not exceed 250,000 ohms,

TYPICAL OPERATION (Two tubes unless otherwise specified)
Class-AB,

D-C Plate VYoltage - -
D-C Suppressor Yoltage -

- - 1500 2000 2500 volts
- - 60 0 0 volts
D-C Screen Yoltage - - - - 500 500 500 volts
D-C Grid VYoltage' - - - - ~70 -80 -85 volts
Zero-Signal D-C Plate Current - - 110 85 65 ma
Max-Signal D-C Plate Current - - 365 295 250 ma
Zero-Signal D-C Screen Current*® - - 0 0 0 ma
Max-Signal D-C Screen Current® - - i} 16 13 ma
Effective Plate-to-Plate Load - - - 7300 13,00020,000 ohms
Peak A-F Grid Input Yoltage (per tube) - 100 100 95 volts

Max-Signal Driving Power* - - 0.5 0.3 0.2 watts
Max-Signal Plate Power Input - 550 590 625 watts
Max-Signal Plate Power Output - - 300 350 400 watts
1Adjust to stated zero-signal d-c plate current.

*Approximate values.

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION", POSSIBLY
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL.McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.
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APPLICATION

MECHANICAL

Mounting —The 4E27A/5.125B must be mounted vertically, base
down or up. The plate lead should be flexible, and the tube
must be protected from vibration and shock.

Cooling —A heat dissipating connector (Eimac HR-5 or equiva-
lent) is required at the plate terminal, and provision must be
made for the free circulation of air through the socket and
through the holes in the base. If the E. F Johnson Co. 122-237
socket recommended under ''General Characteristics" is to be
used, the model incorporating a ventilating hole should be
specified.

At high ambient temperatures, at frequencies above 75 Mc.,
or when the flow of air is restricted, it may become necessary
to provide forced air circulation in sufficient quantity to prevent
the temperature of the plate and base seals from exceeding
225°C. Forced movement of air across the tube seals and
envelope is always beneficial, though not necessarily required.

Tube temperatures may be measured with the aid of "“"Tem-
pilag, a temperature-sensitive lacquer manufactured by the
Tempil Corporation, 132 West 22nd Street, New York 11, N. Y.

ELECTRICAL

Filament Voltage —For maximum tube life the filament voltage,
as measured directly at the base pins, should be the rated
value of 5.0 volts. Variations should be held within the range of
4.75 to 5.25 volts.

Grid Voltage —Although a maximum of —500 volts bias may be
applied to the grid, there is little advantage in using bias volt-
ages in excess of those listed under ""Typical Operation," except
in certain specialized applications.

When grid-leak bias is used, suitable protective means must
be provided to prevent excessive plate dissipation in the event
of loss of excitation, and the grid-leak resistor should be made
adjustable to facilitate maintaining the bias voltage and plate
current at the desired value from tube to tube.
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In class-C operation, particularly at high frequency, both
grid bias and grid drive should be only great enough to provide
satisfactory operation at good plate efficiency.

Screen Dissipation.—Decrease or removal of plate load, plate
voltage or bias voltage may result in screen dissipation in ex-
cess of the 20 watt maximum rating. The tube may be protected
by an overload relay in the screen circuit set to remove the
screen voltage when the dissipation exceeds 20 watts.

Resistors placed in the screen circuit for the purpose of
developing an audio modulating voltage on the screen in
modulated radio-frequency amplifiers should be made variable
to permit adjustment when replacing tubes.

Plate Dissipation —Plate dissipation in excess of the 125.-watt
maximum rating is permissible for short periods of time, such
as during tuning procedures.

Operation—|f reasonable precautions are taken to prevent
coupling between the input and output circuits, the 4E27A/5-
1258 may usually be operated at frequencies up to 75 Mc.
without neutralization. A conventional method of obtaining the
necessary shielding between the grid and plate circuits is to
use a suitable metal chassis with the grid circuit mounted below
the deck and the plate circuit above. The tube socket should be
mounted flush with the under side of the chassis deck, and
spring fingers mounted around the socket opening should make
contact between the chassis and the metal base shell of the
tube. Power-supply leads entering the amplifier should be by-
passed to ground and properly shielded. The output circuit and
antenna feeders should be arranged so as to preclude any
possibility of feedback to other circuits.

Feedback at high frequencies may be due to the inductance
of leads, particularly those of the screen and suppressor-grids.
By-passing methods and means of placing these grids at r-f
ground potential are discussed in Application Bulletin Number
Eight, "The Care and Feeding of Power Tetrodes,'" available
from Eitel-McCullough, Inc., for twenty-five cents. Much of the
material contained in this bulletin may be applied to pentodes.
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APPLICATION BULLETIN

EITEL-McCULLOUGH,

SAN BRUNO. CALIFORNIA

NUMBER 5
TUBE
PERFORMANCE

Iy COMPUTOR

DETAILED INSTRUCTIONS

TUBE PERFORMANCE COMPUTOR FOR RF AMPLIFIERS (CLASS B, C, AND FREQUENCY MULTIPLIERS)

It is quite easy to make a close estimate of the
performance of a vacuum tube in radio frequency
power amplifier service, or an approximation in
the case of harmonic amplifier service. Such es-
timates will give RF output power, DC input
power, grid driving power and all DC current
values.

These estimates can be made easily by using the
Eimac Tube Performance Computor and the char-
acteristic curves of a tube, plotted on plate volt-
age /grid voltage curves (constant current curves).
Only the ability to multiply out figures taken from
the curves by means of the computor is required.

By graphically laying out the trace of the plate
and grid voltages as they rise and fall about the
applied DC plate voltage and DC grid bias a clearer
understanding is possible of the action taking place
within a tube. With such an understanding the
operating conditions can be altered readily to suit
one's particular requirements.

Simple Action in
Class C RF Amplifiers

In an amplifier a varying voltage is applied to
the control grid of the tube. Simultaneously the
plate voltage will vary in a similar manner, due to
the action of the amplified current flowing in the
plate circuit. In radio frequency applications with
resonant circuits these voltage variations are
smooth sine wave variations, 180° out of phase (as
the grid voltage rises and becomes more positive,
the plate voltage falls and becomes less positive)
as indicated in Fig. 1. Note how these variations
center about the DC plate voltage and the DC
control grid bias.

Let us now see how such variations of the plate
and grid voltages of a tube appear on the constant
current curve sheet of a tube. In Fig. 2 these

PLATE VOLTAGE
AT ANY INSTANT

— —DC PLATE
VOLTAGE

\ \ (AVERAGE) |
|

7 TIMF—’

OC GRID
BIAS
GRID VOLTAGE / {AVERAGE)

AT ANY INSTANT

POSITIVE
«-O -« VOLTAGE

NEGATIVE
VOLTAGE

—— == e—— |
Figure 1

bi

variations have been indicated next to the plate
voltage and grid voltage scales of a typical constant
current curve. At some instant of time, shown as
“t” on the time scales, the grid voltage has a value
which is the point marked “eg” on the grid voltage
sine wave. At this same instant of time the plate
voltage has a value which is the point “ep” marked
on the plate voltage sine wave. If now one finds
the point on the tube curve sheet corresponding to
these values (where a line drawn from ‘“eg” and a
line drawn from “ep” cross) he will be at point A
in Fig. 2. As the values of grid voltage “eg” and
plate voltage ‘“‘ep” vary over the RF cycle, the point
A moves up and down a line, which in the case of
the normal RF power amplifier is a straight line.
This line is called the “Operating Line.”

PEAK PLATE GURRENT POINT
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|
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O+ INSTANTANEOUS | PLATE VOLTAGE
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Figure 2

Any point on the operating line (when drawn
on a curve sheet as in Fig. 2 or Fig. 4) tells the in-
stantaneous values of plate current, screen current,
and grid current which must flow when those par-
ticular values of grid and plate voltage are applied
to the tube. Thus by reading off the values of the
currents and plotting them against the time, t, one
can obtain a curve of instantaneous values of plate
and grid current. See Fig. 3.
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If we analyze the plate and grid current values
shown, we can predict that they will cause a DC
ammeter to show a particular reading. This is
called the DC component of the current. Also, we
can predict that if the plate current flows through
a properly loaded resonant RF circuit a certain
amount of radio frequency power will be delivered
to that circuit. If the circuit is tuned to the fun-
damental frequency (same frequency as the RF
grid voltage) the power delivered will be due to
the fundamental (or principle radio frequency)
component of plate current. If the circuit is tuned
to a harmonic of the grid voltage frequency (for
instance, two, or three times the frequency) the
power delivered will be due to a harmonic compo-
nent of the plate current.

The Eimac Tube Performance Computor gives us
the means to make these simple calculations. It is
a means with which to determine the DC compo-
nent, the fundamental RF component, or the ap-
proximate harmonic component of the current
flowing in a tube when the tube is operating as a
radio frequency amplifier, and enables one to state
what all meter readings will be and to predict the
RF output power and the required driving power.
With these factors known we are then able also to
forecast what will happen if any of the operating
conditions are changed.

Use of the Eimac Tube Performance Computor

The Eimac Tube Performance Computor is a
simple aid to enable one to select suitable values
from the characteristic curves of a tube, and by
means of simple calculations to forecast the per-
formance of the tube in radio frequency power
amplifiers.

The basic steps are outlined under ‘Instructions”
on the computor. This requires selecting DC plate
and grid bias voltages, being guided by the typical
operating values given on the technical data sheet
for the tube type and by general experience. Next,
a suitable “Operating Line” must be chosen on the
constant current curves for the tube type (plotted
on grid voltage /plate voltage scales).

The computor when properly placed over this
operating line enables one to obtain instantaneous
values of the currents flowing at every 15° of the
electrical cycle. The formulas given on the com-
putor were derived by Chaffee' to give the various
average and harmonic components of the resulting
currents. Knowing these current component values
and the radio frequency voltage values which are
indicated by the use of the computor, one can read-
ily calculate the complete performance of the tube.

The fundamental methods of making such com-
putations, and the considerations necessary to stay
within ratings of the tube types, and accomplish
various forms of modulation have been covered in
the literature.z.4s.s7 The method for the case
of harmonic amplifier service is approximate and
should be used only for tetrode and pentode tubes,
where the plate voltage has little effect on the
amount of plate current flowing. A more exact
method, showing that for harmonic operation the

Page Two

operating line is a simple Lissajou figure, has been
described by Brown.s

The results of using this computor for power
amplifier service can be applied in combination
with the other methods given in the literature to
give good accuracy with simpler procedues. The
resulting accuracy is well within the normal varia-
tion of tube characteristics due to the normal var-
iation in manufacturing dimensions of a tube. Since
the published tube curves are only typical of the
characteristics to be expected from a particular
tube type, the calculated performance is well with-
in the values expected when different tubes of a
given tube type are operated under the assumed
conditions.

Example Showing Detalled Use of the
Eimac Tube Performance Computor
Radio Frequency Power Amplifier, Class C
(Telegraphy or FM)

Let us say we have an Eimac 4-65A tetrode and
want to make it work effectively. Also let us say
we have a 2000 volt DC plate power supply avail-
able.

Within frequency limits, we know a tube should
be able to run in class-C amplifier service with
about 75% efficiency, or, in other words, to con-
vert 75% of the DC plate input power into RF
output power. The difference, or 25% of the in-
put power, is dissipated or lost as heat on the plate
of the tube. The DC plate input power is then
about four times the power dissipated on the plate.

The 4-65A tetrode has a maximum rated plate
dissipation of 65 watts, so, to illustrate perform-
ance near the maximum rating, we’ll choose an in-
put power four times the plate dissipation, or 260
wattls per tube. At 2000 volts the plate current
per tube must then be 130 ma. It is usual practice,
in the case of tetrodes and the medium or low mu
triodes in class-C amplifier service for the DC
grid bias voltage to be roughly two or three times
the grid voltage necessary to cut off the flow of
plate current. By referring to the curves of the
4-65A we decide to use a DC grid bias voltage
0f—120 volts.

Let us now locate the “Operating Line” on the
constant current curves of the 4-65A. See Fig. 4.
First mark the point where the DC grid bias and
DC plate voltage cross. The “Operating Line” must
go through this point. Call it point No. 1. Next,
we must decide what the peak value of plate cur-
rent of the tube must be and how low we can let
the instantaneous value of plate voltage go when
the tube is passing this much current. This is
necessary in order to locate the other end of the
“Operating Line,” point No. 2.

The peak value of plate current usually runs
about four times the DC plate current. The min-
imum value of instantaneous plate voltage is us-
ually set by the fact that if the voltage is too low
the grid and screen currents will be needlessly
high, and also little will be gained as far as output
power is concerned. The minimum value of plate
voltage is usually in the region where the plate
constant current curves bend upward. See Fig.



4. (In the case of the triode this is near the
“diode line” or line where the instantaneous grid
and plate voltages are equal.) The practical pro-
cedure in calculating tube performance is to arbi-
trarily choose point No. 2 and complete the calcu-
lations. Then try other locations of point No. 2,
complete the calculations, and compare the results.

In the case of the 4-65A let us choose a peak
value of plate current about four times the DC
plate current of 130 ma, or 500 ma. Let us choose
a minimum instantaneous plate voltage of 250 volts
and thus fix the upper end of the “Operating
Line.” Next, locate this point on the tube curves.
This is point No. 2 on Fig. 4. (The plate currents
which flow at various combinations of plate and
grid voltages are shown by the plate current lines.
The value of current for each line is noted. In-
between values can be estimated closely enough
for our purposes.) Now draw a straight line be-
tween points No. 1 and No. 2. This line is the
“Operating Line” and shows the current and volt-
age values for each part of the RF cycle when
current is being taken from the tube. (The non-
conducting half of the RF cycle would be shown
by extending this line an equal distance on the
opposite side of point No. 1. However, there is
little use in so doing because no current flows
during this half of the cycle.)

The Eimac Tube Performance Computor can now
be used to obtain the meter readings and power
values from this ‘“‘Operating Line.” Place the com-

putor on the constant current curve sheet so that
the “guide lines” of the computor are parallel with
the operating line. Now slide the computor about
without turning it until the line OG passes through
the DC voltage point No. 1 and line OA passes
through the peak current point No. 2. Make sure
the guide lines are still parallel to the “Operating
Line.”

Note that the lines OB, OC, OD, OE and OF of
the computor all cross over the “Operating Line.”

At each point where the lines OA, OB, etc., cross
the “Operating Line” we need to determine the in-
stantaneous values of plate current and grid cur-
rent (and screen current if a tetrode or pentode
is used) which is flowing at that particular mo-
ment in the RF cycle. Later, from these key values
of current, we will calculate the values of DC plate
current and grid current (and screen current) as
well as the RF components of the plate current.

At each of these points, where the instantaneous
current values are to be determined, a mark should
be made on the constant current curve sheet of the
tube. By noting where this mark lies with respect
to the plate current curves, one can estimate the
value of plate current flowing at this part of the
cycle. Next, the location of this mark with respect
to the control grid curves is noted and a value of
grid current is estimated. Finally, by referring the
mark to the screen grid curves, if the tube is a tet-
rode or pentode, a value of screen current is noted.
These current values should be listed for each
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point where the lines OA, OB, etc., cross the oper-
ating line so that they can be combined later to
calculate the various tube currents. At points
where OF and OE cross, the current values are
often zero.

Now in the example chosen, let us read off the
instantaneous plate current values where these
lines cross the “Operating Line.” At the point
where the line OA crosses the “Operating Line” the
plate current is 500 ma. Where OB crosses the
operating line the plate current can be estimated
as 510 ma since the point is about 1 /10 of the way
from the 500 ma line to the 600 ma line. At OC
the plate current is 460 ma, OD 290 ma, OE 75 ma,
OF and OG 0 ma. Similarly we can estimate the
instantaneous screen current at the crossing of OA
and the “Operating Line” as 165 ma, and the in-
stantaneous grid current at 60 ma. Values are read
for the other crossings and written down. These
values are put in simple columns for calculating:

Crossing of Sllql:l‘l’ll:!ﬁi;d Instantaneous Values of Currents
line Formulas Plate Screen Control Grid
OA A 500 Ma 165 Ma 60 Ma
OB B 510 100 50
0oC C 460 25 30
oD D 290 5 14
OE E 80 0 0
OF F 0 0 0

Now in order to obtain the DC value of plate,
screen, and control grid currents the formula (see
computor) says to add up the above values but use
only one-half of the A values (giving 250 ma for
plate, 82 ma for screen, and 30 ma for grid), and
then divide by 12, as follows:

DC Meter Reading =1/12 (0.5 A+B+C+D+E+F)

Plate Screen Control Grid
250 Ma 82 Ma 30 Ma
510 100 50
460 25 30
290 5 14
— 80 — e — _——
Total 1590 Ma 212 Ma 124 Ma

DC Current =1/12 Total =
132 Ma 18 Ma 10 Ma

Now to calculate the RF output power it is nec-
essary to use the formula for the peak RF current
which is present in the tube plate current. Since
we are using the tube as a straight RF power am-
plifier we use the formula for “Peak Fundamental
RF” as shown on the computor. (If we were esti-
mating the performance of a doubler or tripler we
would use the formula for “Peak 2nd Harmonic
RF” or “Peak 3rd Harmonic RF”.)

From the computor we see that the formula for
the peak fundamental RF current is:

1/12 (A+1.93 B+1.73 C+1.41 D+E+0.52 F)
A= 500=500Ma
1.93 B =1.93x 510 =985
173 C =1.73x 460 =796
1.41 D =1.41x 290= 409

E= 80=80

Total =2770 Ma

Peak fundamental current = 1/12 Total
= 2770/12 = 230 Ma

We now have the various current values. In
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order to calculate the powers involved it is neces-
sary to know, not only the DC voltage values, but
the greatest amount cach voltage swings away from
the DC value. This is known as the peak value of
the RF voltage. Because the plate voltage swings
from 2000 volts down to 250 volts the peak RF
voltage is the difference, or 1750 volts. Similarly
the grid voltage must rise and fall between the
operating points No. 1 and No. 2, or from -125
volts to +95 volts. This is a peak swing of 220
volts and the peak RF grid voltage is 220 volts.

Let us now use the formulas for output power
and driving power:

Output power - 12 peak RF plate current x peak
RF plate voltage.

We found the peak RF plate current to be 230
ma or .230 amperes, and the peak RF plate voltage
to be 1750 volts.

So; Output Power =% x.230 x 1750 = 201 watts,
and Input Power =DC Plate Current x DC Plate Voltage

. =.132 x 2000 =264 watts
Plate Dissipation =DC Input Power—RF Output Power
=264 -2u1 =63 watts

=RF Output Power divided by
DC Input Power
=201/264 =76%
Driving Power =DC Grid Currentx Peak RF Grid Voltage
So the Driving Power =.010 x 220 =2.2 watts

The power consumed by the bias source is simply
the product of the DC grid current and the DC grid
voltage, or .010 x 120 = 1.2 watts.

The difference between the driving power and the
power consumed by the bias source is the power
dissipated on the control grid, or 22—-12 = 1.0
watts.

The power dissipated on the screen grid is simply
the product of the DC screen current and the DC
screen voltage, because the screen grid has no
impedance between it and the DC screen supply.
Thus it is .018 x 250 = 4.5 watts.

The performance of the tube can now be sum-
marized:

DC Plate Voltage 2000 Volts ‘ Driving Power 2.2 Watts
DC Screen Voltage 250 Volts | Grid Dissipation 1.0 Watts
DC Grid Voltage ——120 Volts | Screen Dissipation 4.5 Watts
DC Plate Current 132 Ma Plate Power Input 264 Watts
DC Screen Current 18 Ma Plate Power Qutput 201 Watts

Efficiency

DC Grid Current 10 Ma Plate Dissipation 63 Watts
Peak RF Grid
Voltage 220 Volts |
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A APPLICATION BULLETIN

\B UB
: : . PERFORMANI
|\ EITEL-M¢CGULLOUGH, INC
SAN BRUNO, CALIFORNIA OMPUTOR
TUBE PERFORMANCE CCMPUTOR
‘ For RF Amplifiers ( Class B, C, and Frequency Multipliers)
r\ Use with constant current curves to obtain plate, grid. cnd screen current values; also
output and driving power.

‘ DC Current (meter reading) 1/12 (0.5A4+B+C+D+E+F)
Peak Fundamental RF 1/12 (A4+193B41.73C+4141D+E+40.52F)
Peak 2nd Harmonic RF (Approx.)* 1/12 (A+1.73B4+C—E—1.73F)

\ Peak 3rd Harmonic RF (Approx.)® 1/12 (A+1.41B—1.41D—2E—141F)

Output Power—1% Peak RF plate current X Peak RF Plate Voltage

Driving Power—DC Grid Current X Peak RF Grid Voltage
\ *Use only for tetrodes or pentodes —Approximate Only.
' INSTRUCTIONS
Mark point of DC plate voltage and DC Grid Bias.
Mark point of peak plate current in low plate voltage
; region. (This is about four times DC plate current).
; Draw straight line between points selected in No. 1 &
‘ No. 2. This is “Operating Line."
Place computor on curve sheet with guide lines
\ p paralle] to '‘Operating Line.” Make OG line of com-
| | #] putor go through point of Step No. 1. Make OA line
) E of computor go through point of Step No. 2.
i S. Read current valucs where “Operating Linc™ crosses
OA. OB, OC, OD, OE. and OF.
6. Put values in formulas as A, B, C. D, E. & F.
\ / For detailed instructions see Eimac Application Bulletin No. 5
|
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4E21A /5-115B

RADIAL-BEAM
POWER PENTODE

EITEL-McCULLOUGH, INC. MODULATOR

OSCILLATOR

SAN BRUNO, CALIFORNIA AMPLIFIER

The Eimac 4E27A/5.1258 is a power pentode intended for use as a modulator, oscillator or
amplifier. The driving-power requirement is very low, and neutralization problems are simplified or
eliminated entirely. The tube has a maximum plate-dissipation rating of 125 watts and a maximum
plate voltage rating of 4000 volts at frequencies up to 75 Mec. Cooling is by convection and radia-
tion. Type 4E27A/5-1258 unilaterally replaces type 4E27.

The 4E27A/5-125B in class-C r-f service will deliver up to 375 watts plate power output with
loss than 2 watts driving power. It will deliver up to 75 watts of carrier for suppressor modulation.

Two 4E27A/5-1258's will deliver up to 300 watts maximum-signal plate power output in class [ y
AB, modulator service, 400 watts in class AB; with less than | watt driving power. [ !
GENERAL CHARACTERISTICS ; ;‘
ELECTRICAL !
Filament: Thoriated tungsten It
Voltage - - - - - - - - - - - - - 5.0 volts ‘
Current - - - - - - - - - - - - - 1.5 amperes
Grid-Screen Amplification Factor (Average) - - - - - - - - - 5.0
Direct Interelectrode Capacitances (Average)
Grid-Plate S - - = = = = . 0.8 pufd
Input - - - - - - - - - - - - - 10.5 ppufd
Output - - - - - - - - - . . - - 4.7 ppubd
Transconductance (lo=50ma., E,=2500v., E.;=500v., Ecs= Ov.) .- - - 2150 pmhos
Highest Frequencies for Maximum Ratings - - - - - - - - 75 Mec.
MECHANICAL
Base - - - - - - - - - - - - - 7-pin, metal shell
Connections - - - - - - - - - - - - - - See drawing
Socket* - - - - - - - - E. F. Johnson Co. No. 122-237, or equivalent
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling S S - - - - Convection and radiation
Recommended Heat Dissipating Plate Connector - - - - - - - - - - N - - - - Eimac HR-§
Maximum Over-All Dimensions:
Length - - - - - - - - - - - - - . - - - - - - - 6.19 inches
Diameter - - - - - - - - - - - - - - - - - - - - 2.75 inches
Net Weight (Average) - - - - - - - - - - - - - - - - - - - - 6.0 ounces
Shipping Weight - - - - - - - - - . - - e . - - - - - - - 2.0 pounds

*See "Cooling’' under Application Notes.

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to spocnhod plate current, maintaining fixed condi-
tions of grid bias, screen voltage and suppressor voltage. It will be found that if this procedure is followed, there will be little vanaﬂon
in power output between tubes even though there may be some variation In grid, screen and suppressor currents. Where grid bias is ob-
lained principally by means of a grid resistor, to control plate current it is necessary to make the resistor adjustable.

RADIO-FREQUENCY POWER AMPLIFIER ;YPIC:L OPERAI’I(I)’N 9 Serven Vol
ero Suppressor Volts, reen Vol

OR OSCILLATOR . D-C Plate Voltage - - - - 1000 1500 2000 2508 3000 volts
Class-C Telegraphy or FM Telephony, Frequencies up to 75 Mc. D-C Grid Voltage - - - - —120 =130 —I50 —~I170 —200 volts
(Key-down conditions, per tube) D-C Plate Current - - - - |45 180 200 184 167 ma
MAXIMUM RATINGS D-C Screen Current* - - - 7 220 2B 1B 12 ma
D.C PLATE VOLTAGE - - - 4000 MAX. YOLTS D-C Grid Current® . - . . 6 8 Il ’ 7 ma
D-C SCREEN VOLTAGE .- - - 750 MAX. YOLTS Peak R-F Grid Input vouaq. - 170 200 240 258 270 volts
D-C GRID VOLTAGE - - - =500 MAX. YOLTS Driving Power® - - - 10 18 26 23 L9 watts
D-C PLATE CURRENT - - - 200 MAX. MA Grid Dissipation®* . . - . 3 6 10 8 5 watts
PLATE DISSIPATION - - - - 125 MAX. WATTS Screen Dissipation® - . - . 85 10 12 9 6 watts
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS Plate Dissipation - -« - S5 95 125 125 125 watts
SCREEN DISSIPATION - - - 20 MAX. WATTS Plate Power lnput - - - . 145 270 400 460 500 watts
GRID DISSIPATION - . - - 5 MAX. WATTS Plate Power Output - - - %0 175 275 335 375 watts
TYPICAL OPERATION TYPICAL OPERATION
60 Suppressor VYolts, 500 Screen Volts Zero Suppressor VYolts, 750 Screen Volts

D-C Plate Voltage - - - - 1000 1500 2000 2500 3000 volts D-C Plate VYolitage - - - - 1000 (500 2000 2500 3000 volts
D-C Grid Voltage - . - - =120 —§30 —I1S0 —170 —200 volts D-C Grid Voltage - - - - =I70 —180 —200 —225 —250 volts
D-C Plate Current - - - - 167 200 200 186 167 ma D-C Plate Current - N - - 166 200 200 186 167 ma
D-C Suppressor Current® o o 6 5 4 3 3 ma D-C Screen Current* - . - 21 24 22 12 9 ma
Dg SGC';'"C c"":r" L ‘z " " ; 2 L) D-C Grid Current* . - - 3 6 3 1 3 ma
D- ri urren N - - 8 8 ma

Pesk R-F Grid Input Voltage - 10 200 222 200 260 volt Peak R-F Srid Input Voltage - A AU
Driving Power* - - - 0 16 L8 LT L6 watts SMLLL LS T : y . p 3 Ul
Grid Dissipation® . N N N 3 b s s 6 watts Grid Dlmp.ahol.m . - - - N 4 3 2 2 watts
Screen Dissipation®* - . . . 55 55 §§ 35 25 watts Screen D‘f"P"’w" - 16 I8 17 ? 7 watts
Plate Dissipation - . -« - 47 85 100 1S 125 watts Plate Dissipation - - - . 45 85 100 IS 125 watts
Plate Power Input - - - - 167 300 400 465 SO0 watts Plate Power [nput - - - - 160 300 400 445 SO0 watts
Plate Power Output - - - 120 215 300 350 375 watts Plate Power Output - - - 1S 215 300 350 375 watts

. . *Approximate Values
{Effective 8-15-52) Copyright, 1952 by Eitel-McCullough, Inc. Supersedes Sheet Dated 12-1-49
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4E27A/5-125B

TYPICAL OPERATION

AMPL'F'ER Ec;: Pslu;:prcvss;r Volts, 500 Screen Volts I l
Class-C Telephony, Frequencies up to 75 Mc. -C Plate Voltage . - - - - 1000 1500 2000 2500 volts
B o a ope D-C Grid Voitage - - - - - —1%0 —I195 —200 -205 voltx
:AC}:;T;Ui:n:m:Ir:.Gp:r tube, unless otherwise specified) DC Plate Curremt  ~ - o o+ ia3 150 151 152 me
A D-C Screen Current® R 18 17 16 ma
D-C PLATE VOLTAGE - - - 3200 MAX. VOLTS [:-C"C-;ri: SCurroM; | . e e e 7 7 8 8 ma
D-C SCREEN VOLTAGE - - - 750 MAX. VOLTS QUGS B ACLIL D
(100% Modulation) - - - - 350 350 350 350 vol®
D-C GRID VOLTAGE - - - -  -500 MAX. VOLTS Pesk R-F Grid Input Voltage - - - 260 265 270 275 volh
D-C PLATE CURRENT - - - 160 MAX. MA Driving Power* . . . . . . 2 2 2 2 watts
PLATE DISSIPATION - - - - 85 MAX. WATTS Grid D‘“‘ipaﬁo‘n‘ <+« -+ . 05 05 05 05 wats
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS ilc:":"DP':i‘;:::"‘ Tt :: 792 38; 82 "":
is ion - - - - . wa
SCREEN DISSIPATION - 20 MAX. WATTS Plate Power lnput - - - - . 149 225 300 380 watts
GRID DISSIPATION - - - - 5 MAX. WATTS Plate Power Output - - . . . 85 |53 220 295 watts
SUPPRESSOR-MODULATED TYPICAL OPERATION
RADIO-FREQUENCY AMPLIFIER D-g S"la'- Voltage - - - . - 500 2000 2500 3000 volfs
. D- uppressor Voltage - - - - =220 —260 -305 -350 volfs
(Céass-'c Tslszbﬁny, Fraqu:n:uos u|:|> to 75hMC" fiod Pesk A-F Suppressor Voltage
arrier conditions, per tube, unless otherwise specified) (100% Modulation) - - - . 220 260 305 350 volts
MAXIMUM RATINGS D-C Screen Voltage - - . = - 400 400 400 400 volis
Fixed D-C Screen Voltage - - - 810 645 650 610 volts
D-C PLATE VOLTAGE 5 5 5 4000 MAX. VOLTS Screen Dropping Resistor! . - - 5500 9100 10,000 8300 ohms
D-C Grid Voltag - - . - - =170 —180 —190 —200 1
D-C SCREEN YOLTAGE - - - 750 MAX. YOLTS D-C m:o. Cc:lrr.ne’ -+ - - . 59 59 5 40 :a )
D-C Screen Current* - - . - 38 27 25 25 ma
D-C GRID YOLTAGE - - - - —500 MAX. YOLTS
D-C Grid Current* - - . - - [ 5 5 4 ma'
D-C PLATE CURRENT . . . 200 MAX. MA Peak R-F Grid Input Voltage . - . 230 235 245 250 volfy
Driving Power* - - . - - 14 13 1.2 1.2 wath
PLATE DISSIPATION - - - 5 125 MAX. WATTS Grid Dissipation®* - - - - - 35 256 .25 .20 watt
Screen Dissipation® . - - - . i5 Hl 10 10 wathy
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS Plate Dissipation . - .« . 54 &8 8 105 watt
Plate Power Input . - . . - 89 118 148 180 watts
SCREEN DISSIPATION - - - 20 MAX. WATTS Plate Power Output - - - - - /S0 & TS wats
GRID DISSIPATION - - - - 5 MAX. WATTS IAdjust to stated d-c screen voltage.
AUDIO-FREQUENCY POWER AMPLIFIER g::g::: OPERATION (Two tubes unless otherwise specified)
OR MODULATOR '
D-C Plate Voltage - . - - - 1500 2000 2500 volts
Class-AB, Sinusoidal Wave D-C Suppressor Voltage - - - - 0 0 0 volts
D-C Screen Yoltage - - . . - 500 500 500 volts
MAXIMUM RATINGS (Per Tube) D-C Grid Voltage! - - - - - -70 —80 —85 volts
Zero-Signal D-C Plate Current - - 1o 85 65 ma
RS LLAUR AL SO S el Max-Signal D-C Plate Current - 205 200 220 ma
D-C SCREEN VOLTAGE - - . 750 MAX. YOLTS Zero-Signal D-C Screen Current* - - 0 0 0 ma
Max-Signal D-C Screen Current* - . 15 13 8 ma
D-C GRID YOLTAGE - - - - =500 MAX. YOLTS Effective Plate-to-Plate Load - - - 13,700 18,000 20,000 ohr
Peak A.F Grid Voltage (per tube) - 70 80 85 volfs
D-C PLATE CURRENT - - - 200 MAX. MA Max-Signal Driving Power® . . . 0 0 0 watts
Max-Signal Plate Power Input - . - 3I0 420 550 watts
PLATE DISSIPATION - ° ° - 125 MAX. WATTS Max-Signal Plate Power Output - . 200 250 300 watts
1Adi tated -signal d-c plat . The effecti id i
SUPPRESSOR DISSIPATION - - UL S cult fesistance for ‘sach tube must ‘mot exceed 750,000 ‘ohme. o O <
SCREEN DISSIPATION - - - 20 MAX. WATTS

GRID DISSIPATION - - - - 5 MAX. WATTS

TYPICAL OPERATION (Two tubes unless otherwise specified)

Class-AB,

D-C Plate Voltage . -
D-C Suppressor Voltage -
D-C Screen VYoltage -

D-C Grid Voltage' . -
Zero-Signal D-C Plate Current
Max-Signal D-C Plate Current

Zero-Signal D-C Screen Current*
Max-Signal D-C Screen Current*

Effective Plate.to-Plate Load

Peak A-F Grid Input Voltage (per tu

Max-Signal Driving Power*
Max-Signal Plate Power Input

Max-Signal Plate Power Output
'Adjust to stated zero-signal d-c plate current.

*Approximate values.

be)

- 1500 2000 2500 volts
- &0 0 0 volts
. 500 500 500 volts
- —-70 -80 -85 volis
- 1o 85 &5 ma
- 365 295 250 ma
- 0 0 0 ma
- 1 16 13 ma
- 730013,00020,000 ohms
- 100 100 95 volts
- 05 03 0.2 watls
- 550 590 625 watts
- 300 350 400 wath

IF IT 1S DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "'TYPICAL OPERATION", POSSIBLY [
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS. l

|
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APPLICATION

MECHANICAL

Mounting —The 4E27A/5-125B must be mounted vertically, base
down or up. The plate lead should be flexible, and the tube
must be protected from vibration and shock.

Cooling —A heat dissipating connector (Eimac HR-5 or equiva-
lent) is required at the plate terminal, and provision must be
made for the free circulation of air through the socket and
through the holes in the base. If the E. F Johnson Co. 122-237
socket recommended under "“General Characteristics” is to be
used, the model incorporating a ventilating hole should be
specified.

At high ambient temperatures, at frequencies above 75 Mc.,
or when the flow of air is restricted, it may become necessary
to provide forced air circulation in sufficient quantity to prevent
the temperature of the plate and base seals from exceeding
225°C. Forced movement of air across the tube seals and
envelope is always beneficial, though not necessarily required.

Tube temperatures may be measured with the aid of "Tem-
pilaq,” a temperature-sensitive lacquer manufactured by the
Tempil Corporation, 132 West 22nd Street, New York I, N. Y.

ELECTRICAL

Filoment Voltage —For maximum tube life the filament voltage,
as measured directly at the base pins, should be the rated
value of 5.0 volts. Variations shou!ld be held within the range of
4.75 to 5.25 volts,

Grid Voltage —Although a maximum of —500 volts bias may be
applied to the grid, there is little advantage in using bias volt-
ages in excess of those listed under 'Typical Operation,” except
in certain specialized applications.

When grid-leak bias is used, suitable protective means must
be provided to prevent excessive plate dissipation in the event
of loss of excitation, and the grid-leak resistor should be made
adjustable to facilitate maintaining the bias voltage and plate
current at the desired value from tube to tube.

In class-C operation, particularly at high frequency, both
grid bias and grid drive should be only great enough to provide
satisfactory operation at good plate efficiency.

Screen Dissipation —Decrease or removal of plate load, plate
voltage or bias voltage may result in screen dissipation in ex-
cess of the 20 watt maximum rating. The tube may be protected
by an overload relay in the screen circuit set to remove the
screen voltage when the dissipation exceeds 20 watts.

Resistors placed in the screen circuit for the purpose of
developing an audio modulating voltage on the screen in
modulated radio-frequency amplifiers should be made variable
to permit adjustment when replacing tubes.

Plate Dissipation —Plate dissipation in excess of the 125-watt
maximum rating is permissible for short periods of time, such
as during tuning procedures.

Operation—If reasonable precautions are taken to prevent
coupling between the input and output circuits, the 4E27A/5-
1258 may usually be operated at frequencies up to 75 Mec.
without neutralization. A conventional method of obtaining the
necessary shielding between the grid and plate circuits is to
use a suitable metal chassis with the grid circuit mounted below
the deck and the plate circuit above. The tube socket should be
mounted flush with the under side of the chassis deck, and
spring fingers mounted around the socket opening should make
contact between the chassis and the metal base shell of the
tube. Power-supply leads entering the amplifier should be by-
passed to ground and properly shielded. The output circuit and
antenna feeders should be arranged so as to preclude any
possibility of feedback to other circuits.

Feedback at high frequencies may be due to the inductance
of leads, particularly those of the screen and suppressor-grids.
By-passing methods and means of placing these grids at r-f
ground potential are discussed in Application Bulletin Number
Eight, "The Care and Feeding of Power Tetrodes,” available
from Eitel-McCullough, Inc., for twenty-five cents. Much of the
material contained in this bulletin may be applied to pentodes.

7BM
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8166
4-1000A

e . RADIAL-BEAM
POWER TETRODE
L ]
MODULATOR
OSCILATOR
AMPLIFIER
The Eimac 8166/4-1000A is a radial-beam tetrode with a maximum plate dissi-
pation rating of 1000 watts. Intended for use as an amplifier, oscillator, or modulator,
the 8166/4-1000A is capable of efficient operation well into the VHF range. '"
In FM broadcast service on 110 Megacycles, two 8166/4-1000A tetrodes will ;
deliver a useful output power of over 5000 watts. /

Operating under class AB, modulator conditions with less than 10 watts of peak
driving power, two of these tubes will deliver 3900 watts of output power.
In class AB,, a pair of 8166/4-1000A tetrodes will deliver 3800 watts of output

power.

Cooling of the tube is accomplished by radiation from the plate and by circula-

tion of forced-air through the base and around the envel

fied through the use of the Eimac SK-500 Air-System Socket.
GENERAL CHARACTERISTICS

ELECTRICAL

Filament: Thoriated tungsten
Voltage - - - - - - - - -
Current 3 - - - -
Amplification Factor (Grid to Screen) . - -
Direct Interelectrode Capacitances: {
Grid-Plate - - - - - - - -
Input - - - - - - - . -
Output - - -
Transconductance (Ib=300 ma} - - . - . - .
Highest Frequency for Maximum Ratings -

MECHANICAL

Base - - - - - - - - - - - -
Basing - - - - - 5 = S . 5 S .
Recommended Socket - - - 5 5 5 5 5 -
Operating Position - - - - 5 5 5 5 -
Cooling - - 5 -
Recommended Heat-Dissipating Connector:

Plate - - - - 5 5 5 . - -
Maximum Over-all Dimensions:

Length - - - 5 s s 5 . . -

Diameter - - - - - - 5 5 -
Net Weight (tube only} -
Shipping Weight - 5 - 5 5 5 - - .

tIn Shielded Fixture

ope. Cooling can be simpli-

Min. Nom. Max.

- - 15 volts
20.0 22.7 amperes
6.1 7.7
S - - 035 uuf
23.8 324 uuf
6.8 9.4 uuf
10,000 umhos
- - - 110 me

. - .. .. a5 - 5-pin metal shell
- . = 5 S s - - - - See drawing
R - . 5 - - Eimac SK-500 Air-System Socket
. R . - - S S Vertical, base down or up
. . 5 - - 5 - Radiation and forced air

. - - . . . < . . . Eimac HR-8

- R - - 5 5 5 5 - - 943 inches
- 3 5 5 5 5 5 - g - 525 inches
- . - - 5 5 5 - - - 1.5 pounds
. - - 5 5 & - - - - 12 pounds

of grid bias and screen voltage. it will be found that if this procedure
even though there may be some variation in grid and screen currents,
it is necessary to make the resistor adjustabie to control plate current.

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions

is followed there will be little variation in output power between tubes
Where grid bias is obtained principally by means of a grid resistor,

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR

Class-C Telegraphy or FM Telephony

MAXIMUM RATINGS (Key-down conditions, per tube to 110 Mec.)
D-C PLATE VOLTAGE - - 5 5 S -
D-C SCREEN VOLTAGE - - - - 2 -
D-C GRID VOLTAGE - - - 5 A -
D-C PLATE CURRENT - - - 5 - -
PLATE DISSIPATION - - - - - - R
SCREEN DISSIPATION - - 5 5 s -
GRID DISSIPATION - - - - - - -

TYPICAL OPERATION (Frequencies below 110 Mc., one tube)

D-C Plate Voltage - - - 3000 4000 5000 6000 volts
D-C Screen Voltage 500 500 500 500 volts
D-C Grid Voltage —I150 -—150 -—200 -—200 volts
D-C Plate Current 700 700 700 700 ma
D-C Screen Current 146 137 147 140 ma

D-C Grid Current 38 39 45 42 ma
Screen Dissipation n &9 n 70 watts
Grid Dissipation - 5 [ 7 6 watts

Peak R-F Grid Input Yolta
(approx.} - -

- - 29 290 355 350 volts
Driving Power (approx.)* - n 12 16 15 watts
Plate input Power - - - 2100 2800 3500 4200 watts
Plate Dissipation - - - 670 700 690 800 watts
Plate Output Power - - - - 1430 2100 2810 3400 watts

*Apparent driving power requirements increase above 30 Mc. At 110
Mc. the driver should be capable of supplying 200 watts per tube to
take care of feed-through, circuit losses, and radiation.

(Effective 7-1-62) Copyright 1959 by Eitel-McCullough, Inc.

5 - 5 - - - 6000 MAX. YOLTS
5 5 5 - - - 1000 MAX. VOLTS
5 5 = 5 - - =500 MAX. VOLTS
5 5 5 - - - 700 MAX. MA

& 5 - - - - 1000 MAX. WATTS
5 5 - - - - 75 MAX. WATTS
5 - - - - - 25 MAX. WATTS

TYPICAL OPERATION (110 Me., two tubes, push-pull)

D-C Plate Voltage - - - - 4000 5000 4000 volts
D-C Screen VYoltage - - 450 500 500 volts
D-C Grid Voltage - - —150 -—160 —I180 volts
D-C Plate Current - - . 115 1.25 1.5 amps
D-C Screen Current - - - 280 240 2% ma

D-C Grid Current - - - 80 80 100 ma

Screen Dissipation (per tube) watts
Driving Power (approx.) - 350 400 400 watts
Plate Input Power - . 4500 6250 7500 watts
- 650 850 900 watts
- 3000 4200 5200 watts

Plate Dissipation {per tube)
Useful Output Power -

P T R R
o~
w
o~
o
o
w

These 110 Mc. typical performance figures were obtained by direct
measurement in operating equipment. The output power is useful power
measured in a load circuit. The driving power is that taken by the
tube and a practical resonant circuit. In many cases with fucther refine-
ment and improved techniques, better performance might be obtained.



—_— 4-1000A

PLATE-MODULATED RADIO-FREQUENCY
AMPLIFIER

Class-C Telephony (Carrier Conditions)
MAXIMUM RATINGS (Per tube to 110 Mc.)
D-C PLATE VOLTAGE - - - 5000 MAX. YOLTSt
D-C SCREEN VOLTAGE - - - 1000 MAX. YOLTS
D-C GRID VOLTAGE - - - —500 MAX. YOLTS
D-C PLATE CURRENT - - - 600 MAX. MA
PLATE DISSIPATION - 5 - 670 MAX. WATTS
SCREEN DISSIPATION - - - 75 MAX. WATTS

GRID DISSIPATION - - - 25 MAX. WATTS
$5500 Max. volts below 30 Mc.

TYPICAL OPERATION (Frequencies below 110 Mc., one tube}

D-C Plate Yoltage - - - - 3000 4000 5000 5500* volts
D-C Screen Voltage - - - - 500 500 500 500 volts
D-C Grid VYoitage - - - - —200 =200 —200 —200 volts
D-C Plate Current - - - 600 600 600 600 ma

D-C Screen Current - - 145 132 130 105 ma
D-C Grid Current - - - - 36 33 33 28 ma
Screen Dissipation - - - - 72 66 65 52 watts
Grid Dissipation - - - H 4 4 3 watts
Peak A.F. Screen Vol'age

{100% modulation) - - 250 250 250. 250 volhs
Peak R-F Grid Input Vol'aqe - - 340 335 335 325 volts
Driving Power** - - 12 1 1] 9 watts
Plate Input Power - - - - 1800 2400 3000 3300 watts
Plate Dissipation - - - - 410 490 560 670 watts
Plate Output Power - - - - 1390 1910 2440 2630 watts

*5500 volt operation may be used below 30 Mc only.

**Apparent driving power requirements increase above 30 Mc. At 110
Mc. the driver should be capable of supplying 200 watts per tube
to take care of feed-through, circuit losses, and radiation.

AUDIO FREQUENCY POWER AMPLIFIER AND MODULATOR

Class AB
MAXIMUM RATINGS (Per Tube)
D-C PLATE VOLTAGE g e - - .
D-C SCREEN VOLTAGE - - .
MAX-SIGNAL D-C PLATE CURRENT S .
PLATE DISSIPATION - g 5 5 5 -
SCREEN DISSIPATION g 5 5 . .

TYPICAL OPERATION

Class AB, (Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Voltage - - - . . 4000 5000 6000 volts
D-C Screen Voltage - - - - . 1000 1000 1000 volts
D-C Grid Yoltage (approx.)* - . —I15  —125 =135 volts

Zero-Signal D-C Plate Current - - 300 240 200 ma

Max-Signal D-C Plate Current - . 1.05 1.00 0.95 amps
Zero-Signal D-C Screen Current - - 0 0 0 ma

Max-5ignal D-C Screen Current - . 60 60 64 ma

Effective Load, Piate-to-Plate - - . 7000 10,000 14,000 ohms
Peak A-F Grid Input Vol'aqe (per fube) 1s 125 135 volts
Driving Power - 0 0 0 watts
Max-5ignal Plate Dlssapahon (per rube) 930 950 930 watts
Max-Signal Plate Output Power - - 2340 3100 3840 watts

*Adjust to give stated zero-signal plate current. The D-C resistance in
sehnes with the contro! grid of each tube should not exceed 250,000
ohms

6000 MAX. YOLTS
1000 MAX. YOLTS
700 MAX. MA
1000 MAX. WATTS
75 MAX. WATTS

TYPICAL OPERATION

Class AB, {Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate VYoltage - - - - - 4000 5000 6000 volts
D-C Screen Voltage - - - - - 500 500 S00 volts
D-C Grid VYoltage {approx.)* - - - —60 =70 —75 volts
Zero-5ignal D-C Plate Current - - 300 200 150 ma
Max-Signal D-C Plate Current - - 1.20 1.10 .95 amps
Zero-Signal D-C Screen Current - - 0 0 0 ma
Max-Signal D-C Screen Current - - 95 90 65 ma
Effective Load, Plate-to-Plate - 7000 11,000 15,000 ohms
Peak A.F Grid Input Yoltage {per 'ube) 140 145 130 volts
Max-5ignal Peak Driving Power - 1.0 1.0 9.4 wafts
Max-5Signal Nomlnal Drlvmq Power

{approx.) 5.5 5.5 47 wafts
Max-5ignal Plate Dlssnpahon (per 'ube) 900 850 900 watts
Max-Signal Plate Output Power - 3000 3800 3900 watts

*Adjust to give stated zero-signal plate current.

IF 1T IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "“TYPICAL OPERATION,' POSSIBLY
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATON AND RECOMMENDATIONS

APPLICATION

MECHANICAL

Mounting—The 4-1000A must be operated vertically.
The base may be down or up. The recommended socket
for this tube is the SK-500 Air-System Socket.

Cooling—Adequate forced-air cooling must be pro-
vided to maintain the base seal temperatures below
150°C and the plate seal temperature below 200°C.
Cooling is simplified by the use of the Eimac SK-500
Air System Socket, and its SK-506 Air Chimney, which
control the flow of air around the tube.

When the Eimac SK-500 Air-System Socket is used,
the following flow rates apply to sea level operation,
with an ambient temperature of 25°C for the operat-
ing conditions described:

At 110 megacycles, with maximum rated plate dis-
sipation, an air-flow rate of 35 cfm is required. The
corresponding pressure drop as measured in the socket
is 1.9 inches of water column.

At frequencies below 30 megacycles, an air-flow
rate of 20 cfm provides adequate cooling. The corre-
sponding pressure drop as measured in the socket is
0.6 inch of water column.

In the event that an Air-System Socket and Air
Chimney are not used, air must be circulated through
the base of the tube and over the envelope surface and

the plate seal in sufficient quantities to maintain the
temperatures below the maximum ratings. Seal-tem-
perature ratings may require that cooling air be sup-
plied to the tube if the filament is maintained at op-
erating temperature during standby periods.

In any questionable situation, the only criterion for
correct cooling practice is temperature. A convenient
medium for measuring tube temperatures is a tem-
perature-sensitive paint.

ELECTRICAL

Filament Voltage—For maximum tube life the fila-
ment voltage, as measured directly at the filament pins,
should be the rated voltage of 7.5 volts. Variations in
filament voltage must be kept within the range of
7.13 to 7.87 volts.

Bias Voltage—The d-c bias voltage for the 4-1000A
should not exceed 500 volts. With grid-leak bias, suit-
able means must be provided to prevent excessive
plate or screen dissipation in the event of loss of ex-
citation. The grid-resistor should be made adjustable
to facilitate maintaining the bias voltage and plate
current at the desired values from tube to tube. In the
case of operation above 50 megacycles, it is advisable
to keep the bias voltage as low as possible.



Screen Voltage—The d-c screen voltage for the
4-1000A should not exceed 1000 volts. The screen
voltages shown under “Typical Operation” are repre-
sentative voltages for the type of operation involved.

Plate Voltage—The plate-supply voltage for the
4-1000A should not exceed 6000 volts in CW and audio
applications. In plate-modulated telephony service
above 30 megacycles, the d-c plate-supply voltage
should not exceed 5000 volts; however, below 30
megacycles, 5500-volts may be used.

Grid Dissipation—Grid dissipation for the 4-1000A
should not be allowed to exceed 25 watts. Grid dissi-
pation may be calculated from the following expression:

Pg=ecmpIc
where: P;=Grid dissipation,
e«mp= Peak positive grid to cathode voltage
I.=D-C grid current.

eecmp may be measured by means of a suitable peak
voltmeter connected between filament and grid.

Screen Dissipation—The power dissipated by the
screen of the 4-1000A must not exceed 75 watts. Screen
dissipation is likely to rise to excessive values when the
plate voltage, bias voltage, or plate load are removed
with filament and screen voltages applied. Suitable
protective means must be provided to limit screen dis-
sipation to 75 watts in event of circuit failure.

Plate Dissipation—Under normal operating condi-
tions, the plate dissipation of the 4-1000A should not
be allowed to exceed 1000 watts.

In plate-modulated amplifier applications, the maxi-
mum allowable carrier-condition plate dissipation is
670 watts. The plate dissipation will rise to 1000 watts
under 100 per-cent sinusoidal modulation.

Plate dissipation in excess of the maximum rating
is permissible for short periods of time, such as during
tuning procedures.

.376 * 003 DIA. 5 PINS

BOTTOM VIEW

§mF +1000m —

Neutralization—If reasonable precautions are taken to
prevent coupling between input and output circuits,
the 4-1000A may be operated up to the 10-megacycle
region without neutralization. In the region between
10 megacycles and 30 megacycles, the conventional
type of cross-neutralizing may be used with push-pull
circuits. In single-ended circuits ordinary neutraliza-
tion systems may be used which provide 180° out of
phase voltage to the grid.

At frequencies above 30 megacycles the feedback
is principally due to screen-lead-inductance effects.
Feedback is eliminated by using series capacitance in
the screen leads between the screen and ground. A
variable capacitor of from 25 to 50 uufds will provide
sufficient capacitance to neutralize each tube in the
region of 100 megacycles. When using this method, the
two screen terminals on the socket should be strapped
together by the shortest possible lead. The lead from
the mid-point of this screen strap to the variable ca-
pacitor and from the variable capacitor to ground
should have as little inductance as possible.

In general, plate, grid, filament, and screen-bypass
or screen-neutralizing capacitors should be returned
to r-f ground through the shortest possible leads.

In order to take full advantage of the high power
gain obtainable with the 4-1000A, care should be taken
to prevent feedback from the output to input circuits.
A conventional method of obtaining the necessary
shielding between the grid and plate circuits is to use
a suitable metal chassis with the grid circuit mounted
below the deck and the plate circuit mounted above
the deck. Power-supply leads entering the amplifier
should be bypassed to ground and properly shielded
to avoid feedback coupling in these leads. The output
circuit and antenna feeders should be arranged so as to
preclude any possibility of feedback into other circuits.

bt IéDIAANOM‘
566t 007 DIA
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4-400R

RADIAL-BEAM
POWER TETRODE

EITEL-McCULLOUGH, INC. W

MODULATOR
SAN BRUNO, CALIFORNIA OSCILLATOR
AMPLIFIER
The Eimac 4-400A is a compact, ruggedly constructed power tetrode having a maximum plate dissipation
rating of 400 watts. It is intended for use as an amplifier, oscillator or modulator. The low grid-plate capacitance
of this tetrode coupled with its low driving-power requirement allows considérable simplification of the asso-
ciated circuit and driver stage.
The 4-400A is cooled by radiation from the plate and by circulation of forced-air through the base, around
the envelope, and over the plate seal. Cooling can be greatly simplified by using an Eimac 4-400A /4000 Air-
System Socket and its accompanying glass chimney. This socket is designed to maintain the correct balance
of cooling air between the component parts of the tube.}
GENERAL CHARACTERISTICS
ELECTRICAL
Filament: Thoriated tungsten
Voltage - - - - - - - - - - - - 5.0 volts
Current - - - - - - - - - - - - 145 amperes
Grid-Screen Amplification Factor (Average) - - - - - 2 . S . 5.1
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - - - - - 042 putd
Input - - - - - - St - - - - - 125 pufd
Onfpiflyes: T, = o m "w B wm @ 3 s we s 005N
Transconductance (1,=100ma., E;=2500V., E..=500V.) - - - - 4,000 pmhos
Frequency for Maximum Ratings - - - - - - - - - - 110 Me.
MECHANICAL
Base - - - - - - - - - - - - - - See drawing
Bating == R X N . : . = 3 . > - 5 = See drawing
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - Radiation and forced air
Recommended Heat Dissipating Plate Connector - - - - - - - - - - - - - Eimac HR-6

Recommended Socket - - - - - - - - - - - e e Eimac 4-400A/4000 Air-System Socket
Maximum Over-all Dimensions
Length - B 5 5 5 5 5 - 5 - 3 - . - - - - - - 6.38 inches
Diameter - - - - - - - - - - - - - - - - - - 3.56 inches
Net Weight - - - - - - - 5 - - - - 5 - - - - - - - - 9 ounces
Shipping Weight - . - - - - - - . - - - - - - - - - - 2.5 pounds
If an Air-System Socket is used, mounted on a Y4 inch deck, the over-all dimensions of the system including chimney and
HR-6 Heat Dissipating Plate Connector are:
Length - - - - . . 5 5 5 5

. 5 5 5 5 - - - - 8.0 inches

Diameter e s e s o - - - - - - - - - - - - - 5.5 inches

Noh:' quncal operation data are busoy on conditions of'adiumnq the r-f grid drive to a specified plate current, maintaining fixed conditions
of grid bias and screen voltage. It will .bo' found that if this procedure is followed, there will be little variation in power output between
tubes even though there may be some variation in grid and screen currents. Where grid bias is obtained principally by means of a grid re-
sistor, to control plate current it is necessary to make the resistor adjustable.

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR
Class-C Telegraphy or FM Telephony
MAXIMUM RATINGS (Key-down conditions, per tube to 110 Mc.)

D-C PLATE YOLTAGE - - - - - - - - - - - - - 4000 MAX. YOLTS

D-C SCREEN VOLTAGE - - - - - - - - - - - - - 600 MAX. YOLTS

D-C PLATE CURRENT - - - - - - - - - - - - - 350 MAX. MA

PLATE DISSIPATION - - - - - - - - - - - - - 400 MAX. WATTS

SCREEN DISSIPATION - - - - - - - - - - - - - 35 MAX. WATTS

GRID DISSIPATION - - - - - - - - - - - - - 10 MAX. WATTS
TYPICAL OPERATION (Frequencies below 75 Mc., one tube) TYPICAL OPERATION (110 Mc., two tubes)
D-C Plate Voltage - - - - - 2500 3000 4000 volts
g-g éﬂ'?nvvl‘:".q‘ - - - - - ;g S00 500 volts D-C Plate Voltage - - - - - - - 3500 4000 volts
0-C Plr;h Courr‘gn.O oL o —350 —gg _gg‘(’) :v?r‘ D-C Screen Voltage - - . . . . - 500 500 volts
g:g Seﬂr'i;'"c&';'.':’"' oo 1 i re D-C Grid Voltage - - - - - - . —170 —i70 volis
Screen Dissipation - - - - - 23 23 20 watts D-C Plate Current - - - - - - - 500 540 ma
Grid Dissipation - - - - . - 1.8 1.9 1.8 watts
PDoglg R-FPGrid‘lnpuO Voltage - . . 3502 3‘2(: 3522 vo.:: D-C Screen Current - - - . . . . 34 31 ma

or < e e e e . E 5 . § - e e e e .
e O I £ 0 L
::a:o IP)issipagor; oo 33 :& I?g wa::s Driving Power (approx.) L 20 20 watts

ate Power Output - . . . . watts

*Driving Power increases as frequency is increased. At 75 Mc. the Plate Power Output (approx.) . . ) ) 1300 1600 watts
driving power required is approximately 12 watts. Useful Power Output - - - . - - 180 1440 watts

{Guarantee applies only when the 4-400A is used as specified with (Effective 1-15-55) Copyright 1955 by Eitel-McCullough, Inc.
adequate air in the 4-400A /4000 Air-System Socket or equivalent. ’ Indicates change from sheet dated 1-30-53.



PLATE MODULATED RADIO FREQUENCY
AMPLIFIER

Ko

4-400A

Class-C Telephony (Carrier conditions unless otherwise specified. One tube)
TYPICAL OPERATION (Frequencies below 75 Mc. Continuous

MAXIMUM RATINGS (Frequencies below 75 Mc. Continuous

*Adjust to give stated zero-signal plate current. The D-C resistance in
series with the control grid of each tube should not exceed 250,000 ohms.

Service) Service)
D-C Plate Voltage - - - - - 2000 2500 3000 volts
D-C PLATE VOLTAGE - - . 3200 MAX. VOLTS D-C Screen Yoltage - . . . . 500 500 500 volts
D-C Grid Voltage - - - - - =220 —220 —220 volts
D-C SCREEN VOLTAGE - - - 600 MAX. VOLTS D-C Plate Current S 275 275 275 ma
D-C Screen Current - - - . - 30 28 26 ma
D-C GRID VOLTAGE - - - —500 MAX. VOLTS D-C Grid Current . - - - - i A 12pyma
PN e A S S o
ri s e e e .. . . .
D-C PLATE CURRENT - - - 275 MAX. MA P“k“&;'} Screedn I\/olfa%e o - -
% atio . - - - H its
PLATE DISSIPATION - - - - 270 MAX. WATTS Peak R-F G’:g rnpuanolfage - - - 290 290 290 :glfs
SCREEN DISSIPATION - - - 35 MAX. WATTS Piate Power tnput L L L 1 1 %0 i@ e wam
Plate Di i - - - - - - 170 178 195 +
GRID DISSIPATION - - - - 10 MAX. WATTS Plate Power-Outost - - 1 1 T e 30 i wam
MAXIMUM RATINGS (Frequencies below 30 Mc., Intermittent TYPICAL OPERATION (Frequencies below 30 Mc., Intermittent
Service) Service)
D-C Plate Voltage - - - - 4000 MAX. VOLTS D-C Plate Voltage I 2000 2500 3000 3650 wvolts
SEAE e e
D-C Screen Voltage - - - - 600 MAX. YOLTS Bg El;". (%:‘qne; oo 2;3 THs 28 295 e
D-C Grid Voltage - - - - —500 MAX. YOLTS D-C (.f,'i?"cur,::;" ool 12 fg fg %; ma
Screen Dissipation - - - is 14 13 12 watts
D-C Plate Current - - - - 275 MAX. MA Grid Dissipation - - - - L1 1.4 11 1.2 watts
Pe(“lk()(lf/ 5 SC;GT"’ VO;"QG 350 350 350 350 3¢
.. . modulation - v
Plate Dissipation ST T L SRS Peak R.F Grids Input Volfaqo T 0 9 35 voin
Screen Dissipation - - - - 35 MAX, WATTS E:f,"{;"gpg,:ﬁ:"'.'npu, oDl ?35% 233 ?3;? |:63 ::m
+ i - - - 70 178 95 235 #:
Grid Dissipation - - - - 10 MAX. WATTS Plate Pou\:r‘e'?‘(')c:;puf - - - 380 S0 630 763 waths
AUDIO FREQUENCY POWER AMPLIFIER
AND MODULATOR—CLASS AB
MAXIMUM RATINGS (PER TUBE)
D-C PLATE VOLTAGE - - - - - - - - - - - - 4000 MAX. YOLTS
D-C SCREEN VOLTAGE - - - - - - - - - - 800 MAX. VOLTS
MAX-SIGNAL D-C PLATE CURRENT - - - - - - - - - 350 MAX. MA.
PLATE DISSIPATION - - - - - - - - - - - 400 MAX. WATTS
SCREEN DISSIPATION - - - - - - - - - - - - 35 MAX. WATTS
GRID DISSIPATION - - - - - - - - - - - - - 10 MAX. WATTS
TYPICAL OPERATION CLASS AB, TYPICAL OPERATION CLASS AB:
{Sinusoidal wave, two tubes unless otherwise specified) (Sinusoidal wave, two tubes unless otherwise specified)
D-C Plate Voluqo - - - . 2500 3000 4000 volts
D-C Plate Voltage - - . . 2500 3000 3500 4000 voits D-C Screen Voltage - - 500 500 500 500 volts
D-C Screen Voltage - - 750 750 750 750 volts D-C Grid Voltage (approx. )o . 75 80 —85 —90 volts
D-C Grid Voltage (approx.)* - —I130 —I37 —I14 —I50 volts Zero-Signal D-C Plate Current - 190 160 140 120 ma
Zero-Signal D-C Plate Current - 190 160 140 120 ma Max-Signal D-C Plate Current - 700 700 700 638 ma
Max-Sl‘gnal D-C Plate Current - 835 635 610 585 ma Zero-Signal D-C Screen Current - 0 0 0 0 ma
Zero-Signal D-C Screen Current - 0 0 0 0 ma Max-Signal D-C Screen Current - 50 40 38 32 ma
Max-Signal D-C Screen Current - 28 28 32 40 ma Effective Load, Plate-to-Plate . 7200 9100 10,800 14,000 ohms
Effective Load, Plate-to-Plate - 4800 8900 11,500 {4,500 ohms Peak A-F Grid Input Volfage
Peak A-F Grid Input Volfaq. (per tube) . . 133 140 145 140 volts
(per tube) - o 130 137 145 150 volts Max-Signal Peak Drmnq Power 8.6 9.0 10.2 7.0 watts
Drivina Power M -t 0 0 0 0 watts Max-Signal Nominal Driving Power 43 45 5.1 3.5 watts
M“Es'gr""’lua‘;" D'“'p"'°" . 400 400 400 watts Max-Signal Plate Dissipation
Max-Signal Plate Power O“'P“’ - 850 1110 1330 1540 watts Max(;;rnal’uglea)h Power Ou';;uf . l:ﬁg Iggg I:gg I% ::z:

*Adjust for stated zero-signal plate current.

Pulse Service-—For information on Pulse Service Ratings,

"Application Bulletin No. 3, Pulse Service Notes',

will be furnished free on request,

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER ""TYPICAL OPERATION", POSSIBLY
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CWw SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.

APPLICATION

MECHANICAL

Mounting—The 4-400A must be mounted vertically,
base up or base down. The socket must be constructed
so as to allow an unimpeded flow of air through the
holes in the base of the tube and must also provide
clearance for the glass tip-off which extends from the
center of the base. The metal tube-base shell should
be grounded by means of suitable spring fingers, The
above requirements are met by the Eimac 4-400A /4000
Air-System Socket. A flexible connecting strap should
be provided between the Eimac HR-6 cooler on the
plate terminal and the external plate circuit. The tube
must be protected from severe vibration and shock.

’ Indicates change from sheet dated 1-30-53.

Cooling—Adequate forced-air cooling must be provided
to maintain the base seals at a temperature below
200°C., and the plate seal at a temperature below
225°C.

When the Eimac 4-400A /4000 Air-System Socket is
used, a minimum air flow of 14 cubic feet per minute
at a static pressure of 0.25 inches of water, as measured
in the socket at sea level, is required to provide ade-
quate cooling under all conditions of operation. Seal
temperature limitations may require that cooling air
be supplied to the tube even when the filament alone
is on during standby periods.

In the event an Air-System Socket is not used, pro-



vision must be made to supply equivalent cooling of
the base, the envelope, and the plate lead.
P Tube temperatures may be measured with the aid of
“Tempilaq”, a_temperature-sensitive lacquer manufac-
tured by the Tempil Corporation, 11 West 25th Street,
New York 10, N. Y.

ELECTRICAL
Filament Voltage—For maximum tube life the filament
voltage, as measured directly at the filament pins,
should be the rated voltage of 5.0 volts. Variations in
filament voltage must he kept within the range from
4.75 to 5.25 volts.
Bias Voltage—The d-c bias voltage for the 4-400A
should not exceed 500 volts. If grid leak bias is used,
suitable means must be provided to prevent excessive
plate or screen dissipation in the event of loss of excita-
tion, and the grid-leak resistor should be made adjust-
able to facilitate maintaining the bias voltage and plate
current at the desired values from tube to tube. In
operation above 50 Mec., it is advisable to keep the bias
voltage as low as is practicable.
Screen Voltage—The d-c screen voltage for the 4-400A
should not exceed 600 volts in r-f applications. In
audio applications a maximum d-c screen voltage of
800 volts may be used. The screen voltages shown
under “Typical Operation” are representative voltages
for the type of operation involved.
Plate Voltage—The plate-supply voltage for the 4-400A
should not exceed 4000 volts in CW and audio applica-
tions. In plate-modulated telephony service the d-c
plate-supply voltage should not exceed 3200 volts, ex-

cept below 30 Mc., intermittent service, where 4000 volts
may be used.
Grid Dissipation—Grid dissipation for the 4-400A should
not be allowed to exceed 10 watts. Grid dissipation may
be calculated from the following expression,
Px=6cmplc

where P: =Grid Dissipation

ecmp =Peak positive grid to cathode voltage, and

I.  =D-c grid current

ecmp May be measured by means of a suitable peak
voltmeter connected between filament and grid. (For
suitable peak v.t.v.m. circuits see Eimac Application
Bulletin Number 6, “Vacuum Tube Ratings.” This
bulletin is available on request.)

Screen Dissipation—The power dissipated by the screen
of the 4-400A must not exceed 35 watts. Screen dissipa-
tion is likely to rise to excessive values when the plate
voltage, bias voltage or plate load are removed with
filament and screen voltages applied. Suitable protective
means must be provided to limit screen dissipation to
35 watts in event of circuit failure.

Plate Dissipation—Under normal operating conditions,
the plate dissipation of the 4-400A should not be al-
lowed to exceed 400 watts.

In plate modulated amplifier applications, the maxi-
mum allowable carrier-condition plate dissipation is 270
watts. The plate dissipation will rise to 400 watts under
1009, sinusoidal modulation.

Plate dissipation in excess of the maximum rating is
permissible for short periods of time, such as during
tuning procedures.

GENERAL INFORMATION PERTAINING TO THE OPERATION OF THE 4-400A MAY BE FOUND IN APPLICATION BULLETIN NO. 8, “THE
CARE AND FEEDING OF POWER TETRODES.” THIS BULLETIN IS AVAILABLE UPON REQUEST.

31% DIA. MAX,

60°

p —
188+ 003 DIA~ /< B/
SPNS 30° [, 30

’ Indicates change from sheet dated 1-30-53.
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EITEL-McCULLOUG
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4-250R

(5D22)
RADIAL-BEAM
INC. POWER TETRODE

H,

MODULATOR
OSCILLATOR
AMPLIFIER

The Eimac 4-250A is a compact, ruggedly constructed power tetrode having a maximum plate
dissipation rating of 250 watts. It is intended for use as an amplifier, oscillator or modulator. The

low grid-plate capacitance of this tetrode coupled with its low driving-
considerable slmphflcahon of the associated circuit and driver stage.

The 4-250A is cooled by radiation from the plate and by circulation
base and around the envelope.

GENERAL CHARACTERISTICS
ELECTRICAL
Filament: Thoriated tungsten
Voltage = - - . - - -
Current - - a -
Grid-Screen Amplification Facior (Average) -

Direct Interelectrode Capacitances (Average)
Grid-Plate - - 5 5 p

Input - . - . < z 5 s = S
Output - - . s
Transconductance (ln=100 ma., En,—2500V Ecz—SOOV )
Frequency for Maximum Rahngs - - : - i

MECHANICAL

Base - - - - - - - - =
Recommended Sockei

Basing - = - - = - - 5 - = = -
Mounting Position

Cooling - = 5 = > . 5

Recommended Heat Dlssnpahng Plate Connector - - - -

Maximum Temperature of Base and Plate Seals ; Base Seals °
Plate Seal - -

Maximum Over-all Dimensions - - - 5 3 Length T -
Diameter . - -

Net Weight - - - & - 5 5 5 5 - -

Shipping Weight - - - 5 s s - -

- E. F Johnson Co. socket No.
National Co. No. HX-100, or equivalent.

-power requirement allows

of forced-air through the

5.0 volts
14.5 amperes
5.1

. - 0.12 ppf
12.7 ppf

45 puf

4000 pmhos

- 110 Me.

- 5-pin metal shell
122-275,

See drawing

Vertical, base down or up
Radiation and forced air
- - - Eimac HR-6
- - - - -+ - . . . . a00°C.
T [ A

6,38 inches
3.56 inches
8.0 ounces
2,0 pounds

Note:

plate current it is necessary to make the resistor adjustable,

Typical operation data are based on conditions of adwshng the r-f grid drive to a specified pla'o currcn' maintaining fixed conditions of
grid bias and screen voltage. It will be found that if this procedure is followed, there will be fittle variation in power output between tubes even
though there may be some variation in qud and screen currents. Where grid bias is obtained principally by means of a grid resistor, to control

RAD|O-FRE°UENCY POWER AMPLIFIER
AND OSCILLATOR
Class-C FM or Telegraphy (Key-down conditions, | tube)

MAXIMUM RATINGS

D-C PLATE VOLTAGE' - - - 4000 MAX. VOLTS
D-C SCREEN VOLTAGE - - . 800 MAX. YOLTS
D-C GRID VOLTAGE - - . . —500 MAX. YOLTS
D-C PLATE CURRENT . - . . 350 MAX. MA
PLATE DISSIPATION - . . . 250 MAX. WATTS
SCREEN DISSIPATION - - - 35 MAX. WATTS
GRID DISSIPATION . - . . 10 MAX, WATTS
PLATE-MODULATED RADIO-FREQUENCY
AMPLIFIER

Class-C Telephony
(Carrier conditions unless otherwise specified, | tube)

MAXIMUM RATINGS

D-C PLATE VOLTAGE! - - - 3200 MAX. YOLTS
D-C SCREEN VOLTAGE - - - 600 MAX. YOLTS
D-C GRID YOLTAGE - - - - —500 MAX. YOLTS
D-C PLATE CURRENT . - - - 275 MAX. MA

PLATE DISSIPATION . - - - 165 MAX. WATTS
SCREEN DISSIPATION - - - 35 MAX. WATTS
GRID DISSIPATION . - - - 10 MAX. WATTS

(Effecrive 7-15-55) Copyright 1952 by Eitel-McCullough, Inc.

TYPICAL OPERATION (Frequencies below 110 Mc.)

D-C Plate VYoltage - - - - 2500 3000 4000 volts
D-C Screen Yoltage - - - - - 500 500 500 volts
D-C Grid Voltage . - - - —I50 —180 —225 volts
D-C Plate Current - - 300 345 312 ma
D-C Screen Current - - - 60 60 45 ma
D-C Grid Current - - - - 9 10 9 ma
Screen Dissipation - - - - . 30 30 225 watts
Grid Dissipation - - - 0.35 0.8 0.45 watts
Peak R-F Grid Input Vol'aqo (approx) - 220 285 303 volts
Driving Power (approx.)? - - 1.70 2.6 2,456 watts
Plate Power Input - - - - 750 1035 1250 watts
Plate Dissipation - - - 175 235 250 watts
Plate Power Qutput - 875 800 1000 watts
TYPICAL OPERATION (Froqucncnes below [10 Mc.)

D-C Plate Voltage - - - - 2500 3000 volts
D-C Screen VYoltage - - - - - . 400 400 volts
D-C Grid Voltage - - - - . . . —200 —310 volts
D-C Plate Current - - - - - 200 225 ma
D-C Screen Current - - - - - 30 30 ma
D-C Grid Current - - - - 9 9 ma
Peak A-F Screen Vol'aqc (100'/. modula'lon) - 350 350 volts
Screen Dissipation - - - - - . 12 12 watts
Grid Dissipation - 1.8 2.7 watts
Peak R-F Grid Input Vol'aqo (approx) 2585 385 volts
Driving Power (approx.) - - 2.2 3.2 watts
Plate Power Ilnput - - - - - - 500 675 watts
Plate Dissipation . - . - - - 128 165 watts
Plate Power Output - - - - . 375 510 watts

'Above 110 Mc. the maximum plate voltage rating depends upon frequercy.
See page four.

*Driving power increases above 40 Mc. See page four.



AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR—CLASS AB
MAXIMUM RATINGS (PER TUBE)

D-C PLATE VOLTAGE - - - - 5 -
D-C SCREEN VOLTAGE - - 5 - 5
MAX-SIGNAL D-C PLATE CURRENT - - -
PLATE DISSIPATION - - - - 5 5
SCREEN DISSIPATION - - - 5 5
GRID DISSIPATION - - - 5 5 5

TYPICAL OPERATION CLASS AB,
(Sinusoidal wave, two tubes unless otherwise specified)
D-C Plate Yoltage - - . 1500 2000 2500 3000 volts

D-C Screen Voltage - - 600 600 00 600 volts
D-C Grid Voltage .2 - - —95 —|04 —I110 —Il& volts
Zero-Signal D-C Plah Current 120 1o 120 120 ma

400 405 430 417 ma

—04 —03 —03 —02 ma

23 22 13 10.5 ma
6250 9170 11,400 15,000 ohms

Max-Signal D-C Plate Current
Zero-Signal D-C Screen Current
Maz-Signal D-C Screen Current
Effective Load, Plate-to-Plate
Peak A-F Grid Input Vol'aqo

(per tube) - - 64 88 90 93 volts
Driving Power - - 0 0 0 0 watts
Max- Slqnal Plate Dlmpaﬂon

er tube) - - 145 175 225 250 watts
Max-g nal Plah Powcr Ou'pu' - 3I0 460 625 750 watts
Tota! Harmonic Distortion - - 2.5 2 2.5 per cent

IAdjust for stated zero-signal plate curren'
2The effective grid-circuit resistance must not exceed 250,000 ohms,

{5D22)

- - - - - - 4000 MAX. YOLTS
- - - - - - 600 MAX. YOLTS
- - - - - - 350 MAX. MA

- - - - - - 250 MAX. WATTS
- - - - - - 35 MAX. WATTS
- - - - S 10 MAX. WATTS

TYPICAL OPERATION CLASS AB,
(Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Voltage - - - 1500 2000 2500 3000 volts
D-C Screen Voltage - - - 300 300 300 300 volts
D-C Grid Voltage?! - - —48 —48 —5} —53 volts
Zero-Signal D-C Plate Currcn' - 100 120 120 125 ma
Max-Signal D-C Plate Current - 485 S10 500 473 ma
Zero-Signal D-C Screen Current - 0 0 0 0 ma
Max-Signal D-C Screen Current - 34 2% 23 33 ma
Effective Load, Plate-to-Plate - 5400 8000 10,900 16,000 ohms
Pcak A-F Grid Input Vol'aqo

gcr tube} - O 2% 99 100 99 volis
Max-Signal Avg, Dnvmq Powcr

(approx. - - 2. 23 2.2 1.9 wats
Max-Signal Peak Drlv'nq Pow-r- 4.7 5.5 438 4.6 watts
Max-Signai Plate Dimpahon

(per tube) - 150 185 205 190 watts
Max-Signal Plate Powor Ou'pu' - 428 650 840 1040 watts
Total Harmonic Distortion - - 3 4 4 45 per cent

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION" POSSIBLY/|

EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS. |

APPLICATION

Mechanical

Mounting—The 4-250A must be mounted vertically, base down
or base up. The socket must be constructed so as to allow an
unimpeded flow of air through the holes in the base of the tube
and must also provide clearance for the glass tip-off which
extends from the center of the base. The tube should be mounted
above the chassis deck to allow free circulation of air in the
manner shown in the mounting diagram below. The above
requirements are met by the E. F. Johnson Co. socket No.
I22l;275. the National Co. socket No. HX-100, or a similar
socket.

A flexible connecting strap should be provided between the
HR-6 Heat Dissipating Plate Connector on the plate terminal
and the external circuit. The tube must be protected from
severe vibration and shock.

| |
00 O 00

"z [B([d]

4.250A mounting providing base cooling, shielding and isolation
of output and input compartments.

Page Two

’ Cooling—Adequate cooling must be provided for the saals

and envelope of the 4.250A. At frequencies above 30Mc,
cooling air in the amount of five cubic feet per minute through
the base of the tube is required. This quantity is obtained when
the pressure drop across the base of the tube is equal to 0.20
inch of water column. At frequencies below 30Mc the volume
may be reduced to two cubic feet per minute. At this reduced
air flow, the pressure drop is equal to 0.10 inch of water
column. Base-cooling air should be applied simultaneously
with filament power. The temperature of the plate seal, as
measured on the top of the plate cap, shou'd not exceed 170°C
in continuous-service applications.

A relatively slow movement of air past the tube is sufficient
to prevent a plate seal temperature in excess of the maximum
rating at frequencies below 30 Mc. At frequencies above 30
Mec., radio-frequency losses in the leads and envelope contribute
to seal and envelope heating and special attention should be
given to bulb and plate seal cooling. A small fan or centrifugal
blower directed toward the upper portion of the envelope will
usually provide sufficient circulation for cooling at frequemcies
above 30 Mc. {The Eimac 4.400A Air-System Socket provides a
convenient method of mounting and cooling the 4.250A at VHF,
should the user desire to use it. Full information is available on
the 4.400A Air-System Socket data sheet, or it will be sent
from the factory on request.)

In intermittent-service applications where the "on" time does
not exceed a total of five minutes in any ten-minute pesiod,
plate-seal temperatures as high as 220° C. are permissible. When
the ambient temperature does not exceed 30° C. it will not
ordinarily be necessary to provide forced cooling of the bulb
and plate seal to hold the temperature below this maximum at
frequencies below 30 Mc., prov:ded that a heat-radiating plate
connector is used, and the tube is so located that normal circu-
lation of air past the envelope is not impeded. The five cubic
feet per minute base-cooling requirement must be obssrved
in intermittent service.

Electrical

Filament Voltage—For maximum tube life the filament voltage,
as measured directly at the base pins, should be the rated value
of 5.0 volts. Variations should be held within the range of 4.75
to 5.25 volts.

' Indicates change from sheet datedif-24.53.
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Bios Voltage—D.c bias voltage for the 4-250A should not exceed
500 volts. If grid-leak bias is used, suitable protective means
must be provided to prevent excessive plate or screen dissipation
in the event of loss of excitation.

Grid Dissipation—Grid dissipation for the 4.250A should not be
allowed to exceed ten watts. Grid dissipation may be calculated
from the following expression:
P‘='emple
where Py=Grid dissipation
o.mp=Peak positive grid voltage, and
le=D-C grid current.

ecmp may be measured by means of a suitable peak voltmeter
connected between filament and grid’.

Screen Voltage —The d-c screen voltage for the 4-250A should
not exceed 600 volts.

Screen Dissipation—The power dissipated by the screen of the
4-250A must not exceed 35 watts. Screen dissipation is likely to
rise to excessive values when the plate voltage, bias voltage or
plate load is removed with filament and screen voltages applied.
Suitable protective means must be provided to limit screen
dissipation to 35 watts in the event of circuit failure.

Plate Voltage —The plate-supply voltage for the 4-250A should
not exceed 4000 volts for frequencies below 110 Mc. Above 110
Mc., the maximum permissible plate voltage is less than 4000
volt, as shown by the graph on page four.

Plate Dissipation—Under normal operating conditions, the plate
dissipation of the 4.250A should not be allowed to exceed 250
watts in unmodulated applications.

In plate-modulated amplifier applications, the maximum allow-
able carrier-condition plate dissipation is 165 watts.

Plate dissipation in excess of the maximum rating is permissible
for short periods of time, such as during tuning procedures.

Operation

Class-C FM or Telegraphy —The 4-250A may be operated as a
class-C amplifier, FM or telegraphy, without neutralization up to
30 Mec. if reasonable precautions are taken to prevent coupling
between input and output circuits externai to the tube. A
grounded metallic plate on which the socket may be mounted
and to which suitable connectors may be attached to ground the
tube base shell, provides an effective isolating shield between
grid and plate circuits. In single-ended circuits, plate, grid, fila-
ment and screen by-pass capacitors should be returned through
the shortest possible leads to a common chassis point. In push-
pull applications the filament and screen terminals of each tube
should be by-passed to a common chassis point by the shortest
possible leads, and short, heavy leads should be used to inter-
connect the screens and filaments of the two tubes. Care should
be taken to prevent leakage of radio-frequency energy to leads

Screen-tuning neutralization circuit for use above 45 Mc.
C — Approximately 100pufd. per section, maximum,

.

w

4-250A

(5D22)

entering the amplifier in order to minimize grid-plate coupling
between these leads external to the amplifier.

At frequencies from 30 Mc. to 45 Mc. ordinary neutralization
systems may be used.

Where shielding is adequate, the feed-back at frequencies
above 45 Mec. is due principally to screen-lead-inductance
effects, and it becomes necessary to introduce in-phase voltage
from the plate circuit into the grid circuit. This can be done by
adding capacitance between plate and grid external to the tube.
Ordinarily, a small metal tab approximately ¥-inch square con-
nected to the grid terminal and located adjacent to the envelope
opposite the plate will suffice for neutralization. Means should
be provided for adjusting the spacing between the neutralizing
capacitor plate and the envelope. An alternative neutralization
scheme is illustrated in the diagram below. In this circuit, feed-
back is eliminated by series-tuning the screen to ground with a
small capacitor. The socket screen terminals should be strapped
together, as shown on the diagram, by the shortest possible lead,
and the leads from the screen terminal to the capacitor, C, and
from the capacitor to ground should be made as short as poss-

ible.

Driving power and power output under maximum output and
plate voltage conditions are shown on page 4. The power output
shown is the actual plate power delivered by the tube; the
power delivered to the load will depend upon the efficiency of
the plate tank and output coupling system. The driving power is
likewise the driving power required by the tube {includes bias
loss). The driver output power should exceed the driving power
requirement by a sufficient margin to allow for coupling-circuit
losses. The use of silver-plated linear tank-circuit elements is
recommended for all frequencies above 110 Mc.

Class-C AM Telephony _The r-f circuit considerations discussed
above under Class-C FM or Telegraphy also apply to amplitude-
modulated operation of the 4-250A. When the 4-250A is used
as a class-C plate-modulated amplifier, modulation should be
applied to both plate and screen. Modulation voltage for the
screen may be obtained from a separate winding on the modu-
lation transformer, by supplying the screen voltage via a series
dropping resistor from the unmodulated plate supply, or by the
use of an audio-frequency reactor in the positive screen-supply
lead. When screen modulation is obtained by either the series-
resistor or the audio-reactor method, the audio-frequency varia-
tions in screen current which result from the variations in plate
voltage as the plate is modulated automatically give the required
screen modulation. Where a reactor is used, it should have a
rated inductance of not less than 10 henries divided by the
number of tubes in the modulated amplifier and a maximum
current rating of two or three times the operating d-c screen
current. To prevent phase shift between the screen and plate
modulation voltages at high audio frequencies, the screen by-
pass capacitor should be no larger than necessary for adequate
r-f by-passing.

For plate-modulated service, the use of partial grid-leak bias
is recommended. Any by-pass capacitors placed across the grid-
leak resistance should have a reactance at the highest modula-
tion frequency equal to at least twice the grid-leak resistance.

Class-AB, and Class-AB, Audio —Two 4-250A's may be used in
a push-pull circuit to give relatively high audio output power at
low distortion. Maximum ratings and typical operating conditions
for class-AB, and class-AB; audio operation are given in the
tabulated data.

Screen voltage should be obtained from a source having
reasonably good regulation to prevent variations in screen volt-
age from zero-signal to maximum-signal conditions. The use of
voltage regulator tubes in a standard circuit should provide ade-
quate regulation.

Grid bias voltage for class-AB. service may be obtained from
batteries or from a small fixed-bias supply. When a bias supply
is used the d-c resistance of the bias source should not exceed
250 ohms. Under class-AB, conditions the effective grid-circuit
resistance should not exceed 250,000 ohms.

3 For suitable peak v.t.v.m. circuits see, for instance, ''Vacuum Tube
Ratings,’' Eimac News, January, 1945, This article is available in reprint
form on request.

Page Three



The peak driving power figures given in the
class-AB, tabulated data are included to make
possible an accurate determination of the required
driver output power. The driver amplifier must be
capable of supplying the peak driving power with-
out distortion. The driver stage should, therefore,
be capable of providing an undistorted average
output equal to half the peak driving power re-
quirement. A small amount of additional driver
output should be provided to allow for losses in the

coupling transformer.

In some cases the maximum-signal plate dissipa-
tion shown under "Typical Operation” is less than
the maximum rated plate dissipation of the 4-250A.
in these cases, the plate dissipation reaches a
maximum value, equal to the maximum rating, at a

point somewhat below maximum-signal conditions.

The power output figures given in the tabulated

data refer to the total power output from the
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amplifier tubes. The useful power output will be
from 5 to 15 per cent less than the figures shown,
due to losses in the output transformer.
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modulator stage, 675 watts input.

COMPONENTS FOR TYPICAL CIRCUITS

Lpi - Cpi — Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.200",

Lps - Cp: — Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.200".

Lys - Cps — Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.375".

L1 -Cy — Tuned circuit appropriate for operating frequency.

Lg: -Cy2 — Tuned circuit appropriate for operating frequency.

C, — .002-ufd. 500-v. mica

C: — .002-ufd. 5000-v mica

C; — .001-ufd., 2500-v. mica

Ci—.l-ufd., 1000-v. paper

Cs — .1-ufd. 600-v. paper

Cs — .5-ufd. 600-v paper

C; — .03-ufd., 600-v. paper

Cy— .1-ufd., 1000-v. paper

C, — .25-ufd., 1000-v. paper

R, — 86,700 ohms, adjustable 100,000 ohms, 100 watts

R; — 250,000 ohms, /3 watt

R.— 15,000 ohms, 5 watts

Rs — 25,000 ohms, 2 watts

Re — 2,500 ohms, 5 watts

R; — 35,000 ohms, 160 watts

Rs — 250,000 ohms, V5 watt

Ry — 200,000 ohms, 2 watts

Ric — 500 ohms, /3 watt

Ryy — 1 megohm, 12 watt

Ris — 100,000 ohms, | watt

Ris — 200,000 ohms, /5 watt

Ric— 10,000 ohms, /3 watt

Ris— 50 ohms, 10 watts

Ris — 100,000 ohms, 100 watts

RFC, — 2.5-mhy., 125-ma. r-f choke

RFC; — I-mhy., 500-ma. r-f choke

T, — 350-watt modulation transformer; ratio pri. to sec. approx.
1.5 : |; pri. impedance 20,300 ohms, sec. impedance 13,300

ohms.

T, — 600-watt modulation transformer; ratio pri. to sec. approx.
1.8 : 1; pri. impedance 11,400 ohms, sec. impedance 6,250

ohms.
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4X150A

RADIAL-BEAM
POWER TETRODE

EITEL-McCULLOUGH, INC.

SAN BRUNO, CALIFORNIA
These Data apply to type 4XI50D
which is identical to 4XI50A except
for the heater rating of 265 volts
0.57 ampere

The Eimac 4XI50A is a compact power tetrode intended for use as an amplifier, oscillator or
frequency multiplier over a wide range of frequencies extending into the UHF region. It is cooled by
forced air.

A single 4XI50A operating in a coaxial-cavity amplifier circuit will deliver up to 140 watts of
useful power output at 500 megacycles.

The maximum rated plate voltage for the 4X150A is 1250 volts, and the tube is capable of good
performance with plate voltages as low as 400 volts. Its high ratio of transconductance to capacitance
and its 150-watt plate dissipation rating make the 4XI50A useful for wide-band amplifier applications.

The use of the Eimac 4XI50A Air-System Socket, or a socket providing equivalent air-cooling
facilities, is required.

GENERAL CHARACTERISTICS
ELECTRICAL

Cathode: Oxide Coated, Unipotential
Minimum Heating Time - - - - - - - - 30 seconds
Cathode-to-Heater Voltage - - - - - - - 150 max. volts
Heater: Voltage - - - - - - - - - - - 6.0 volts
Current - - - - - - - - - - - 2.6 amperes
Grid-Screen Amplification Factor (Average] - - - - - - - - - 5

Direct Interelectrode Capacitances (Average)

Grid-Plate - - - - - - - 0.03 wuf

Input - - - - - - - - - - 15.5 uuf

Output - - - - - - - - - 4.5 wuf
Transconductance (Ev=500v., Ec;=250v., |, =200 ma) - - - - - - - - - - - - 12,000 gmhos
Frequency for Maximum Ratings - - - - - - - - - - - - - - - - - 500 Mc

MECHANICAL

Base o 5 - = - - S o o - - - - S = - - - - 9-pin, special
Recommended Sockef - - - - - - - - - - - - - - Eimac 4XI50A Air-System Socket
Base Connections - - - - - - - - - - - - - - - S See outline drawing
Mounting - - - - - - - - - - - - - - - - - - - - - Any position
Cooling - - - - a - - - - - - - - - - - - - - - Forced air
Maximum Over-all Dimensions

Length - - - - g 3 - - - ® - - - - 2.47 inches

Diameter - S 4 - - : ! - 3 a : H e 5 3 - - - 1.65 inches

Seated Height - - - o - - - - - o - - - - - 191  inches
Net Weight - ) ) B . . . . B . R - o S S - - - - - 5.2 ounces
Shipping Weight - - - - - - - - - - - - - o - - - - - 1.6 pounds

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions of
qrid bias and screen voltage. It will be found that if this procedure is followed, there will be little variation in power output between tubes even
though there may be some variation ir grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, to control
plate current it is necessary to make the resistor adjustable.

RADIO FRE UENCY POWER TYPICAL OPERATION (Frequencies up to 165 Mc., per tube)
= Q D.C Plate Yoltage - - - - 600 750 1000 1250 volts
D.C Screen Voltage - - - 250 250 250 250 volts
AMPLIFIER OR OSCILLATOR SRR -
D-C Plate Current - - . - 200 200 200 200 ma
Class-C Tel hy or FM Teleph DC SrdCurem- L 1 L h w w  lom
- eqr r ti urrent - - | ma
(KGSS = 9 adP y @ ebeP ony ’ Peak R-F Grid Vol?aqe (approx) - 099 09; 09; 105 volts
- iti Driving Power - ) . A 0.8 watts
ey down con itions, per tube) Plate Power lnput - - - - 120 150 200 250 watts
Plate Power Output - - - - 85 ] 150 195 watts

The performance figures for frequencies up to 165 Mc. are obtained by
calculation from the tube characteristic curves and confirmed by direct
tests. The driving _power includes only powee taken by the tube grid and

MAXIMUM RATINGS

D-C PLATE VOLTAGE i 1250 MAX. VOLTS the bias circuit. The driving power and output power do not allow for
losses in the associated resonant circuits.
D-C SCREEN VOLTAGE - 300 MAX. VOLTS } TYPICAL OPERATION (Single tube, 500-Mc., coaxial cavity)
gg glafe Vc\)/lf]a'gc - - - - 600 800 1000 1250 volts
- creen Yoltage - - - 250 250 250 250 It
D-C GRID VOLTAGE - - —250 MAX. VOLTS D-C Grid Voltage - - - - 8 80 -8 -0 volt
gg gIaOa Cucrrem '- - 9 - 200 200 200 200 ma
R . creen Curren - O - 7h 7 7 7
D-C PLATE CURRENT 250 MAX. MA 0. Grid Current - ( . 10 10 10 10 ma
river Output Power approx o 10 10 10 10 watt
PLATE DISSIPATION - . {50 MAX. WATTS Power Input - <120 180 200 250 waths
Useful Power Ou'pu' - - 3 3 90 1o 140 watts
R These typical performance figures were obtained by direct measurement
SCREEN DISSIPATION 12 MAX WATTS in Iop;ra'mg *eq_lg’:pmden? The output pE:we'r IIS| useful power measured in
a load circui e driving power is the to*al power taken by the tube
GRID D|SS|PAT|ON . B 2 MAX. WATTS and a practical resonant circuit. In many cases with further refinement

and improved techniques better performance might be obtained.

(Effective 5-10-54) Copyright 1954 by Eitel-McCullough, Inc. ’ Indicates change from sheet dated 8-15.52



PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER
Class-C Telephony (Carrier conditions, per tube)

MAXIMUM RATINGS

D-C PLATE VOLTAGE - 1000 MAX. YOLTS
D-C SCREEN YOLTAGE - 300 MAX. YOLTS
D-C GRID YOLTAGE - —-250 MAX. YOLTS
D-C PLATE CURRENT - 200 MAX. MA

PLATE DISSIPATION - - 100 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - . 2 MAX. WATTS

/ 4X150A

-
L

TYPICAL OPERATION (Frequencies up to 185 Mc.)

D-C Plate Voltage - - - - 400 400 800 1000 volts

D-C Screen Voltage - - - 250 250 250 250 volts
D-C Grid Voltege - - - - -9 =95 -100 =105 volts
D-C Plate Current - - - - 200 200 200 200 ma
D-C Screen Current .- . 40 35 25 20 ma
D-C Grid Current - - - - 7 8 10 IS ma

Peak A-F Screen Voltage at crest

of 100% Modulation 140 150 160 170 volts
Peak R-F Grid Input Voltage

{approx.) . . . . 110 120 120 125  volts
Driving Power (epprox.) - - L ¥ 1.5 2 watts
Plate Dissipation - - - - 25 40 60 80 watts
Plate Power lnput - - - - 80 120 160 200 watts
Plate Power Output - - - ss 80 100 140 watts

RADIO-FREQUENCY POWER
AMPLIFIER

Class-B Linear, Television Visual Service (per tube)
MAXIMUM RATINGS

D-C PLATE VOLTAGE - 1250 MAX. VOLTS
D-C SCREEN VOLTAGE - . 400 MAX. VOLTS
D-C GRID YOLTAGE - - -250 MAX. VOLTS

D-C PLATE CURRENT
(AVERAGE) - - - 250 MAX. MA

PLATE DISSIPATION - - 150 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - - 2 MAX. WATTS

TYPICAL OPERATION (Frequencies up to 216 Mc., 5 Mc. bandwidth)
D-C Plate Voltage . - - 750 1000 1250 volts
D-C Screen Voltage - - - - - 300 300 300 volts
D-C Grid Voltage . -0 ~45 —70 volts

During Sync-Pulse Peak:

D-C Plate Current D - 335 330 305 ma
D-C Screen Current - - - - - 50 45 45 ma
D-C Grid Current S IS 20 25 ma
Peak R-F Grid Voltage - - .- 85 95 100 volts
R-F Driver Power (approx.) . - . 7 8 9 waits
Useful Power Output - - - - - 135 200 250 watts
Black Level:

D-C Plate Current - - - - . 245 240 230 ma
D-C Screen Current - - - - - 20 IS 10 ma
D-C Grid Current - - - . - 4 4 4 ma
Peak R-F Grid Voltage (approx.} e - 65 70 75 volts
R-F Driver Power (approx.) - - . 4.25 4.7 5.5 watts
Plate Power Input . - . - - 185 240 290 watts
Useful Power Output - - - - - 75 {10 140 watts

CLASS-AB OR -B POWER
AMPLIFIER OR MODULATOR
MAXIMUM RATINGS (Per tube)

D-C PLATE VOLTAGE - 1250 MAX. VOLTS
D-C SCREEN VOLTAGE - 400 MAX. VOLTS
D-C PLATE CURRENT - 250 MAX. MA
PLATE DISSIPATION - - 150 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - - 2 MAX. WATTS

Page Two

TYPICAL OPERATION
Class AB (Sinusoidal wave, two tubes unless otherwise specifiad)

D-C Plate Yoltage - - - - 400 800 1000 1250 volts
D-C Screen VYoltage 300 300 300 300 volts

D-C Grid Voltage (approx.)® - -44 -47 -47 ~48 volts
Zero-Signal D-C Plate Current - 160 120 120 115 ma
Max-Signal D-C Plate Current - 380 380 380 390 ma
Zaro-Signal D-C Screen Current - 0 0 0 0 ma
Max-Signal D-C Screen Current - 133 85 &0 40 ma
Effective Load, Plate-to-Plate - 3550 4425 5850 7200 ohms
Peak A-F Grid Input Voltage

(per tube) - - - 44 47 47 48 volts
Driving Power - . - - [4 0 0 0 watts
Max-Signal Plate Dissipation

{per tube} - - - - - 45 31 70 90 watts
Max-Signal Plate Power Output - 140 195 240 310 watts
*Adjust grid voltage to obtain specified zero-signal plate current.
Maximum permissible grid circuit series resistance 100,000 ohms per tube.

TYPICAL OPERATION
Class AB, (Sinusoidal wave, two tubes unless otherwise specified)
D-C Plate Yoltage - 400 800 1000 1250 volts

D-C Screen Voltage - - - 300 300 300 300 volts
D-C Grid Voltage**® - - - -4 —43 =43 <4 volts
Zero-Signal D-C Plate Current - 185 160 185 180 ma
Max-Signal D-C Plate Current - 485 490 495 475 ma
Zero-Signal D-C Screen Current - 0 0 0 0 ma
Max-Signal D-C Screen Current - 85 75 70 65 ma
Effective Load, Plate-to-Plate - 2600 3500 4600 5600 ohms
Peak A-F Grid input Yoltage

(per tube) - - - - 47 48 49 S0 volts
Max-Signal Peak Driving Power - 0.15 0.15 0.15 0.1S watts
Max-Signat Nominat Driving Power

npprox.l) - - - - - 75 ™ 75 75 mw
Max-Signal Plate Dissipation

pe mb-; - e e - - 0 ] 90 85 watts
Max-Signal Plate Power Output - 170 240 318 425 watts

**Adjust grid voltage to obtain specified zero-signal plate current.
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APPLICATION

MECHANI!CAL

Mounting—The 4X150A may be mounted in any position.
Use of the Eimac 4X150A Air-System Socket, or its
equivalent, is required.

The tube will fit a standard “loktal” socket, but the
use of such a socket prevents adequate air-cooling of the
base of the tube. Use of the “loktal” socket is not
recommended.

Connections to the terminals of all the electrodes ex-
cept the plate are provided by the Air-System Socket.
The anode-cooler assembly provides a terminal surface
for the plate connection. For high-frequency applications
a metal band or a spring-finger collet should be used to
make good electrical contact with the cylindrical outer
surface of the anode cooler. Points of electrical contact
should be kept clean and free of oxidation to minimize
r-f losses.

Cooling—The 4X150A requires sufficient forced-air cool-
ing to keep the cooler core and the metal parts of the
metal-to-glass seals from exceeding a maximum tempera-
ture of 150°C. The air flow must be started when power
is applied to the heater, and must continue without in-
terruption until all electrode voitages have been removed
from the tube.

The Eimac Air-System Socket directs the air over the
surfaces of the tube base, and through the anode cooler
to provide effective cooling with a minimum air flow.
Seven and one-half cubic feet of cooling air per minute
must flow through the Air-System Socket and the anode
cooler for adequate cooling. This corresponds to a total
pressure drop of 0.6 inches of water through the socket
and the anode cooler.

The air requirements stated above are based on
operation at sea level and an ambient temperature of
20°C. Operation at high altitude or at high ambient
temperatures requires a greater volume of air flow. The
necessary design information for such conditions is con-
tained in an article entitled “Blower Selection for Forced-
Air-Cooled Tubes”, by A. G. Nekut, in the August, 1950,
issue of “Electronics.”

One method of measuring temperature is provided by
the use of the ‘“Tempilaq”, a temperature-sensitive
lacquer, which melts when a given temperature is
reached. Where forced-air cooling is employed, very
thin applications of the lacquer must be used. This
product is obtainable from the Tempil Corporation, 132
West 22nd St., New York 11, N. Y.

ELECTRICAL

Heater—The heater should be operated as close to 6.0
volts as possible, but it will withstand heater-voltage
variations as great as 109% without injury. Some varia-
tion in power output must be expected to occur with
variations of the heater voltage.

Cathode—The cathode is internally connected to the four
even-numbered base pins. All four corresponding socket
terminals should be used for connection to the external
circuit. The leads should be of large cross-section and as
short and direct as possible to minimize cathode-lead
inductance.

Grid Dissipation— Grid-circuit driving-power require-
ments increase with increasing frequency because of cir-
cuit losses other than grid dissipation. This becomes
noticeable at frequencies near 30 Me., and increases until

at 500 Mc. as much as 30 watts driving power may be
required in ordinary circuits.

Despite the increased driving power required by the
circuit as a whole at higher frequencies, the power
actually consumed by the tube grid does not increase
greatly. Satisfactory operation in stable amplifier circuits
is indicated by d-c grid-current values below approxim-
ately 15 milliamperes.

Screen Dissipation—Bias- or plate-supply failure or un-
loaded-plate-circuit operation can cause the screen cur-
rent and dissipation to rise to excessive values. Protection
for the screen can be provided by an overload relay in
the screen circuit, in addition to the usual plate-overload
relay. Use of a screen-current milliammeter is advisable.

Plate Dissipation—The maximum-rated plate dissipation
is 150 watts. The maximum-rated plate dissipation for
plate-modulated applications is 100 watts under carrier
conditions, which permits the plate dissipation to rise
to 150 watts under 100% sinusoidal modulation.

Plate dissipation may be permitted to exceed the
maximum rating momentarily, as, for instance, during
tuning.

UHF Operation—Transit time effects, which occur at
ultra-high frequencies in the 4X150A, can be minimized
by adherence to the operating conditions suggested
below:

1. Use a minimum d-c¢ bias voltage, not over twice
cut-off.

2. Apply only enough drive to obtain satisfactory
plate efficiency.

3. Operate the screen at reasonably high voltage, but
do not exceed the screen-dissipation rating. The
circuit should be loaded to obtain screen-current
values close to those given under “Typical
Operation” at 500 Mec.

4. Fairly heavy plate loading is required. In general,
low-voltage, high-current operation is preferable
to operation at high voltage and low current. If
conditions require a change to lighter plate load-
ing, the drive should also be reduced to the mini-
mum value for satisfactory operation at the new
output level.

5. Parasitic oscillations are usually associated with
excessive grid and screen current and are in-
jurious to vacuum tubes. Similarly, tuned-plate
circuits which accidentally become simultaneously
resonant to harmonics and the fundamental fre-
quency may also cause low efficiency and damage
tubes.

Plate Modulation—Plate modulation can be applied to the
4X150A when it is operated as a class-C radio-frequency
amplifier. To obtain 1009 modulation, the d-¢ screen
voltage must be modulated approximately 55%, in phase
with the plate modulation. Self-modulation of the screen
by means of a series resistor or reactor may not be satis-
factory in this particular tetrode due to the screen-
voltage, screen-current characteristics.

Grid Resistance—In class-A and -AB, amplifiers, where no
grid current flows, the grid-bias voltage may be applied
through a resistor. The maximum permissible series re-
sistance per tube is 100,000 ohms.

Special Applications—If it is desired to operate this tube
under conditions widely different than those given here,
write to Eitel-McCullough, Inc., San Bruno, California, for
information and recommendations.
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4-123R

(4D21)
RADIAL-BEAM

EITEL-McCULLOUGH, INC. POWER TETRODE

SAN BRUNO, CALIFORNIA MODULATOR

OSCILLATOR
AMPLIFIER

The Eimac 4-125A is a radial-beam power tetrode intended for use as an
amplifier, oscillator, or modulator. It has a maximum plate-dissipation rating of
125 watts and a maximum plate-voltage rating of 3000 volts at frequencies
up to 120 Me.

The low grid-plate capacitance of this tetrode together with its low driving-
power requirement allows considerable simplification of the associated circuit
and driver stage.

Cooling is by radiation from the plate and by air circulation through the
base and around the envelope.

The 4-125A in class-C r-f service will deliver up to 375 watts plate power
output with 2.5 watts driving power. Two 4-125A's in class-B modulator service
will deliver up to 400 watts maximum-signal power output with 1.2 watts
nominal driving power.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - - - - - - - - - - - 5.0 volts
Current - - - - - - - - - - - - 6.5 amperes
Grid-Screen Amplification Factor (Average) - - - - - - - - - 5.9
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - - : - - - 0.05 uufd
Input - - - - - - - - - - - - - - 10.8 uufd
Output - - - - - - - - - - - - - 3.1 ppfd
Transconductance (l,=50 ma., E,=2500V., E.,=400V.) - = - = 5 - 2450 umhos
Highest Frequency for Maximum Ratings - - - - . - - - - 120 Mc
MECHANICAL
Base - - - - - - - - - - - = - - 5-pin metal shell
Basing - - - - - - - - See outline drawing
Socket - - - E F Johnson Co socket No 122- 275 National Co. No. HX-100, or equivalent
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - z - - - Radiation and forced air
Recommended Heat-Dissipating Plafe Connector - - - - - - - - Eimac HR-6
P Maximum Over-all Dimensions:
Length - - - - - - - - - - - - - 5.69 inches
Diameter - - - - - - - - - - - - - 2.81 inches
Net Weight - - - - - - - - - - - - - - 6.5 ounces
Shipping Weight . - - - - - - - - - - - - 1.5 pounds

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions of
qrid bias and screen voltage. It will be found that if this procedure is followed, there will be little variation in power output between tubes even
though there may be some variation in grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, to control
plate current it is necessary to make the resistor adjustable.

(Effective 7-15.54) Copyright, 1954 by Eitel-McCullough, Inc. ’Indicafes change from sheet dated 1-5.53



RADIO-FREQUENCY POWER AMPLIFIER
AND OSCILLATOR

Class-C Telegraphy or FM Telephony
(Key-down conditions, | tube)

MAXIMUM RATINGS

D-C PLATE VOLTAGE! - - - 3000 MAX. YOLTS
D-C SCREEN VOLTAGE - - - 400 MAX. YOLTS
D-C GRID YOLTAGE - - - - —500 MAX. VOLTS
D-C PLATE CURRENT - - - - 225 MAX. MA

PLATE DISSIPATION - - - - 125 MAX. WATTS
SCREEN DISSIPATION - - - - 20 MAX. WATTS
GRID DISSIPATION - - - - 5 MAX. WATTS

TYPICAL OPERATION
{Frequencies below 120 Mc.)

D-C Plate Voltage 5 - - 2000 2500 3000 volts
D-C Screen Voltage 350 350 350 volts
D-C Grid Voltage - - - —I100 —I50 —i50 volis

D-C Plate Current - - - 200 200 167 ma
D-C Screen Current - - - 50 40 30 ma
D-C Grid Current - - - 12 12 9 ma
Screen Dissipation - - - 18 14 105 wahHs
Grid Dissipation - - - - 1.6 2 1.2 watts
Peak R-F Grid Input Volfage 230 320 280 volts
(approx.}) - - -
Driving Power (approx.)3 - - 28 38 25 wats
Plate Power Input - - - 400 500 500 watts
Plate Dissipation - - - 125 125 125 wats
Plate Power Output - - = 275 375 375 wahs

AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

Class-AB,
MAXIMUM RATINGS
D-C PLATE VOLTAGE - - - - 3000 MAX. YOLTS
D-C SCREEN VOLTAGE - - - 600 MAX. YOLTS
MAX-SIGNAL D-C PLATE CURRENT

PER TUBE - - - - 225 MAX. MA
PLATE DISSIPATION, PER TUBE - - 125 MAX. WATTS
SCREEN DISSIPATION, PER TUBE - 20 MAX, WATTS

TYPICAL OPERATION

{Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Voltage - - - 1500 2000 2500 volts
D-C Screen Yoltage - - - 600 600 600 volts
D-C Grid Voltage® - - - —90 —94 —96 volis
Zero-Signal D-C Plate Current - 60 50 50 ma
Max-Signal D-C Plate Current - 222 240 232 ma
Zero-Signal D-C Screen Current - —10 —05 —03 ma
Max-Signal D-C Screen Current - 17 6.4 85 ma
Effective Load, Plate-to-Plate - 10,200 13,400 20,300 ohms
Peak, A-F Grid Input Volfage

(per tube) - - 90 94 96 volts
Driving Power - - - - 0 0 0 watt
Max-Signal Plate Dissipation

(per tube) - - - 87.5 125 125 watts
Max-Signal Plate Power Output - 158 230 330 watts
Total Harmonic Distortion - 5 2 2.6 per ct.

/
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HIGH-LEVEL MODULATED RADIO-FREQUENCY
AMPLIFIER
Class-C Telephony

(Carrier conditions unless otherwise specified, | tube)
MAXIMUM RATINGS

D-C PLATE VOLTAGE! - 5 5
D-C SCREEN VOLTAGE
D-C GRID VOLTAGE - - 5 .
D-C PLATE CURRENT - - e 5
PLATE DISSIPATION - - 5 5
SCREEN DISSIPATION - - 5 5
GRID DISSIPATION - 5

2500 MAX. VOLTS

400 MAX. YOLTS

—500 MAX. YOLTS
200 MAX. MA

85 MAX. WATTS

20 MAX. WATTS

5 MAX. WATTS

TYPICAL OPERATION
(Frequencies below 120 Mc.)
D-C Plate Voltage
D-C Screen Voltage
D-C Grid Voltage

2000 2500 volts
350 350 volts
—220 —2i0 volts

D-C Plate Current - - - - 150 152 ma
D-C Screen Current - - - 33 30 ma
D-C Grid Current - - - - 10 9 ma
Screen Dissipation - - - - 115 105 wahs
Grid Dissipation - - - - 1.6 1.4 wats

Peak A-F Screen Volfaga. IOO%
Modulation -
Peak R-F Grid Input Volfage (approx)

210 210 volts
375 360 volts

Driving Power (approx.)3 - 3.8 33 wahs
Plate Power Input - - - 300 380 watts
Plate Dissipation - - - - 75 80 watts

Plate Power Output - 225 300 watts

AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

Class-AB,

MAXIMUM RATINGS

D-C PLATE VOLTAGE - - - 5
D-C SCREEN VOLTAGE - 5 5

MAX-SIGNAL D-C PLATE CURRENT
PER TUBE - - -

PLATE DISSIPATION, PER TUBE - -
SCREEN DISSIPATION, PER TUBE -

TYPICAL OPERATION

{Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Voltage - - - 1500 2000 2500 volts
D-C Screen Voltage - - 350 350 350 volis
D-C Grid Voltage - - - —4f —45 —43 volts
Zero-Signal D-C Plate Current - 87 72 93 ma

3000 MAX. VOLTS
400 MAX. YOLTS

225 MAX. MA

125 MAX. WATTS
20 MAX. WATTS

Max-Signal D-C Plate Current 400 300 260 ma

Zero-Signal D-C Screen Current 0 0 0 ma
Max-Signal D-C Screen Current 34 5 6 ma
Effective Load, Plate-to-Plate 7200 13,600 22,200 ohms
Peak A-F Grid Input Voltage

(per tube) - - - 141 105 89 volts
Max-Signal Avg. Driving Powsr

(approx.}) - - 25 1.4 I watts
Max-Signal Peak Drmng Power - 5.2 3.1 24 watts
Max-Signal Plate Dlssnpahon 125 128 122 watts

(per tube) - -
Max-Signal Plate Power pruf - 350 350 400 watts
Total Harmonic Distortion - - 25 I 2.2 per ct.

t Above 120 Mc. the maximum plate voltage rating depends upon
frequency. See page 4.

2 The effective grid circuit resistance for each tube must not exceed
250,000 ohms.

3 Driving power increases above 70 Mc. See page 4.

EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL- McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS,

FIT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION", POSSIBLY
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APPLICATION

MECHANICAL

Mounting—The 4-125A must be mounted vertically,
base down or base up. The socket must be constructed
so as to allow an unimpeded flow of air through the
holes in the base of the tube and must also provide
clearance for the glass tip-off which extends from the
center of the base. The tube should be mounted ahove
the chassis deck to allow free circulation of air in the
manner shown in the mounting diagram below. The
above requirements are met by the E. F. Johnson Co.
socket No. 122-275, the National Co. socket No. HX-100,
or a similar socket.

A flexible connecting strap should be provided be-
tween the HR-6 Heat Dissipating Plate Connector on
the plate terminal and the external circuit. The tube
must be protected from severe vibration and shock.

4.125A mounting providing base cooling, shielding and isolation
of output and input compartments.

Cooling—Adequate cooling must be provided for
the seals and envelope of the 4-125A. In continu-
ous-service applications, the temperature of the
plate seal, as measured on the top of the plate
cap, should not exceed 170° C. A relatively slow
movement of air past the tube is sufficient to prevent
seal temperatures in excess of maximum at frequencies
below 30 Mc. At frequencies above 30 Mc., radio fre-
quency losses in the leads and envelope contribute to seal
and envelope heating, and special attention should be
given to cooling. A small fan or centrifugal blower di-
rected toward the upper portion of the envelope will
usually provide sufficient circulation for cooling at fre-
quencies above 30 Mc., however.

In intermittent-service applications where the ‘‘on”
time does not exceed a total of five minutes in any ten-
minute period, plate seal temperatures as high as 220° C.
are permissible. When the ambient temperature does not
exceed 30° C. it will not ordinarily be necessary to
provide forced cooling to hold the temperature below
this maximum at frequencies below 30 Mc., provided
that a heat-dissipating plate connector is used, and the

tube is so located that normal circulation of air past the
envelope is not impeded.

Provision must be made for circulation of air
through the base of the tube. Where shielding or sock-
et design makes it impossible to allow free circulation of
air through the base, it will be necessary to apply forced-
air cooling to the stem structure. An air flow of two
cubic feet per minute through the base will be sufficient
for stem cooling.

ELECTRICAL

Filament Voltage—For maximum tube life the filament
voltage, as measured directly at the filament pins, should
be the rated value of 5.0 volts. Unavoidable variations
in filament voltage must be kept within the range from
4.75 to 5.25 volts.

Bias Voltage—D-c bias voltage for the 4-125A should
not exceed 500 volts. If grid-leak bias is used, suitable
protective means must be provided to prevent excessive
plate or screen dissipation in the event of loss of
excitation.

Screen Voltage—The d-c screen voltage for the 4-125A
should not exceed 400 volts, except for class-AB: audio
operation.
Plate Voltage—The plate-supply voltage for the 4-125A
should not exceed 3000 volts for frequencies below 120
Mc. The maximum permissible plate voltage is less than
3000 volts above 120 Mc., as shown by the graph on
page 3.
Grid Dissipation—Grid dissipation for the 4-125A
should not be allowed to exceed five watts. Grid dissipa-
tion may be calculated from the following expression:
Pe=emple
where P,=Grid dissipation,
e.mp=Peak positive grid voltage, and
I,=D-c grid current.
€.mp May be measured by means of a suitable peak
voltmeter connected between filament and grid".

Screen Dissipation—The power dissipated by the screen
of the 4-125A must not exceed 20 watts. S¢reen dissipa-
tion is likely to rise to excessive values when the plate
voltage, bias voltage or plate load are removed with
filament and screen voltages applied. Suitable protective
means must be provided to limit screen dissipation to 20
watts in the event of circuit failure.
Plate Dissipation—Under normal operating conditions,
the plate dissipation of the 4-125A should not be al-
lowed to exceed 125 watts in unmodulated applications.

In high-level-modulated amplifier applications, the
maximum allowable carrier-condition plate dissipation is
85 watts. The plate dissipation will rise to 125 watts
under 1009, sinusoidal modulation.

Plate dissipation in excess of the maximum rating is
permissible for short periods of time, such as during
tuning procedures.

*For suitable peak v.t.v.m. circuits see, for instance, ''Vacyum Tube
Ratings'', Eimac News, January, 1945. This article is available in reprint
form on request.

Page Three



OPERATION

Class-C Telegraphy or FM Telephony—The 4-125A
may be operated as a class-C telegraph or FM telephone
amplifier without neutralization up to about 30 Mc. if
reasonable precautions are taken to prevent coupling
between input and output circuits external to the tube.
A grounded metallic plate on which the socket may be
mounted as shown in the mounting diagram on page three
provides an effective isolating shicld between grid and
plate circuits. In single-ended circuits, plate, grid, fila-
ment and screen by-pass capacitors should be returned
through the shortest possible leads to a common chassis
point. In push-pull applications the filament and screen
terminals of each tube should be by-passed to a common
chassis point by the shortest possible leads, and short,
heavy leads should be used to interconnect the screens
and filaments of the two tubes. Care should be taken to
prevent leakage of radio-frequency energy to leads enter-
ing the amplifier, to prevent grid-plate coupling between
these leads external to the amplifier.

Where shielding is adequate, the feed-back at fre-
quencies above 100 Mc. is due principally to screen-lead-
inductance effects, and it becomes necessary to introduce
in-phase voltage from the plate circuit into the grid
circuit. This can be done by adding capacitance between
plate and grid external to the tube. Ordinarily, a small
metal tab approximately 3/-inch square connected to
the grid terminal and located adjacent to the envelope
opposite the plate will suffice for neutralization. Means
should be provided for adjusting the spacing between the
neutralizing capacitor plate and the envelope, but care
must be taken to prevent the neutralizing plate from
touching the envelope. An alternative neutralization
scheme is illustrated in the diagram below. In this
circuit feed-back is eliminated by series-tuning the
screen to ground with a small capacitor. The socket
screen terminals should be strapped together, as shown
on the diagram, by the shortest posible lead, and the
leads from the screen terminal to the capacitor, C, and
from the capacitor to ground should be made as short
as possible. All connections to the screen terminals
should be made to the center of the strap between the
terminals, in order to equalize the current in the two
screen leads and prevent overheating one of them. The
value for C given under the diagram presupposes the
use of the shortest possible leads.

At frequencies below 100 Mc. ordinary neutralization
systems may be used. With reasonably eflective shield-
ing, however, neutralization should not be required
below about 30 Mec.

The driving power and power output under typical
operating conditions, with maximum output and plate
voltage, are shown on page 5. The power output shown
is the actual plate power delivered by the tube; the power
delivered to the load will depend upon the efficiency of
the plate tank and output coupling system. The driving
power is likewise the driving power required by the tube
(includes bias loss). The driver output power should
exceed the driving power requirement by a sufficient
margin to allow for coupling-circuit losses. These losses
will not ordinarily amount to more than 30 or 40 per
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cent of the driving power, except at frequencies above 150
Mec. The use of silver-plated linear tank-circuit elements
is recommended at frequencies above 100 Mec.

Conventional capacitance - shortened quarter - wave
linear grid tank circuits having a calculated Z, of 160
ohms or less may be used with the 4-125A up to 175 Mc.
Above 175 Mc. linear grid tank circuits employing a
“capacitor”-type shortening bar, as illustrated in the
diagram below, may be used. The capacitor, C,, may con-
sist of two silver-plated brass plates one inch square with
a piece of .010 inch mica or polystyrene as insulation.

Class-C AM Telephony—The r-f circuit considera-
tions discussed above under Class-C Telegraphy or FM
Telephony also apply to amplitude-modulated operation
of the 4-125A. When the 4-125A is used as a class-C
high-level-modulated amplifier, modulation should be
applied to both plate and screen. Modulation voltage for
the screen may be obtained from a separate winding on
the modulation transformer, by supplying the screen
voltage via a series dropping resistor from the unmodu-
lated plate supply, or by the use of an audio-frequency
reactor in the positive screen-supply lead. When screen
modulation is obtained by either the series-resistor or the
audio-reactor method, the audio-frequency variations in
screen current which result from variations in plate
voltage as the plate is modulated automatically give the
required screen modulation. Where a reactor is used, it
should have a rated inductance of not less than 10
henries divided by the number of tubes in the modu-
lated amplifier and a maximum current rating of two
or three times the operating d-c screen current. To pre-
vent phase shift between the screen and plate modula-
tion voltages at high audio frequencies, the screen by-
pass capacitor should be no larger than necessary for
adequate r-f by-passing. Where screen voltage is obtained
from a separate winding on the modulation transformer,
the screen winding should be designed to deliver the
peak screen modulation voltage given in the typical
operating data on page 2.

For high-level modulated service, the use of partial
grid-leak bias is recommended. Any by-pass capacitors
placed across the grid-leak resistance should have a re-
actance at the highest modulation frequency equal to at
least twice the grid-leak resistance.

Class-AB, and Class-AB, Audio—Two 4-125A’s may
be used in a push-pull circuit to give relatively high
audio output power at low distortion. Maximum ratings
and typical operating conditions for class-AB, and class-
AB, audio operation are given in the tabulated data.

When type 4-125A tubes are used as class-AB, or class-
AB, audio amplifiers at 1500 plate volts, under the con-
ditions given under “Typical Operation”, the screen
voltage must be obtained from a source having reason-
ably good regulation, to prevent variations in screen
voltage from zero-signal to maximum-signal conditions.
The use of voltage regulator tubes in a standard circuit
will provide adequate regulation. The variation in screen
current at plate voltages of 2000 and above is low enough
so that any screen power supply having a normal order



of regulation will serve. The driver plate .supply makes
a convenient source of screen voltage under these con-
ditions.

Grid bias voltage for class-AB, service may be ob-
tained from batteries or from a small fixed-bias supply.
When a bias supply is used, the d-c resistance of the
bias source should not exceed 250 ohms. Under class-
AB, conditions the effective grid-circuit resistance for
each tube should not exceed 250,000 chms.

The peak driving power figures given in the class-
AB, tabulated data are included to make possible an
accurate determination of the required driver output

power. The driving amplifier must be capable of supply-
ing the peak driving power without distortion. The driver
stage should, therefore, be capable of providing an un-
distorted average output equal to half the peak driving
power requirement. A small amount of additional driver
output should be provided to allow for losses in the
coupling transformer.

The power output figures given in the tabulated data
refer to the total power output from the amplifier tubes.
The useful power output will be from 5 to 15 per cent
less than the figures shown, due to losses in the output
transformer.
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C is a small split-stator capacitor. Ci—See above. Li—3" dia. copper spaced
__ 640,000 C:—Neutralizing capacitor. 1" center-to-center,
Clupfd)=———— approx "
# (Mc.) C—.001 ufd. 6" long. .
Car100 td L:—7" dia. brass, silver plated,
3 ppte. spaced 1!/3” center-to-center,
14” long.
4000 l {
7 - 17T CLASS-C TELEGRAPHY T1TTT T ]
3000 : t t
03 2500 CLAS[S'C TELEPHONY D o i
[l 4- \
2 000 EIMAC 4-I125A \

MAXIMUM RATED PLATE VOLTAGE
VERSUS FREQUENCY

T T S e —— ——

!
[
I

POWER

§

— 5 T T T 5 —

OUTPY

g

EIMAC 4-125A TYPICAL PERFORMANCE

CLASS-C TELEGRAPHY AT MAXIMUM
RATED PLATE VOLTAGE

POWER OUTPUT-WATTS
g

DRIVING POWER AND POWER OUTPUT

- .

8 VERSUS FREQUENCY

n /
[<4 f
L /
< 6
5 /
@
w
3 |
2 o—
g T S S s s 2
z
s 3
2 DRIVING POWER |~
z ] i
2
15 L
] 2 3 4 e 8 10 20 30 40 80 80 100 200 300

FREQUENCY - MEGACYCLES

Page Five



(4021)

— ~
oUTPUT QUTPUT
Cez RFC2
1A
Uy R
4-125A 4-125A 4-125A
¥ | | I ca‘/ 1
= =
1 | ! Cig }
| | C
SKIELD| SN'ELD' 1
1 | |
| >, |C1 ) }
RFC1 1 | ! I
| | !
) wyCet | RFC1 | ( |
| < | | !
0 I :
‘_) r (—0 ! - ]
| ] |
Let Ct -
| | | 3 |
| - I I
Lo lglem e J
g 1 (L [e] o [e] l
r E—ccz _T EF Eccy o Po. T B >Eaa Ecct [ ?cc; T PD Er __—Ega j
D.C. SCREEN VOLTS [ FILAMENT VOLTS B.C.GRID VOLTS ml_\l_lN_'G POW_EH D.C PLATE VOLTS D.C.GRID vOLTS | OL.SCREEN YOLTS DRIVING POWER | FILAMENT VOLTS D.C—PLAYS VOLTS ,
350V, 40 M_A SOV, -150 V_.' I_ZMA_. i.! WA'TA_ 2500V, 200 MA. 150V, 24 MA. 350V, 80 MA. 7.6 WATTS _3 ov. ] ZSDO_V..ﬂ‘ MA,
350 v, 30 MA: 3.0v. . 'lVSO_V‘ ° MA; 2.5 WAYYS_ 3000 V., 187 MA. =150V, 18 MA, 350V, 80 MA. .3.0 WAT TS _3.0 V. . |_JOOO V., 338 MA;
Typical radio-frequency power amplifier circuit, Class-C Typical radio-frequency power amplifier circuit, Class-C
L}
telegraphy, 500 watts input. telegraphy, 1000 watts input.
ouTRUY ouTPUT
Les Lrs
Cra RFC2 Cra
IL L
(o et RFC2
L Re
4-125A T—Cz 4-125A ==Ca2 r\aqzsA
= 1 -~ Jd| V= = ' -<= K oA M £
- ' X] \ = ) K \/- 1 =
| (&) | v [ '
¢ le : ] D 4 :
| c;‘/ cile 152 Ma| | 3 C3 300 MA.
smu.n: .)\ [ : swieLol )‘\<€ X :
' I—_Yﬁ
Ry | ] ! | RFC | Re goma
" c
i RFCy E’ 1 : T VT |
' 17 r |
! RFC o Qe ! .4
] | i fw\ : ‘
! ' R i €
D PR 3 3 ' T Lea ' l
(Sl S e A ? _ I ________ J
R2 30MA.
as
Cs—ﬂm =-Ca 4-125A ==Cs
& T (Lo 1
0 - 0\ P 0 FROM ol o ">I ) 0 V.
N R I RIwAT RS TRTMA oamin Buah R CavEm ey R 1A G 7199
MAX. X, BIWATTS S8 WATTS MA MAR
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and driver stages, 750 watts plate input.

[See opposite page for list of components. |
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COMPONENTS FOR TYPICAL CIRCUITS

{Diagrams, Page 6)

Lpi- Cpi —Tank circuit appropriate for operating frequency:
@ =12. Capacitor plate spacing=.200".

Lps- Cpa—Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.200".

Lps- Cps —Tank circuit appropriate for operating frequency:
@ =12. Capacitot plate spacing=.375".

Lpi- Cpe—Tank circuit appropriate for operating frequency;
Q =12, Capacitor plate spacing=.375".

Lei - Cer — Tuned circuit appropriate for operating frequency.

Lg- Cez— Tuned circuit appropriate for operating freqency.

C, — .002-ufd., 500-v. mica

C, — .002-ufd., 5000-v. mica

C; — .001-ufd., 2500-v. mica

C.— 16-ufd., 450-v. electrolytic

Cs — 10-ufd., 25-v. electrolytic

R, — 7000 ohms, 5 watts

R, — 70,000 ohms, 100 watts

Ry — 3500 ohms, 5 watts

R, — 35,000 ohms, 200 watts

Rs — 560 ohms, | watt

Rs — 25,000 ohms, 2 watts

R; — 1500 ohms, 5 watts

RFC, — 2.5-mhy., 125-ma. r-f choke

RFC, — l-mhy., 500-ma. r-f choke

T, — 10-watt driver transformer; ratio pri. to /2 sec. approx. 2:1.

T, — 200-watt modulation transformer; ratio pri. to sec. approx.
I:4; pri. impedance=16,200 ohms, sec. impedance = 16,500
ohms.

Ts — S-watt driver transformer; ratio pri. to /2 sec. approx. I.1:I.

T, — 400-watt modulation transformer; ratio pri. to sec. approx.
2.h7:I: pri. impedance=22,200 ohms, sec. impedance =28300
ohms.
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4-65R

RADIAL-BEAM

POWER TETRODE
EITEL-McCULLOUGH, INC. o

MODULATOR

SAN BRUNO, CALIFORNIA OSCILLATOR

AMPLIFIER

The Eimac 4-65A is a small radiation-cooled transmitting tetrode having a
maximum plate-dissipation rating of 65 watts. The plate operates at a red color at
maximum dissipation. Short, heavy leads and low interelectrode capacitances con-
tribute to stable efficient operation at high frequencies.

Although it is capable of withstanding high plate voltages, the internal
geometry of the 4-65A is such that it will deliver relatively high power ouput at a
low plate voltage.

The quick-heating filament allows conservation of power during standby periods
in mobile applications,

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated tungsten

Voltage - - - - - - - - - 6.0 volts

Current - - - - - - - - - 3.5 amperes
Grid-Screen Amplification Factor (Average) - - - - 5
Direct Interelectrode Capacitances (Average)

Grid-Plate - - = = - - = - 0.08 puf

Input - - - - - - - - - 8.0 uf

Out ut - o o = - _2»] /L,Lf‘
Transconductance (b = 125 ma., Eb = 500 v.,, Eca =250v.) - 4000 umhos
Frequency for Maximum Ratings - - - - - - 150 Mc.
MECHANICAL National HX-29 Socket
Base - - - - - - - - - . - 5 pln—FlfS{ Johnson 122-101 Socket
Mounting - - - - - - e - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - - - Convection and Radiation
Recommended Heat Dissipating Connector - - - - - - - - - - Eimac HR-6
Maximum Over-all Dimensions

Length - - - - - - e - - - - - - - 438 inches

Diameter - - - - - - 5 - - - - - - - 2.38 inches
Net Weight - - - - - - - - - - - - - - - 3 ounces
Shipping Weight - - - e e 5 5 - - - - - - - 1.5 pounds

» RADIO-FREQUENCY POWER AMPLIFIER
AND OSCILLATOR TYPICAL OPERATION
Class-C Telegraphy or FM Telephony D-C Plate Voltage - 600 1000 1500 2000 3000 volts
D-C Screen Voltage - 250 250 250 250 250 volts

MAXIMUM RATINGS (Key-down conditions, per tube) D-C Grid Voltage - —75 —80 —85 —90 —100 volts

D-C Plate Current
D-C PLATE VOLTAGE

D-C SCREEN VOLTAGE
D-C GRID VOLTAGE
D-C PLATE CURRENT
PLATE DISSIPATION
SCREEN DISSIPATION
GRID DISSIPATION

3000 MAX. YOLTS D-g écq:evé Curr:m'
400 MAX. VOLTS  D:C Grid Current*
—500 MAX. VOLTS  Deiving Powere ' 1o%€

- 40 40 40 40 22 ma
: 150 MAX. MA Screen Dissipation*

18 17 18 1 10 ma
170 175 180 190 170 volts

. : .1 1.7 watts
10 10 10 10 5.5 watts
90 150 225 280 345 watts
45 55 60 65 65 watts
45 95 165 215 280 watts

65 MAX. WATTS Plate Power Input

Plate Dissipation

10 MAX. WATTS Plate Power Output
5 MAX. WATTS *Approximate values.
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D-C Grid Current*
- 2500 MAX. YOLTS Screen Dissipation®

- 400 MAX. YOLTS Pen A-F Screen Volmge,
- —500 MAX. VOLTS Peuk FMGomlil ‘vol?t’:lge-
- 120 MAX. MA Driving Power* - -
45 MAX. WATTS Plate Power Input -

» PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATION
AMPLIFIER D-C Plate Voltage - - - 600 1000 1500 2000 2500 volts
D-C 5creen Voltage - - - 250 250 250 250 250 volts
Class-C Telephony (Carrier conditions unless otherwise specified, 1 tube) D- g glmc’ Vcoltage' - - - —:gg —:gg —:gg —:gg —:.'148 volts
D-C Plate Curren - - -
MAXIMUM RATINGS D-C Screen Current* - - - 40 40 40 40 25 :n‘:

ma
10 10 10 10 6.3 watts

250 250 250 250 250 wolts
215 220 220 225 215 volts
3.2 35 35 36 2.6 watts
watts
27 30 40 45 45 watts
45 90 140 195 230 watts

D-C PLATE VOLTAGE
D-C SCREEN VOLTAGE
D-C GRID VOLTAGE
D-C PLATE CURRENT
PLATE DISSIPATION
SCREEN DISSIPATION
GRID DISSIPATION

Plate Dissipation

10 MAX. WATTS Plate Power Output
5 MAX., WATTS *Approximate values.
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Note: Typicol operotion dota are bosed on conditions of adjusting the r-f grid drive to a specified plote current, maintaining fixed conditions —l
of grid bias and screen voltoge. 1t will be found thot if this procedure is followed, there will be little variation in power output between
tubes even though there may be some voriation in grid ond screen currents. Where grid bios is obtoined principolly by meons of o grd
resistor, to control plote current it is necessory to make the resistor odjustoble.

— S -

P> AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

MAXIMUM RATINGS (PER TUBE)

D-C PLATE VOLTAGE - - - - - - - - - - - - - 3000 MAX. YOLTS

D-C SCREEN VOLTAGE - - - - - - - - - - - - - 600 MAX. YOLTS

MAX-SIGNAL D-C PLATE CURRENT, PER TUBE - - - - - - - - 150 MAX. MA

PLATE DISSIPATION, PER TUBE - - - - - - - - - - - 65 MAX. WATTS

SCREEN DISSIPATION, PER TUBE - - - - - - - - - - - 10 MAX. WATTS
TYPICAL OPERATION TYPICAL OPERATION
Class-AB, (Sinusoidol wave, two tubes unless otherwise specified) Class-AB; (Sinusoidal wave, two tubes unless otherwise specified)
D-C Plate Voltage - - - - - 1000 1500 1750 volts D-C Plote Voltage - - - 600 1000 1500 1800 wolts
D-C Screen Voltage - - - - - 500 500 500 volts D-C Screen Voltage - - - 250 250 250 250 wolts
D-C Grid Voltage! - = - - - —100 —110 —115 volts D-C Grid Voltage** - - - —40 —40 —45 —350 wolts
Zero-5ignal D-C Plote Current - - - 60 60 40 ma Zero-Signal D-C Plote Current - 60 60 60 50 ma
Mox-5ignal D-C Plate Current - - - 170 180 170 ma Max-5ignal D-C Plote Current - 300 300 250 220 ma
Mox-5ignal D-C Screen Current* - - 30 20 23 me Max-5ignal D-C S5creen Current* - 80 60 40 30 mo
Mox-Signal D-C Grid Current - - - 0 0 0 Effective Plate-to-Plate Load - 3600 6800 14,000 20,000 ochms
Effective Plote-to-Plote Lacd - - - 9000 15,000 20,000 ohms Peak A-F Grid Voltage (per tube) - 120 105 100 90 wolts
Peak A-F Grid Voltoge (per tube) - - 85 85 90 volts Max-Signal Pcak Driving Power* - 7.4 6.0 38 2.6 watts
Max-5Signgl Plote Power Input - - - 170 270 300 watts Mox-5ignal Nominal Driving Power* 3.7 3.0 1.9 1.3 watts
Max-5ignal Plate Power Output - - 80 145 175 watts Max-5ignal Plate Power Input - 180 300 375 395 watts
* Approximote volue. Mox-5ignal Plate Power Output - 90 170 250 270 wotts
'Adjust to stoted zero-signol D-C Plote Current. * Approximote volues.
The effective grid circuit resistance far esch tube must nat exceed 250,000 ohms. **Adjust to stoted Zero-Signol D-C Plote Current.

» RADIO-FREQUENCY LINEAR POWER AMPLIFIER (.., orerarion
SINGLE SIDE BAND SUPPRESSED CARRIER

Class-AB; (Voice wave only, per tube)

T (L () D-C Plote Voltoge - - - - - - 1500 2000 2500 volts

MAXIMUM RATINGS D-C Screen Voltage N 300 400 500 volts

D-C PLATE VOLTAGE - - - - - . - 3000 MAX. VOLTS D-C Grid Voltage* - - - - - —55 —80 —105 volts
D-C SCREEN VOLTAGE - - - - - - - 600 MAX. VOLTS Zero-Signal D-C Plote Current - - - 35 25 20 mao
PLATE DISSIPATION - - - - - - - 65 MAX. WATTS Max-5ignal D-C Plate Current - - - 200 270 230 ma
SCREEN DISSIPATION L T 10 MAX. WATTS Maox-Signal D-C Screen Current** - - 45 65 45 mo

GRID DISSIPATION e 5 MAX. WATTS Moax-5ignal Peak R-F Grid Voltage - - 150 190 165 velts
Max-Signal D-C Grid Current** - .- - 15 20 38 ma

*Adjust to stoted Zero-Signol Plote Current. Mox-Signal Driving Power** - - .- - 23 3.8 1.3 wotts

**Approximote volues. Max-Signal Plate Power Input - - - 300 540 575 wotts

***Due ,éo 'Ef lrl\'e'rr;igfenanO'g!e o: quc,e. ?,ve' fe :’,i“‘g‘,’,t‘?f‘n_i: Mox-Signal Plate Dissipation®** - - - 105 190 225 wotts

considera ess thon Mox-Signol Dissipotion. e ifi N
is to be N:ystccls using o sine-\?rove signgl source, ononge%ents :::Sgi;n;hl::ef:;’;':::?:)ut;ut: T ':g 3:; ]:; :::;:

must be made to lower the duty.

IF IT 1S DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER “TYPICAL OPERA-
TIONS,” POSSIBLY EXCEEDING MAXIMUM RATINGS, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS

Page Two P Indicotes chonge from sheet doted 1-30-53



APPLICATION

MECHANICAL

Mounting—The 4-65A must be mounted vertically, base
up or base down. The socket must provide clearance for
the glass tip-off which extends from the center of the
base. A flexible connecting strap should be provided
between the plate terminal and the external plate cir-
cuit, and the Eimac HR-6 cooler (or equivalent) used on
the tube plate lead. The socket must not apply lateral
pressure against the base pins. The tube must be pro-
tected from severe vibration and shock.

Adequate ventilation must be provided so that the
seals and envelope under operating conditions do not
exceed 225°C. For operation above 50 Mc., the plate
voltage should be reduced, or special attention should
be given to seal cooling.

In intermittent-service applications where the “on
time does not exceed a total of five minutes in any ten
minute period, plate seal temperatures as high as 250°C
are permissible. When the ambient temperature does not
exceed 30°C it will not ordinarily be necessary to provide
forced cooling of the bulb and plate seal to hold the
temperature below this maximum at frequencies below
50 Mc, provided that a heat-radiating plate connector is
used, and the tube is so located that normal circulation
of air past the envelope is not impeded.

ELECTRICAL

Filoment Voltoge— The filament voltage, as measured
directly at the filament pini, should be between 5.7 volts
and 6.3 volts.

Bios Voltage—D-C bias voltage for the 4-65A should not
exceed -500 volts. If grid-leak bias is used, suitable pro-
tective means must be provided to prevent excessive plate
or screen dissipation in the event of loss of excitation.

Grid Dissipotion—Grid dissipation for the 4-65A should
not be allowed to exceed five watts. Grid dissipation may
be calculated from the following expression:
Pg=ecmplc
where Pg = Grid dissipation,
ecmp = Peak pasitive grid voltage, and
le=D-c grid current.

€mp may be measured by means of a suitable peak
voltmeter connected between filament and grid.*

Screen Voltoge—The D-C screen voltage for the 4-65A
should not exceed 400 volts except in the case of class-
AB audio operation and Single Side Band R-F amplifier
operation where it should not exceed 600 volts.

Screen Dissipation—The power dissipated by the screen of
the 4-65A must not exceed 10 watts. Screen dissipation
is likely to rise to excessive values when the plate volt-

age, bias voltage or plate load is removed with filament
and screen voltages applied. Suitable protective means
must be provided to limit screen dissipation to 10 watts
in the event of circuit failure.

Plate Voltoge—The plate-supply voltage for the 4-65A
should not exceed 3,000 volts, Above 50 Mc. it is advis-
able to use a lower plate voltage than the maximum,
since the seal heating due to R-F charging currents in the
screen leads increases with plate voltage and frequency.
See instructions on seal cooling under “Mechanical” and
“Shielding.”

Plate Dissipotion—Under normal operating conditions,
the plate dissipation of the 4-65A should not be allowed
to exceed 65 watts in unmodulated applications.

In high-level-modulated amplifier applications, the
maximum allowable carrier-condition plate dissipation
is 45 watts.

Plate dissipation in excess of maximum rating is per-
missible for short periods of time, such as during tuning
procedures.

OPERATION

Closs-C FM or Telegrophy—The 4-65A may be operated
as a class-C FM or telegraph amplifier without neutrali-
zation up to 110 Mc. if reasonable precautions are taken
to prevent coupling between input and output circuits
external to the tube. In single ended circuits, plate, grid,
filament and screen by-pass capacitors should be re-
turned through the shortest possible leads to a common
chassis point. In push-pull applications the filament and
screen terminals of each tube should be by-passed to a
common chassis point by the shortest possible leads, and
short, heavy leads should be used to interconnect the
screens and filaments of the two tubes. Care should be
taken to prevent leakage of radio-frequency energy to
leads entering the amplifier, in order to minimize grid-
plate coupling between these leads external to the
amplifier.

Where shielding is adequate, the feedback at fre-
quencies above 110 Mc. is due principally to screen-lead-
inductance effects, and it becomes necessary to introduce
in-phase voltage from the plate circuit into the grid cir-
cuit. This can be done by adding capacitance between
plate and grid external to the tube. Ordinarily, a small
metal tab approximately 34" square and located adjacent
to the envelope opposite the plate will suffice for neutral-
ization. Means should be provided for adjusting the

.

*For suitable peak V.T.V.M. circuits see, for instance, Vacuum Tube
Ratings,” Eimec News, January 1945. This article is available in
reprint form on request.
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spacing between the neutralizing capacitor plate and the
envelope. An alternate neutralization scheme for use
above 110 Mc is illustrated in the diagram on page 4.
In this circuit, feedback is eliminated by series-tuning
the screen to ground with a small capacitor. The socket
screen terminals should be strapped together as shown
on the diagram, by the shortest possible lead, and the
lead from the mid point of this screen strap to the capaci-
tor, C, and from the capacitor to ground should be made
as short as possible,

Driving power and power output under maximum out-
put and plate voltage conditions are shown below. The
power output shown is the actual plate power delivered
by the tube; the power delivered to the load will depend
upon the efficiency of the plate tank and output coupling
system. The driving power is likewise the driving power
required by the tube (includes bias loss). The driver out-
put power should exceed the driving power requirements
by a sufficient margin to allow for coupling-circuit losses.
The use of silver-plated linear tank-circuit elements is
recommended for all frequencies above 75 Mc.

300—T—T—T—T—Tr—T—T—73— 15
EIMAC 4-65A TYPICAL PERFORMANCE
L CLASS=C TELEGRAPHY
PLATE _VOLTAGE — 1500 VOLTS 1
200 A 410
POWER |QUTPUT /

=N .

POWER OUTPUT-WATTS
ORIVING POWER - WATTS

0 80 100 150 200 250 300
FREQUENCY - MEGACYCLES

Class-C AM Telephany—The R-F' circuit considerations
discussed above under Class-C FM or Telegraphy also
apply to amplitude-modulated operation of the 4-65A.
When the 4-65A is used as a class-C high-level-modulated

- = =

RFC

+Ees

Screen-tuning neutralization circuit for use above 100 Mec.
C is a small split-stator capacitor.

640,000

—————— , approx.

2 {Mc.) PP

C(uu'd) =
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4-65A

amplifier, both the plate and screen should be modulated.
Modulation voltage for the screen is easily obtained by
supplying the screen voltage via a series dropping resistor
from the unmodulated plate supply, or by the use of an
audio-frequency reactor in the positive screen-supply
lead, or from a separate winding on the modulation trans-
former. When screen modulation is obtained by either
the series-resistor or the audio-reactor methods, the
audio-frequency variations in screen current which result
from the variations in plate voltage as the plate is
modulated automatically give the required screen modu-
lation. Where a reactor is used, it should have a rated
inductance of not less than 10 henries divided by the
number of tubes in the modulated amplifier and a maxi-
mum current rating of two to three times the operating
D-C screen current. To prevent phase-shift between the
screen and plate modulation voltages at high audio fre-
quencies, the screen by-pass capacitor should be no
larger than necessary for adequate R-F by-passing.

For high-level modulated service, the use of partial

grid-leak bias is recommended. Any by-pass capacitors
placed across the grid-leak resistance should have a
reactance at the highest modulation frequency equal to
at least twice the grid-leak resistance.
Class-AB, and Class-AB, Audio—Two 4-65As may be used
in a push-pull circuit to give relatively high audio output
power at low distortion. Maximum ratings and typical
operating conditions for class-AB, and class-AB, audio
operation are given in the tabulated data.

Screen voltage should be obtained from a source have
ing reasonably good regulation, to prevent variations in
screen voltage from zero-signal to maximum-signal condi-
tions. The use of voltage regulator tubes in a standard
circuit should provide adequate regulation.

Grid bias voltage for class-AB, service may be obtained
from batteries or from a small fixed-bias supply. When a
bias supply is used, the D-C resistance of the bias source
should not exceed 250 ohms. Under class-AB; conditions
the effective grid-circuit resistance should not exceed
250,000 ohms.

The peak driving power figures given in the class-AB,
tabulated data are included to make possible an accurate
determination of the required driver output power. The
driver amplifier must be capable of supplying the peak
driving power without distortion. The driver stage should,
therefore, be capable of providing an undistorted average
output equal to half the peak driving power requirement.
A small amount of additional driver output should be
provided to allow for losses in the coupling transformer.

In some cases the maximum-signal plate dissipation
shown under “Typical Operation” is less than the maxi-
mum rated plate dissipation of 4-65A. In these cases,
with sine wave modulation, the plate dissipation reaches
a maximum value, equal to the maximum rating, at a



point somewhat below maximum-signal conditions.

The power output figures given in the tabulated data
refer to the total power output from the amplifier tubes.
The useful power output will be from 5 to 15 per cent
less than the figures shown, due to losses in the output
transformer,

Because of the intermittent nature of the voice, and
the low average power, it is possible in cases where size
and weight are important to operate a class-AB stage
at higher peak power values than those indicated for
sine wave.

In order to obtain peak power above that shown for
sine wave (peak is twice average for sine wave), the
plate-to-plate load impedance must be made proportion-
ately lower than the value shown for a particular plate
voltage. Also, more peak driving power will be required.
At no time should the average plate or grid dissipation
exceed the maximum values shown.

KEYING THE TETRODE AMPLIFIER
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Tetrode Keying Circuit

The flow of plate current in an R-F tetrode amplifier
depends not only on the control grid bias and excitation,
but also on the voltage applied to the screen grid.

One easy method of keying is to remove the excitation
and screen grid voltage simultaneously, while leaving the
plate voltage still applied to the amplifier stage. This
method also has an advantage in that the final tube can
be made to draw a safe amount of current key-up posi-
tion, maintaining a steadier drain on the power supply
while keying. This tends to minimize “blinking lights”
on weak AC supply lines when using moderate power,
By properly choosing the values of L, C, and R, in the
circuit, perfectly clean-cut highest speed hand keying
can easily be obtained that is entirely devoid of clicks.

The keying circuit is shown in the diagram and V, is
the driver tube, which may be any one of the small
tetrodes such as an 807, 2E26, 6146, 6L.6 or 6AG7, used
either as a frequency multiplier or a straight-through
amplifier. This tube should furnish about five watts of

output power which allows ample driving power for
one 4-65A, including circuit losses. Capacitance coupling
is shown in the diagram, but this, of course, could just
as well be link coupling.

Steady driving power is fed to the grid of V, from
the exciter. The keying circuit controls the plate and
screen voltages on V,, as well as the screen voltage on
the 4-65A, all obtained from a common power supply B,.
This supply should furnish sufficient voltage to the plate
of V, to obtain the necessary driving power. Normally
this voltage will be about the correct voltage for the
screen of the 4-65A and resistor R, may be omitted.

When the key is up there is no excitation to the 4-65A,
and consequently no grid leak bias. At the same time, the
screen voltage has also been removed so that very little
current is drawn by the plate. With plate voltages up to
2000 volts, the amount of current drawn is not sufficient
to heat the plate beyond its rated plate dissipation and a
fixed bias is not required. However, with plate voltages
over 2000 volts, a small fixed bias supply is needed to

keep the plate dissipation within the rated limit. An
ordinary 2214 volt C battery in the control grid circuit

will furnish sufficient bias to completely cut the plate
current off at 3000 volts, while some lower value of bias
can be used to permit a safe amount of current to flow
in key-up position, presenting a more constant load to
the power supply.

A tapped resistor R, serves to supply screen voltage to
V, and by adjusting this tap, the excitation to the 4-65A
may be easily controlled. This method of controlling the
output of a tetrode is not recommended in the larger tet-
rodes, however, as it is wasteful of power and the lowered
power output obtained is due to a loss in efficiency. R,
also serves as a means of keeping the screen of the 4-65A
at ground potential under key-up conditions, stabilizing
the circuit. R; is the normal power supply bleeder.

The keying relay must be insulated to withstand the
driver plate voltage. Key clicks may be completely elim-
inated by the proper selection of L,, R, and C, in series
with and across the relay. In many applications values of
500 ohms for R, and 0.25 ufd for C, have been found
entirely satisfactory. Choke L, is best selected by trial
and usually is on the order of 5 henries. A satisfactory
choke for this purpose can be made by using any small
power-supply choke, capable of handling the combined
current of the final screen grid and the driver stage,
and adjusting the air gap to give the proper inductance.
This may be checked by listening for clean keying on the
“make” side of the signal or by observation in a ’scope.

R-F by-pass condensers C, and C, will have some
effect on the required value of L, as well as C,. These
by-pass condensers should be kept at as small a value of
capacity as is needed. In most cases .002 1fd is sufficient.
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SHIELDING

The internal feedback of the tetrode has been substan-
tially eliminated, and in order to fully utilize this advan-
tage, it is essential that the design of the equipment
completely eliminates any feedback external to the tube.
This means complete shielding of the output circuit from
the input circuit and earlier stages, proper reduction to
low values of the inductance of the screen lead to the
R-F ground, and elimination of R-F feedback in any
common power supply leads.

Complete shielding is easily achieved by mounting the
socket of the tube flush with the deck of the chassis as
shown in the sketch on page 7.

The holes in the socket permit the flow of convection
air currents from below the chassis up past the seals in
the base of the tube. This flow of air is essential to cool
the tube and in cases where the complete under part of
the chassis is enclosed for electrical shielding, screened
holes or louvers should be provided to permit air circu-
lation. Note that shielding is completed by aligning the
internal screen shield with the chassis deck and by pro-
per R-F by-passing of the screen leads to R-F ground.
The plate and output circuits should be kept above deck
and the input circuit and circuits of earlier stages should
be kept below deck or completely shielded.

DIFFERENT SCREEN VOLTAGES

The published characteristic curves of tetrodes are
shown for the commonly used screen voltages. Occasion-
ally it is desirable to operate the tetrode at some screen
voltage other than that shown on the characteristic
curves. It is a relatively simple matter to convert the
published curves to corresponding curves at a different
screen voltage by the method to be described.

This conversion method is based on the fact that if
all inter-electode voltages are either raised or lowered
by the same relative amount, the shape of the voltage
field pattern is not altered, nor will the current distribu-
tion be altered; the current lines will simply take on new
proportionate values in accordance with the three-halves
power law. This method fails only where insufficient
cathode emission or high secondary emission affect the
current values.

For instance, if the characteristic curves are shown at
a screen voltage of 250 volts and it is desired to deter-
mine conditions at 500 screen volts, all voltage scales
should be multiplied by the same factor that is applied
to the screen voltage (in this case—2). The 1000 volt
plate voltage point now becomes 2000 volts, the 50 volt
grid voltage point, 100 volts, etc.

The current lines then all assume new values in ac-
cordance with the 3/2 power law. Since the voltage was
increased by a factor of 2, the current lines will all be
increased in value by a factor of 23/2 or 2.8. Then all the
current values should be multiplied by the factor 2.8.
The 100 ma. line becomes a 280 ma. line, etc.

Likewise, if the screen voltage given on the charac-
teristic curve is higher than the conditions desired, the
voltages should all be reduced by the same factor that
is used to obtain the desired screen voltage. Correspond-
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ingly, the current values will all be reduced by an amount
equal to the 3/2 power of this factor.

For convenience the 3/2 power of commonly used
factors is given below:

Voltoge Foctor 25 .5 J5 1.0 125 1.50 175
Corresponding
Current Factor .125 .35 65 1.0 14 184 23

Voltoge Factor 2.0 225 2.5 2.75 3.0
Corresponding

Current Factor 28 34 40 46 5.2

SINGLE SIDE BAND
SUPPRESSED CARRIER OPERATION

The 4-65A may be operated as a class B linear ampli-
fier in SSSC operation and peak power outputs of over
300 watts per tube may be readily obtained. This is
made possible by the intermittent nature of the voice.
1f steady audio sine wave modulation is used, the single
side band will be continuous and the stage will operate
as a C-W class-B amplifier. With voice modulation the
average power will run on the order of 1/5th of this con-
tinuous power.

The same precautions regarding shielding, coupling
between input and output circuits, and proper R-F by-
passing must be observed, as described under Class-C
Telegraphy Operation.

Due to the widely varying nature of the load imposed
on the power supplies by SSSC operation, it is essen-
tial that particular attention be given to obtaining good
regulation in these supplies. The bias supply especially,
should have excellent regulation, and the addition of
heavy bleeder to keep the supply well loaded will bd
found helpful.

Under conditions of zero speech signal, the operating
bias is adjusted so as to give a plate dissipation of 50
watts at the desired plate and screen voltages. Due to
the intermittent nature of voice, the average plate dis-
sipation will rise only slightly under full speech modula.
tion to approximately 65 watts. At the same time, how=
ever, the peak speech power output of over 300 watts
is obtained.

$SSC TUNING PROCEDURE

Tuning the SSSC transmitter is best accomplished
with the aid of an audio frequency oscillator and a ca-
thode-ray oscilloscope. The audio oscillator should be
capable of delivering a sine wave output of a frequency
of around 800 to 1000 cycles so that the frequency will
be somewhere near the middle of the pass-band of the
audio system. Since successful operation of the class-B
stage depends on good linearity and the capability of
delivering full power at highest audio levels, the final
tuning should be made under conditions simulating peak
modulation conditions. If a continuous sine wave from
the audio oscillator is used for tuning purposes, the
average power at full modulation would be about five
times that of speech under similar conditions of single
side band operation and the final amplifier would be
subjected to a heavy overload. One method of lowering
the duty cycle of the audio oscillator to closer approxi-
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mate speech conditions would be to modulate the oscilla-
tor with a low frequency.

An alternate method would be to use the continuous
audio sine wave, making all adjustments at half voltages
and half currents on the screen and plate, thus reducing
the power to one quarter. The stand-by plate dissipation
under these conditions should be set at about 10 watts.
Following these adjustments, minor adjustments at full
voltages and 50 watts of stand-by plate dissipation could
then be made, but only allowing the full power to remain
on for ten or fifteen second intervals.

The first step is to loosely couple the oscilloscope to
the output of the exciter unit. The final amplifier with
its filament and bias voltages turned on should also be
coupled to the exciter at this time. With the audio oscil-
lator running, adjust the exciter unit so that it delivers
double side band signals. Using a linear sweep on the
oscilloscope, the double side band pattern will appear on
the screen the same as that obtained from a 100% sine
wave modulated AM signal. Next vary the audio gain
control so that the exciter can be checked for linearity.
When the peaks of the envelope start to flatten out the
upper limit of the exciter output has been reached and
the maximum gain setting should be noted. The coupling
to the final stage should be varied during this process
and a point of optimum coupling determined by watch-
ing the oscilloscope pattern and the grid meter in the
final stage.

Next, adjust the exciter for single side band operation
and if it is working properly, the pattern on the oscil-
loscope will resemble an unmodulated AM carrier. The
phasing controls should be adjusted so as to make the
envelope as smooth on the top and bottom as possible.
If the above conditions are satisfied, the exciter unit can
be assumed to be operating satisfactorily.

/'4-'65A

Next, loosely couple the oscilloscope link to the output
of the final amplifier and again adjust the exciter unit
to give double side band output.

If the reduced duty cycle method is used, the following
tuning procedure may be followed:

1. Cut the audio output to zero.

2. Apply 120 volts of bias to the 4-65A control grid.

3. Apply the operating plate voltage followed by the
operating screen voltage.

4. Reduce bias voltage to obtain 50 watts of stand-by
plate dissipation.

S. Increase audio gain, checking the oscilloscope pat-
tern for linearity as in the case of the exciter, and adjust
for optimum antenna coupling.

6. Re-adjust exciter unit for single side band operation.

7. Disconnect test signal and connect microphone.

8. Adjust the audio gain so that the voice peaks give
the same deflection on the oscilloscope screen as was
obtained from the test signal peaks.

If the alternate method is used with a 100% duty cycle
from the audio oscillator, then step 3 should be to apply
half voltages and the stand-by plate dissipation should
be set at 10 watts.

After the audio oscillator is disconnected and step 8
completed at half voltages, the full voltages can then be
applied and the stand-by plate dissipation adjusted for
50 watts.

It is essential that the microphone cable be well
shielded and grounded to avoid R-F feedback that might
not occur when the lower impedance audio oscillator is
used as an audio source.

Typical operational data are given for SSSC in the
first part of this data sheet.

/ \
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Typical high-level-modulated R-F amplifier circuit, with
modulator and driver stages, 480 watts plate input.
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THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC 100TH TUBE ONLY.

Look for the identifying mark (HI) on the filament
stem of the tube.

Tantalum elements, fabricated and exhausted by the exclusive Eimac
process, makes it impossible for this tube to fail as a result of gas
released internally. The new, low-loss, low-capacity anode connector
consists of a solid copper button into which are terminated, three

solid copper bars. The grid terminal is a solid tungsten rod. These
new connectors greatly reduce r.f. losses, particularly on the higher
frequencies. Much higher usable value of space current and phe-
nomenally long life are gained because of the high order of thermi-
onic efficiencies. High “mu” and improved grid design permit a
marked saving in grid driving power. Sparkling, clear, glass en-

velopes radiate the maximum of heat.

Characteristics
Filament Voltage - - - - - - - - . . . - 510 5.1 Volts
Filament Current - - - - - - - - - - - - 65 Amperes
Amplification Factor - - - - - - . - - - - - 30
Grid-Plate Capacity - - - - - - - - - . - . 2 mmfds.
Grid-Filament Capacity - - - - - - - . - - . 2.2 mmfds.
Plate-Filament Capacity - - - - - - - - - - - 3 mmfds.
Bub - - - - - - - - - . . . . . - . GT 25 Nonex
Base - - - - - - - - - - - - lIsolantite UX 4-prong
Overall Height - - - - - - - - - - . . - . 75 Inches
Maximum Diameter - - - - - - - . - . - 3125 Inches

Tube must be operated vertically with ample ventilation provided.

Class "B” Audio

Maximum Ratings for All Frequencies Less Than 40 mc.
Load Impedance

Maximum Plate Voltage - - - - - - - - - - . 3000 Vol Plate Voltage (Plate to Plate) Power Output
. i 3000 30,000 Ohms 500 Watts
Maximum Plate Current - - -- - - 5 225 Milliamperes 2500 22,000 Ohms 460 Watts
Maximum Grid Current - - - - - - - . - 50 Milliamperes 2000 16,000 Ohms 380 Watts
Plate Dissipation (normal) T - - - 100 Watts 1500 9,600 Ohms 300 Watts
1250 7,200 Ohms 260 Watts

1000 5,200 Ohms 210 Watts

Typical Operating Data (Single tube)

Class "C"” Telegraphy or Telephony Typical Operating Conditions Approved by the Federal
Communications Commission for Broadcast Services

Plate Voltage - - - - - - - - 1000 2000 3000
Plate Current (milliamperes) - - - 135 150 125 High Level Modulated Linear Amplifier
Grid C . o Plate Volts - - - - - 1250 2000

i o S > >0 Plate Current (milliamperes) 160 75
Grid Bias Voltage - - - - - - . —70 —140 —210 Efficiency - - - - - - 509 330
Power Output (75% eff.) - - - 100 225 300 Power Output (watts) - 100 50

EITEL-McCULLOUGH, Inc.  San Bruno, California
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THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC 100TL TUBE ONLY.

Look for the identifying mark (LO) on the filament
stem of the tube.

Tantalum elements, fabricated and exhausted by the exclusive Eimac
process, makes it impossible for this tube 10 fail as a result of gas
released internally. The new, low-loss, low-capacity anode connector
consists of a solid copper button into which are terminated, three
solid copper bars. The grid terminal is a solid tungsten rod. These
new connectors greatly reduce r.f. losses, particularly on the higher
frequencies. Much higher usable value of space current and phe-
nomenally long life are gained because of the high order of thermi-
onic efficiencies. High “mu” and improved grid design permit a
marked saving in grid driving power. Sparkling clear glass en-

velopes radiate the maximum of heat.

Characteristics
Filament Voltage - - - - - - - - - - - - 5¢t0 5.1 Volis
Filament Current - - - - - - - - - - - - 65 Amperes
Amplification Factor - - - - - - - - - - - - - - .12
Grid-Plate Capacity - - - - - - - - - - - - 2.3 mmfids.
Grid-Filament Capacity - - - - - - - - - - - 2 mmfds.
Plate-Filament Capacity - - - - - - - - - - - 4 mmfds.
Bub - - - - - - - - . - - . . . . . GT 25 Nonex
Base - - - - - - - - - - . - - Isolantite UX 4-prong
Overall Height - - - - - - - - - - - - - - 75 Inches
Maximum Diameter - - - - - - - - - - - 3125 Inches

Tube must be operated vertically with ample ventilation provided.

Class “"B” Audio

Load Impedance

Maximum Ratings for All Frequencies Less Than 40 mc. Plate Voltage (Plate to Plate) Power Output
(/. o

Maximum Plate Voltage - - - - - - - - - - - 3000 Volts 3000 30,000 Ohms 465 Waus
Maxi Plate C . )25 Milliamperes 2500 22,000 Ohms 430 Watts
S B e 2000 16,000 Ohms 350 Watts
Maximum Grid Current - - - - - - - - - 35 Milliamperes 1500 9,600 Ohms 270 Watts
Plate Dissipation (normal) - - - - - - - - - - 100 Waus 1250 7,200 Ohms 230 Watts
1000 5,200 Ohms 170 Watts

Typical Operating Data (Single tube)
Class "C” Telegraphy or Telephony Typical Operating Conditions Approved by the Federal
Communications Commission for Broadcast Services

Plate Voltage - - - - - - - - 1000 2000 3000

. High Level Modulated Lincar Amplifier
Plate Current (milliamperes) - - - 135 150 135
. ent ( peres) Plate Volts - - - - - 1250 2000
Grid Curcent. - - - - - - - - 30 30 38 Plate Current (milliamperes) 160 75
Grid Bias Voliage - - - - - - - —200 —400 -—600 Efficiency - - - - - - 509 330
Power OQutput (75% cff) - - - - 100 225 300 Power Qutput (watts) - - 100 50

EITEL-McCULLOUGH, Inc.  San Bruno, California
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THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC 250TH TUBE ONLY.

Look for the identifying mark (HI) on the filament
stem of the tube.

250TH contains a greatly improved thoriated cathode which is
mounted in such a way that "“filament distortion” is practically im-
possible. This new cathode operates at a very high thermionic effi-
ciency, permitting a higher value of usable space current. Notable
features are: remarkable uniformity of electrical characteristics,
perfect alignment of the elements, sparkling clear glass bulbs and the
“brightness” of all metal parts. Eimac’s unique design, long severe
exhause technique, use of completely degassed tantalum elements and
elimination of the “getter” make it possible to guarantee these tubes

against failures caused by gas released internally.

High “mu” and the advanced grid design permits a marked saving
in grid driving power and makes the 250TH highly desirable for all
applications, particularly for class “B” audio work.

Characteristics

Filament Voltage - - L T R 5 to 5.1 Volts
Filament Current (approx.) - - - - - - - - - 10.5 Amperes
Amplification Factor (average) - - - - - - - - - - 32

Grid-Plate Capacity - - - - - - - - . - - 3.3 mmfds.
Grid-Filament Capacity - - - - - - - - - - - 3.5 mmfds.
Plate-Filament Capacity - - - - - - - - - - - .3 mmfds.
Bulb - - - - - - - - - - - . . - GT 30 Nonex
Base - - - - - - - - - . . . . . Standard (50 watt)
Overall Height - - - - - . - . - - . . - . 975 Inches
Maximum Diameter - - - - - - .- - 3.75 Inches

Tube must be operated vertically with ample ventilation provided.
Maximum Ratings for Frequencies Less Than 60 mc.

3000 Volts
- 350 Milliamperes
- 100 Milliamperes

Maximum Plate Voltage - - - - - - - . - . .
Maximum Plate Current - - - - - - =
Maximum Grid Current - - - - - - . -

Plate Dissipation (normal) - - - - - - - - . 250 Watts
Typical Operating Data (Single tube)
Class "C” Telegraphy or Telephony
Plate Voltage - - - - - - - . 1000 2000 | 3000
Plate Current (milliamperes) - - - 150 350 330
Grid Current (milliamperes) - - - 75 75 75
Grid Bias Voltage - - - - - - - —70 —140 —210
Power Output (75% eff.) - - - - 100 500 750

EITEL-McCULLOUGH, Inc.

Class "B” Audio

These impedances are recommended for maximum output with the mini-

mum of distortion. They are chosen so that the tube is operated within

recommended ratings.
Load Impedance

Plate Voltage (Plate to Plate) Power Output
3000 12,400 Ohms 1180 Watts
2500 8,800 Ohms 1000 Watts
2000 6,000 Ohms 900 Watts
1500 4,200 Ohms 630 Watts
1250 3,280 Ohms 540 Watts
1000 2,360 Ohms 350 Watts

Typical Operating Conditions Approved by the Federal
Communications Commission for Broadcast Services

its

High Level Linear Grid
Moduiated Amplifier Bias
Plate Volts - - - - - - 2750 3000 2000
Plate Current (milliamperes) 250 125 115
Efﬂciency - - - - - - - 60% 330, 229,
Power Output (watts) - - 350 125 50

San Bruno, California
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THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC 250TL TUBE ONLY.

Look for the identifying mark (LO) on the filament

stem of the tube.

250TL contains a greatly improved thoriated cathode which is
mounted in such a way that “filament distortion” is practically im-
possible. This new cathode operates at a very high thermionic effi-
ciency, permitting a higher value of usable space current. Notable fea-
tures are: remarkable uniformity of electrical characteristics, perfect
alignment of the elements, sparkling clear glass bulbs and the
“brightness” of all metal parts. Eimac’s unique design, long severe
exhaust technique, use of completely degassed tantalum elements and
climination of the “‘getter” make it possible to guarantee these tubes

against failures caused by gas released internally.

Characteristics
Filament Voltage - - - - - - . - . - - - 5¢05.1 Volis
Filament Current (approx.) - - - - - - - - - 10.5 Amperes
Amplification Factor (average) - - - - - - - - - - - - 13
Grid-Plate Capacity - - - - - - - - - - - 3.5 mmfds.
Grid-Filament Capacity - - - - - - - - - - - .3 mmfds.
Plate-Filament Capacity - - - - - - - - - - - 5 mmfds.
Bub - - - - - - - - - - - - . - - - GT30Nonex
Base - - - - - - - - - - - - - - Standard (50 watt)
Overall Height - - - - - - . . . - - . - . 975 Inches
Maximum Diameter - - - - - - - - - - - 375 Inches

Tube must be operated vertically with ample ventilation provided.

Class “"B” Audio

These impedances are recommended for maximum output with the mini-

Maximum Ratings for Frequencies Less Than 60 mc. mum of distortion. They are chosen so that the tube is operated within its
Maximum Plate Voltage - - - - - - - - - - 3000 Volts recommended ratings.
o T L
Maximum Plate Current - - - - - - - - - 350 Milliamperes Plate Voltage &‘i’fé'ﬂfﬁ:&? Power Output
Maximum Grid Curtent - - - - - - - - - 50 Milliampcres 3000 12,400 Ohms 1180 Watts
1 —— | W 2500 8,800 Ohms 1000 Watts
Plate Dissipation (normal) - - - - - . - . - - 250 Watts 2000 6,000 Ohms 900 Watts
1500 4,200 Ohms 630 Watts
1250 3.280 Ohms 540 Watts
Typical Operating Data (Single tube) ot 2.360 Ohms 350 Watts
Class "C” Telegraphy or Telephony Typical Operating Conditions Approved by the Federal
Plate Voltage - - - - - - - - 1000 2000 3000 Communications Commission for Broadcast Services
Plate Current (milliamperes) - - - 150 350 330 ﬁ'g}‘u}ﬁﬁ,’ AI,‘,:;fﬁ:";r (];3',::
Grid Current (milliamperes) - - - 45 45 45 Plate Volts - - - - - - 275D 3000 2000
. . Plate Current (milliamperes) 250 125 115
Grid Bias Voltage - - - - - - - —200 —400 —600 Efficiency - = - - - - - 60% 339, 229,
Power Output (75% eff.) - - - - 100 500 750 Power Output (watts) - - 350 125 50

EITEL-McCULLOUGH, INc.  San Bruno, California
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THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC 450TH TUBE ONLY.

Look for the identitying mark (HI) on the filament
stem of the tube.

A radiation cooled triode possessing unusual characteristics and ex-
tremely low interelectrode capacities. It is capable of a high order of
audio frequency output when used in class “B” circuits. Useful out-
puts may be obtained on radio frequencies as high as 150 mc and it
will operate ac its full ratings on frequencies up to 40 mc.

Electrodes are fabricated of completely degassed tantalum; cathode
of thoriated tungsten, is so designed that it possesses extremely long
life and high thermionic efficiencies. New type grid and plate con-
nectors minimize lead losses on the higher frequencies. Tantalum
elements and the exclusive Eimac method of exhaust, makes un-
necessary the use of a “getter.” Because of this, 450TL is uncondi-
tionally guaranteed never to fail because of gas released internally.

Characteristics
Filament Voltage - - - - - - - - - - - - 751077 Volts
Filament Current (approx.) - - - - - - - - - 12 Amperes
Amplification Factor - - - - - - - - - - - . . . .30
Grid-Plate Capacicy - - - - - - - - - - - . .4mmfds.
Grid-Filament Capacity - - - - - - - - - . . .4 mmfds.
Plate-Filament Capacity - - - - - - - . - . . 6 mmfds.
Bub - - - - - - - - - - . - . . . . GT 40 Nonex
Base - - - - - - - - - - . - . . Standard (50 watt)
Overall Height - - - - - - - . . . . . _ .12l Inches
Maximum Diameter - - - - - . . . . . . . . 5]Inches

Tube must be operated vertically with ample ventilation provided.

Maximum Ratings for All Frequencies
Less Than 40 Megacycles

Maximum Plate Voltage - - - - - - . . . . . 6000 Volts
Maximum Plate Current - - - - - - . . . 500 Milliamperes
Maximum Grid Current - - - - - - . . . 125 Milliamperes
Continuous Plate Dissipation - - - . - . . . . 450 Watts

Typical Operating Conditions for Class “"C" Telephony

Plate Voltage - - - - - - - - 1500 2500 3500
Plate Current - - - - - - . . 300 400 400
Grid Current - - - - - . . - 100 100 100
Grid Bias Voltage - - - - . . . _—125 —250 —375
Power Qutput (75%) - - - - - - 300 750 1100

Typical Operating Conditions for Class “C"” Telegraphy

Plate Voltage - - - - - 1500 2500 3500 4000
Plate Current (max.) - - 350 500 500 450
Grid Current (max.) - - 100 100 100 100
Grid Bias Voltage - - - —125 —250 —375 —400
Power Output (watts) - - 375 900 1300 1400

Class "B” Audio

Recommended

Plate Voltage Plate to Plate Impedance Power Output
3500 10,000 Ohms 2000 Watts
3000 8,000 Ohms 1600 Watts
2500 7,200 Ohms 1250 Watts
2000 5,600 Ohms 1000 Watts

Typical Operating Conditions Approved by the Federal
Communications Commission for Broadcast Services

High Level Linear Grid Bias
Modulation Amplification Modulation
Plate Volts - - - - - - 3000 3000 3500
Plate Current (milliamperes) 280 125 165
Efficiency - - - - - - . 609% 339, 229,
Power Output (watts) - - 500 125 125

EITEL-McCULLOUGH, INc..  San Bruno, California
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THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC 450TL TUBE ONLY.

Look for the identifying mark (LO) on the filament
stem of the tube.

A radiation cooled triode possessing unusua! characeristics and ex-
tremely low interelectrode capacities. It is capable of a high order of
audio frequency outpu: when used in class "B" circuits. Useful out-
puts may be obtained on radio frequencies as high as 150 mc and it
will operate at its full ratings on frequencies up to 40 mc.

Electrodes are fabricated of completely degassed tantalum; cathode
of thoriated tungsten, is so designed that it possesses ex:remely long
life and high thermionic efficiencies. New type grid and plate con-
nectors minimize lead losses on the higher frequencies. Tantalum
elements and the exclusive Eimac method of exhaust, makes un-
necessary the use of a “getter.” Because of this, 450TL is uncondi-
tionally guaranteed never to fail because of gas released internally.

Characteristics
Filament Voltage - - - - - - - - - - - -75107.7 Volts
Filament Current (approx.) - - - - - - - - - - 12 Amperes
Amplification Factor - - - - - - . - - . - . . . .16
Grid-Plate Capacity - - - - - - - - - - - - 4 mmfds.
Grid-Filament Capacity - - - - - - - - - - . 4 mmfds.
Plate-Filament Capacity - - - - - - - - - - - .6 mmfds.
Bulb - - - - - - - - ... GT 40 Nonex
Base - - - - - - - - - - - - . - Standard (50 watt)
Overall Height - - - - - - - - - - - - . - 12V4 Inches
Maximum Diameter - - - - - - - - - - - - . 5]Inches

Tube must be operated vertically with ample ventilation provided.

Maximum Ratings for All Frequencies
Less Than 40 Megacycles

Maximum Plate Voltage - - - - - - - . - . . 6000 Volts
Maximum Plate Current - - - - - - - . - 500 Milliamperes
Maximum Grid Current - - - - - - - - 75 Milliamperes Class "B” Audio
Continuous Plate Dissipation - - - - - - - . . 450 Watts e menge

Piate Voltage Plate to Plate Iipedance Power Output
Typical Operating Conditions for Class “'C” Telephony 3500 10,000 Ohms 2000 Watts

3000 8,000 Ohms 1600 Watts

Plate Voltage - - - - - - - - 1500 2500 3500 2500 7.200 Ohms 1250 Watts
Plgte Curréhie = - = o - = = - 300 Al 0 2000 5,600 Ohms 1000 Warts
Grid Current - - - - - - - - 65 65 65 ’
Grid Bias Voltage - - - - - - - —250 —400 —600
Power Output (75%) - - - - - 300 750 1100 Typical Operating Conditicns Approved by the Federal

Typical Operating Conditions for Class “C" Telegraphy Communications Commission for Broadcast Services

High Level Linear Grid Bias
Plate Voltage - - - - - 1500 2500 3500 4000 Modula'ion Amplification Modulation
Plate Current (max.) - - 350 500 500 450 Plate Volts - - - - - 3000 3000 3500
Grid Current (max.) - - 70 70 °70 70 Piate Current (milliamperes) 280 125 165
Grid Bias Voltage - - - —250 —400 600 —700 Efficiency - - - - - - . 60% 33% 22%
Power Output (watts) - - 375 900 1300 1400 Power Output (watts) - - 500 125 125

EITEL-McCULLOUGH, INc,  San Bruno, California
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THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC UH35 TUBE ONLY

This radiation cooled ultra high frequency tube has the lowest inter-
electrode capacities of any tube available today. Straight line
construction provides short, heavy, high voltage leads thereby
minimizing interelectrode capacities and increasing electrical effi-
ciency. These short lecads are taken from the clements directly
through the glass envelop—grid at the top and plate at the side.
Only the filament goes through the base.

Although small physically this tube has tremendous power capa-
bilities. May be used in class “C” radio frequency or class “B” audio
frequency amplifiers or as a crystal oscillator. Tantalum elements,
fabricated and exhausted by an exclusive Eimac process, insure long
life and trouble-free performance. Like all Eimac tubes, UH35 is
unconditionally guaranteed against tube failures which result from
gas released internally.

Characteristics
Filament Volage - - - - - - - . - - - - 50 5.1 Volts
Filament Current (approx.) - - - - - - - - - 4 Amperes
Amplification Factor - - - - - - - . - . . . . . .30
Base - - - - - - - - - - - -Standard UX4 Prong
Overall Height - - - - - - - - . . . . . . 5U4Inches
Grid-Plate Capacity - - - - - - - - - . . . 1.6 mmfds.
Filament-Grid Capacity - - - - - - - . - - . 14 mmfds.
Maximum Diameter - - - - - - - . - - . - 13 Inches

Tube must be operated verdically with ample ventilation provided.
Seals must be cooled by Radiator Connectors.

Maximum Ratings

Intermittent Service Continuous Service

Telegraphy Class “C”’

Telephony
Grid Current (milliamperes) - 35 35 Typical Operating Conditions for Class "C" Telephony

Plate Current (milliamperes) - 150 125

Plate Dissipation (watts) - - - 70 35 Plate Volts - - - - - - - - - - - 1000 1200
Plae Voltage - - - - - - - 1500 1500 l’la.(e Current (mixll.xampcres) - - - - - 150 150
Grid Current (milliamperes) - - - - - 30 30
As frequency is increased circuit inefliciencies may necessitate a re- Grid Bias (volts) - - - - - - - - - —75 —120
duction of plate voltage or plate current so that maximum dissipation Power Output (waus) - - - - - - - 112 170

ratings are not exceeded.

Typical Operating Conditions for Class “C" Telephony

Plate Volts - - - - - - - - - - 750 1000 1500

Plate Current (milliamperes) - - - 115 123 100 Plate is designed to operate at a cherry-red color on its normal dissipation

Grid Current (milliamperes) - - - - 35 30 30 rating of 35 watts. A perceptible red color is noted at 17 watts. These

Grid Bias (volts) - - - - - - - —60 —7% —120 temperatures are perfectly permissible and no damage will result from

Jower Ol (Wag@) - - - - - - 60 93 Pt such operation. The advantages of using the anode color as a tuning indi-
Excitation power roughly 1/10 the input power. cator will be readily appreciated as you become familiar with the UH35.

“Hy




World Radio Histor




THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC UHS51 TUBE ONLY

Radiation cooled, ultra high frequency triode designed to replace
conventional tubes similar to the Eimac UH50. Straight line con-
struction provides a great improvement over the conventional tube
types in that interelectrode capacities are extremely low and electrical
efficiencies are greatly increased. Short, straight leads go from grid
and plate directly through the glass bulb—grid at the top and plate
through the side—thus providing the maximum of interelectrode
insulation. The use of a rugged five-volt thoriated tungsten filament
permits extra high power operation. Tantalum elements, specially
treated by the exclusive Eimac process, insure long life and trouble-
free performance. Like all Eimac tubes, UH51 is unconditionally
guaranteed against tube failures caused by gas released internally.

Characteristics
Filament Voltage - - - - - - - - - - - - - - 5 Volts
Filament Current - - - - - - - - - - - - -6.5Amperes
Amplification Factor - - - - - - - - - - - - - - 106
Grid-Plate Capacity - - - - - - - - - - - - 2.3 mmfds.
Grid-Filament Capacity - - - - - - - - - - - 2.2 mmfds.
Maximum Plate Voltage - - - - - - - - - 2000 Volts
Maximum Plate Current . . . - - - - - - 175 Milliamperes
Plate Dissipation - - - - - - - - - - - - - - 50 Watts

Tube must be operated vertically with ample ventilation provided.
Seals must be cooled by Radiator Connectors.

Maximum Ratings

Tntermittent Service Continuous Service

Telegraphy Class “C”

Class “B" Audio Telephony
Grid Current (milliamperes) - - 25 25
Plate Current (milliamperes) - 175 175
Plate Dissipation (watts) - - - 50 50
Plate Voltage - - - - - - - 2000 2000

As frequency is increased circuit inefficiencies may necessitate a re-
duction of plate voltage or plate current so that maximum dissipation
ratings are not exceeded.

Typical Operating Conditions for Class “"C” Telephony

Plate Volts - - - - - - - - - - 750 1000 1500
Plate Current (milliamperes) - - 115 150 165
Grid Current (milliamperes) - - - - 20 20 20
Grid Bias (volts - - - - - - - -—200 —275 —400
Power Output (watts) - - - - - 60 112 200

Excitation power roughly 1/10 the input power.

Typical Operating Conditions for Class "'C” Telegraphy

Plate Volts - - - - - - - - - 1000 1500 2000
Plate Current (milliamperes) - - - 150 150 150
Grid Current (milliamperes) - - - 20 20 20
Grid Bias (volts) - - - - - - - —275 —400 —500
Power Output (watts) - - - - - 112 170 225

Plate is designed to operate at a cherry-red color on its normal dissipation
rating of 50 watts. A perceptible red color is noted at 25 watts. These
temperatures are perfectly permissible and no damage will result from
such operation. The advantages »f using the anode color as a tuning indi-
cator will be readily appreciated as you become familiar with the UH51.

EL-McCULLOUGH, In

(.. 1 San Bruno, California |
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MERCURY VAPOR
RECTIFIER

THE Eimac RX21 is a mercury vapor rectifier tube

having ratings and capabilities that place it in a
field that was heretofore only covered by far more
expensive tubes. The use of a tantalum plate, the high
vacuum, and unique construction gives this tube un-

usually high inverse voltage capabilities.

CHARACTERISTICS
Filament Voltage 2.5 Volts
Filament Current 10. Amperes
Peak Inverse Voltage 11,000 Volts
Peak Plate Current 3. Amperes

OPERATING DATA
Using a reasonable input choke to the filter, a pair of
RX21 tubes will supply a D.C. output power of 3500
volts at 1.5 amperes in a conventional full wave cir-
cuit. With condenser input to the filter the current

output should be reduced to .9 amperes.

Operating temperature must be maintained between
20°C and 60°C (65°-140°F). If the mercury tempera-
ture is too low the operation of the RX21 is seriously
impaired. Under ordinary conditions the cathode will
bring about the proper operating temperature after a
warm up period of approximately 60 seconds. During
warm weather this warm up period may be shorter.
The reverse is true during cold weather. Under con-
ditions where the tubes are to be operated in ex-
tremely cold or extremely warm temperatures some
artificial method of maintaining proper temperature
must be provided. Tubes should not be placed in con-
fined spaces where the free circulation of air is im-

peded.

(PLATE TERMINAL IS CAP ON TUBE)

BASE
The base of the RX21 fits a standard five-prong
socket. In order to carry the ten amperes current re-
quired by the tube the adjacent pins have been con-
nected in parallel within the base. Similar connections
should be made on the sockets.

GRID
TERMINAL

©
CONNECT IN ) Q CONNECT IN

FARALLEL\ ‘4/ PARALLEL
SOCKET CONNECTIONS 0 ©

5 PRONG
UY SOCKET

2.5 VOLTS

EITEL-McCULLOUGH, Inc.

San Bruno, California
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GRID CONTROL
MERCURY VAPOR

RECTIFIER

HE Eimac KY21 tube is a mercury vapor tube to which has been

added a control electrode or grid. The control electrode prevents
passage of current through the tube until the negative potential on
the grid reaches a certain minimum critical value. The grid will not
regain control until after the voltage existing between filament and
anode has reached approximately zero. If the grid remains slightly
negative in respect to the cathode but not sufiicient to prevent the
passage of anode current it will be found that the anode current does
not start over the initial portion of the cycle. These characteristics
make possible the use of the KY 21 tube as both a rectifier and power
control tube. The KY21 tube permits of the control of 5 kilowatts
of power (3500 volts at 1.5 amperes) at the highest possible speeds
found in manually keyed transmitters. The control power is negligi-
ble and can be either supplied by means of 1).C. or tone. Properly
used, the KY21 tubes effectively eliminate “key clicks,” permitting
high power operation in congested areas.

CHARACTERISTICS
Filament Voltage ... e 2.5
Filament Current ... .. Fere——........ 10 Amperes
Peak Inverse Voltage . 11,000 Volts
Peak Plate Current ... 3  Amperes

OPERATING DATA—Using a reasonable input choke to the filter, a
pair of KY21 tubes will supply a D.C. output power of 3500 volts at
1.5 amperes in a conventional full wave circuit. With condenser in-
put to the filter the current output should be reduced to .9 amperes.
Operating temperatures must be maintained between 20°C and 60°C
(65°F-140 F). If the mercury temperature is too low the operation
of the KY21 is scriously impaired. Under ordinary conditions the
cathode will bring about the proper operating temperature after a
warm up period of approximately 60 seconds. During warm weather
this warm up period may be shorter or the reverse true during cold
weather. Under conditions where the transmitter is to be operated in
extremely cold or extremely warm temperatures some artificial
method of maintaining proper temperature must be provided. Tubes
should not be placed in confined spaces where the free circulation of
air is impeded.

FILTER—Keying is effected before the power supply filter. If the
filter is excessively large, "tails” may appear on the keved signal due
to the time constant of the filter. The less filter that is used the
“faster” it is possible to key the transmitter. Good "T9X" signals
will usually result from a filter consisting of an 8 to 10 henry choke
followed by a V4 to 2 mfd condenser. Keying will be “excellent” for
all manual speeds with this filter. Resonant filters are hecoming in-
creasingly popular and make an ideal arrangement to use with the
KY 21 tubes. Rough signals are usually caused by “parasitic oscilla-
tions™ or other form of maladjustment of the amplitier or preceding
equipment.

GRID CIRCUIT—The KY21 tubes are prevented from conducting by
placing a negative potential on the grid. The ratio of control voltage
to D.C. plate voltage varics from about 55:1 at 1000 volts to 67:1 at
3500 volts. The use of slightly higher than the minimum voltage for
cut off is recommended. For keying circuits it is usually more con-
venient to supply 100 to 150 volts of bias from a small pack. This
voltage is satisfactory for all plate voltages.

EITEL-McCULLOUGH, Inc..

Extreme care must be exercised in preventing radio frequency and
magnetic fields from entering the reciifying circuit, as the ability
of the tubes to “cut off”" is very materially affected under such con-
ditions.

CIRCUITS—One method of using the KY21 tube is shown on the
back of this sheet. There are many other methods whereby the same
results can be obtained. KY21 tubes can be used in a bridge circuit
in conjunctian with other ordinary mercury vapor rectifier tubes such
as the RX21. Two tubes in the circuit must have control grids. As
the D.C. output voltage is doubled, it is essential that twice the con-
trol bias voltage be used.

The KY 21 wubes work exceptionally well in polyphase circuits. In a
three phase tull wave circuit only three tubes must be KY21 twubes.
KY21 tubes will key up to 100 words a minute with this arrange-
ment.

BASE—The base of the KY21 wbe fus a standard five-prong socket.
In order to carry the ten ampere current required by the tube, the
adjacent pins have been connected in parallel within the tube base.
Similar connections should be made on the socket. The odd pin con-
nects to the grid.

San Bruno, California
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A TYPICAL KEYING-RECTIFIER SET-UP AS USED AT ONE AMATEUR STATION

The circuit is self explanatory. KY21 tubes are prevented from con-
ducting by means of bias voltage obtained from a small “pack” sup-
ply which consists of a small BCL power transformer, an ’80 rectifier
tube, and a V5 mfd filter condenser. In order to utilize commercially
available transformer without the expense of special insulation be-
tween windings the whole transformer is isolated from ground by
insulating the transformer for plate voltage from the metal chassis.
The 110 volt primary is not used as the energising voltage is ob-
tained from the already well insulated secondary of the filament
transformer. The "80 rectifier tube is lighted by voltage taken directly
from the same windings. If a 2145 volt ilament transformer is used
an '82 could be used. The relay which short circuits the bias voltage

must have its armature insulated for plate voltage to ground. The
relay used is a converted Ward Leonard 507-507 but this firm is now
making a relay specifically for the job and will be known as 507-516.
The resistors shown are 1 watt and can vary from 50,000 ohms to
1, megohm. The power necessary from the bias supply is zero when
the key is up and is about V4 mill when the key is down if 14 meg-
ohm resistors are used. The bias voltage necessary is 100 volts or so,
though there is no objection to the usc of higher values up to 300
volts.

T1 Plate Supply Transformer. T2 Filament transformer for Rec-
tifier. T3 Small BCL transformer. R1, R2, R3 50,000 ohms to 14
megohm. Relay Insulated for plate Voltage. C 15 mfd 400 volt.

LE! Ky21

R4 H Vv
1. MFD  outpuT

3 HY i
/TRRRF +

4
—
N\

T3

110V  PRIMARY
NOT USED ~— =2—+

KY 21

5 YOLT WINDING OF
B.C.L. TRANSFORMER
| - USED AS PRIMARY

— FOR B1AS ON GRID
KY214s

B.C.L. POWER TRANSFORMER
WITH 300-0-300 & 5V WINDINGS

KEYING
RELAY

TERMINAL

CONNECT 1IN
PARALLEL
T,

° CONNECT IN
[z~ PARALLEL

5 PRONG
UY SOCKET

2.5 VOLTS

KY 21 SOCKET CONNECTIONS
(PLATE TERMINAL IS5 CAP ON TUBE)
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THE DATA CONTAINED IN THIS BULLETIN IS
APPLICABLE TO THE EIMAC 35T TUBE ONLY

Despite its small physical size this tube has tremendous power
capabilities. Excellent electrical characteristics and extremely low
interelectrode capacities make it one of the most versatile triodes
available today. As a crystal oscillator, frequency multiplier, ultra
high frequency oscillator or amplifier, class “C” radio frequency or
class “B” audio amplifier no tube of like power ratings can equal it.
Tantalum elements, fabricated and exhausted by the exclusive Eimac

o

process, elimination of the “getter” and proper insulation between
the electrodes make it possible for Eimac to guarantee this tube,

unconditionally, against failure as a result of gas released internally.

Characteristics
Filament Voltage - - - - - - - - - . . . 5t05.1 Volis
Filament Current (approx.) - - - - - - - - - - 4 Amperes
Amplification Factor - - - - - - - - - - - - -30
Base - - - - - -« -« - - - - - -Standard UX4 Prong
Overall Height - - - - - - - - . . . . . . s5l5Inches
Grid-Plate Capacity - - - - - - - - - - - . 19 mmfds.
Maximum Diameter - - - - - - - . - - - . 13 Inches

Tube must be operated vertically with ample ventilation provided.

Maximum Ratings on Frequencies Up to 100MC

Intermittent Service Continuous Service

Telegraphy Class “C”

Class “B” Audio Telephony
Grid Current (milliamperes) - 35 35
Plate Current (milliamperes) - 150 125
Plate Dissipation (watts) - - - 70 35
Plate Voltage - - - - - - - 2000 2000

Typical Operating Conditions for Class “"C*” Telephony

Plate Volts - - - - - - - - . . 750 1000 1500
Plate Current (milliamperes) - - - 115 125 100
Grid Current (milliamperes) - - - - 35 30 30
Grid Bias (volts) - - - - - . . —60 —75 —120
Power OQutput (watts) - - - - - - 60 95 120

Excitation power roughly 1/10 the input power.

Typical Operating Conditions for Class “"C" Telegraphy

Plate Volts - - - - - - - - . 1000 1500 2000
Plate Current (milliamperes) - - - 150 150 150
Grid Current (milliamperes) - - - 30 30 30
Grid Bias (volts) - - - - - - . —75 —120 —150

Power Output (watts) - - - 112 170 225

Class "B” Audio Performance [Two tubes]

Plate to Plate

Load Impedance Power Output
Plate Voltage Bias Voltage (ohms) (watts)
500 0 2800 60
750 0 6000 100
1000 —22 7200 150
1250 -—30 9600 200
1500 —40 12800 230

Plate is designed to operate at a cherry-red color on its normal dissipation
rating of 35 watts. A perceptible red color is noted at 17 watts and a real
bright red at 70 watts. These temperatures are perfectly permissible and
no damage will result from such operation. The advantages of using the
anode color as a tuning indicator will be readily appreciated as you be-
come more familiar with the Eimac 35T.
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