3-500Z

TECHNICAL DATA
HIGH-MU

POWER TRIODE

The EIMAC 3-500Z is a compact power triode intended to be used as a
zero-bias Class-AB2 amplifier in audio or radio-frequency applications.
Operation with zero grid bias simplifies associated circuitry by eliminating
the bias supply. In addition, grounded-grid operation is attractive since a
power gain as high as twenty times can be obtained with the 3-500Z in a
cathode-driven circuit.

GENERAL CHARACTERISTICS?
ELECTRICAL

Filament: Thoriated Tungsten
Volbage i wos wew s weve aiesd 8 Wi a9a0s W SRl Wil 50+0.25 V
Current; at 5:00volts 4 ware i w s somm e wam W o w0 14,2 A
Amplification Factor (Average). . « v v v v vt v vvann o aans 130
Direct Interelectrode Capacitances (grounded filament)2
0771 O T P S 8.3 pF
Onlpt  Coiis voi 555 04 TETE s ol B Ve sen 0E 0.07 pF
Foedbiatk., » vu rme memas oo b od dai 25,5 8% @8 4.7 pF
Direct Interelectrode Capacitances (grounded grid)2
INPUL oo somn s0n tmis wmos soy o on B s o8 8008 Ko w b wmiwe powos wim e mee s ke 8.3 pF
OB o smnw won s s v Somss womim ohie MR MUMOAASE NCOHE S AR MOESE MM MR S 4,7 pF
FEOOBATE o snarmnns wieid Srmsiiie Suas FEeis@on s S iemin s smermesy e Sum 0.07 pF

Frequency of Maximum Rating: ‘
W wosem vas o W00 WO VB Wiy QUSRas S MR SRRV BT ST 110 MH=z

1. Characteristics and operating values are based upon performance tests. These figures may change without notice
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using
this information for final equipment design.

2. In Shielded Fixture.

MECHANICAL
Maximum Overall Dimensions:
Lonpth ;ovpesy virn e amnve S aee SE AN W ST BOE DG0E 08 6.00 in; 152.40 mm
Diameter: veon sai aamies S soall 60 (s #omen Ba eanmn e e 3.44in; 87.33 mm
NetWeight < ..iisa iiinmasnnes issnsasssssessnnassoss 7.0 oz; 198.5 gm
Operating Position . ....cccoevecenssssecannassesessns Vertical, base down or up
Maximum Operating Temperature:
Plate Sal . v v v v v vt o vt v it bt e s e e e e e e et 225°C
Base SealsS v v v vt vttt ettt e e e e 200°C
BOOHINE o wovmione smim somvioms i sommminssn wivos s e sy wieimiess S Radiation and forced air
BHBE! wovi sonimimos e susonmis SIS STHE v Sre SOSISAEER SUNN SSTe Eoe AT SEMATSNE S 5 Pin Special
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3-500Z

Recommended Socket .
Recommended Chimney . .....c.vcueuan
Recommended Heat-Dissipating Connector:

" s & % B o8 8 ® w & B o* "o o o=ow

ciaeseess vass s EIMAC SK-410
. . « EIMAC SK-406

A s om om o m & B B B BB OE =R & ® & W

PISES. v voon sree simm o pimce & L0 & 50575 5 005 & VAE 5 S06 & DR SR wae § vew s e RO

RADIO FREQUENCY LINEAR AMPLIFIER Two-Tone Grid
CATHODE DRIVEN Current2. . ..... 80 80 70 60 58 mAdc
Class ABy Single-Tone Power

INput + ws v e sis o G600 800 1000 1200 1400 W
MAXIMUM RATINGS: Useful Output Power,

CWorPEP . ... .. 330 500 800 740 880 W
DCPLATE VOLTAGE .« . v v v v ve mee 4000 VOLTS Resonant Load
DC PLATE CURREMT . . v v o v o on v ass 0.4 AMPERE Impedance ... .. 1600 2750 3450 4200 5000
PLATE DISSIPATION &+ o v v v v v ww e s = 500 WATTS Intermodulation Distortion Products5

GRID DISSIPATION . . . .. o v v v v v o 20 WATTS

TYPICAL OPERATION (Frequencies to 110 MHz)
Class AB2, Peak Envelope or Modulation Crest Conditions

3rd Order . ... .. -46 -38 -33 -40 -40 db
5th Order . .. ... -—- --- --- -46 -45 db

1. Zener diode positive bias used at plate potentials of
3 kv and above.

Plate Voltage . 1500 2000 2500 3000 3500 ‘vdc .
Appro lue,
Cathode Voltagel. .. 0 0 0 +$10 +5 vdec LR ORI R
Zero Signal Plate Currents listed correspond to SSB, or “"two-tone®’
CurrentZ, . . . .. . . 65 g5 130 62 53 mAdc average current at peak of signal envelope.
Single-Tone Plate 4. Sin "
% gle-tone current for 3500 Vdc operation may reach
Curre!"‘erW 374, .. 400 400 400 400 400 mAdc this value during short pericds of circuit adjustment
Two-Tone Plate only
Current . . . ... - 260 270 280 268 262 mAdc :
Single-Tone Grid 5. Intermodulation distortion products are referenced
CurrentZ . . . .. - . 130 130 120 108 108 mAdc against one tone of a two egual tone signal.
RADIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Frequencies to 110 MHz)
OR OSCILLATOR Grid Driven | Cathode Driven
GRID DRIVEN , CATHODE DRIVEN Plate Voltage . .. . ... ... 3000 3500 [3000 3500 Vdc
Class AB2 and C Telegraphy or FM Grid Voltage . .. ....:..- 0 =75 0 =75 Vdc
(Key-Down Conditions) Plate Current . . . . . ..+ s 350 300 | 333 350 mAdc
Grid Current . .. .0 v vt w. 115 115] 108 118 mAdc
Peak rf (Cathode) (Grid)
MAXIMUM RATINGS: Voltage: i wiswn v , =-=-- 187] 215 215 v
Measured Driving Power . . . 30 22 87 98 W
DC PLATE VOLTAGE . ... v v v m vt o v s 4000 VOLTS Plate Input Power .. ..... 1050 1050 [1000 1225 W
DC PLATE CURRENT .. ..vuavevnan 0.35 AMPERE Plate Dissipation ....... 330 200|250 305 W
PLATE DISSIPATION . . . v cv v s w v a - 500 WATTS Useful Cutput Power ... .. 720 8501 750 920 W
GRID DISSIPATION & o v v v v v a v s w == 20 WATTS Resonant Load Impedance . . 4200 5700 |4800 5500
PLATE MODULATED RADIO FREQUENCY POWER
AMPLIFIER-GRID DRIVEN
Class C Telephony (Carrier Conditions) TYPICAL OPERATION (Frequencies to 30 MHz)
MAXIMUM RATINGS: Plate Voltame: s wiiaimials sie dmiesiaEs . 3000 Vdc
Grid Voltage . ..o v vms v e s aass =100 Vdc
DC PLATE VOLTAGE. . . ... ... .. .. 3000 VOLTS Piin GG B s 88 SEERR | i Gl i
DC PLATE CURRENT & 4 4 v s7se 556 s s 0.275 AMPERE iodinioadion s o4
PLATE DISSIPATIONT. . . .......... 330 WATTS Calculated Driving Power . . v v v v v s 00 s 0 - 25 W
GRID DISSIPATIONZ _ . . .. on v onen 20 WATTS Plate INPUL POWET - &« s v e vseeeeeeeenn 875 W
Plate Dissipation .. ... ... ... A 185 W
1. Corresponds to 500 watts at 100% sine-wave modu- F’I:t: Oft.i:.l?a?;o:er G N S SRS 540 W

lation.
2. Average, with or without modulation.

2.

1. Approximate value.



AUDIO FREQUENCY POWER AMPLIFIER OR

MODULATOR
Class ABg, Grid Driven (Sinusoidal Wave)

MAXIMUM RATINGS (Per Tube):

DC PLATE VOLTAGEL . ... ....... 4000 VOLTS
DC PLATE CURRENT ... . ... ... 0.4 AMPERE
PLATE DISSIPATION .. ... .o wunn 500 WATTS
GRID DISSIPATION . v v v m v ceen s 20 WATTS

See zero-bias operation in Application Section.
Approximate value.

Per Tube.

MNominal drive power is one-half peak power.

o R =

3-500Z
TYPICAL OPERATION (Two Tubes)
Plate Voltages:: « o3 ai vh de aeiiveiielie 3000 wvdc
Grid Voltage . ... vvuevmenaooaas ans 0 Vdc
Zero-Signal Plate Current2, , . . v v v v v vn - - 300 mAdc
Max. Signal Plate Current . ., . .« v v v o v v 770 mAdc
Max. Signal Grid Current2, . . . ... v vswn- 244 mAdc
Peak af Grid Voltaged .. v v s v v v c v s v 100 v
Peak Driving Powerd . . . . ..o vinesnn - 25 w
Plate Input Power . . ... ...t iivanas 2310 W
Max. Signal Plate Dissipation .. ........ 830 W
Plate Qutput Power . .. ... 5 G, e 1420 W
Load Resistance (plate to plate} ......... 8600 £2

NOTE:

TYPICAL OPERATION data are obtained by calculation from published characteristic curves or actual measur-
ment. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias and plate
voltages is assumed. If this procedure is followed, there will be little variation in output power when the tube
is changed, even though there may be some variation in grid current. The grid current which results when the
desired plate current is obtained is incidental and varies from tube to tube. These current variations cause no
difficulty so long as the circuit maintains the correct voltage in the presence of the variations in current. If
grid bias is obtained principally by means of a grid resistor, the resistor must be adjustable to obtain the re-
quired bias voltage when the correct rf grid voltage is applied,

RANGE VALUES FOR EQUIPMENT DESIGN Min. Max.
Filament: Current at S.O0voltS, . v v v v v v v v v v v s v v e s s ansass 13,5 147 A
Interelectrode Capacitancesl (grounded filament connection)
TOPHE von wvcmn anim eee s wes PRI ¥ SAEE RSN W 65 W 8 Vs wiae e wos ws 0.5 100 pF
Output . o alels WeTTH el B W e WEG R MR s SR 0 8 v e --- 0.18 pF
Feedback....................... T vos miwer m woml md B2 5.2 pF
Interelectrode Capac:.tancesl (grounded grid connectzon)
1, 177 - ST S v s w e s waeca weos mrs weos svese e s s 10 PE
Qutputiie v & wan o5 s EEN SRS BETHE SR ERE R SR RO e B e 5.2 pF
Feedback . .. ......0 v, v sEmsh pnusn > wmmr mamss = Bamnh sl ---  0.18 pF
Zero Signal Plate Current:
(Ec=0Vdc, Ep=2500 Vdc) . . . . oo vi i iiiiiiiii i 90 180 mAdc

1. In Shielded Fixture.

APPLICATION

MECHANICAL

MOUNTING - The 3-500Z must be operated
vertically, base up or down. A flexible connect-
ing strap should be provided between the heat
dissipating plate connector and the external plate
circuit. The tube must be protected from severe
vibration and shock.

SOCKET - The EIMAC SK-410 air system
socket and SK-406 chimney are recommended for

use with the 3-500Z. When a socket other than
the SK-410 is used, provisions must be made for
equivalent cooling of the base, the envelope, and
the plate lead.

If a socket other than the EIMAC SK-410 is
employed, the user must assure himself that
lateral pressure is not applied to the tube pins
and base seal. Otherwise damage to the tube may
result.



3-5002Z

CAUTION-GLASS IMPLOSION - The EIMAC
3-500Z is pumped to a very high vacuum, which
is contained by a glass envelope., When handling
a glass tube, remember that glass is a relatively
fragile material, and accidental breakage can
result at any time. Breakage will result in flying
glass fragments, so safety glasses, heavy cloth-

ing, and leather gloves are recommended for
protection.

COOLING - Forced-air cooling is required to
maintain the base seals at a temperature below
200°C, and the plate seal at a temperature below
225°C. Air-flow requirements to maintain the
above maximum temperatures are tabulated below.
(Foroperation below 30 MHz)

Base-to-Anode Air Flow
Anode Air Pressure
Dissipation Flow Drop
(Watts) (CFM) (inches-WC)
300 6.6 023
400 10.3 052
500 13.0 082

The anode of the 3-500Z operates at a visibly
red color at its maximum rated dissipation of
500 watts.

In all cases, air flow rates in excess of the
minimum requirements will prolong tube life.
NOTE: Two 3-500Z tubes in a single amplifier,
chassis mounted, may be adequately cooled by
use of a fan so mounted as to pressurize the
space below the sockets. Fans suitable for use
at or near sea level are Pamotor Model 2000, or
Model 6500. The Rotron ““Spartan’’ fan (3200 rpm)
is also suitable, as is a #3, 3-inch squirrel cage
blower (3100 rpm).

In 2ll cases, the only criteria of proper cool-
ing is the temperature of the tube seals. Tube
temperatures may be measured with the aid of
temperature sensitive paint, spray, or crayon.
Suitable products are manufactured by the Tempil
Division, Big Three Industrial Gas & Equipment
Co., Hamilton Blvd., So. Plainfield, N.J. 07080,

ZERO-BIAS OPERATION - Operation at zero-
bias is not recommended with plate voltages over
3000 since plate dissipation may be exceeded.
A zener diode placing positive bias on the cath-
ode or, other constant voltage source may be used
to reduce zero signal plate current at plate po-
tentials over 2500 volts.

CLASS-C OPERATION - Although specifically
designed for linear amplifier service, the 3-500Z
may be operated as a class-C power amplifier or
oscillator or as a plate-modulated radio-frequency
power amplifier. The zero-bias characteristic of
the 3-500Z can be used to advantage in class-C
amplifiers operating at plate voltages of 3000
volts or below by employing only grid-resistor
bias. If driving power fails, plate dissipation is
then kept to a low value because the tube will be
operating at the normal static zero-bias condi-
tions.

ELECTRICAL

FILAMENT OPERATION - The rated filament
voltage for the 3-500Z is 5.0 wolts. Filament
voltage, as measured at the socket, must be main-
tained within the range of 4.75 to 5.25 wvolts to
obtain maximum tube life.

CAUTION-HIGH VOLTAGE - Operating voltage
for the 3-500Z can be deadly, so the equipment
must be designed properly and operating precau-
tions must be followed. Design equipment so that
no one can come in contact with high voltages. All
equipment must include safety enclosures for
high voltage circuits and terminals, with interlock
switches to open the primary circuits of the
power supply and to discharge high voltage cap-
acitors whenever access doors are opened. In-
terlock switches must not be bypassed or
‘‘cheated’” to allow operation with access doors
open. Always remember that HIGH VOLTAGE
CAN KILL.

INTERMODULATION DISTORTION - Typical
aperating conditions with distortion values in-
cluded are the result of data taken during actual
operation at 2 megahertz. Intermodulation values
listed are those measured at the full pezk envel-
ope power noted.

INPUT CIRCUIT - When the 3-500Z is operated
as a grounded-grid rf amplifier, the use of a
resonant tank in the cathode circuit is recom-
mended in order to obtain greatest linearity and
power output. For best resuits with a single-
ended amplifier it is suggested that the cathode
tank circuit operate at a Q of two or more.

SPECIAL APPLICATIONS - If it is desired to
operate this tube under conditions widely dif-
ferent from those given here, write to Power Crid
Tube Division, EIMAC Division of Varian, 301
Industrial Way, San Carlos, California 94070
for information and recommendation,
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3-500Z QUTLINE DRAWING AND PIN CONNECTIONS

@
_ nSiMENsmNAL DATA
ey P INCHE MILLIMETERS
.J } DIMI-GIN_ T MAX. | REE ][ MIN. | MAX. | REF.
Al -- | 3438 - - |[-- |ez33] - -
© B |0350] 0365 - - || 887 [927 |- -
T C lo328| 0359 - - |[833 |slz | - -
D1 -- | -- |4834|[ -- | -- [2304
| e | 5500 6000 - - |[13970 |5240] - -
F 1062510750 | - - |[ 15687 1 1905 | - -
G |oess o082 | - - |[ 1748 | 2062 - -
H| --1--losoell -- | -- [230
J | - = 125000 == |l -- |60l = =
K1 - -1 -- Boemvell =< | - - [Boerve
L {osso|olD] - - || 470 | 485 ] - -
® M| -- | - - liesoo|[-- | -- [31750
®
MOTE
BASE PINS (L)
THEY CAM BE FREELY INSERTED INTO
1 A GAUBE %™ THICK WITH HOLE DIA'S
OF 204 LOCATED ON TRUE CENTERS
BY THE GIVEN DIMENSIONS (K) & (WD).
o 9 ¢
@

SEE NOTE

5 PINS
G SEE NOTE

(M) SEE NOTE
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CABINET

TYPICAL CATHODE DRIVEN (GROUNDED
GRID) AMPLIFIER CIRCUIT FOR TWQ 3-500Z
TUBES

£-1--250 pF, 4.5 kV (Johnson 154-16).

C-2--1100 pF, 3 section, Jackson Bros. LE-3-
4595-380. (M. Swedgal, 258 Broadway,
N.Y. 10007).

C-3--500 pF, 2.5 kV mica. Sangamo H-5347.

C-4--.001 pF, 5 kV. Centralab 8585-1000.

C-5, C6--500 pF, 10 k¥, TV “"door knob™ cap-
acitor.

C-7 thra C-10--.01 gF, 600V ceramic capacitor
(Centralab DD-103).

C-11, €-12--.01 uF, 1.6 kV cetamic capacitor

{Centralab DD16-103).

C-14--.01 pF, 600V ceramic capacitor

(Centralab DD-103).

C-15 thmu C-17--.01 uF, 1 kV mica capacitor
(Sangamo H-2210%

M-1 --500 mAde.

M-2--1000 mAde.

RFC-1--50 pH. 14 bifilar turns #10 AWG en-
amelled wire wound on ferrite core, 5
inches long, % inch diameter. (Indiana
General CF-503. Newark Electronics Co.
catalog number 59F-1521). Notch core with
file and break to length.

RFC-2--100 pH, 1 Adc. 112 turns #26 AWG,
spacewound wire dismeter on 1" diam.,
67 long ceramic form (Centralab X-3022H
insulater). Series resonant with terminals
shorted to 24.5 MHz.

C-13,

RFC-3--1.7 uH, 1 Ade, 20 tums #26 AWG wound

on 100K, 2W resistor (J.W. Miller RFC-144).

RY-1--VOX opemated SPST relay.
when transmit.

Pc-1, PC-2--Three 100 ohm, 2W carbon resis-
tors in parallel. Three turns #14 AWG, %'
diam., %' long in parallel with resistors.
(Equivalent: Ohmite P-300 reduced to 3
turns).

J-1, J-2--Coaxial receptacle.
type N connector.

T-6--2 v at 30 amp. Chicagn-Stancor P-4645.

X-1, X-2--EIMAC SK-410 socket and EIMAC
SK-406 chimney.

B-Blower--13 cubic feet at 0.2 inch back pres-
sure, Use #3 impeller at 3100 rpm. (Ripley
8472, Dayton 1C-180 or Redmond AK-2H-
01AX).

Energized

UG-38A/U, for

CATHODE CIRCUIT COMPONENTS:

T-1 {10 meters)--0.15 yH. 4 turns #14 AWG on
Y<inch form, %-inch long. Parallel capaci-
tance: 200 pF, 1 kV silver mica capacitor.
Resonant at 28.7 MHz.

T-2 {15 meters)--0.15 yH, same as T-1. Reson-
ant at 21.3 MHz with 470 pF, 1 kV silver
mica capacitor.

T-3 (20 meters)=--0.31 yH. 6 tums #14 AWG on
Y¥-inch form, Y-inch long, slug tuned
(Mational XR-50). Resopant at 14.2 MH=z
with 470 pF, 1 kV silver mica capacitor

T-4 (40 meters)--0.31 yH, same as T-3. Reson-

ant at 7.2 MHz with 940 pF. {Two 470 pF,
1 kV silver mica capacitors in parallel).

T-5 (30 meters)--1.3 pH. 13 turns #18 AWG on
Yh-inch diameter form, ‘%-inch long, slug
tuned (National XR-50). Resonant at 3.8
MHz with 940 pF, same as T-4.

PLATE CIRCUIT COMPONENTS (for plate po-
tential of 2500 Vdc), R = 17250

The 10, 15 and 20 meter inductor (L.1) may be
10% turns #8 AWG copper wire (or 3/16'" tobing)
2" diam., 3" long. Ten meter tap is SW tums
from plate end; 15 meter tap is 7% tums from
plate end. The 40-80 meter coil (Lo) may be 16
tums H10 AWG, 2%"" diam., 4" long. Forty meter
tap is 8 turns from junction with coil L-1,

§-2--8ingle pole ceramic switch, high voltage,
30 index. Radic Switch Corp. Model B6-A.

NOTE: For additienal data on plate circuit dasign,
write for Amateur Servica Bulletin #30, ''Pi
and Pi-L MNetworks for Linear Amplifier

Service’'

NOTE: B- of power supply is floating and grounded
only through plate meter M2 and the 50 chm
safety resistor, Cabinet of power supply should
be grounded to amplifier cabinet as safety
measure,



