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RCA-2CW4, 6CW4, 13CW4
High-Mu Nuvistor Triodes

RCA-2CW4, 6CW4, and 13CW4 are high-mu triodes of the nuvistor type,
intended for use as grounded-cathede, neutralized rf-amplifier tubes. The
2CW4 and 6CW4 are particularly useful in vhf tuners of television and FM
receivers. The 13CW4 i1s designed especially for use in antennaplex and
antenna-system booster amplifiers., 1In these applications the
tubes provide exceptional performance in fringe areas and other
locations where signal levels are extremely weak. These
nuvistor triodes feature excellent signal power galn and a
noise factor significantly better than tubes currently in use
in such applications,

The high-gain and low-nolse capabilities of these tubes are
achieved by very high transconductance and excellent transcon-
ductance-to-plate-current ratio (12500 micromhos at a plate current of 7.2
milliamperes and a plate voltage of 70 volts).

The 2CW4, 6CW4, and 13CW4 nuvistor triodes, because of their unigue

design, offer these additional advantages: extreme reliability; exceptional
uniformity of characteristics from tube to tube; very small size; and low
heater-power and plate-power reguirements. All metal-and-ceramic con-

struction insures ruggedness and long-term stability.

These nuvistors utilize the RCA Dark Heater to insure long life and
dependable performance. The heater of the 2CW4 has controlled warm-up time
for use in series heater-string arrangements,

GENERAL DATA
Electrical:

Heater, for Unipotential Cathode: 2CW4 6CH4 13CW4
Voltage {ac or de). . . . . . . . 2.1 6.3 £10% 13.5 £10% ~volts
Current . . « . . . . 0.45 6% 0.135 0.060 amp
Warm-up Time (Average) . . 8 - - seconds
Direct Interelectrode Capac1tances (Approx.):
Grid to plate . . o e e e e e e e e 0,92 pf
Grid to cathode, shell, and heater. . pf
Plate to cathode, shell, and heater . . . . . . . . . . . . 1.8 pf
Plate to cathode. . . . . . . . ., . . . « . . . . . . . . . 018 pf
Heater to cathode . . ., . . . . . . . . . . . . . .. ... 1.6 pf
Characteristics, Class A Amplifier:
Plate Supply Voltage. . . . . . . . . . . .+« « < « . .. 110 volts
Grid Supply Veltage . . . . . . . . . . o o .. 0o, 0 volts
Cathode Resistor. . . . . . . . . . . « + « « v « « « 4 .« . . 130 ohms
Amplification Facter. . . e e e e e e e e e e e e 65
Plate Resistance (Approx. ) Y <Y 1011 ohms
Transconductance. . . . + + + + « « « 4 4 + « w4 4 « W« .« . . 9800 Mmhos
Plate Current . . e e e e e e e e 7 ma
Grid Yoltage (Approx ) for plate current =10 ga. . . . . . . -4 volts
-3 -




2CwW4, 6CW4, 13CW4

Mechanical:

Operating Position. . . . . . . . . . . . . . . . . v v v v v« v . .. Any
Maximum Over-all Length . . . . . . . . . . . . .. . . .. .. . . . 0.8"
Maximum Seated Height . . . . . . . . . . . . . . . . . ., .. .. 0.625"
Maximum Diameter. . . . . . . . « « . « « 4« v v e e o e e o e oo 0.440n
Envelope. . . . . . .+ . . « v « « . . . v v v « v v « v « . . . Metal Shell
Base. . . . . . . . . . Medium Ceramic-Wafer Twelvar 5-Pin (JEDEC No.E5-45)
Maximum Ratings, Design-Maximum Values:
PLATE SUPPLY\VOLTAGE. . . . . . . . . . . . .+ « .. 300® max. volts
PLATE VOLTAGE . . . . . . . .« « « « « o o« v o o . 135 max. volts
GRID VOLTAGE:
Negative-bias value . ., . . . . . . . . . . . . .. 55 max. volts
Peak positive value . . . . . . . . . . . . . . .. 0 max. voles

PLATE DISSIPATION:

With a minimum series plate-circult resistance

of 5000 ohms. . . . . . . . . . . o .. 0L 1.5 max. watts

For lower values of series plate-circuit resistance , , . ., See Fig.! and

Operating Considerations

CATHODE CURRENT . . . . . . . . . . « ¢ o+« o . . 15 max, ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode . . . . . . 100 max. volts

Heater positive with respect to cathode . . . . . . 100 max. volts

Typical Operation:

Plate Voltage . . . . . . . . « v v v « v v v v o o 70 volts
Grid Supply Voltage . . . . . . . . . . . . o . . .. 0 volts
Grid Besistor . . . . . . . . « .« .+ .« 4 . . o . . . . 47000 ohms
Amplification Factor. . . . . . . . . . . o . . . .. 68

Plate Resistance (Approx.). . . . . . . . . . . . . . 5440 ohms
Transconductanece, . . . . . . . .« . . . . . . . . . . 12500 pmhos
Plate Current . . . . . . . « . « « « o v . e 0w 7.2 ma

Maximum Circuit Values:

Grid-Circuit Resistance:®
For fixed-bias operation. . . . . . . . . . . . . . 0.5 max, megohm
For cathode-bias operation. . . . . . . . . . . . . 2.2

max. megohms .

®aA plate supgly voltage of 300 volts may be used provided sufficient plate-circuit re-
sistance and agc voltage are used to limit the voltage at the plate of the tube to 135
volts under conditions of maximum rated plate dissipation (1.5 watts).

* For operation at metal-shell temperatures up to 135° C.

OPERATING CONSIDERATIONS

The base pins of the 2CW4, 6CW4, and 13CW4 fit the Cinch Manufacturing
Co. socket No.133 65 10 001 and the Industrial Electronic Hardware Co.
socket Nos.Nu 5044 and Nu 5060, or their equivalents.

In some previous publications reference has been made te a JEDEC
No.E5-65 socket. This number 1s not a socket designation but 1s a base
designation which defines the JEDEC Medium Ceramic-Wafer Twelvar 5-pin base
used in nuvistor tubes.

Use of Plate-Dissipation Rating Chart

The Plate-Dissipation Rating Chart shown inFig.l presentsgraphically the
maximum rated plate dissipation of the 2CW4, 6CW4, and 13CW4 for various minimum




2CW4, 6CW4, 13CW4

values of series plate-circult resistance. The region of permissible oper-
ation is bounded by the lines representing plate dissipation = 1.5 watts,
plate voltage = 135 volts, and plate current = 15 milliamperes. In class
Al amplifier service, because no grid current flows, the plate current rating
is equivalent to the cathode current rating.

To determine the required minimum series plate-circuit resistance for
a given set of opfrating conditions:

1. From Fig.2, Average Plate Characteristics, select the desired oper-
ating conditions,

2. From Fig.l determine the corresponding maximum plate dissipation and
required minimum value of series plate-circuit resistance.

Example: (a) From Fig.2 — for aplate voltage of 130 volts and a grid

voltage of -1 volt, the corresponding plate current is 10.5 milliamperes.

{b) From Fig,1 -~ the plate dissipation for a plate voltage
of 130 volts and a plate current of 10.5 milliamperes is approximately .37

watts. The required minimum series plate-circuit resistance for this plate
. dissipation is 3700 ohms.
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BASING DIAGRAM
{Bottom View)

PIN 1: ® PIN T7: ®

PIN 2: PLATE PIN 8: CATHODE
PIN 3: @ PIN 9: @

PIN 4: GRID PIN 10: HEATER
PIN 5: @ PIN 11: OMITTED
PIN 6: ®

PIN 12: HEATER

INDEX = LARGE LUG

® = SHORT PIN—INTERNAL
CONNECTION—DO NDT USE

1240Q

DIMENSIONAL OUTLINE

"
r——.aoo MA X DIA.—-1
T

A
JEDEC NE2EES-65

100" MIN,
130" MAX,

L.aas” MAX, DIA.—J
oT

{NOTE 1}

5 PINS
" " CERAMIC
016" £.001" DIA, WAF ER

®=SHORT PIN-INTERNAL
CONNECTION-DO NOT USE

92C5-I097QRZ

NOTE I: MaxiMUM 0.0. OF O.4U0" IS PERMITTED
ALONG 0,190" LUG LENGTH.

NOTE 2: SHELL TEMPERATURE SHCULD BEMEASURED
IN ZONE A",

ARRANGEMENT OF BASE PINS

CATHODE

PLATE

HEATER

92¢5-11836
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MEDIUM CERAMIC-WAFER TWELVAR BASE

-t SOCKET INSERTION
E PL ANE —_\\\\\ i ”,,/—7METAL SHELL
4 —
DA MAX,_|! . .—n I 1
Al I g s
| “+.020.|. . .
: 199" 55| | | ™
_*;: F BASE SEATING
[—={F—400" MIN. |. D.—=] PLANE
010" F+—.435" MAX. 0.D.
+.002" NOTE 1.
—.00I 60‘!
\ ) ALL PINS
INDEX GUIDE 70187 oo™
LARGE LUG et DA,
2 N\
60" 60°
[ . Ky CERAMIC
_ WAFER
' I I
. - Y -5 | B Y L 2 . J430%
+.004" t-ﬁo:z”
* ‘-‘,! A -
6 i SMALL LUG
)L - ‘o
; " &0
&80° 1 _!_ L, 280 DIA.
L210"DIA.
\ ) . 140" DIA,
Vak
o
T 60 92CM-104TB R
JEDEC No, NAME PINS
El2-64 12-Pin Base 1,2,3,4,5,6,7,8,
9,10,11,12
E5-65 5-Pin Base 2,4,8,10,12,
Note 2)

Kote I! Maximum 0.D. of 0,440" is permitted along the
0.190" lug length,

Note 2: Pins 1,3,5,6,7, and 9 are of a length such that
their ends do not touch the socket insertion plane.

. Pin 11 is omitted.

PIN-ALIGNMENT GAUGE

Base-pin positions and lug positions shall be held to
tolerances such that entire length of pins and lugs will
without undue force pass inte and disengage from flat-
late gauge having thickness of 0.25" and twelve holes of

.0350" £ 0.0005" diameter located on four concentric
circles as follows: Three holes located on 0.2800" t
0.0005" three holes located on 0.2100" t 0,0005"%three
holes located on 0.1400* % 0.0005", three holes located
on 0.0700" ¢ 0.0005" diameter circles at specified angles
with a tolerance of % 0.08° for each angle. In additien,
gauge provides for two curved slots with chordal lengths
of 0.2270" * 0,0005" and 0.1450" + 0.0005" located on
0.4200" t 0.0005" diameter circle concentric with pin
circles at 180¢ 1 0.089° and having a width of 0.0230"
t 0.0005",
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RCA 6CW4 and 2CW4 Nuvistor Triodes

as RF Amplifiers ALFRED NEYE

ENATECHINIK

in VHF Television Tuners 2085 0UICERSIN Do, ilamburg

Scholerstr. o4 - Tel, 8222

Posifach €2

This Note describes the high-frequency performance of the 6CW4 and
2CW4 nuvistor triodes and their application as rf-amplifier tubes in
vhf television tuners. The performance of these tubes 1s evaluated in
an experimental neutralized grid-drive amplifier circuit, an experimental
turret tuner, and a production-type switch tuner. Optimum noise- factor

data and practical circuit considerations are also presented.

Design Features of the 6CW4 and 2CW4

The 6CW4 and 2CW4A are high-mu, high-transconductance triodes of the
nuvistor design, featuring extremely small size and light weight. The
cylindrical active elements of the tubes are mounted coaxially on ceramic
base wafers. Each element 1s supported by a tripod arrangement of leads
which extend through the ceramic base wafer. One lead of each set is
used as the external connector, as shown in the bottom view of Fig.l.

BOTTOM VIEW
SMALL LUG

PIN I PLATE

PIN 2: SEE NOTE
PIN 3t PLATE
PIN 4: SEE NOTE
PIN 3: GRID

PIN 6: GRID

PN 7: CATHODE
PIN B8: SEE NOTE
PIN 91 3EE NOTE
PIN 10: HEATER
PIN 11: OMITTED
PIN 12} HEATER

Fig.1 - Bottom vievw of pin
arrangement for the

6CW4 and 2CW4.

NOTE: INTERNAL CONNECTION.
DO NOT USE. PIN I3 CUT OFF
CLOSE TO CERAMIC WAFER.

LARGE LUG

Sections of the shell which extend beyond the base wafer serve as indexing
lugs for socket insertion. These indexing lugs also provide protection
for the tube leads and ground the metal shell through the socket, making
the use of a tube shield unnecessary.

© 19481 by Radic Corporation of America ELECTRON TUBE DIVISION 2.61
All Rights Reserved RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY Trodemarkls] @ Regirtered
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Several important advantages are inherent in the unique nuvistor
design used in these tubes. For example, high transconductance 1s obtained
with a high transconductance-to-plate-current ratio, as shown by the
transfer characteristics in Fig.2. These characteristics dre achieved
with a considerable reduction of both plate-input and heater-input power.
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Fig.2 - Average characteristics for the 6CW4.

Interelectrode capacitances are comparable to those of conventional
miniature triodes. In addition, accurate element spacing in the tubes
during assembly permits a high degree of uniformity of characteristics
from tube to tube, especially with respect tointerelectrode capacitances,
As a result, tubes can be replaced with a minimum of circuit adjustment.

The small size and short lead lengths of the tubes make them particu-
larly suitable for rf-amplifier applications in vhf television tuners.
The high transconductance-to-plate-current ratio contributes to low tube
noise factor. In addition, short-circuit input-impedance measurements
indicate that these tubes have higher input resistance than other tubes
having equivalent input capacitance and transconductance. These measure-
ments approximate the input resistance of a completely neutralized triode




in grid-drive operation. As shown by the following equation for power
gain at vhf frequencies (impedance-matching losses neglected), increased
input resistance results 1in increased gain.

MQBSBL
( I'p+BL) 2

Power Gain =

where u is the amplification factor,
Rs 1s the source resistance (matched to input resistance),
Ri, is the load resistance, and
rp is the plate resistance of the tube.

Neutralized Grid-Drive Amplifier

Fig.3is acircuit diagramof a neutralized grid-drive amplifier employ-
ing a 6CW¥4. In this circuit, input and output networks are matched to a
50-ohm signal generator and load impedance, respectively. A capacitive-
bridge network is used for neutralization. The plate circuit, a double-
tuned transformer-coupled network tuned to 200 megacycles, has a six-
megacycle bandwidth. For determination of optimum noise factor, source
admittance was varied by use of the "pi" input-matching network. Fig.4
shows curves of noise factor and gain as functiens of source conductance
and susceptance for this circuit.

CHMS

50
OHMS |

pm—————-

AGC E;:6.3V B*-90v

Fig.3 -Circuit diagram of a neutralized grid-drive
amplifier employing the 6CW4.

Noise-factor measurements were made by use of a coaxial temperature-
limited diode noise generator. The noise power of the circuit, as
indicated by a detected output signal, was increased 3 db by the intro-
duction of rf noise signals fromthe noise generator. The noise generator
used was calibrated to indicate noise factor directly when the noise
power was doubled.

A substitution method was used for measurement of power gain. In
this method, the voltage output of a signal generator was set to some
arbitrary reference level. The amplifier was then placed inthe circuit,
and the signal-generator output was attenuated to reduce the amplified
signal to the original reference level. The difference between the dial
readings of the signal generator, which was calibrated in db, indicated
the gain of the amplifier directly.
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Turret Tuner and Switch Tuner

Fig.5 is a ecircuit diagram of the rf-amplifier section of an ex-
perimental turret tuner. In this circuit, a 300-to-70-ohm balanced-
to-unbalanced transformer input is used for impedance matching, and a
mixer tube serves as the load for the rf section. Conventional tuner
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3 el o
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(30 uuf

_|12Cuuf g

( 1000
npf

© y00—onm
BALANCED
NPUT
Fig.b -Curcuit diagram of the rf-amplifier section

of an experimental turret tuner.



design techniques and components are used throughout. Noise factor and
over-all tuner voltage-gain performance are tabulated in Table 1.

Channel Noise Factor Tuner Voltage Gain
(db) {db)
2 3.9 47.9
6 4.0 45.3
7 5.3 45,0
13 5.5 44.0

Table I - Noise-factor and gain performance of an experimental
turret tuner employing a 6CK4 at different
television-channel frequencies.

Similar data are shawn in Table Il for a production-type switch tuner
using a 6ChH4. The circuit for this tuner is almost identical to those
shown in Figs.3 and 5; however, the load on the tuned circuits 1s increased
to 1mprove coupling on the lower-frequency channels.

Channel Noise Factor Tuner Voltage Gain
(db} (db)
2 5.1 45.0
6 5.0 43.5
7 4.7 44.5
13 5.5 45.0

Table II -Noise-factor and gatn performance of a production-
type switch tuner employing a 6CGW4 at different
television-channel frequencies.

A 50-ohm signal generator equipped with a balun to match to the tuner
input was used for gain measurements of the turret tuner and switch tuner.
Both tuner circuits incorporated a dummy 1f stage consisting of anif-
amplifier tube with a 10,000-ohm grid resistor. Again, the substituticn
method ocutlined previously was used to measure gain. Table IIT compares
the average performance of the 6CW4 at channel 13 with that of con-
ventional miniature types in the same circuit.

Tube Type Noise Factor Tuner Yoltage Gain
{db) {db)
6BN4-A B.5 38.0
6FHS 7.5 41.0
6ERS 7.5 41.0
6CW4 5.5 45.0

Table IIl - Noise-factor and gatin comparison of the 6CW4 with
conventional miniature triodes ina
television tuner at channel 13.

General Considerations

The 6CW4 and 2CW4 are designed to operate at relatively low plate
voltages for best rf performance. Optimum tuner performance 1s obtained



with a plate voltage in the order of 70 to 80 volts. Fig.6 shows curves
of noise factor and tuner gain as a function of plate power dissipation
at various B+ values applied to the tuner. The B+ voltage is dropped
slightly across a 1000-ohm resistor. At agiven level of plate dissipation,
performance improves as the plate voltage is reduced. {(The limit of plate-
volrage reduction 1s determined by the amount of plate current that can
be drawn without the application of positive bias voltage.) The optimum
plate voltage is determined as a balance between performance and plate
dissipation. Maximum signal-to-noise ratio at a given plate voltage 1is
obtained at an applied bias of zero volts.

Under these conditions, the 6(W4 and 2CW4 have a sharp-cutoff charac-
teristic which 1s unsuitable in systems employing agc. Supply voltages
available in television receivers are, however, considerably higher than
the operating plate voltage of these tubes. As aresult, cutoff can easily
be extended by the addition of a plate-voltage dropping resistor. Fig.,7
shows curves of gain reduction as a function of grid bias for different
values of supply voltage. As indicated, the circuit designer determines
the value of plate-voltage dropping resistor or series shunt combination
which provides the desired cutoff characteristic.

Use of the 6CW4 or 2CW4 with a series dropping resistor at high
supply voltages requires careful choice of tube-element operating
values so that maximum ratings are not exceeded. Maximum plate dissipa-
tion, for example, does not necessarily occur when the tube 1is drawing
maximum plate current, but can occur at some bias value other than zero.
Fig.8(a) shows a circuit configuration using a typical 6{W4. Fig.8(b)
shows curves of plate dissipation as a function of bhias voltage obtained
from the age circuit. With the indicated circuit and voltage values,
maximum plate dissipation (as shown by the solid-line curve} occurs at a
bias voltage of slightly less than one volt.

With the values of resistors adjusted to either the upper or lower
limits of their 10-percent tolerances to simulate the worst probable
conditions of operation and with the high heater and B+ voltages indicated,
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the resultant maximum plate dissipation 1s shown by the dashed curve in
Fig.8(b). Inthis case, maximum plate dissipation occurs at a bias voltage
slightly above | volt. The equipment designer has the responsibility of
choosing values of circuit components which will prevent maximum ratings
of the tube from being exceeded under the worst probable operating
conditions.

As mentioned previously, optimum performance of the 6CW4 and 20W4 1is
obtained when they are operated with an applied bias of about zero volts.
Under these conditions, the tube draws current, and 1s at some negative
potential depending on the grid impedance to ground. Because automatic-
gain-control systems generally present high impedances to ground, care
must be taken to assure that a low grid bias voltage 1s applied to the
tube. A common method 1s to return the agc terminal to a positive
voltage through a large-value resistor to clamp the grid voltage at low
signal levels.
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to 5.0 volts.
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RCA-2DS4, 6DS4
High-Mu Nuvistor Triodes

With Semiremote-Cutoff Characteristic

RCA-2DS4 and 6DS4 are high-mu triodes of the nuvistar type intended for
use as grounded-cathode, neutralized rf-amplifier tubes in vhf tuners of
television and FM receivers. The 2DS4 and 6DS4, in this application, pro-
vide exceptional performance in fringe areas and other locations
where signal levels are very weak. These nuvistor triodes fea-
ture excellent signal power gain and a very low noise factor.
In addition, the semiremote-cutoff characteristic of these tubes

reduces cross-modulation distertion.

The high-gainand low-noise capabilities of the 2DS4 and 6DS4
are achieved by very high transconductance and excellent transconductance-
to-plate-current ratio {12500 micromhos at aplate current of 7 milliamperes
and a plate voltage of 70 volts).

The 2DS4 and 6DS4 nuvistor triodes offer extreme reliability, excep-
tional uniformity of characteristics from tube to tube, very small size,
and low heater-power and plate-power requirements. In addition, their all
metal-and-ceramic construction insures exceptional ruggedness and long-

term stability.

GENERAL DATA

Electrical:

2DS4 6DS4
Heater, for Unipotential Cathode:
Voltage (ac or de). . . . . . . . . . . . 2.1 6.3 + 10% volts
Current . . . e e o o v .. . 0.45 2 6% 0.135 amp
Warm-up time (Average) o 8 - sec
Direct Interelectrode Capacitances (Approx ):
Grid to plate . . . C e e e e e 0.92 pf
Grid to cathode, shell, and heater. e e e e e 4.3 pf
Plate to cathode, shell, and heater . . . . . . . . 1.8 pf
Plate to cathode. . . . . . . . . . . . . . . . .. 0.18 pf
Heater to cathode . . . . . . . . . . . . . . . .. 1.6 pf
Characteristics, Class A| Amplifier:
Plate Supply Voltage. . . . . . . . . . . . . . . .. 110 volts
Grid Supply Volrage . . . . . . . . . . . . . . L. 0 volts
Cathode Besistor. . . . . . . . . . . . . . . . . .. 130 ohms
Amplification Factor. . . . . . . . . . . . . . o .. 63
Plate Resistance {Approx.). . . . . . . . . . . . . . 7000 ohms
TransconductanRce. . . . . . . .« . o« o e 8000 umhos
Plate Current . . C e e e e e e 6.5 ma
Grid Voltage (Approx ) for plate current = 100 pa . . -5 volts
Grid Voltage (Approx.) for plate current = 10 pa. . . -6.8 volts

3.
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Mechanical:

()perating Position. . . . . . . . . . . . . . . . . . . . . . . . . .. Any
Maximum Over-all Length . . . . . . . . . . . . .. . . . ... ... 0.8"
Maximum Seated Height . . . . . . . . . . . . . . . . . . . .. .. 0.625"
Maximum Diameter. . . . . . . . . . . . . . . . . . . . .. . . ... 0.48"
Envelope. . . . . . . . . . . . . . . . . . . . . . . . . . . . Metal 8Bhell
Base. . . . . . . . . . Medium Ceramic-Wafer Twelvar 5-Pin (JEDEC No.E5-65)
Maximum Ratings, Design-Maximum Values:
PLATE SUPPLY VOLTAGE. . . . . . . . . . . . . . . .. 300® max. volts
PILATE VOLTAGE . . . . . . . . . . . . . . . . . . .. 135 max. volts
GRID YOLTAGE:
Negative-bias value . . . . . . . . . . . . . . .. 55 max. volts
Peak positive value . . . . . . . . . . . . . . .. 0 max. volts

PLATE DISSIPATION:

With a minimum series plate-circuit

resistance of 5000 ohms . . . . . . . . . . . . . 1.5 max. watts

For lower values of series plate-circuit
resistance. . . . . . . . . .+ + 4+ 4 + 4« v w v . . . . . See Fig.f and
Operating Considerations
CATHODE CUBRBENT . . . . e e e e e e e 15 max. ma

PEAK HEATER-CATHODE VOLTAGE

Heater negative with respect to cathode . . . . . . 100 max. volts
Heater positive with respect to cathode . . . . . . 100 max. volts

Typical Qperation:

Plate Voltage . . e e e e e e e e 70 volts
Grid Supply Voltage e e e e e e e e e 0 volts
Grid BResistor . . . . . . . . . . . . . . . . . . . . 47000 ohms
Amplification Factor. . . e e e e, 68

Plate Resistance (Approx. ) e e e e e e 5440 ohms
Transconductance. . . . . . . . . . . . . . . . . . . 12500 umhos
Plate Current . . . . . . . . . . . . . o ..o 7 ma

Maximum Circuit values:

Grid-Circuit Resistance:®

For fixed-bias operation. . . . . . . . . . . . . . 0.5 max. megohm
For cathode-bias operation. 2.2 max. megohms

® A plate supply voltage of 300 velts may be used provided sufficient plate-circuit resist-
ance and agc voltaﬁe are used to limit the voltage at the plate of the tube to 135 volts
under condltlons of maximum rated plate dissipation (1.5 watta).

For operation at metal-shell temperatures up to 135° C.

OPERATING CONS IDERATIONS

The base pins of the 2DS4 and 6DS4 fit the Cinch Manufacturing Co. sock-
et No.133 65 10 00! and the Industrial Electronic Hardware Co. socket
Nos.Nu 5044 and Nu 5060, or their equivalents.

In some previous publications reference has been made to a JEDEC
No,E5-65 socket. This number i1s not a socket designation but is a base
designation which defines the JEDEC Medium Ceramic-Wafer Twelvar 5-pin base
used in nuvistor tubes,

Use of Plate-Dissipation Rating Chart

The Plate-Disstipation Rating Chert shown in Fig.l presents graphically
the maximum rated plate dissipation of the 2DS4 and 6NS4 for variousminimum

-4 -
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values of series plate-circuit resistance. The region of permissible oper-
ation is bounded by the lines representing plate dissipation = 1.5 watts,
plate voltage = 135 volts, and plate current = 15 milliamperes. 1In class
Al amplifier service, because no grid current flows, the plate current
rating is equivalent to the cathode current rating.

To determine the required minimum series plate-circuit resistance for a
given set of operating conditions:

1. From Fig.2, Average Plate Characteristics, select the desired oper-
ating conditions.

2. From Fig.! determine the corresponding maximum plate dissipation and
required minimum value of series plate-circuit resistance.

Example: (a) From Fig.2— for a plate voltage of 110 volts and a grid
voltage of -0.5 volt, the corresponding plate current is 10.7 milliamperes.

{(b) From Fig.l—the plate dissipation for a plate voltage
of 110 volts and a plate current of 10.7 milliamperes is approximately 1.18
watts, The required minimum series plate-circuit resistance for this plate
dissipation 1s 1800 ohms.
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MED IUM CERAMIC-WAFER TWELVAR BASE

SOCKET INSERTION
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,go~+.8l250,, i \- J30°MAX,
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U
'

EI N\ BASE SEATING
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+.002" NOTE 1.

00" 60"
! ALL PINS
INDEX GUIDE 016" ¥ .001”
LARGE LUG DIA.

P
&0°

CERAMIC
WAFER

,2807DIA.
.210DIA.
.1407DIA,

92CM-IQ47B RI

JEDEC No. NAME PINS
E12-64 12-Pin Base 1,2,3,4,5,6,7,8,
9,10,11,12
E5-65 5-Pin Base 2,4,8,10,12,
{Nate 2)

Note |: Maximum O.D. of 0.440" is permitted along the
0.190" lug length.

Note 2: Pins 1,3,5,6,7, and 9 are cut off ta a length such
that their ends do not touch the socket insertion plane.
Pin 11 1s omitted,.

PIN-ALIGNMENT GAUGE

Base-pin positions and lug positions shall be held to
tolerances such that entire length of pins and lugs will
without undue force pass into and disengage from flat-
late gauge having thickness of 0.25" and twelve holes of
8.0350" + 0.0005" diameter located on four concentric
circles as follows: Three holes located on 0.2800"
0.0005" three holes located on 0.2100" + 0,0005"three
haoles located on 0.1400*  0.0005", three holes located
on 0.0700* + 0.0005" diameter circles at specified angles
with a tolerance of % 0.08° for each angle. In addition,
gauge provides for two curved slots with chordal lengths
of 0.2270" £ 0.0005" and 0.1450" * 0.0005" located on
0.4200" + 0,0005" diameter circle concentriec with pin
ciéclegsat 1800 + 0.089 and having a width of 0.0230"
t 0.0005".
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RCA-7586

MEDIUM-MU TRIODE
Nuvistor Type for Industrial Applications

RCA-7586 1s a medium-mu general-purpose nuvistor triode of
the heater-cathode type designed for use in a wide variety of
applications in i1ndustrial equipment where compactness, low-
drain low-voltage operation, excepticnal uniformity of character-
isti1¢s from tube to tube, and ability te withstand mechanical
shock and vibration are primary design requirements. It is capable

of providing high gain with low noise 1in amplifier service,

and excellent stability as an oscillator, over a wide range of
frequencies,

General Features

The 7586 has a metal envelope provided with two peripheral lugs of unequal
width for indexing, is only 8/10" long, less than 1/2" in diameter, and weighs
approximately 1/15 ounce (1.9 grams). It features (1) a very rugged structure
of unique design, (2) a 6.3-volt low-wattage heater,and a specially designed
cathode made of passive material to assure very low interface resistance and
leakage, (3) very high transconductance at low plate voltage and current
(11500 micromhos at 75 volts and 19.5 milliamperes), (4) very high input
impedance, (5) high perveance, and (6) ability to operate at any altitude at
full ratings.

Structural Features

A major feature of the 7586 is 1ts all-ceramic-and-metal construction
utilizinga light-weight, cantilever-supported cylindrical electrode structure.
This unique type of electrode structure, inherent in the nuvistor design, uses
only strong metals and ceramics to provide a structure of extreme ruggedness.
All connections are bhrazed at very high temperatures i1n a hydrogen atmosphere
to eliminate the structural strain and element distortion often caused by
welding. The tube 1s also exhausted and sealed at very high temperatures to
eliminate the gases and 1mpurities which are generally present 1n electron
devices processed at low temperatures,

The structure of the 7586 nuvistor triode also permits automatic assembly
using parts made to extremely small tolerances, thus assuring exceptional
uniformity of characteristics from tube to tube.

€ 1940 by Rodio Carporation of America
All Rights Reserved -2 - 2-61
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Special Tests and Controls

The 7586 is rigidly controlled during manufacture, and is subjected to
rigorous tests for intermittent shorts and interelectrode leakage; for early-
hour, 100-hour, and 1000-hour conduction life performance; for resistance to
impact shock, low-frequency vibravion, variable-frequency vibration, low-
pressure breakdown, 1000-hour standby-life performance, and heater cycling.

These special controls and tests, together with high transconductance
at lowplate currents and voltages, small power requirements, abhility to operate
at full ratings at any altitude, and extremely small size, make the 7586 nuvistor
triode exceptionally desirable for critical industrial applications--{for
example, in communications equipment, control and instrumentation eguipment,
medical electronic equipment, TV cameras, and test and measurement instruments.

GENERAL DATA

Electrical:

Heater, for Unipotential Cathode:
Voltage {(ac or de) . . . . . . . . . . . o o o0 6.3 * 10% volts
Current at 6.3 volts . . . e A B 1S amp
Direct Interelectrode Capac1tances

Grid to plate. . . C e e e e e e e e e e 2.2 et

Grid to cathode, heater, & shell e e e e e e e e e e 4.2 uf

Plate to cathode, heater, & shell, 1.6 e f

Heater to cathode. e e e e e e e e e e e e e e 1.4 g f

Plate to cathode . . . . . . . . . . . . . « . < .. . 0.26 e f
Characteristics, Class AI Amplifier:
Plate-Supply Voltage . . . . . . . . . . - - 75 volts
Plate Voltage. . . . . . . . . . . . .. 26.3 40 - volts
Grid-Supply Voltage., . . . . . . . . . . 0 0 0 volts
Cathode Resistor . . . . . . . . . . . . - - 100 ohms
Grid-Circuit Resistance. . . ., . . . . . 0.5 0.5 - megohm
Amplification Factor . . b e e e e 31 35 35
Plate Resistance (Approx. ) C e e e e e 4400 3200 3000 ohms
Transconductance . . . . « .« & « « « .« . 7000 11000 11500 tmhos
Plate Current. . . e e e e e e 2.8 6.8 10.5 ma
Grid Yoltage (Approx ) for

plate current = 10 ga. . . . . . . . . - - -7.0 volts
Mechanical:
Operating Position . . . . . . . . . . . . . . . . v . 4 4w« .. . Any
Maximum Over-all Length. e h e e e s e e e e e e e e e e e 0.8
Maximum Seated Height. 0.625"
Maximum Diameter . 0.440"

Envelope

Metal Shell

Base . . . . . . . . . .. Medlum Ceramlc Wafer Twelvar 5 P1n (JEDEC No.E5-65)

Socket . . . . . . . . . . . .Cinch Mig.

Co. No.133 65 10 001, or Eguivalent
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INDUSTRIAL SERVICE

Maximum Ratings, Absolute-Maximum Values:
For Operation at Any Altitude

PLATE SUPPLY VOLTAGE . . . . . . . . . . . . « . < . . . .. 330 max. volts
PLATE VOLTAGE. . . . . . . « « + « v v v o v v e e e e 110 max. volts
GRID VOLTAGE:

Negative-bias value. . . . . . . . . . . . . . . . . . .. 55 max. volts

Peak positive valuwe., . . . . . . . . . . . . . . . L. L. 4 max. volts
PLATE DISSIPATION. . . . . . . . « « . o« v v v v v v e e 1 max. watt
GRID CURRENT . . . . . . « .« « & v o v v v e e e e e e 2 max. ma
CATHODE CURRENT. . . C e e e e e e e e e e 15 max. ma
PEAK HEATER-CATHODE VOLTAGE

Heater negative with respect to cathode. . . . . . ., . . . 100 max. volts

Heater positive with respect to cathode. . . . . . . . . . 100 max. volts

Maximum Circuit Values:

Grid-Circuit Resistance®
For fixed-bias operation . . . . . . . . . . . . . . . .. 0.5 max. megohm
For cathode-bias operation . . . . . . . . . . . . . . .. 1 max. megohm

For Operation at Metal-Shell Temperatures up to 150° C (See Dimensional CQutline on Page 9).

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN

Note Min, Mox.
Heater Current . . . e e 1 0.125 0.145 amp
Direct Interelectrode Capac1tances
Grid to plate. . 2 1.8 2.6 ppf
Grid to cathode, heater, & shell 2 3.8 4.6 upf
Plate to cathode, heater, & shell. 2 1.4 1.8 puf
Heater to cathode, 2 1.1 1.7 ppt
Plate to cathode 2 0.2 0,32 ppf
Plate Current (1). 1,3 9.0 12.5 ma
Plate Current (2). 1,4 - 50 pa
Transconductance (1) 1.3 10000 13000 umhos
Transconductance (2) 3,5 9000 - umhos
Transconductance Change:
Difference between Transconductance
{1) and Transconductance (2}, ex-
pressed in per cent of Transconduc-
tance (1). . . . . . . . . . . . . .. - - 135 %
Reverse Grid Current . . . . . . . . . . 1,6 - 0.1 Ha
Amplification Factor . . 1,3 28 40
Heater-Cathode Leakage Current
Heater negative with reSpect to
cathode. . . . . e e e e 1,7 - 5 Ha
Heater p051t1ve w1th respect to
cathode. . . . . . . . . . . . . .. 1,7 - S qa
Leakage Resistance:
Between grid and all other elec-
trodes tied together . . . . . . . . 1,8 1000 - megohms
Between plate and all other elec-
trodes tied together . . . . . . . . 1,9 1000 - megohms
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Note 1: With 6.3 volts ac or dc on heater,
Note 2: Measured in accordance with EIA Standard RS-191-4,

Note 3: With dc¢ plate volts = 75, cathode resistor = 100 ohms, and cathode-
bypass capacitar = 1000 uf,

Note 4: Withdc plate volts = 75, de grid veolts = -7, and metal shell grounded.
Note 5: With 5.7 volts ac or dc on heater.

Note 6: With dc plate volts = 80, grid supply volts = -1.2, grid resistor =
0.5 megohm, and metal shell grounded.

Note 7: With 100 volts de applied between heater and cathode.

Note 8: With grid 100 volts negative with respect to all other electrodes
tied together.

Note O: With plate 300 volts negative with respect to all other electrodes
tied together.

SPECIAL RATINGS AND PERFORMANCE DATA
Shock Rating:

Impact Acceleration . . . . . . . . . . . . . . . . . .. 1000 max. g

This test i1s performed on a sample lot of tubes from each production run
to determine ability of tube to withstand the specified impact acceleration.
Tubes are held rigid in four different positions in a Navy Type, High-impact
{(flyweight) Shock Machine and are subjected to 20 blows at the specified maxa-
mum impact acceleration. At the end of this test, tubes are criticized for
change in transconductance, reverse grid current, and heater-cathode leakage

current, and are then subjected to the Variable-Frequency Vibration Test de-
scribed later.

Fatigue Rating:

Vibrational Acceleration. 2.5 max. g

This test is performed on a sample lot of tubes to determine ability of
tube to withstand the specified vibrational acceleration. Tubes are rigidly
mounted, supplied with nominal heater voltage only, and subjected for 48 hours
to 2.5 g vibrational acceleration at 60 cycles per second in the X1 position.
At the end of this test, tubes are criticized for the same characteristics and
end-point values as 1in the Shock Rating Test described previously.

Variable-Frequency-¥ibration Performance:

This test is performed on a sample MAX. PERMISSIBLE
lot of tubes from each production run. {FREQUE:g:)RA“GE RMS QUTPUT VOLTAGE
The tube is operated under the conditions (millivolts)
specified 1n CHARACTERISTICS RANGE VALUES -
for Transconductance {1) with the addition
of a plate-load resistor of 2000 ohms, 50 to 6000 25
During operation, tube is vibrated in the 6000 to 15000 500
X1 poesition through the frequency range
from 50 to 15000 cycles per secondunder
the following conditions: a sweep rate of one octave per 30 seconds from 50 to
3000 cps and a 7-second sweep from 3000 to 15000 c¢ps, with a constant vibrational
acceleration of 1 g. During the test, tube will not show an rms output voltage
across the plate-load resistor in excess of the value shown 1n the adjoining
chart for the specified frequency range.




Low-Pressure Voltage-Breakdown Test:

This test i1s performed on a sample lot of tubes from each production run.
In this test tubes are operated with 240 rms volts applied between plate and
all other electrodes and will not break down or show evidence of corona when
subjected to air pressures equivalent to altitudes of up to 100000 feet.

Heater Cycling

Cycles of Intermittent Operation. . . .o 2000 min. cycles
This test is performed on a sample lot of tubes from each production run
under the following conditions: heater volts = 7.5 cycled one minute on and

two minutes off; heater 100 volts negative with respect to cathode; grid, platce,
and metal shell connected to ground. At the end of this test tubes are tested
for open heaters and heater-cathode shorts.

intermittent Shorts

This test 1s performed on a sample lot of tubes from each production run.
Tubes are subjected to the Thyratron-Type Shorts Test described in MIL-E-ID,
Amendment 2, Par. 4.7.7, except that tappingis done by hand with a soft rubber
tapper*. The Acceptance Curve for this test 1s shown in Fig.4. 1In this test
tubes are criticized for permanent or temporary shorts and open circuits,

Early-Hour Stability Life Performance

This test 1s performed on a sample lotof tubes from each production run to
insure that tubes are properly stabilized. In this test tubes are operated for
20 hours at maximum rated plate dissipation. After two hours of operation and
again after 20 hours of operation tubes are checked for transconductance under
the conditions specified i1n CHARACTERISTICS RANGE VALUES for Transconductance
{1}). A tube 1s rejected 1f its transconductance after two or 20 hours of
operation has changed more than 10 per cent from the O-hour value.

100-Hour Life Performance

This test 1s performed on a sample lot of tubes from each production run to
insure a low percentageof early-hour inoperatives. Tubes are operated for 100
hours at maximum rated plate dissipation, and then subjected to the Intermittent
Shorts Test previously described. Tubes must then show a transconductance of
not less than 8300 micromhos under the conditions specified 1n CHARACTERISTICS
RANGLE VALUES for Transconductance (1).

1000-Hour Conduction Life Performance

This test is performed on a sample lot of tubes from each production run
to insure high guality of the individual tube and guard against epidemic
failures due to excessive changes in any of the characteristics indicated below,
Inthistest tubes are operated for 1000 hours at maximum rated plate dissipation,®
and then criticized for inoperatives, reverse grid current, heater-cathode
leakage current, and leakage resistance. 1In addition, the average change in
transconductance of the lot from the 0O-hour value for Transconductance (1)
specified in CHARACTERISTICS RANGE VALUES, must not exceed 15 per cent at 500
hours, and 20 per cent at 1000 hours.

| 000-Hour Standby Life Performance

This test is performed on a sample lot of tubes from each production run.
The tubes are operated for 1000 hours with only heater voltage applied. The

* Specifications for this tapper will be supplied on request.
® At a shell temperature of 150° C.
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tubes are then criticized for interelectrode leakage, reverse grid current,
change in transconductance of individual tubes from the zero-hour values and
for cathode interface resistance greater than 25 ohms. Interface resistance
is measured by Method B of ASTM specification F300-57T.

OPERATING CONSIDERATIONS

The base-pins of the 7856 fit the Cinch Mfg. Co. socket No. 133 6510 001
or equivalent. The socket may be mounted to hold the tube in any position.

The maximum ratings in the tabulated data are established in accordance
with the following definiticn of the Absolute-Maximum Rating System for rating
electron devices.

Absolute-Maximum ratings are limiting values of operating and environmental
conditions applicable to any electron device of a specified type as defined by
its published data, and should not be exceeded under the worst probable condi-
tions,

The device manufacturer chooses these values to provide acceptable service-
ability of the device, taking no responsibility for equipment variations,
environment vartations, and the effects of changes in operating conditions due
to variations in device characteristics.

The equipment manufacturer should design so that initially and throughout
life no absolute-maximum value for the intended service is exceeded with any
device under the worst probable operating conditions with respect to supply-
voltage variation, equipment component variation, equipment control adjustment,
load variation, signal variation, environmental conditions, and variations in
device characteristics,

Information furnished by RCA is believed to be amccurate
and reliable. However, noresponsibility is assumed by
RCA for its use; nor for any infringements of patents
or other rights of third parties which may regult from
its use. Eo license is granted by implication or
otherwise under any patent or patent rights of RCA.
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MEDIUM CERAMIC-WAFER TWELYAR BASE

SOCKET INSERTION METAL SMELL
PLANE .TI D.! r..‘.‘..:/—'_‘
OA0“MAX, ;. ,. ; ¥
r U Ull U-lll \i Jl.oaoo'::‘”h;.
~+.020 . AX.
90" EEs N
i_ | BASE SEATING
j—.400" MIN, 1, D.—w] PLANE
Nile i—~‘.435” MAX. O.D.
+.002* NOTE L.
ALL PINS
INDEX GUIDE 016" ¥ .00t
LARGE LUG Dia.
-]
CERAMIC
WAFER
———SMALL LUG
60°
92CM-I0478R!
JEDEC NO. NAME PINS
E12-64 12-Pin Base 1.2,3.4,5,6,7.8,
9,10,11,12
E5-65% 5-Pin Base 2.4.8,10,12,
{Note 2}

Hote |: Maximum 0.0. of 0.840" is permitted along
the 0.190" lug length.

Hote 2: pPins 1,3,5,6,7, and 9 are cut off to a
length such that their ends do not touch the socket
insertion plane. Pin 11 is omitted.

PIN-ALIGNMENT GAUGE

Base—pin positions and lug positions shall be held
to tolerances such that entire lengthof pins and
fugs will without undue force pass into and dis-
engage from flat-plate gauge having thickness of
0.25" and twelve holes of 6.0350" + 0,0005" diameter
located on four concentric circles as follows:
three holes located on ¢,2800" £ 0,0005", three
heles located on 0.2100" £ 0.0005%, three holes
located on 0,1800% + 0.0005", three holes located
on 0.0760" £ ©.0005" diameter circles at soecified
angles with a tolerance of + 0.0892 for each angle.
In addition, gauge pravides for two curved slots
with chordal leng:ihs of 0.2270% & 0.000%" and
0,1450" £ C¢.g0085" 1ocated on Q. 42C0" + 0,0005"
diameter circle concentric with pin circies at
1800 t+ 0.08% and having awidth of 0,0230" & 0.0005".
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GENERAL-PURPOSE

INDUSTRIAL
SHARP-CUTOFF

TETRODE
7587

e Low heater drain e Very high transconductance at
low plate current ¢ Exceptional uniformity of charac-

_ teristics from tube to tube  Operation at full ratings
at all altitudes e Rigorously controlled and tested
o All-metal-and-ceramic construction ¢ High resist-
ance to shock and vibration e Operation at metal
shell temperatures up to 150° C e Sharp-cutoff
characteristics e Approx. 1 inch long; less than
Y5 inch in diameter; weighs approx. 2.35 g

@ RADIO CORPORATION OF AMERICA

k Electron Tube Division Harrison, N. J.
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RCA-7587

SHARP-CUTOFF TETRODE
Nuvistor Type for Industrial Applications

RCA-7587 1s a sharp-cutoff, general-purpose tetrode of the
nuvistor type. It is designed for use in a wide variety of
industrial andmilitary small-signal applications requiring compact-
ness, low current drain, relatively low-voltage operation,exceptional
uniformity of characteristics from tube to tube, and ability to

withstand severe mechanical shock and vibration.

These features plus its small size and light weight make
the 7587 particularly suitable for rf-i1f, video-amplifier, and

mixer service.

General Features

The 7587 has an all-metal-and-ceramic envelope provided with two peripheral
lugs of unequal width to facilitate insertion ir* a socket. It is only 1.05"
long, less than 1/2" in diameter, and weighs approximately 2.35 g. The 7587
features (1) a very rugged structure of unique design (2) a6.3-volt low-wattage
heater, and a specially designed cathode to assure very low heater-cathode
leakage, (3) high transconductance at low plate current (10600 micromhos at 10
milliamperes), (4) very high input impedance, (5) high perveance, and (6)
ability to operate at full ratings at any altitude.

Structural Features

A major feature of the 7587 1s its all-ceramic-and-metal construction
utilizing a light-weight, cantilever-supported cylindrical electrode structure.
This unique type of electrode structure, inherent in the nuvistor design,
provides a structure of excellent mechanical stability and extreme ruggedness.
All connections are brazed at very high temperatures in a hydrogen atmosphere
to eliminate the structural strain and element distortion often caused by
welding. The tube 1s also exhausted and sealed at very high temperatures to
eliminate the gases and impurities which are generally present in electron
devices processed at low temperatures.

The structure of the 7587 nuvistor tetrode also permits automatic assembly
using parts made to extremely small tolerances, thus assuring exceptional
uniformity of characteristics from tube to tube.

Special Tests and Controls

The 7587 1s rigidly controlled during manufacture, and is subjected to
rigorous tests for intermittent shorts; for early-hour, 100-hour, and 1000-hour
li1fe performance; for resistance to impact shock, low-frequency vibration,
variable-frequency vibration, low-pressure breakdown, and heater cycling.

© 19461 by Radio Corporotion of America
All Rights Reserved -2 - 6-61
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Special Tests and Controls (Cont'd)

These special controls and tests, together with high transconductance at
low plate current and voltage, small power requirements, ability to operate
at full ratings at any altitude, and extremely small size, make the 7587 nuvistor
tetrode exceptionally desirable for critical industrial applications — for
example, 1n communications equipment, control and instrumentation equipment,
medical electronic equipment, TV cameras, and test and measurement i1nstruments,

GENERAL DATA
Electrical:
Heater, for Unipotential Cathode:

Voltage (ac or de). . . . . . . . . . . . . . . . o . . 6.3 £+ 10% volts

Current at 6.3 volts, . . . . . . « « . « « « « « . . 0.15 ampere
Direct Interelectrode Capacitances:

Grid-No.l to plate. . . . . . . « . + . « « v v v « « . . 0,012 max. e f

Grid-No.l to cathode, grid-No.2, heater & shell . . . . . 7.0 i f

Plate to cathode, grid-No.2, heater & shell 1.4 e f

Heater to cathode . 1.4 i f
Characteristics, Class Ay Amplifier:
Plate-Supply Voltage. . . . . . . . . . « . « « v o v ., 125 volts
Grid-No.2 Supply Voltage. e e e e e e e e e e e e e 50 volts
Cathode Resistor. . . e e e e e e e e e e 68 ohms
Plate Resistance (Approx ) e e e e e e e e e e e e e 0.2 megohm
Transconductance. . . . . « « . v & + « « « « .« « < . . . . 10600 pmhos
Plate Current . . . . . + « +© « « « « v v e e e e e e e 10 ma
Grid-No.2 Current . . .. 2.1 ma
Grid-No.l Voltage (Approx ) for plate current of 10 ha. .. 4.5 volts
Mechanical:
Operating Position. . . . . . . . . . . . . . + + v v v v v o v a4 v . . JAny
Maximum Overall Length. . . . . . . . . . . . . . .« + . o . .+ .+ . . . looso"
Maximum Seated Length . . . . . . . . . . . . . . . « .+ . .+ o . . . . . 0.840"
Maximum Diameter. . . . . . . . . . .« o . . . . . . . . . . 0.440"
Envelope. . . . . . « « « « o . o . o0 o0 Metal and Ceramic Shell
Cap . . . . . . . . . . . . . JEDEC No,Cl-44
Base. . . . . . . . . .. Medlum Ceramlc Wafer Twelvar 5-Pin (JEDEC No.E5-65)
Socket, . . ., ., . . . . . . ., Cinch Mfg. Co. No.133 65 10 001, or Equivalent

INDUSTRIAL SERVICE
Maximum Ratings, Absolute-Maximum Values:
For Operation at Any Altitude

PLATE SUPPLY VOLTAGE. . . . . . . . . . . . . . . . .« . . . . 330 max. volts
PLATE VOLTAGE . . . . s e e e e e e v o . 250 max. voles
GRID-No.2 (SCREEN- GRID) SUPPLY VOLTAGE. e e v e e e o o . .. 330 max. volts
GRID-No.2 VOLTAGE . . . . b e e e e e e e e e 110 max, volts
GRID-No.1 (CONTROL-GRID) VOLTAGE

Negative bias value . . . . . . . . . . . . . . . . .« . . . 355 max. volts

Peak pesitive value . . . . . . . . . . . . . . ..o .. 2 max. volts
CATHODE CURRENT . . . . . . . . . . . . . . « o « .« o« « . o 20 max, ma
GRID-No.l CURRENT . . . . . . . . . . . < .« « « « o « ., 2 max. ma
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PLATE DISSIPATION .

GRID-No.2 INPUT . ..

PEAK HEATER-CATHODE VOLTAGE
Heater negative with respect to cathode
Heater positive with respect to cathode

Maximum Circuit Values:

Grid-No.l Circuit Resistance:?®
For fixed-bias operatiom.
For cathode-bias operation.

100 max.
100 max.

0

[ I S

[ S o]

.5 max.
1 max.

max.
max.

watts
watt

volts
volts

megohm
megohm

& For Ogeration at Metal-Shell Temperatures up to 150° C (See Dimensional Outline Drawing on

Page

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DES!GN

Heater Current. ..
Direct Interelectrode Capa01tances
Grid-No.l to plate. . C e e e e
Grid-No.l to cathode, grid N0.2, heater & shell
Plate to cathode, grid No.2, heater & shell
Heater to cathode .o
Plate Current (1)
Plate Current (2)
Grid-No.2 Current
Transconductance (1),
Transconductance (2},
Transconductance Change:
Difference between Transconductance
(1) and Transconductance {2), ex-
pressed in per cent of Transconductance (1)
Reverse Grid Current. .
Heater-Cathode Leakage Current
Heater negative with respect to cathode .
Heater positive with respect to cathode
LLeakage Resistance:
Between grid No.2 and all other electrodes
tied together . . e e e
Between grid No.l and all other electrodes
tied together . .
Between plate and all other electrodes
tied together .

Note 1: With 6.3 volts ac or dc on heater.

Note

1

1,9

1,10

Min.
0.140

D = = Ch
o= N O

9000
8000

500

500

500

Note 2: Measured in accordance with EIA Standard RS-191-A,

Note 3: With dc plate volts = 125, dec grid-No.2 volts = 50,
= 68 ohms, and cathode-bypass capacitor = 1000 uf.

Note 4: With dc plate volts = 125, dec grid-Ne.2 volts = 50,

volts = .6, and metal shell grounded.
Note 5: With 5.7 volts ac or dc on heater.

Note 6: With dc plate valts = 200, dc grid-No.2 volts
volts=-1.6, grid-No.l resistor = 0.5 megohm, and metal shell grounded.

70,

Max,
0.160

0.

ampere

i f
JRIvas
pif
papat
ma

ma

ma
umhos
umhos

%

pa
Mma
megohms
megohms

megohms

cathode resistor

dec grid-No.l

grid-No.l supply
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Note 7: With grid-No.2 100 volts negative withrespect to all other electrodes
tied together,

Note 8: Wicth 100 volts dc applied between heater and cathode.

Note 9: With grid No.l 100 volts negative with respect to all other electrodes
tied together,

Note 10: With plate 300 volts negative with respect to all other electrodes
tied together.

SPECIAL RATINGS AND PERFORMANCE DATA
Shock Rating:

Impact Acceleration. . . 1000 max. g

This test 1is performed on a sample lot of tubes from each production run
to determine ability of tube to withstand the specified impact acceleration.
Tubes are held rigid in four different positions i1n a Navy Type, High-impact
(flyweight) Shock Machine and are subjected to 20 blows at the specified maximum
impact acceleration. At the end of this test, tubes are criticized for change
in transconductance, reverse grid current, and heater-cathode leakage current,
and are then subjected to the Variable-Frequency Vibration Test described later.

Fatigue Rating:

Vibrational Acceleration. . . . . 2.5 max. g

This test is performed on a sample lot of tubes to determine ability of
tube to withstand the specified vibrational acceleration. Tubes are rigidly
mounted, supplied with rated heater voltage only, and subjected for 48 hours
to 2.5 g vibrational acceleration at 60 cycles per second in a direction
perpendicular to the longitudinal axis of the tube. At the end of this test,
tubes are criticized for the same characteristics and end-point values as in
the Shock Rating Test described previously.

Yariable-Frequency-VYibration Performance:

This test is performed on a sample lot of tubes from each production run.
The tube 1s operated under the conditions specified in CHARACTERISTICS RANGE
VALUES for Transconductance (1) with the addition of a plate-load resistor of
2000 ohms. During operation, tube is vibrated in a direction perpendicular to
the longitudinal axis of the tube through the frequency range from 50 to 15000
cycles per second with a constant vibrational acceleration of 1 g. During the
test, tube must not show an rms output voltage across the plate-load resistor
in excess of:

35 millivolts over the frequency range from 50 to 6000 cps
500 milliveolts over the frequency range from 6000 to 15000 cps
Low=-Pressure Voltage-Breakdown Test:

This test is performed on a sample lot of tubes from each production run.
In this test tubes are operated with 240 rms volts applied between plate and
all other electrodes and will not break down or show evidence of corona when
subjected to air pressures equivalent to altitudes up to 100000 feet.

Heater Cycling:

Cycles of Intermittent Operation. . . .. 2000 min. cycles
This test 1is performed on a sample lot of tubes from each production run
under the following conditions: heater volts = 7.5, cycled one minute on and

two minutes off; heater 100 volts negative with respect to cathode; gridNo.l,
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grid No.2, plate, and metal shell connected to ground. At the end of this test
tubes are tested for open heaters and heater-cathode shorts.

Intermittent Shoris:

This test 1s performed on a sample lot of tubes from each preoduction run.
Tubes are subjected to the Thyratron-Type Shorts Test described in MIL-E-1D,
Amendment 2, Par. 4.7.7, except that tapping is done by hand with a soft rubber
tapper?. The Acceptance Curve for this test is shown in Fig.3. 1In this test

tubes are criticized for permanent or temporary shorts and open circuits.

Early-Hour Stability Life Performance:

This test is performed on a sample lot of tubes from each production run to
insure that tubes are properly stabilized. In this test tubes are operated
for 20 hours at maximum rated plate dissipation. After two hours of operation
and again after 20 hours of operation tubes are checked for transconductance
under the conditions specified in CHARACTERISTICS RANGE VALUES for Transconduc-
tance (1). A tube is rejected if its transconductance after two or 20 hours of
operation has changed more than 10 per cent from the O-hour value.

| 00-Hour Life Performance:

This test is performed on a sample lot of tubes from each production run
to insure a low percentage of early-hour inoperatives. Tubes are operated for
100 hours at maximum rated plate dissipation, and then subjected to the
Intermittent Shorts Test previously described. Tubes must then show a trans-
conductance of not less than 7600 micromhos under the conditions specified in
CIIARACTERISTICS RANGE VALUES for Transconductance (1), and a value not greater

than one microampere for reverse grid current.

1000-Hour Life Performance:

This test is performed on a sample lot of tubes from each production run
to insure high quality of the individual tube and guard against epidemic
failures due to excessive changes in any of the characteristics indicated below.
In this test tubes are cperated for 1000 hours at maximum rated plate dissipation
and then criticized for inoperatives, reverse grid current, heater-cathode
leakage current, and the leakage resistance. In addition, the average change
in transconductance of the lot from the O-hour value for Transconductance (1)
specified in CHARACTERISTICS RANGE VALUES, must not exceed 20 per cent at 300
hours and 25 per cent at 1000 hours.

b Specifications for this tapper will be supplied aon request.

OPERATING CONSIDERATIONS

The base-pins of the 7587 fit the Cinch Mfg. Co. socket No.133 635 10 401
or equivalent. The socket may be mounted to hold the tube in any position.

The maximum ratings 1n the tabulated data are established 1in accordance
with the following definition of the Absolute-Maximum Rating System for rating
electron devices.

Absolute-Maximum ratings are limiting values of operating and environmental
conditions applicable to any electron device of a specified type as defined by
its published data, and should not be exceeded under the worst probable conditions.
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The device manufacturer chooses these values toprovide acceptable service-
ability of the device, taking no responsibility for equipment variations,
environment variations, and the effects of changes in operating conditions due
to variations in device characteristics,

The equipment manufacturer should design so that initially and through-
out life no absolute-maximum value for the intended service is exceeded with
any device under the worst probable operating conditions with respect to supply-
voltage variation, equipment component varlatlon, equipment control adjustment,
load variation, signal variation, environmental conditions, and variations in
device characteristics.

Information furnished by RCA is believed to be accurate
and reliable. However, no responsibility is assumed by
RCA for its use; nor for any infringements of patents
or other rights of third parties which may result from
its use. ﬁo license is granted by implication or
otherwise under any patent or patent rights of RCA,
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DIMENSONAL OUTLINE 7587
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1,050
MAX METAL_ | BASE
SHELL JEDEC N2 E5-65
::_:':: Y S —
ZONE *a*
(NOTE 2) 1
100" MIN, 190"
. 130" MA X, ” ” H +.020"
F ~.015"
Yy 0
435" MAX. DIA,___
{NOTE 1)
5 PINS
,016” £.001” DIA.
CERAMIC
/WAFER

LARGE SMALL
LUG LuG
®=PIN CUT OFF
92CS-10852

NOTE 1: MAXIMUM 0.D. OF 0.440" IS PERMITTED
ALONG 0.190" LUG LENGTI!.

NOTE 2: SHELL TEMPERATURE SHOULD BE MEASURED
. IN ZONE "A" BETWEEN BROKEN LINES.

BASING DIAGRAM (Bottom View)

PIN A

1: PIN 7: a
PIN 2: GRID No.?2 PIN 8: CATHQDE
PIN 3: a PIN 9: a
PIN 4: GRID No.1 PIN 10: HEATER
PIN 5: a PIN 11: OMITTED
PIN 6: a PIN 12: HEATER
CAP: PLATE
INDEX LARGE LUG
® = PIN CUT OFF
1248
Pin has internal connection and is cut - ’

. off close toceramic wafer--Do Not Use.
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MEDIUM CERAMIC-WAFER TWELVAR BASE

SQCKET INSERTION

PLANE n | _——METAL SHELL
* I I
O40"MAX, 11 )
JOO"MIN.
Ja0 JACTMAX,

' BASE SEATING
fe—.400" MIN, I, D.—»{ PLANE

.C)IIO” 435" MAX. O.D.
+.002" NOTE 1.
=-001" —60’
. ALL PINS
INDEX GUIDE \\ 018" * .om”
LARGE LUG /( OIA.
-]

CERAMIC
WAFER

SRCM-104 TR
JEDEC No. NAME PINS
E12-64 12-Pin Base 1,2,3,4,5,6,7,8,
9'10,11.12
E5-65 5-Pin Base 2,4,8,10,12,
(Note 2)

Note |7 Maximum O.D. of 0.440" is permitted along the
0.190" lug length.

Note 2: Pins 1,3,5,6,7, and % are cut off to a length such
that their ends do not touch the socket insertion plane.
Pin 11 is omitted.

PIN-ALIGNMENT GAUGE

Base pin positions and lug positions shall be held to
tolerances such that entire length of pins and lugs will
without undue force pass into and disengage from flat-
late gauge having thickness of (.25" and twelve holes of
. 0350 + 0,0005" diameter located on four concentric
circles as follows: Three holes located on 0.2800" %
0.0005", three holes located on 0.2100" & 0.0005", three
holes Iocated on 0.1400" + 0.0005", three holes located
on 0,07060" + 0.0005" diameter circles at specified angles
with a tolerance of * 0,08° for eachangle. In addition,
gauge provides for two curved slots with chordal lengths
of 0,2270" + 0,0005" and 0.1450" £ 0,0005" located on
¢.4200" £ 0.0005" diamgter circle concentric with pin
cigc&ggsat 180° + 0.08% and having a width of 0.0250"
+ 0.

- 10 -




PLATE

1 GRID No. 2

INDEXING LUGS

Fig. 4 -Tllustration of a nuvistor tetrode showing cylindrical electrodes

HEATER

+—— CERAMIC
INSULATOR

[ CATHODE

GRID No. 1

~——METAL SHELL

» CERAMIC BASE
[f”’ WAFER

and tripod-like supports.
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HIGH-MU TRIODE

(u=64)

for INDUSTRIAL
APPLICATIONS

RADIO CORPORATION OF AMERICA

» Electron Tube Division Harrison, N.J.



RCA-7895

HIGH-MU TRIODE
Nuvistor Type for Iindustrial Applications

Ampiification Factor = 64

RCA-7895 is a high-mu nuvistor triode of the heater-cathode type designed
for use in a wide variety of applications in industrial equipment where
compactness, lowdrain, negligible interface resistance, exceptional uniformity
of characteristics from tube to tube, and ability to withstand
severe mechanical shock and vibration are primary design requirements.
It is capable of providing high gain with low noise in amplifier
service, excellent stability as an oscillator over a wide range of

frequencies, and reliable performance in applications such as on-off

control involving long periods of standby operation,

Aﬁﬁﬁf The 7895 is rigidly controlled during manufacture, and is
subjected to rigorous tests for intermittent shorts and interelectrode
leakage; for early-hour, 100-hour, and 1000-hour conduction life

performance; for 1000-hour standby life performance; for resistance to impact
shock, low-frequency vibration, variable-frequency vibration, low-pressure

breakdown, and heater cyeling.

These special caontrols and tests, together with high transconductance at
low-plate current and voltage, small power requirements, ability to operate at
full ratings at any altitude, and extremely small size, make the 7895 nuvistor

high-mu triode exceptionally desirable for critical industrial applications.

General Features

The 7895 has a metal envelope provided with two peripheral lugs of unegual
width for indexing, is only 8/10" long, less than 1/2" in diameter, and weighs
approximately 1/15 ounce (1.9 grams). It features (1) a very rugged structure
of unique design, (2) a 6.3 volt low-wattage heater, and a specially designed
cathode made of passive material to assure very low interface resistance and
leakage, (3) high transconductance at low plate voltage and current {9400
micromhos at 110 volts and 7.0 milliamperes), (4) very high input impedance,
{5) high perveance, and (6) ability to operate at full ratings at any altitude.

Structural Features

A major feature of the 7895 is its all-ceramic-and-metal construction
utilizing a light-weight, cantilever-supported cylindrical electrode structure.
This unique type of electrode structure, inherent in the nuvistor design, uses

© 196) by Rodia Corporatian of Amarica
All Rights Reserved -2 - 2-61
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Structural Features (Cont'd)

only strong metals and ceramics to provide a structure of extreme ruggedness.
All connections are brazed at very high temperatures in a hydrogen atmosphere
to eliminate the structural strain and element distortion often caused by
welding. The tube is also exhausted and sealed at very high temperatures to
eliminate the gases and 1impurities which are generally present in electron
devices processed at low temperatures.

The structure of the 7895 nuvistor triode alsa permits automatic assembly
using parts made to extremely small tolerances, thus assuring exceptional
uniformity of characteristics from tube to tube.

GENERAL DATA

Electrical:
Heater, for Unipotential Cathode:

Voltage (ac or ded. . . . . . . . . . . . . . . ... 6.3 £ 10%  wvolts
Current at 6.3 volts, . . . . L S 31 amp
Direct Interelectrode Capac1tances (Approx )
Grid to plate e e e e e e 0.9 i f
Grid to cathode, heater, and shell. e e e e e e e e 4.2 it
Plate to cathode, heater, and shell 1.7 J797% 5
Heater to cathode e e e e e e e e e e e e 1.3 up T
Plate to cathode. . . . . . . . . . . . . . . . . . .. 0.22 it
Characteristics, Class Al Amplifier:
Plate-Supply Voltage., . . . . . . . . « . . . . . .+ .. 110 volts
Grid-Supply Voltage . . . . . . . . . . . . o0, 0 volts
Cathode Resistor. . . . . . . . . . . . . « « . . . o .. 150 ohms
Amplification Factor. . . e e e e e e e e e 64
Plate BResistance (Approx. ) e e e e e e e e e e 6800 ohms
Transconductance. . . . . . . . + .« v« v e e e e 9400 pmhos
Plate Current . . e e e 7.0 ma
Grid Voltage (Approx ) for plate current = 10 da. . .. . -4 volts
Mechanical:
Operating Position. . . . . . . . . . « « & & 4 . v v v 4w 4w+ . . . JAny
Maximum Over-all Length . . . . . . . . . . . . . . . .. . .. .. . 0.8"
Maximum Seated Length . . . . . . . . . . . . . . « .+ o . . . 0,625"
Maximum Diameter. . . . . . . . & + « v v « « <+ 4 e v v v e o . D.440"
Envelope. . . . . . . . . . . .Metal Shell
Base. . . . . . . . . .. Medlum Ceramlc Wafer Twelvar 5 Pln (JEDEC No.E5-65)
Socket. . . . . . . . . . . . . Cinch Mfg. Co. No.133 65 10 001, or Equivalent
INDUSTRIAL SERYICE
Maximum Ratings, Absolute-Maximum Values:
For Operation atAny Altitude
PLATE SUPPLY VOLTAGE. . . . . . . . . . . . . . . . . .. 330 max. volts
PLATE VOLTAGE . . . . . . . . « « « « o o o v v o v v v . 110 max, volts
GRID VOLTAGE:
Negative-bias value . . . . . . . . . . . . . . . . .. 55 max. volts
Peak positive value . . . . . . . . . . . . . ... 2 max. volts



7895

PLATE DISSIPATION . . . . . . . . « « v v v« v v v s v . 1 max, watt
GRID CURBRENT. . . . . . .« + « . v v v v v i e v e e e 2 max. ma
CATHODE CURRENT . . . e e e e e e e e e e e 15 max. ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode . . . . . . . . 100 max, volts
Heater positive with respect to cathode . . . . . . . . 100 max. volts

Maximum Circuit Values:

Grid-Circuit Resistance: *

For fixed-bias operation. . . . . . . . . « « + . . . . 0.5 max., megohm
For cathode-bias operation. . . . . . . . « .+ . .+ « . . 1 max, megohm

* For Operation at Metal-Shell Temperatures up to 150° C (See Dimensional OQutline Drawing on

Page 9).
CHARACTERISTICS RANGE VALUES FOR EQUIPMENT OESIGN
Note Min. Max.

Heater Current. . . . e e e e 1 0.125 0.145 amp
Direct Interelectrode Capac1tances

Grid to plate . . 2 0.8 1.0 £

Grid to cathode, heater, and shell. 2 3.4 5.0 pge f

Plate to cathode, heater, and shell 2 1.3 2.1 et

Heater to cathode . 2 1.0 1.6 et

Plate to cathode. 2 .16 .28 ppef
Plate Current (1) 1,3 5.5 8.8 ma
Plate Current (2) e e e e e e e 1,4 - 50 wa
Transconductance {1). . . . . . . . . . . . . 1,3 7900 10900 umhos
Transconductance (2). 3,5 6900 - umhos
Transconductance Change:

Difference between Transconductance

{1) and Transconductance (2), ex-

pressed in per cent of Transconduc-

tance {1) . . . . . . . . . . . ... - - 15 %
Reverse Grid Current. e e e e e e 1,6 - 0.1 Ma
Amplification Factor. . . C e e e e e 1,3 54 74
Heater-Cathode Leakage Current

Heater negative with respect to cathode . . 1,7 - 5 (ra

Heater positive with respect to cathode 1,7 - 5 Ha
Leakage Besistance:

Between grid and all other electrodes

tied together . . . . .. 1,8 1000 megohms
Between plate and all other electrodes
tied together . . . . . . . . . . . . .. 1,9 1000 megohms

Note 1: With 6.3 volts ac or dc on heater.
Note 2: Measured in accordance with EIA Standard RS5-191-A.

Note 3: With dc plate volts = 110, cathode resistor = 150 ohms, and cathode-
bypass capacitor = 1000 uf,

Note 4: With dc plate volts =110, dc grid volts = -5, and metal shell grounded.
Note 5: With 5.7 volts ac or dc on heater.

Note 6: With de plate volts = 130, grid-supply volts = -1.7, grid resistor =
0.5 megohm, and metal shell grounded.

-4 .
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Note 7: With 100 volts dec applied between heater and cathede,

Note &§: With grid 100 volts negative with respect to all other electrodes
tied together.

Note 9: With plate 300 volts negative with respect to all other electrodes
tied together.

SPECIAL RATINGS AND PERFORMANCE DATA
Shock Rating:

Impact Acceleration . . . . 1000 max. g
This test 1is performed on a sample lot of tubes from each production run
to determine ability of tube to withstand the specified impact acceleration,
Tubes are held rigid in four different positions in a Navy Type, High-impact
{flyweight) Shock Machine and are subjected to 20 blows at the specified maximum
impact acceleration. At the end of this test, tubes are criticized for change
in transconductance, reverse grid current, and heater-cathode leakage current,
and are then subjected to the Variable-Frequency Yibration Test described later.

Fatigue Rating:

Vibrational Acceleration. . . . . 2.5 max. g

This test is performed on a Sample lot of tubes to determine ability of
tube to withstand the specified vibratienal acceleration. Tubes are rigidly
mounted, supplied with normal heater voltage only, and subjected for 48 hours
to 2.5 g vibrational acceleration at 60 cycles per second in a direction
perpendicular to the longitudinal axis of the tube. At the end of this test,
tubes are criticized for the same characteristics and end-point values as in
the Shock Rating Test described previously,

Yariable-Frequency-Yibration Performance:

This test is performed on a sample lot of tubes from each productioen run.
The tube is operated under the conditions specified in CHARACTERISTICS RANGE
YALUES for Transconductance (1) with the addition of a plate-load resistor of
2000 ohms. During operation, tube is vibrated in a direction perpendicular to
the longitudinal axis of the tube through the freguency range from 50 to 15000
cycles per second under the following conditions: a sweep rate of one octave
per 30 seconds from 50 to 3000 cps, a 7-second sweep from 3000 to 15000 cps,
and a constant vibrational acceleration of lg. During the test, tube must not
show an rms output voltage in excess of:

35 mv over the frequency range from 50 to 3000 cps
60 mv over the frequency range from 3000 to 6000 cps
500 mv over the frequency range from 6000 to 15000 cps

Low=Pressure Yoltage-Breakdown Test:

This test 1is performed on a sample lot of tubes from each production run.
In this test tubes are operated with 240 rms volts applied between plate and
all other electrodes and will not break down or show evidence of corona when
subjected to alr pressures eguivalent to altitudes of up to 100000 feetr,

Heater Cycling:

Cycles of Intermittent Operation. . . . 2000 min. cycles
This test is performed on a sample lot of tubes from each production run
under the following conditions: heater volts = 7.5 cycled one minute on and

two minutes of f; heater 100 volts negative with respect to cathode; grid, plate,

-5.
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and metal shell connected to ground. At the end of this test tubes are tested
for open heaters, heater-cathode shorts, and heater-cathode leakage current,

Intermittent Shorts:

This test is performed on a sample lot of tubes from each production run.
Tubes are subjected to the Thyratron-Type Shorts Test described 1n MIL-E-ID,
Amendment 2, Par. 4.7.7, except that tapping 1s done by hand with a soft rubber
tapper*. The Acceptance Curve for this test 1s shown in Fig.3. In this test
tubes are criticized for permanent or temporary shorts and open circuits,

Farly-Hour-Stability Life Performance:

This test isperformed on a sample lot of tubes from each production run to
insure that tubes are properly stabilized. In this test tubes are operated for
20 hours at maximum rated plate dissipation. After 2 hours of operation and
again after 20 hours of operation tubes are checked for transconductance under
the conditions specified in CHARACTERISTICS RANGE VALUES for Transconductance
(1). A tube 1s rejected if 1ts transconductance after 2 or 20 hours of
operaticn has changed more than 10 per cent from the D-hour value.

|00=Hour Life Performance:

This test is performed on a sample lot of tubes from each production run to
insure a low percentage of early-hour inoperatives. Tubes are operated for 100
hours at maximum rated plate dissipation, and then subjected to the Intermittent
Shorts test previously described. Following this, tubes must show a value
not less than 6200 micromhos for Transconductance (1), and a value not greater
than 0.2 microampere for Reverse Grid Current under the conditions specified

in CHARACTERISTICS RANGE VALUES.

1000-Hour Conduction Life Performance:

This test is performed on a sample lot of tubes from each production run
to insure high guality of the individual tube and guard against epidemic
failures due to excessive changes in any of the characteristics indicated below.
In this test tubes are operated for 1000 hours at maximum rated plate dissipation
with a metal-shell temperature of 150° C and then criticized for inoperatives,
reverse grid current, heater-cathode leakage current, and leakage resistance.
In addition, the average change 1n transconductance of the lot from the O-hour
value for Transconductance (1) specified in CHARACTERISTICS RANGE VALUES, must
not exceed 15 per cent at 500 hours, and 20 per cent at 1000 hours.

}000-Hour Standby Life Performance:

This test i1s performed on a sample lot of tubes from each production run.
The tubes are operated for 1000 hours with only normal heater voltage applied.
The tubes are then critieized for interelectrode leakage, reverse gridcurrent,
change in transconductance of individual tubes from the values at zero hours
and cathode interface resistance greater than 25 ohms. Interface resistance
is measured by Method B of ASTM specification F300-57T.

* Specificatinns for this vapper will be supplied on request,

OPERATING CONSIDERATIONS
The base pins of the 7895 fit the Cinch Mfg. Co. socket No. 133 65 10 001

or equivalent. The socket may be mounted to hold the tube in any position.
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The maximum ratings in the tabulated data are estahlished in accordance
with the following definition of the Absolute-Mazimum Rating System for rating
electron devices,

Absolute-Maximum ratings are limiting values of -operating and environmental
conditions applicable to any electron device of a specified type as defined by
its published data, and should not be exceeded under the worst probable condi-
tions,

The device manufacturer chooses these values to provide acceptable service-
ability of the device, taking no responsibility for equipment variations,
environment variations, and the effects of changes in operating conditions due
to variations in device characteristics.

The equipment manufacturer should design so that initially and throughout
life no absolute-maximum value for the intended service is exceeded with any
device under the worst probable operating conditions with respect to supply-
voltage variation, equipment component variation, equipment control adjustment,
load variation, signal variation, environmental conditions, and variations in
device characteristics.

Information furnished by RCA i3 believed to be accurate
and reliable. However, noresponsibility 1is assumed by
RCA for its use; noar for any infringements of patents
or other rights of third parties which may result from
its use, Eo license is granted by implication or
otherwise under any patent or patent rights of RCA.

-7 -
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PIN
PIN
PIN
PIN
PIN
PIN

PLATE
A

GRID
A

[~ N7, T R

DIMENS1ONAL OUTLINE

b=, 400" MAX, DIA,—
200" MIN.
_"l DIA. FLAT

4 R l

METAL
SHELL vy

BASE
JEDEC N2ES-85

JOO:MIN.
130" MaX,

®=-PIN CUT OFF

92C5-10970

NOTE |:. MAXIMUM O.D. OF 0.440 IS PERMITTED
ALONG 0.190" LUG LENGTH,

NOTE 2: SHELL TEMPERATURE SHOULD BE MEASURED
IN ZONE "A" BETWEEN BROKEN LINES,

BASING DIAGRAM (Bottom View)

PIN

INDEX =L ARGE LUG
e=PIN CUT OFF

12AQ

A . . . .
Pin has internal connection and is cut
off close toceramic wafer--Do Not Use.

7. 4
PIN 8:
PIN 9:
PIN 10:
PIN 11:
PIN 12:

CATHODE
A

HEATER
OMITTED
HEATER
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MEDIUM CERAMIC-WAFER TWELVAR BASE

SOCKET NSERTION
PLANE

] _r—METAL SHELL

.O40‘iMAX. R ,_L

00 "MIN.

Jeo”+02 130"Max.

* : F BASE SEATING

Fe—400" MIN. 1. D. —~] NE
.010” ,435" MAX. 0.D.
+.002”" NOTE 1.
ALL PINS

INDEX GUIDE ol6” + .oo01”
LARGE LUG DlA.

CERAMIC
WAFER

SMALL LUG

Y2CM-10478RI

JEDEC No. NAME PINS
E12-64 12-Pin Base 1,2,3,4,5,6,7,8,
10,1101
E5-65 5-Pin Base 2,4,8,10,12,
{Note 2)

Note |: Maximum 0.D. of 0.440" is permitted along the
0.190" lug length.

Note 2: Pins 1,3,5,6,7, and 9 are cut off to a length such
that their ends do not touch the socket insertion plane.
Pin 11 1s omitted.

PLN-ALIGNMENT GAUGE

Base-pin positions and lug positions shall be held to
tolerances such that entire length of pins and lugs will
without undue force pass into and disengage from flat-
Blate fauge having thickness of 0.25" and twelve holes of

0350" £+ 0,0005™ diameter located on four concentric
circles as follows: Three holes located on 0,2800" %
0,0005", threeholes located on 0.2100" + 0.0005", three
holes located on 0.1400% + 0. 0005", three holes located
on 0.0700" £ 0.0005" dlameter circles at specified angles

with a tolerance of t 0.08° for each angle. 1In addition,

gau%e provides for two curved slots with chordal len ths
2270" £ 0.0005" and 0.1450™ = 0,0005" locatef on
0.4200" £ 0,0005" diamster circle concentric with pin
circles at 180° t 0.08° and having a width of 0.,0230"

+ 0.0005".

- 10 -
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CATHODE

HEATER

PLATE

GRID ——

METAL SHELL

CERAMIC
BASE WAFER

INDEXING/

LUGS

Fig.4 - Illustration of e nuvistor triode showing cylindrical electrodes
and tripod-like supports.
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Noise and Gain of the RCA-8056
Nuvistor Triode at 200 Megacycles

This Note provides information on the noise figure and gain of the
. RCA-8056 low-voltage nuvistor triode under noise-matched conditicns at
200 megacycles over a range of practical values of plate current and
voltage. When used in conjunction with values of other characteristics
given 1n the technical data for these types, this information makes it
possible to estimate the performance of these tubes under small-signal
conditions at any operating point with reasonable accuracy.

. Design Features of the 8056

The 8056 is a low-mu high-transconductance triode of nuvistor design,
featuring small size and light weight, especiallydeveloped for operation
at plate-supply voltages of 12 to 30 volts. The cylindrical active
elements of the tube are mounted coaxially on ceramic base wafers. Each
element 1s supported by a tripod arrangement of leads which extend through
the base wafer. One lead of each set 1s used as the external connector.
Sections of the shell extending beyond the base wafer serve as indexing
lugs for socket insertion. These indexing lugs also provide protection

. for the tube leads and can be used to ground the metal shell through the
socket so that the use of a tube shield is unnecessary.

Noise Figure and Gain

Curves of constant noise figure and gain for the 8056 are shown in
Figs.l and 2, respectively. These curves permit the effect of a change
of operating point to be determined at a glance. In particular, the
curves show howthe operating point can be varied to change two parameters
simultaneously in a desired direction.

For example, a tube operated at a plate voltage of 35 volts and a
plate current of 11 milliamperes has a noise figure of 4.5 db and a gain
of approximately 16.4 db. If it 1s desired to increase the gain and
reduce the noise figure, the operating point should be moved to the left
of the 4.5-db noise-figure curve 1n Fig.l, and above the (interpolated)

. 16.4-db gain curve in Fig.2. 1f the plate voltage 1s decreased to 29

volts and the plate current is increased to 13 milliamperes, the noise

© 1963 by Radic Corporation of America ELECTRON TUBE D|V|S|ON 3.63
All Rights Reserved Trademark(s} @ Registared
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figure is reduced to 4 db and the gain is increased to slightly more
than 17 db.
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Fig.1-Noise figure at noise match.
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Fig.2 - Pover gain at noise match.
%

The optimum noise figure within the rated plate-current and dissipation
limits 1s about 3.7 db; this value 1s obtained with a plate voltage of 24

volts and a plate current of 15 milliamperes. The noise figure of the .
8056, therefore, is somewhat better than that of the 7586, or the 7895,
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and is achieved at much lower plate voltage and dissipation with somewhat
l ower transconductance {gain}). As a result, the 8056 is particularly
useful in the input stages of mobile communications receivers.

Although the 8056 is not specifically controlled for noise, the data
shown in Fig.l represent typical noise performance.

Description of Measuring Circuit

The test circuit used for the gain and noise measurements described
in this Note is shown in Fig.3. The circuit consists of a partially

L3 Lg

i -
c 8056 °
INPUT iy L2 ] L6
ue-ss/u =1 0030
74C5 0874 L7
Ly 7£C2 ,—C3?4C4
Lg C?T
Eg Eg Ep
Cy: 2200 pf, uncoated disc ceramic, L+ Ly, Ly Ohmite rf choke, Z-235
soldered directly on input L,: 1 loop of No.l4 magnet wire
connector 2 9 c¢cm long, bent to form a U
o: Hammarlund APC-50 2 cm wide, 1 to 2.5 cm from
3: 22 pf, tubular ceramic chassis

4 E. F. Johnson 5 Ml1
gt E. F. Johnson 9 MB1l

C

C

g Ly: B&W¥ Miniductor 3002, 5-1/2
C6: E. F. Johnson 9 M1l

C

C

C

turns

2: 2200 pf, uncoated disc ceramic, Lg: 5 cm of No.14 magnet wire,

soldered directly on chassis slightly bent, 1.8 cm from

8’ Hammarlund APC-25 chassis

gt 2200 pf, uncoated disc ceramic, Lg: silvered strap 0.4 cm wide,
soldered directly on ocutput 2.5 cm long, bent to form a U
connector 1 ecm wide

Chassis 5-1/2 inches long, 4 inches wide, 1-1/2 inches
deep, of 0,024-1nch copper tinned on the wiring side,
partitioned to the full depth 2-1/2 inches from the input
wall. The partition cuts across the center of the socket
and is sliced 1/16 inch into the socket. Neutralizing
coil Lg and capacitor C4 are mounted on the grid side of
- the partition and partiafﬁy shielded from the 1nput circuit,

Fig.3 -Test circuit,

neutralized grounded-cathode amplifier stage which has a bandwidth of
approximately 4 megacycles. The output of the amplifier is matched to a
50-ohm load through a pi network; a similar network 1s used to adjust the
source admittance forminimum noise figure. AHewlett-Packard Model 342-A
Noise-Figure Meter and Model 343-A VHF Noise Source (diode} are used to

adjust the circuit for minimum noise and also for noise measurement. An




additional amplifier having a noise figure of 6.3 db 1s used between the
test chassis and the input of the noise-figure meter; the effect of the
noise figure of this amplifier 1s excluded from the test results by
calculation.

The test amplifier 1s neutralized only by use of a shunt inductance
between grid and plate; as a result, the feedback conductance is not
affected except by losses in the inductor itself. Because of the in-
complete neutralization, the ratio of forward to reverse gain is approxi-
mately 50 db at normal plate current, and decreases to about 40 db at
low plate current. However, the effect of the incomplete neutralization
on noise figure and gain appears to be negligible.

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent ar patent rights of RCA.
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RCA-8058
HIGH-MU NUVISTOR TRIODE

RCA-8058 is a double-ended, high-mu nuvistor triode of the heater-cathode
type, designed for use in cathode-drive amplifier service up to 1200 Mc in a
wide variety of applications. The 8058 is especially useful in industrial
equipment where compactness, low drain, exceptional uniformity of
characteristics, and the ability to withstand severe mechanical
shock and vibration are primary design requirements.

The 8058 is capable of providing high gain with low noise in
cathode-drive rf-amplifier service, and excellent stability as an
oscillator over a wide range of frequencies.

' The 8058 features very high transconductance and a high trans-

dctual Size conductance-to-plate current ratio (12400 micromhos at a plate

current of 10 milliamperes and a plate-supply voltage of 110 volts).

In addition, the double-ended construction of this nuvistor provides a high
degree of isolation between the input and output circuits.

The BOS8 is particularly suitable for cathode-drive applications because
the peripheral lugs used for indexing are also used as the connections to the
grid. Furthermore, three base-pin connections for the cathode reduce lead
inductance and provide flexibility in circuit layout.

General Features

The 8058 has an all metal-and-ceramic envelope provided with two peripheral
lugs of unequal width to facilitate insertion in a socket, Itis less than one
inch long, only 0.440" in diameter, and weighs approximately 2.2 grams. The
8058 features (1)} a very rugged structure of unique design, (2) double-ended
construction, (3) a6.3-volt low-wattage heater and a specially designed cathode
to assure very low heater-cathode leakage, (4) high transconductance at low
plate current, (5) high input impedance, (6) high perveance, and (7} the ability
to operate at full ratings at any altitude.

Structural Features

A major feature of the 8058 is its all-ceramic-and-metal construction uti-
lizing a light-weight, cantilever-supported cylindrical electrode structure.
This unique type of electrode structure, inherent in the nuvistor design, pro-
vides a structure of excellent mechanical stability and extreme ruggedness.
All connections are brazed at very high temperatures in a hydrogen atmosphere
to eliminate the structural strain and element distortion often caused by
welding., The tube is also exhausted and sealed at very high temperatures to
eliminate the gases and impurities which are generally present in electron
devices processed at low temperatures.

The structure of the 8058 nuvistor triode also permits automatic assembly
using parts made to extremely small tolerances, thus assuring exceptional uni-
formity of characteristics from tube to tube.

- 2 - 12-61
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Special Tests and Controls

The 8058 is rigidly controlled during manufacture, and 1s subjected to
rigorous tests for intermittent shorts, 1000-hour life performance, inter-
electrode leakage, impact shock, variable-frequency vibration, low-pressure
breakdown, and heater cycling.

GENERAL DATA
Electrical;

Heater, for Unipotential Cathode:
Voltage (AC or DC)., . . . . . . . . . . . . .. . ... 6.3 + 10%

* volts
Current at 6.3 volts, . . . . ., . . . . ... ..., 0,135 amp
Direct Interelectrode Capacitances:
Cathode-Drive Operation:
Plate to cathode. . . e e e e e e 0.046 max. pt
Cathode to grid & shell and heater. 6 pf
Plate to grid & shell and heater. e e e e e e 1.3 pf
Heater to cathode . . . . . . . . . . . . . . . . .. 1.4 pf
Characteristics, Class Al Amplifier:
Plate-Supply Voltage. . . . . . . . . . . . . . . . . .. 110 volts
Grid-Supply Voltage . . . . . . . . . . . .. .. ..., 0 volts
Cathode Resistor. . . . . . . . . . . . « « « v v o v . 47 ohms
Amplification Factor. . . e e e e e e e e e 70
Plate Resistance (Approx, ) e e e e e e e e e e e e e 5600 ohms
Transconductance. . . . . . + . . . . 0 o000 e 12400 pmhos
Plate Current . . . e e e e e e e e e 10 ma
Grid Voltage (Approx ) for plate current = 10 pa. . . . . -5 volts
Mechanical:
Operating Position, . . . . . . . . . . . . . . . . . v o o v o JAny
Maximum Over-all Length . . . . . . . . . . . . .+ . + . « .+ « . . . . D.985"
Maximum Seated Length . . . . . . . . . . . . « .+ . . o . . . . . . 0.780"
Maximum Diameter. . . . . . . . « « « + 4« « 4 4 o e o O A %1 )
Envelope. . . . . . . « « « « o 000 e e e .Metal and Ceramic Shell
Cap . . . . . « v . . . . . .Small, JEDEC No.Cl-44
Base. . ., . . . . . . . . Med1um Ceramlc Wafer Twelvar 5-Pin (JEDEC No.E5-79)
INDUSTRIAL SERVICE
Maximum Ratings, Absolute-Maximum Values:
For Operation at Any Altitude
PLATE SUPPLY VOLTAGE. . . . . .« . . . « + « o v o v « « . . 330 max. volts
PLATE VOLTAGE . . . . . « « « v v v e e v e e i e e e 150 max. volts
GRID VOLTAGE:
Positive bias value . . . . . . . . . . . .. . . o ... 0 volts
Negative bias value ., . . . . . . ., . . . . . . . .. 55 max. volts
PLATE DISSIPATION . . . . . . « .« « o v v o v v v o v 1.5 max. watts
CATHODE CURRENT . . . . v e e e e e e e e e e 15 max. ma
PEAK HEATER-CATHODE VOLTAGE
Heater negative with respect to cathode . . . . . . . . . 100 max. volts
Heater positive with respect to cathode . . . . . . . . . 100 max. volts

- 3 -
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Maximum Circuit Values:

Grid-Circuit Resistance:?®

For fixed-bias operation.
For cathode-bias operation.

Typical Operation in Cathode-Drive RF-Amplifier Service:

Plate Supply Valtage.
Cathode Resistor.
Plate Current .
Power Gain.

Bandwidth .

Noise Factorb

a

Argon Noise Source.

At
450 Mc

110
47
10

16.5
6
6.5

Input 1s tuned for optimum value.

0.5 max. megohm
1.0 max. megohm

At At

700 Mc 1200 Mc

110 110 volts
47 47 ohms
10 10 ma
12.5 10.5 db
12 12 Me
9.5 12,2 db

For operation at metal-shell temperatures up te 150° C (See Dimensional Outline on Page 9).

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN

Note Min,

Heater Current . . 1 0.125
Direct InLerelectrode Capac1tances

Cathode to grid & shell and heater . 2 5.0

Plate to grid & shell and heater 2 1.1

Heater to cathode. 2 1.1

Plate to cathode . 2 -
Plate Current (1). 1,3 7.8
Plate Current (2}. 1,4 -
Transconductance (1) 1,3 10000
Transconductance (2) 3,5 8700
Reverse Grid Current . 1,6 -
Amplification Factor . .. 1,3 54
Heater-Cathode Leakage Current:

Heater negative with respect to cathode. 1,7 -

Heater positive with respect to cathode. 1,7 -
Leakage Resistance:

Between grid and all other elec-

trodes tied together . . 1,8 5000
Between plate and all other elec-
trodes tied together 1,9 10000
Note 1: With 6.3 volts ac or dec on heater.
Note 2: Measured 1n accordance with EIA Standard RS-191-A,
Note 3 With dec plate volts = 110, cathode resistor = 47 ohms,
bypass capacitor = 1000 uf.

Note 4 With dc plate volts = 11(¢, de grid velts =
Note 5 With 5.7 volts ac or dc on heater.
Note 6 With dc plate volts = 150, grid supply volts = -1.3,

0.5 megohm.

Max.

0.145 amp
7.0 pf
1.5 pi
1.7 pf

.046 pf
2.2 ma
50 pa
umhos
- pmhos
0.1 ja
86
2 pa
5 LA
- megohms
- megohms

and cathode-

grid resistor =
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Note T: With 100 volts dc applied between heater and cathode.

Note 8: With grid 100 volts negative with respect to all other electrodes
tied together.

Note 9: With plate 300 volts negative with respect to all other electrodes
ti1ed together.

SPECIAL RATINGS AND PERFORMANCE DATA
Shock Rating:

Impact Acceleration. . . . . . « « « v v v v w4 e . . 500 max, g

This test is performed on a sample lot of tubes to determine ability of

tube to withstand the specified impact acceleration. Tubes are held rigid in
four different positions in a Navy Type, High-impact {flyweight) Shock Machine
and are subjected to 20 blows at the specified maximum impact acceleration. At

the end of this test, tubes are criticized for change in transconductance,
reverse grid current, and heater-cathode leakage current, and are then subjected
to the Variable-Frequency Vibration Test described later.

Variable-Frequency-Yibration Performance:

This test is performed on a sample lot of tubes from each production run,
The tube is operated under the conditions specified in CHARACTERISTICS BANGE
VALUES for Transconductance {1) with the addition of a plate-load resistor of
2000 ohms. During operation, tube is vibrated in a direction perpendicular to
the longitudinal axis of the tube through the frequency range from 50 to 15000
cycles per second under the following conditions: a sweep rate of one octave
per 30 seconds from 50 to 3000 cps, a T-second sweep from 3000 to 15000 cps,
and a constant vibrational acceleration of lg, During the test, tube must not
show an output voltage in excess of:

35 rms mv over the frequency range from 50 to 3000 cps
80 peak mv over the frequency range from 3000 to 6000 cps
700 peak mv over the frequency range from 6000 to 153000 cps

Low-Pressure Voltage-Breakdown Test:

This test is performed on a sample lot of tubes. In this test tubes are
operated with 250 rms volts applied between plate and all other electrodes and
will not break down or show evidence of corona when subjected to air pressures
equivalent to altitudes of up to 100000 feet.

Heater Cycling:
Cycles of Intermittent Operation . . . . « . + « + .+ .+ & 2000 min. cycles

This test is performed on a sample lot of tubes from each production run
under the following conditions: heater volts = 7,5 cycled one minute on and
two minutes off; heater 100 volts negative with respect to cathode; grid, plate,
and metal shell (grid) connected to ground. At the end of this test tubes are
tested for open heaters, heater-cathode shorts, and heater-cathode leakage
current.

Intermittent Shorts:

This test is performed on a sample lot of tubes from each production run.
Tubes are subjected to the Thyratron-Type Shorts Test described in MIL-E-1D,
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Amendment 2, Par. 4.7.7, except that tapping i1s done by hand with a soft rubber
tapper. ® The Acceptance Curve for this test is shown in Fig.4. 1In this test
tubes are criticized for permanent or temporary shorts and open circuits.

1000-Hour Conduction Life Performance:

This test 1is performed on a sample lot of tubes from each production run
to 1nsure high quality of the individual tube and guard against epidemic
failures due to excessive changes in any of the characteristics indicated below,
In this test tubes are operated for 1000 hours at maximum rated plate dissipa-
tion with a metal-shell temperature of 150% C and then criticized for inopera-
tives, reverse grid current, heater-cathode leakage current, and leakage
resistance. In addition, the average change in transconductance of the lot
from the O-hour value for Transconductance {1) specified in CHARACTERISTICS
RANGE VALUES, must not exceed 15 per cent at 300 hours, and 20 per cent at
1090 hours.

Interelectrode Leakage:

Leakage Resistance between Plate
and All Other Electrodes tied together . . . . . . . . 10000 min. megohms

This test is performed on a sample lot of tubes from each production run
under the following conditions: heater volts =6.3; and plate 300 volts negative
with respect to all other electrodes tied together.

Leakage Resistance between Grid
and All Other Electrodes tied together . . . . . . . . 5000 min. megohms

This test is performed on a sample lot of tubes from each production run
under the following conditions: heater volts =6.3; and grid 100 volts negative
with respect to all other electrodes tied together.

OPERATING CONSIDERATIONS

The base pins of the 8058 fit the Medium Ceramic-Wafer Twelvar 5-pin Socket
{JEDEC No.E5-79). The socket may be installed to hold the tube in any position.
The socket should be made of insulating material having lowleakage. Connection
to the plate may be made with a cap having the dimensions of the JEDEC No.Cl- 44
Small Cap.

The maximum ratings i1n the tabulated data are established in accordance
with the following definition of the Absolute-Maximum Rating System for rating
electron devices.

Absolute-Maximum ratings are limiting values of operating and environmental
conditions applicable to any electron device of a specified type as defined by
its published data, and should not be exceeded under the worst probable condi-
tions.

The device manufacturer chooses these values to provide acceptable service-
ability of the device, taking no responsibility for equipment variations,
environment variations, and the effects of changes in operating conditions due
to variations in device characteristics,

The equipment manufacturer should design so that initially and throughout
life no absoclute-maximum value for the intended service is exceeded with any

¢ Specifications for this tapper will be supplied on request.
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device under the worst probable operating conditions with respect to supply-
voltage variation, equipment component variation, equipment control adjustment,
load variation, signal variation, environmental conditions, and variations in
device characteristics.
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Information furnished by RCA is believed to be accurate and re-
liable, However, no responsibility is assumed by RCA for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of RCA.
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DIMENSIONAL OUTLINE

L Ll
250 + 005
Dia,
. f —
JEDEC
— [z
> 175 220" MIN.
No.CI- 44 MIN. iJ
7807 MAX CERAMIC
735" MIN CYLINDER
9857
| MAX, METAL | BASE
SHELL JEDEC Ne E5-79
—-= *- _— P m——
.
. ZONE A
{NOTE 2} l
00" MIN, -
L130" MAX. [| U ” + 050"
. }—_-_— J — - 015"
y

435" MAX. DIA,
{NOTE 1) T

r—

5 PINS
016" £.001” DA

CERAMIC
WAFER

LARGE SMALL
LUG LUG
=PIN CUT OFF
92CS-11420

Note |: Maximum 0.D. of 0.4u80" ispermitted along
0.190" lug length,

Note 2: sShell temperature should be measured in
the zone "A® indicated by broken lines,

F
s

BASING DIAGRAM (Bottom View)

Pin 2: Cathode Pin 12: Heater
Pin 4; Cathode Small Lug: Grid
Pin 7. a Large Lug. Grid
Pin 8: Cathode Cap: Plate
Pin 10: Heater

INDEX L ARGE LUG
& =PIN CUT OFF

12¢T

2 pin has internal conneclicn and is cut
off close to ceramic wafer—Do Not Use.
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MEDIUM CERAMIC-WAFER TWELVAR BASE

SOCHET INSERTION
R ey By ] TA
PLANE Br-- iny IJ/—ME L SMELL
e H !
gag*max. | I f 1
1 OO MIN.
JITTMAX,

b |
+.0207]
'”°ﬂm§E .J.
400" MIN. 1. D.
DI0* 635" MAX, 0.0
+.002 NOTE ).
=00 60"
r ALL PINS
INDEX GUIDE 018" * om”
LARGE LUG Dia.

5O L

| CERAMIC
d WAFER

BASE SEATING
PLANE

+.004°
L
SMALL LUG
0° _J
92CM- 104 TBRI
JECEC No. NAME PINS
£12-64 12-Pin Base 1,2,3,4,5,6,7,8,
9,10,11,12
ES-7% 5-Pin Base 2,4,8,10,12
'Note 2)

Note |: Maximum Q.0. of C.840" is permitted along
the 0.1%0" lug length.

Hote 2: Pin7is cut off toalength such that its
end does nol touch the sacket insertion plane.
Pins 1,3,5,6,9, and 11 are omitted,

PiIN-ALIGNMENT GAUGE

Base-pin positions and lug positiens shall he held
to toterances such that entire length of pins and
lTugs will without undue farce pass into and dis—
engage from flat-plate gauge having thickness of
0.25" and twelve holesof C.0350" £ 0,0005" diameter
located on four concentric clrcles as follows:
three holes located on €.2800" * 0.0005", three
holes located on 0.2100" + 0.0005", three holes
tocated on 0.1400" + 0.0005", three holes located
on 0,0700" *0.0005" diameter circles at specified
angles with a tolerance of +0.08°9 for each angle.
In adgition, gauge provides for two curved slots
with chordal lengths of 0.2270" % 0.0005" and
0.1450" + 0.0005" located cn 0.4200" = 0.0005"
diameter c¢ircle concentric with pin circles at
1809 £ 0,08% and havingawidih of 0,0230" £ 0.0005",
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PLATE CAP

HEATER

CATHODE

CERAMIC
INSULATOR

GRID No. |

METAL SHELL

CERAMIC BASE
WAFER

Fig.5 -Illustration of a double-ended nuvistor triode
showing cylindrical electrodes and tripod-like supports.
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Temperature Ratings
and Thermal Considerations
For Nuvistor Tubes

This Note describes the basic rules and procedures used to establish
temperature ratings for nuvistor tube types. To achieve maximum useful-
ness and reliability from nuvistor tubes within their published ratings,
equipment designers should give careful consideration to the thermal re-
quirements of the tubes in the early stages of design. It should be
clearly understood that the maximum shell-temperature rating of anuvistor
tube is not comparable to the maximum bulb-temperature rating of a glass
tube. The heat-transfer mechanisms of the nuvistor structure differ sub-
stantially from those of a glass tube; the nuvistor tube 1s coocled pri-
marily by conduction rather than by radiation and convection. There 1is
no convenlient methaod of directly comparing the nuvistor and glass-tube
temperature ratings without exhaustive measurements in a given environ-
ment, Although the bulb temperature of glass tubes 1s greatly affected
by ambient air temperature, the surrounding air has little effect on the
shell temperature of anuvistor when proper contact between the shell and
the chassis 1s provided by the tube socket. This statement applies for
all normal environments, and also for many abnormal environments involving
high packaging density and limited air flow.

Need for Temperature Ratings

Temperature ratings are specified far electron tubes to minimize
detrimental effects which may reach excessive magnitude 1f ecritical tem-
peratures are exceeded. In particular, two physical processes are accel-
erated as the temperature of tube electrodes and the surrounding envelope
increases: (1) the release of adsorbed or absorbed gases from the tube
envelope and structure, and (2) the emission of electrons from all elec-
trodes, and especially from the control grid. Of these two phenomena,
gas evolution ismore detrimental to tube life because it tends to destroy
the emission capabilities of the cathode.

Because the control grid i1s normally the most negative electrode in
an electron tube, 1t acts as a collector for positive ions produced when
gases are released from other electrodes under high temperature. As a
result, a variable component of negative grid current may be introduced
in the external circuit.

In addition, the contrel grid 1s physically near the cathode and
normally operates at a relatively high temperature because of radiated

heat from the cathode, Any increase in grid temperature enhances the
emitting characteristics of the grid and raises the level of primary
emission from this electrode. This primary emission then adds another

component of negative grid current to the ion current previously mentioned.
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The construction and processing techniques used for nuvistor tubes
involve extremely high temperatures and high vacuum. As a result, the
amount of gas liberated from tube electrodes during normal use is negli-
gible, and thus the value of ion current is negligible. The development
of primary emission from the nuvistor control grid is, therefore, the
determining factor in establishing the metal-shell temperature rating.

Because the external control-grid cirecuit for a vacuum tube usually
has a high value of resistance, a small change in grid current due to
either gas ions or grid emission can lead to a substantial change in the
operating point. Both gas and grid-emission currents decrease bias; as
a result, dissipation and temperature increase, and a runaway condition
may develop. (For example, a 0.l-microampere increase 1n grid current
through a l-megohm resistor reduces the bias by 0.1 volt. In a tube
having high transconductance, a0.l-volt decrease in bias can cause a 10-
per-cent increase inplate currentk and dissipation.} Similarly, the input
impedance will be reduced substantially because of additional grid cur-
rents. The effects of grid current, although undesirable, can be greatly
minimized in circuit design.

Physical Basis of Temperature Ratings

For a given input power, the maximum bulb temperature of aglass tube
is determined primarily by the temperature of the surrounding air because
cooling is achieved largely by radiation. Nuvistor tubes are cooled pri-
marily by heat conduction through the socket to the chassis. Therefore,
chassis temperature rather than air temperature determines the maximum
nuvistor metal-shell temperature for a given input power.

The temperature of the control grid in an electron tube is affected
by three main factors: (1) radiation from the cathode to the grid, (2)
radiation and conduction from the plate to other elements and thus exter-
nally through the glass bulbor metal shell, (3) radiation and conduction
from external sources to the shell or bulb and thus to internal parts of
the tube. Factors (2) and (3} are of primary concern to the circuit de-
signer because they interact to establish the shell or bulb temperature.
Furthermore, the circuit designer can control these factors to an appre-
ciable degree.

The ceramic base wafer used in nuvistor tubes has very good thermal
conductivity as compared to that of glass. This wafer, in conjunction
with the metal shell, provides the easiest path for heat transfer by con-
duction. Radiation from the shell is extremely small., The temperature
rise of the nuvistor control grid is determined by the heat radiated to
the grid from the cathode and the thermal conductivity of the control-grid
structure and base wafer. To establish the maximum grid temperature for
stable operation, the nuvistor is rated at the base region of the shell.
The term "base temperature” 1s often used to specify the maximum metal-
shell temperature measured in the base region.

Temperature Measurements

The temperature of a nuvistor shell is normally measured at the base
of the tube, as shown 1in Fig.l. A small thermocouple can be welded into
a gusset at the base by discharging a capacitor through the junction of
the thermocouple and the metal shell. A 200-microfarad capacitor charged
to about 73 volts is suitable for this purpose. An alternate method is
to apply commercially available temperature-sensitive paints to the base
region, indicated as "Zone A" in Fig.l,
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Socket-Design Considerations

In the conventional nuvistor socket, heat 1s transferred from the
nuvistor to the chassis by thermal conduction to the socket through metal
contacts to the indexing lugs. Conventional sockets are available from
Cinch Manufacturing Co. (socket number 133-65-10-001) and Industrial
Electronic Hardware (socket numbers NU-5044 and 5060). Although these
sockets provide adequate cooling 1nmost applications, muchbetter thermal
conduction 1s achieved through the use of the Cinch socket number 133-65-
10-041. In this socket, metal "fingers" bear against the nuvistor shell
and facilitate conduction of heat to the metallic saddle. A uhf socket,
Cinch number 133-67-90-040, is available for operation at frequencies in
the 1000-megacycle range. This socket has a temperature rise above chassis
of 33 degrees centigrade at a total power input of 1.85 watts.

Plate-Dissipation Ratings and Chassis Temperature

Whenever possible, nuvistors should be located 1in the coolest region of
the chassis. The temperature of the shell should be measured as described
above to assure operation within ratings. Nuvistors are normally life-
tested at a shell temperature of 150 degrees centigrade with maximum rated
grid-circuit resistance. Fig. 2(a) shows combinations of plate dissipa-
tion and chassis temperature which produce base temperatures of 150 de-
grees centigrade for nuvistor tubes operating inconventional sockets under
high-line conditions (heater voltage of 6.9 volts). Thecurves show that
type 7587 may be operated at full dissipation and rated grid-circuit
resistance at chassis temperatures up to 70 degrees centigrade, types 7586
and 7895 up to 85 degrees centigrade, type 8056 up to 100 degrees centi-
grade, and type 8058 up to 110 degrees centigrade without exceeding the
maximum metal-shell temperature ratings. At high temperatures, the plate
dissipation must be reduced by the indicated percentages to avoid excessive
shell temperatures. The chassis temperature limitation at zero plate
dissipation is lower than the shell-temperature rating because of a rise
1n shell temperature due to the heater power.

3.



Fig.2{b) shows similar bulb-temperature curves for glass tubes as a
function of ambient air temperatures; these curves were derived from WADC
Technical Report 56-33, page 45. The curves are hased on the published
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Fig.2 - Curves showing (a) metal-shell temperature of nuvistors as
a function of plate dissipation and chassis temperature, and (b)
bulb temperature of glass tubes as a function of plate dissipa-

tion and ambient air temperature.

maximum bulb temperature for each tube type. When the bulb-temperature
rating is exceeded, poor life performance due to cathode poisoning may
result, The grid-circuit-resistance value for a particular tube type is
rated independently. If the grid-circuit-resistance rating is exceeded,
circuit instability may occur independent of the bulb temperature.
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Fig.3 - Sketch illustrating use of
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Augat Heat Dissipator, heat sink, and
PRINTEQ BOARD IERC "Hard-Mount"” shield for addi-
(c) tionel cooling of nuvistors.
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Chassis Considerations

The curves shown in Fig.2(a) apply only to chassis made of materials
having good thermal conductivity, such as steel or aluminum. Whennuvis-
tors (especially developmental long-lead types) are mounted on a low-
conductivity material, such as a phenolic or fiber "printed-board" chassis,




less conduction cooling can occur, and heat 1s also carried away by radia-
tion and convection. On such chassis, therefore, base temperatures are
about 50 degrees centigrade higher than those shown in Fig. 2(a) unless
additional cooling means are used. Fig.3 shows three suitable cooling
techniques for nuvistors: (a) the use of a 9036-1P1U heat dissipator manu-
factured by Augat, Inc.; (b) the use of conventional heat-conducting clips
manufactured by Tinnerman Corp.; (c) the useof an International Electronics
Corporation (IERC) "Hard-Mount" shield.

Figs. 4, 5, and 6 can be used as a guide in estimating base tempera-
ture for various socket, lead size, and chassis combinations for the in-
dicated nuvistor types. Actual base-temperature measurements should be
made to insure operation within ratings in printed-circuit applications
and in other applications where high packaging density or wide environ-
mental temperature ranges may create hot spots within the equipment.
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Grid-Circuit-Resistance Ratings

At a maximum shell temperature of 150 degrees centigrade, published
data for the 7586, 7587, 7895, and 8058 specify a maximum value of one
megohm for the control-grid-circuit resistance for cathode-bias operation,
In the case of type B056, a 10-megohm resistance is specified. The 150-
degree-centigrade value approximates the typical maximum temperature rating
of 85 degrees centigrade established for most conventional circuit
components.

In many industrial and military applications, chassis configuration
and packaging density require operation at chassis temperatures higher
than 85 degrees centigrade. Conversely, 1in other applications tempera-
ture 1s not a factor, but a larger grid-circuit resistance may be reguired.
Data have been obtained, therefore, te determine the maximum allowable
control-grid-circuit resistance for individual nuvistor types at shell
temperatures up to 250 degrees centigrade., These data have been measured
in conventional sockets crimp-mounted on a 1/16-inch aluminum chassis,

The nomographs in Figs.7 through 11 show the relationship of grid-
circuit resistance to chassis temperature and plate dissipation, Any one
of these parameters canbe determined from the nomographs if the other two
are known. For example, if the chassis temperature and plate dissipation
are known, the maximum allowable grid-circuit resistance is determined
as follows:

First, the intersection of the chassis-temperature and plate-dissipa-
tion lines is located on the lower part of the nomograph. A line is then
drawn vertically from this point to intersect the cathode-bias or fixed-
bias line. From this intersection, a line is drawn horizontally to the
left to indicate the maximum allowable grid-circuit resistance on the
left.-hand scale.




Cenversely, if the grid-circuit resistance 1s known, a horizontal
line is drawn from this value to intersect the cathode-biasor fixed-bias
line. A vertical line 1s then drawn from this intersection to the lower
part of the nomegraph. The intersections of this vertical line with the
plate-dissipation lines determine the maximum allowable chassis tempera-
tures for given plate dissipations, or the maximum allowable plate dissi-
pations for given chassis temperatures.

As shown in Figs. 7, 10, and 11, the maximum grid-circuit resistance
for types 7586, 8056, and 8058 is 10 megohms. For types 7587 and 7895,
it 1s 3 megchms, as shown in Figs. 8 and 9. Although larger values of
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Fig.7 - Nomograph for type 7586.

circuit resistance can sometimes be used, particularly incathode-follower
designs, circuit designers should consult the tube manufacturer for ad-
vice concerning such applications.

The maximum metal-shell temperature rating of 250 degrees centigrade
for nuvistors allows operation at chassis temperatures up te 170 degrees
centigrade for the 7587, 185 degrees centigrade for the 7386 and 7895,
200 degrees centigrade for the 8056, and 210 degrees centigrade for the
B0O58. A separate scale of actual nuvistor metal-shell temperatures is
also included in the nemographs.

Information furnished by RCA is believed to be accurate and re-
liable, However, no responsibility is assumed by RCA for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of RCA.
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THE NUVISTOR TRIODE IN VIDEQ IF-AMPLIFIER CIRCUITS

K.¥. Angel and J. Gote
Radio Corporation of America
Electron Tube Division
Harrison, N, J.

ABSTRACT

This paper discusses the use of the Nuvistor triode in two- and three
atage if amplifiers and places particular emphasie on neutralization.
Theecretical stable-gain limits are also discussed and the results of

practical designs are presented.

The development of television tuners using the
6C%4 Nuvistor triode ham suggeated the poasibility
that the high-figure-of-merit characteriatics of
the Nuviator could aleo be used to sdvantage in if
systema. The baaic guestion is one of coat for a
specified performance; triodea are inherently
cheaper and more reliable than tetrodes and pentodes.
On the other hand, because of high grid-to-plate
capacitance, triodes aremore difficult tostebilize
at high gaina then tetrodes end pentodes end,
therefore, require more careful and expensive
neutralization techniques. However, the relatively
uniform characteristics of the Nuvistor triode
grestly aimplify neutralization problems.

NEUTRALIZAT 10N

If triodes are to be used in an if smplifier,
neutralization must be simple, stable with changing
conditions and component veriation, snd inexpensive.

Fig.1 - Basic tapped-coil errange-
ment for triode neatralization
(Rice system of neutralizution).

A number of circuita could be uaed to effect
neutralizetion, but all have some drawbacks.
Considerable attention has been given to the selec-
tion of & good workable and inexpensive neutrsliza-
tion eystem.

All neutrslization circuits involve the balen-
cing of a bridge having either the input of the
output of the tube as one branch. With triodes,

the resistive component of the bridge branckes makes
it neceasary to compensate for the loading effects
of both the plate resistance and the plate drepping
resiatance. The grid aide is less resistive and,
therefore, a more satisfactory operating point.

The tapped-coil arrangement shown in Fig.l
(known as the Rice System of neutralization) is the
beat basic neutralization method for triodes be-
csuse of ita simplicity and ite uase of the grid
citcuit ss the point of epplication. As the coef-
ficient of magnetic coupling between L; and Lp
approsches unity, the bridge approaches perfect
balance. However, the coefficient of coupling in
practical systems ia usually less than one-half,
snd more complete balsncingmay require the sddition
of an RC network in parallel with Ls.

An equivslent system thet is easier to apply
snd uses fewer components is shown in Fig.2. Thie
arrengement, which uses tapped-cspacitor neutrsli-
zation of the grid circuit, removes the inductive

f:_
k-]

(A) (8)

elements from the bridge branchea so thst tuning
of the band pass haee lirtle effect on neutraliza-
tion and facilitstes alignment. Unforvunstely, this
circuit causes en unevoidable 3-db gain reduction.
Using m aimilai tspped-coil srrangement il the
plate circuit eliminates the loss in gain, but
introducea bridge-balance problema that make the
aystem undesirable,



STABILITY

In practice, no systemcan have perfect balance;
over-neutralization or under-neutralization muat
necessarily exiat in any practical aystem. Either
condition reflecta a negative resiatance into the

Cn
{B)

Fig.2 - Tapped-capacitor neutralization
of a grid circuit,

grid tank and instability resultsif the atage gain
ia sufficiently high. A stability analysia of the
tapped-capacitor circuit shown in Fig.2 definea

the admittance determinant, A, the characteristic
equation of a aingle-loop feedback amplifier.

The application of Routh-Hurwitz criterion in-
dicates syatem stability, and aeveral applications
using various valuesofx, y, and z show the effect
of parameter changea on the gain margin. This
analyaia ahows that the syatemis marginally astable
at a transconductance of 12,000 micromhos if the
only bridge imbalance ia a 20 per cent increase or
decrease in one of the grid-circuit resiative com-
ponents. An imbalance of about 20 per cent or lesa
in-any bridge impedance is approximately equivalent
to reducing the gain margin by that percentage.

When this information is used in the design of
a single stage in which the components have a value
tolerance of £ 5 per cent, the anticipated variation
in parameters can be compensated for by gain reduc-
tion. For a: S-per-cent variation in grid-to-plate
capacitance and a + 5-per-cent variation in neutrali-
zing capacitor, the gain must be reduced by 20 per
cent, e same variation in both capacitors across
the grid tank requires another 20-per-cent gain re-
duction which makes the usable transconductance 60
per cent of 12,000 micromhos, or 7200 micromhos for =
well-balanced circuit. 1f the resistive element of
the tank is not balanced (that ia, removed entirely
from one branch), the transconductance must be fur-
ther reduced to 3600 micromhos. In practice, it is
not necessary to consider the change in the input

| P I¥
kY| .
¢ /1 I /N
SCALE FACTORS
| 12 12X
C'=Cxi0
L=Lwio® I
Rl*R2 107 12 22 L 2 °§ 12 I2
Gm'=Gm x 103
Fig.3 - Tapped-capacitor neutral-
ization circuit having typical X
Nuvistor impedance values. 2
IO

A=

stability requirements apecifically for the Nuvistor
triode. This circuit is redrawn in Fig.3d with im-
pedance values typical of the Nuvistor when appro-
priats scale factors are spplied. Sis the Laplace-
tranaform variable, and x, y, and z are variation
factors of the associated admittance (that is, if
X, ¥, and z are unity, the bridge ia perfectly
balanced snd at maximum gain). By varying x, v,
and 2, the degree of imbalance which the circuit
can tolerate may be determined. Fig.3 alac ahowa
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resistance of s gain-controlled stage because the
reduction in tranaconductance is sufficient to re-
tain atability.

For a televiaion receiver having automatic gain
control (age), the variation in if reaponse can be
minimized by uaing the short-circuit input-loading
data shown in Fig.4. These curves indicate that an
unbypaased reaistor of epproximately 47 ohms mini-
mizea loading variations in the agc-controlled atage.




EXPERIMENTAL TWO- AND THREE-STAGE AMPLIFIERS

Because stability analysis of the mutually
coupled Rice Neutralization circuit is difficule,
experimental circuits were built to determine
whether practical coefficients of coupling were
large enough to provide usable geains without the
use of the more expensive tapped-capacitor circuit.
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The resulting two-stage amplifier, shown in Fig.5,
is a conventional synchronously double-tuned ampli-
fier using a conventional 6EAS mixer. More than 56
db of gain was obtained with good stability. A
normal range of Nuvistors can be substituted without
causing excessive tilt or oscillations. The age
control provides more than 40 db of control. The
first stege uses the developmental remote-cutoff
Nuvistor triode and the output stage uses the 6CW4.

width. An unbypassed 47-ohm resistor was used in
the first stage to minimize variations 1n 1nput
capacitance with age control.

The three-stage amplifier shown in Fig.6 is
similar to the two-stage counterpart and has two
identical gain-controlled stages and a 3900-ohm
detector load. This amplifier also uses the
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Fig.4 - Short-circuit input-loading data for Nuvistor triode.

conventional 6EAB mixer shown in Fig.5. Much greater
care is necessary with layout and wiring thsn with
the two-stage amplifier. However, without resistive
and capacitive balancing of the neutralizing
bridges, a stable gain of only 68 db is possible,
The age line provides 80 db of controel. More gain
may be obtained using the more complete balancing
shown in Fig.7. A stable voltage gain of 30.5 db
per stage fcr the first two stages and 12.3 db for

6Cw4
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Fig.5-A two-stage synchronously double-tuned amplifier using a conventional GEA& mixer.

i The strip has a 3.5-megacycle bandwidth and a
Y 4700-ohm detector load. Because proper bandwidth
is obtained by loading of the plate resistance and
input loading of the tube, no additional loading is
necessary. Bandwidth narrowing with agc gain reduc-
tion resulting from increased plate resistance is
not severe because of the accompanying increase in
coupling. The result was s small drop inthe center
of the response with only a slight decrease in band-

the output stage can be obtained. Although the
resultant three-stage gain should be 11,400 or
81.14 db, a 3-db loss per stage from the voltage
division of the tank capacitors results in a maximum
stable gain for the Nuvistor triode three-stage if
amplifier of 72 db.

The design shown in Fig.7 uses the capacitor-
tapping ratio of approximately l:1 because this con-



dition minimizes lmput and output capacitances. In
addition, the stage gain 1s 3 db less than the
equivalent ideal Rice neutralized system having
unity coefficient of magnetic coupling. A slight
improvement in gain can be effected by using a tap
ratio that produces a slightly higher grid voltage.
Unfortunately, the improvement is small because the
input and output capacitances are also increased.
The optimum tap ratio for this circuit of approxi-
mately 1:1.5 provides 0.4-db improvement over the
1:1 case. Greater ratios result in less gain;
beyond a ratio of 1:3 the gain is less than in the
1:1 case.

4700%"

has been aligned, the neutralizing capacitors can
be set at + 5 per cent values.

CONCLUSION

Two- and three-stage synchronously double-tuned
if amplifiers are feasible when the Nuvistor triode
is used with simple Rice neutralization and with
no addivional bridge balancing. This system makes
possible a gain of 56 db with a 4700-ohm detector
load for the two-stage strip and 68 db with a3900-
ohm load for the three-stage strip. Substitution
of tubes within the Nuvistor specification limits

6C'Wa 12:12

Fig.6 - Three-stage amplifier having two identical
gatn-controlled stages and a 3900-ohm detector load.

AL | GNMENT

In the alignment procedure, the gain control is
set for minimum gain. The neutralizing capacitors
of the gain-controlled stages are adjusted for
minimum feedthrough, and the output stage is adjua-
ted for minimum tilt, Band-pass adjustment is made
in the normal way: the gain 1s increased by a small

does not cause oscillator or excessive tilt., The
practical maximum gain possible from the Nuvistor
three-stage amplifier 1s 72 db when t 5-per-cent-
tolerance components are used and a 20-per-cent
imbalance in the resistive component of the neutra-
lization bridge and t 153-per-cent spread in Nuvistor
and stray capacitances are assumed.
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Fig.7-Neutraltization circuit using a f:1 capactitor-tapping ratio,

amount and the gain-controlled stages are re-neu-
tralized and then cut off to permit adjustment of
the output-stage neutralization for minimum tilt.
This process is continued until {full agc control
can be applied without causing tilt or oscillation
from maximum to minimum gain. When a given layout
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Use of the RCA-7587

Industrial Nuvistor Tetrode

In RF and IF Applications

This Notediscusses the use of the RCA-7587 nuvistor tetrode in small-
signal high- frequency circuits. Input-admittance data are given for fre-
quencies from 20 to 150 megacycles, and a small 60-megacycle wide-band
amplifier is described.

Tube Design Features

The all-metal-and-ceramic RCA-7587 sharp-cutoff nuvistor tetrode uses
a concentric cylindrical open-ended cantilever construction. The nse of
a top cap for the plate connection provides excellent input-to-output
1solation, a low grid-No.l-to-plate capacitance of 0.01 micromicrofarad,
and a low output capacitance of 1.4 micromicrofarads. In addition, the
tube construction provides extremely low residual-gas currents, freedom
from buildup of leakage paths, and a rugged internal structure. The low
heater drain,of 150 milliamperes, the high transconductance of 10,600
micromhos at 10 milliamperes of plate current, and its small size make the
RCA-7587 particularly useful for general industrial and military applica-
Cion.

The bandwidth figure of merit GB for a tetrode 1s given by

_ Em
2 (Cin + Cout)

The BCA-7587 has a cold input capacitance Cin of 6.5 micromicrofarads, a
cold cutput capacitance C,,¢ of 1.4 micromicrofarads, and a transconduc-
tance gn of 10, 600 niicromhos. Substitution of these values in the above
formula produces a nominal figure of merit of 214 megacycles. However,
the input capacitance for a tube in a socket under operating conditions
1s approximately 9 micromicrofarads. Consequently, the actual figure of
merit for an operating tube 1s 162 megacycles.

GB

Input Admittance

When the current through a tube 1svaried, as 1t may be for the purpose
of controlling the gain of an amplifier stage, variations in the input
conductance and 1n the 1nput capacitance affect the gain-vs-frequency
characteristic of the circuit connected to the i1nput of the tube.
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Table I shows the values of short-circuit input capacitance and short-
circuit 1nput conductance of the RCA-7587 for conditions of normal opera-
tion, cutoff, and with the tube cold., These values were measured in a

socket at a frequency of 60 megacycles. The capacitance values are nearly

Input Input

Operating Condition Capacitance Conductance
(ppf) {pmho's)

Tube operating (I, = 10 ma) 9.0 100

Tube cut off (I = 0) 7.1 18

Tube celd (no heater voltage applied) 7.1 17

Change from cutoff to Iy = 10 ma 1.3 82

Change when heater voltage is applied 0.6 -

Table I - Variatian of Short-Circuit Input Caepacitance
and Input Conductance of the RCA-7387 at
60 Megacycles.

independent of frequency up to approximately 150 megacycles. Theoretical
considerations indicate that the conductance should increase with the
square of the frequency. The measured data shown in the curve of Fig.l
indicate a somewhat more rapid increase with frequency. This difference
results from the series inductance in the measurement circuit.
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The variation of input capacitance and input conductance withoperating
conditions can be reduced substantially 1f the tube 15 used i1n a circuit
which includes an unbypassed cathode resistor. Figs.2 and3 show data for
the 7587 measured in such a circuit. As shown 1n Fig.2, the value of un-
Lypassed cathode resistance which provides minimum change in capacitance
between cutoff and maximum transconductance is about 18 ohms. The value
which provides minimum change 1n conductance 1s about 33 ohms, as shown
in Fig.3. The circuit designer should select a resistance value hetween
these limits which wil! have the smallest effect on the bandpass charac-
teristic of his particular system.




The data shown 1in Figs.2 and 3 were measured at afrequency of 60 mega-
cycles. The choice of resistance values foroptimum resultsisnot affected
appreciably bychanges in f{requency, but the magnitude of the conductance
values varies approximately with the square of the frequency, as mentioned
previously.
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The amount of unbypassed cathode resistance needed to minimize the
variation of capacirance and conductance with cperating conditions 1s less
than the total value of cathcde resistance suggested in the published
"typical operating conditions" for the 7587, Consequently, either an
additional bypassed section of cathode resistor or an external source of
bias 1s required. In high-gain circuits with automatic gain control, the




initial biasing voltage developed from noise i1n the systom under small-
signal conditions is often sufficient to supply enough initial bias to
prevent excessive plate and screen-grid currents.

IF Amplifier Design

The simple five-stage 60-megacycle 1f amplifier shown in Fig.4 demon-
strates the capabilities of the 7587, This amplifier consists of staggered
single-tuned stages (a flat-staggered quintuple!), and has a bLandwidth of
8 megacycles.

Fig. 4 - Photograph of an
experimental 5- stage 60~
megacycle 1f amplifier
using RCA-7587.

As shown 1n Fig.5, the {irst stage consists of two RCA-7586 nuvistor
triodes 1in cascode arrangement, followed by four 7587 nuvistor tetrodes
and a diode-connected 7T5B6 triode used as a detector. The cascode 1input
stage was chosen to take advantage of the low noise figure inherent in this
configuration, The tetrodes are single-tuned and staggered. The first
two tetrodes V3 and Vi are gain-controlled. Unbypassed cathode resistors
are mandatory to preserve the proper shape of the bandpass characteristic
as thegain 1s varied. V5 andVg have fixed gain; however, small unhypassed
resistors have been added toprovide somedegeneration to improve stability.

The damping of each tuned circuit in a stagger-tuned amplifier i1s de-
pendent upon the individual bandwidth and frequency required to achieve an
over-all flat bandpass of desired width. 1In this amplifier, the plate-
load resistor of the preceding stage and the i1nput conductance of the tuned
grid-No.l circuit are placed i1n parallel to achieve the proper bandpass.
The value of damping resistance calculated for each stage can be only a
first approximation because the short-circuit input-conductance data do
not show the input-conductance component resulting from feedback through
the grid-No.l-to-plate capacitance. This feedback component, when measured
at the grid-No.l-circuit resonant frequency, 1s positive when the plate
circuit is tuned to a frequency lower than that of the grid-No.l circuit
and negative when the plate circuit 1s tuned to a frequency higher than
that of the grid-No.l circurt.

| G. . Valley, Jr. and H. Wallman, Vacuum-Tube 4dmplifiers, lst Ed., McGraw-Hill Book

Company, Inc., New York, N. Y., 1948, pp.180-186.
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Each stage 15 tuned by adjustment af{its inductance for resonance with
the tube and stray circuit capacitance. Because of the uniformity of nu-
vistor characteristics from tube to tube, a minimum amount of adjustment
1s necessary to retain the proper bandpass characteristics when tuhes are
interchanged,
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Fig.5 - Schematic diagram for amplifier shown in Fig.4: (a) 7586
preanplofier; (b} 7587 vfamplifier; {c) 7586 detector

used for meesurements.




The effective grid-No.l-to-plate capacirtance of an rf amplifier tube
1s much higher than the value measured at low frequencies 1{ the screen
grid 1s not at rf ground potential. Jt hkecomes dilficult to ground the
screen grid effectively at frequencies above 30 megacycles because of the
1nductance of the screen-grid and Lypass-capacitor Jeads. Unbypassed 10-
ohm series resistors were used to "swamp out' any possikle high-{} series
resonances that might Le caused Ly the hypass capacitor. 7The lead induc-
tances can be adjusted to resonate in series with the bypass capacitor to
effectively ground the screen grad.

The small size and doubile-ended construction of the 7587 simplify the
circuit layout hecause thechassis canbe made to act as a physical Larrier
Letween 1nput and output. Experience has shown that high packaging den-
sities {small over-all size) can be readily achieved with negligible 1in-
stability provided proper bypassing and decoupling are used. The Lasic
ampliflier chassis shown inFig.4 measures 1-7, 8 inches by 1-1/4 1nches Ly
7-5/8 inches, The aver-all length 1s 1increased slightly to 8-1,/4 1inches
when the cascode 7586 nuvistors are inserted in one end. This unit 1s not
as small as possilble; other units using more tubes have heen Luilt even
more compactly,? In this circuit, however, each stape was 'compartmental-
1zed" to minimize the external feedback paths by taking advantage of the
double-ended feature of the 7587. The plate, hLias, and heater-voltage
supply or bus lines are strung '"outhboard" along one side of the chassis.

Gain and Bandpass Heasurements

The over-all amplifier gainof the circuit shown inFig.5 was measured
with a 60-megacycle unmodulated signal applied to the input grid of the
first stage. A dc voltmeter was connected across the detector loadresistor
and an rf vacuum-tube voltmeter was connected across the tuned 1nductance
in thedetector plate circuit. With the signal on, both rtf and dec voltages
were measured, The rf meter was then removed, and the level of the 1input
signal was adjusted until theoriginal dc voltage was obtained across the
detector load. The rf ountput veltage was then divided by the adjusted
input-signal voltage to calculate the over-all gain., The veltage gain of
the 60-megacycle amplifier was 104,000; the average gailn per stage was
greater than 10,

For measurrment of the bLandpass characteristics of the amplitier, the
1nput-signal level was varied to maintain aconstant dc voltage acress the
detector load throughout the passhand. Fig.6 shows the gain-handpuss
characteristics of the anplifier of Fig.5 for pains of 705, 11,100, aund

104,000.

Maximum Operating Temperature

Good design practice for relrability and Iafe requires consideration
of themaximum operating-temperature ratings for all components. The 7587
can operate at a maximum shell temperature of 150 degrees centigrade, mea-
sured at the gussets ncar the base of the tube. The 150-degree limitation
permits chassis temperatures ofup to 75 degrees centigrade at [ull dissi-
pation. Temperature measurements aremade with asmall thermocouple welded

"Nuvistors Improve Performance of Beacon IF Scrip®, ELECTRICAL DESIGN NEWS, Vol, 5,
No. B, August {J‘léu, p.34.
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to agusset of the nuvistor. The weld can be made by discharging a capaci-
tor through the junction of the thermocouple and the tube shell. A 200-
microfarad capacitor charged to about 75 volts welds a thermocouple wire
having a diameter of 0.005 inch.
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The 7587 1s designed so that the metal shell, particularly the Jug
contact to the socket, conducts heat away from the tube. When printed-
board or other poor-heat-conducting materials are used for the chassis,
care should be taken to insure that the tube-shell temperature does not
exceed 150 degrees centigrade. Operation at higher temperatures may in-
crease grid current and impair the life of the tube. When the tubes are
used at full dissipation on a printed board, the metallic portion of the
chassis should be connected to a suitable heat sink.

Tnformation furnished by RCA is believed to be accurate and re-
liable, However, no tespansibility is assumed by RCA for its use;
nor for any iafringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of RCA.
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