7046

MULTIPLIER PHOTOTUBE

4-7/16" Dia. Curved
Circular Semitrans-
parent Photocathode

I4-Stage, Head-On, Flat-Faceplate Type
Extended S-Ii Response
Very-Short Time-Resolution Capability

I1-1/8" Max. Length
5-1 /4" Max. Diameter
Thirtyfivar 21-Pin Base

TENTATIVE DATA

RCA-7046 is a head-on type of multiplier
phototube intended for use in scintillation
counters for the detection and measurement of
nuclear radiation, and applications involving
the measurement of low-level light sources. Its

fast response,

high current gain,
current capability,
pulses, and

high peak-
relative freedom from after-
its very small spread in electron—

transit time make it particularly useful for fast
coincidence scintillation counting.
The 7046 is capable of delivering pulse

currents having magnitudes up to 0.5 ampere with-
out space-charge effects causing appreciable
deviation from linearity. Consequently, the need
for an associated wide-band amplifier to amplify
the output puise iseliminated inmany applications.

The spectral response of the 7046 covers the
range fromabout 2500 to 6500 angstroms, as shown
in Fig.l. Maximum response occurs at approximately
4200 angstroms. The 7046, therefore, has high

TMK ®, Mareca Registrada
Printed in U.S.A

sensitivity to blue-rich
sensitivity to red radiation. Because of its
spectral response, the 7046 is well suited for
use with organic phosphors such as anthracene as
well aswith inorganic materials such as thallium—
activated sodium iodide.

light and negligible

Design features of the. 7046 include a semi-
transparent cathode on the curved inner surface
of the face end of the bulb; a minimum cathode
diameter of 4-7/16 inches; a faceplate of ultra—
violet transmitting glass with a flat external
surface to facilitate the mounting of flat
phosphor crystals in direct contact with the
surface; fourteen electrostatically focused
multiplying (dynode) stages; two focusing
electrodes with external connections for shaping
the field which directs the photoelectrons from
the cathode onto the first dynode; and an
accelerating electrode with external connection
for minimizing the space-charge effect in the
region of dynode No.|12. The material of which
the dynodes are made has stable, high-current-
carrying capabilities andpermits tube processing
to minimize regenerative effects, such as after-
pulses.

The internal leads from dynode No. !4 and
anode to their respective base-pin terminals are
short and direct. This arrangement makes possi-
ble the use of aload circuit having a short time
constant——an essential feature in pulse service.

The curved cathode surface of the 7046 assures
very good collection by dynode No.| of electrons
from all parts of the useful cathode area. The
curved surface together with the electrode con-
figuration employed in the 7046 provides minimum
spread in electron-transit time. As a result,
the 7046 has very short time-resolutioncapability,
i.e., in the order of Imillimicrosecond or less.
The 7046 is, therefore, capable of good pulse-
height resolution in gamma-ray spectrometry and
good time resolution in measurement of short,
closely spaced radiation pulses.

The 7046 is capable of multiplying feeble
photoelectric current produced at the cathode by
a median value of 3,000,000 times when operated
with a supply voltage of 2400 volts. The output
current of the 7046 is a linear function of the
exciting illumination under normal operating
conditions.
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The focusing electrodes permitoptimizing the
magnitude, uniformity, or speed of response in
critical applications. The accelerating electrode
reduces space charge and thus permits higher peak
output current inpulse service than would other—
wise be possible.

The various outstanding features of the 7046

commend its use in the design of scintillation
counters, and its use in nuclear and "time-of-
flight" measurements.
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Fig.1 - Tentative Spectral Sensitivity Character-
istic of Type %7046. Curve is shown for Equal
Values of Radiant Flux at All Wavelengths.

DATA

General:

Spectral Response. . .Extended s-11 (See Fig.1)
wavelength of Maximum Response . 4200 + 500 angstroms
Faceplate, with flat

external surface . Yltraviolet Transmitting Glass
Cathode, Semitransparent:
Shape. v = v v v 4 v e e e e e e .Curved Circular

window:
AFEE v v v v o 4 e a e e e e e 15.5 sq. in.
Minimum diameter . . . . . . . . . 4-7/16 in.
index of refraction. 1.468

Direct Interelectrode Capacttances (approx.):

Anode to dynode No.1¥. . . . . . . . 2.4 uuf
Anode to all other electrodes. . . . 5 ppuf
Dynode No.1% to all other electrodes 7 puf
Maximum Overall Length . . . . . . . . . 11-1/8"
Seated Length. . . . . « . « . .« . - 9-3/u" + 1/u"
Envelope « « « v v v v v . . See Dimensional Outline
Cathode Terminal . Metal Flange
Base . SmaTl—Button Thirtyfivar 21-Pin

(JETEC No.E21-140)
Mounting Position. . . « + v « v v & 4« « « « + .« . JARY

weight (Approx.) . . . . . . . .« . . . 11b. 14 oz.
Maximum Ratings, 4bsolute Values:
DC ANODE-SUPPLY VOLTAGE. . . . . 3400 max. volts
DC SUPPLY VOLTAGE BETWEEN DYNODE NO 1u

AND ANODE. . . . . . . Y400 max. volts
DC SUPPLY VOLTAGE BETWEEN CONSECUTIVE

DYNODES. . . PPN . . Y400 max. volts
DC SUPPLY VOLTAGE BETWEEN GRID No 3

AND DYNODE No.13 . . . . 500 max. volts
DC GRID-No.2 SUPPLY VOLTAGE . . 1500 max. volts
DC SUPPLY VOLTAGE BETWEEN GRID No.2

AND ANODE. . . . . I 2300 max. volts
DC GRID-No.1 SUPPLY VOLTAGE . .. 1200 max. volts
DC SUPPLY VOLTAGE BETWEEN DYNODE No. 1

AND GRID No.2. . . P 400 max. volts
AVERAGE ANODE CURRENT . . . . . 2 max. ma
AMBIENT TEMPERATURE RANGE. . . . .~125 to +75 oC

Characteristics Range Values for Equipment Design:

Under conditions with supply voltage (E) across a voltage
divider providing electrode voltages shown in Table I

With E = 2800 volts {except as noted), and with Grid-No.3,
Grid-No.1l, and Dynode-No.1l Voltages Adjusted to Give
Maximum Gain
. i Min. Median Max.
Sensitivity:
Radiant, at 1200
angstroms . . . . - 0.140 - amp/ pw
Cathode Radiant, at
4200 angstroms . . - 0.046 - paf
Luminous: ¥
At 0 cps. . - - %0 180 1500 amp/1umen
With dynode No.1i
as output
electrodet . . . - 108 - amp/1umen
Cathode Luminous:
With tungsten Tlght
sourcea . . 40 60 - wa/lumen

With blue 1|ght
source (See
Fig.2)¥* . . | ! - - ua

current Amplification - 3 x 106 -
Equivalent Anode—Dark- { - 2x1079 1.2 x 10"i 1umen
Current fnput®® | — 26x105 156 x 10-5 watt
. . —11 -
Equivalent Noise Input® { - 1x10 Tumen
. - 13x1077 - watt
Greatest Transit-Time
Spread:
Within a circle
centered on tube
face and having a
diameter of—
3 inches, . . . . - 0.5 - milliusec
I inches. . . . . - 4 - milliusec
With E = 3400 volts (except as noted), and with Grid-No.3,
Grid-No.1l, and Dynode- Eo 1 Voltages Adjusted to Give
Maximum Gain
Min. Median  Max.
Sensitivity:
rRadiant, at 1200
angstroms. . . . . . - 0.91 - amp / uw
cathode Radiant, at
4200 angstroms . . . - 0.046 - pal pw



Luminous: ¥
At O cps . . -
With dynode No 1u as
output e]ectrodeT -
Cathode Luminous:
With tun%sten light
source PN
With blue 1light
source (see
Fig.2)** u - - ua
Current Amplification. . - 20 x 106 -

1200 - amp/1umen

amp/1umen

u0 60 - pa/lumen

TABLE 1

pulse isequal to the "off" period. The output current
is measured through a filter which passes only the
fundamental frequency of the pulses.
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T CURVE A: SPECTRAL CHARACTERISTIC OF LIGHT SOURCE

- AT COLOR TEMPERATURE OF 2870°K

[T CURVE B: SPECTJRAL CHARACTERISTIC OF LIGHT FROM
2870°K SOURCE AFTER PASSING THROUGH BLUE
FILTER (CORNING N25(13 POLISHED TO !/ STOCK
THICKNESS)

TCTT T T

TTTT

VOLTAGE TO BE PROVIDED BY DIVIDER

3.8% of Supply
Voltage (E)
Multiplied By

Between

Cathode and Grid No.1 2
Cathode and Grid No.2 11.5
Grid No.2 and Dynode No.1 1 approx.™
Grid No.2 and Dynode No.2 2
Dynode No.2 and Dynode No.3 1
Dynode No.3 and Dynode No.4 1
Dynode No.4 and Dynode No.5 1
Dynode No.5 and Dynode No.6 1
Dynode No.6 and Dynode No.7 1
Dynode No.7 and Dynode No.8 1
Pynode No.8 and Dynode No.9 1
Dynode No.9 and Dynode No.10 1
Dynode No.10 and Dynode No.11 1
Dynode No.11 and Dynode No.12 1
Dynode No.12 and Dynode No.13 1
Dynode No.13 and Dynode No.1y 1
Dynode No.1ild and Anode 1
Anode and Cathode 26.5

Adjusted to Give Maximum Gain.

Averaged over any interval of 30 seconds maximum.

Under the followin? conditions: The 1i?ht source is a
tungste% filament lamp operated at a color temperature
of 2870 A light input of 0.1 microlumen is used.
The load reSIStor has a value of 0.01 megohm.

T An output current of opposite polarity to that obtained
at the anode may be provided by using dynode No.14 as
the output electrode. With this arrangement, the load
is connected in the dynode-No.1# circuit and the anode
serves only as collector. This type of operation is
suitable only for small output signals or for appli-
cations where linearity is not required.

Under the fO]1OWIn? conditions: The light source is a
tungsten filament Yamp operated at a color temperature
of 28709°K. The value of light flux is 0.01 lumen and
200 volts are applied between cathode and all other
electrodes connected together as anode. The load re-
sistor has a value of 0.01 megohm.

** Under the following conditions: Light incident on the

cathode is transmitted through a blue filter {(Corning,
Glass Code No.5113 polished to 1/2 stock thickness) from
a tungsten— f|1ament lamp operated at a color tempera-
ture of 28700K., The value of light flux on the filter
is 0.0t lumen. The load resistor has a value of 0.01
megohm, and 200 volts are applied between cathode and
all other electrodes connected together as anode.

Measured at 4200 angstroms.

Measured at a tube temperature of 25°C and with the
supply voltage E) adjusted to give a luminous sensi-
tivity of 500 amperes per lumen. Dark current caused
by thermionic emission and ion feedback may be reduced
by the use of a refrigerant.

nal-to-noise ratio, operation with a
£} below 2000 volts is recommended.

supply voltage (E) is

For maximum si
supply voltage

Under the fo]low1ng conditions:

2800 volts, 259C tube temperature, tungsten light source
of 28700k interrupted at a low audio frequency to
produce incident radiation pulses alternating between

zero and the value stated. The "on" period of the

n
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Fig.2 - Spectral Characteristic of 2870°K Light
Source, and Spectral Characteristic of Light from
28700 after Passing through Indicated Filter.

DEFINITIONS

Radiant Semsitivity. The quotient of output current by
incident radiant power of a given wavelength, at constant
electrode voltages.

Cathode Radiant Sensitivity.
leaving the photocathode by
given wavelength.

Luminous Sen;itivit?. The quotient of output current by
incident luminous flux, at constant electrode voltages

Current Amplification. Ratioof the output current to the
photocathode current, at constant electrode voltages

Equivalent Anode-Dark-Current Input. The quotient of the
anode dark current by the luminous sensitivity.

That value of incident luminous
in a stated manner produces an
to the rms noise current within

The quotient of current
incident radiant power of a

Fquivalent Noise Input.
flux which when modulated
rms output current equal
a specified bandwidth

Transit-Time Spread. The increase
pulse over that of the input pulse.
measured at 50% of the pulse height.

in width of the output
Pulse width is



GENERAL CONSIDERATIONS

The 7046 is a phototube incorporating an
electron multiplier, An electron multiplier
utilizes the phenomenon of secondary emission
to amplify signals composed of electron streams.
in the 7046 multiplier phototube, represented in
Fig.3, theelectrons emitted from the illuminated
curved cathode aredirected by fixed electrostatic
fields provided by grids No.| and No.2 to the
first dynode (secondary emitter). The electrons
impinging on the dynode surface produce many other
electrons, the number depending on the energy of
the impinging electrons. These secondary
electrons arethen directed by fixed electrostatic
fields along curved paths to the second dynode
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Fig.3 — Schematic Arrangement of Type
7046 Structure.

where they produce more new efectrons. This
multiplying process is repeated in each successive
stage, with an ever—increasing streamof electrons,
until those emitted from the last dynode (dynode

No.14) are collected by the anode and constitute
the current utilized in the output circuit.

The anode consists of a grating which allows
the electrons from dynode No.l3 to pass through
it todynode No.l4. Spacing between dynode No. |4
and anode creates a collecting field such that
all the electrons emitted by dynode No.l4 are
collected by the anode. Hence, the output cur—
rent is substantially independent of the instan—
taneous positive anode potential over a wide
range. As a result of this characteristic, the
7046 can be coupled to any practical load impeddnce.

The shield which is adjacent to dynode No. |
shields dynode No.l and the cathode and prevents
ion feedback. |f positive ions produced in the
high-current region near the anode were allowed
to reach thecathode orthe initial dynode stages,
they would cause the emission of spurious elec-
trons which after multiplication would produce
undesirable and often uncontrollable regenera-
tion. The metallic coating on the inner side
wall of the faceplate end of the envelope is
connected to the cathode and to the metal portion
of the envelope, and serves to direct the
electrons from the cathode toward dynode No. .

The focusing electrodes (grid No.!| and grid
No.2) shape the fieldswhichdirect photoelectrons
fromthe cathode onto dynode No.!l. For considera—
tionof the operating voltage applied to the focus-
ing electrodes, see INSTALLATION AND APPLICATION.

The accelerating electrode (grid No.3) serves
to minimize the effect of space charge in the
region of dynode No.!2. Forconsideration of the
operating potential of dynode No. |2 with respect
to dynodeNo. I3, see INSTALLATION and APPLICATION.

INSTALLATION and APPLICATION

The maximum ratings in the tabulated data
are |limiting values abovewhich the serviceability
of the 7046 may be impaired from the viewpoint of
life and satisfactory performance. Therefore,
in order not to exceed these absolute ratings,
the equipment designer has the responsibility of
determining an average design value below each
absolute rating by an amount such that the absolute
values will never be exceeded under any usual
condition of supply-voltage variation, load
variation, or manufacturing variation in the
equipment itself.

The maximum ambient temperature as shown in
the tabulated data is a tube rating which is to
be observed in the same manner as other ratings.
This rating should not be exceeded because too
high a tube temperature may cause the volatile
cathode surface to evaporate with consequent de-
crease in the life and sensitivity of the tube.

Terminal Connections. The base pins of the
7046 fit the thirtyfivar 35-contact socket, such
as Alden Part No.435SBA, or equivalent., The
socket should be made of high—-grade, low-leakage
material, and should be installed so that the



incident light falls on the face end of the tube.
Connection to the metal flange is made by a
spring—-finger ring, bearing against the edge of
the flange.

T
SN

(2]

2

o

]

z

o

it

=

g

g

r4

Q

[=]

T

z

©

DY|-TO-DY2
DY2-TO-DY3 _
ETC. THRU [ YOLTS=106
DY)3-TO-DY4 fas:
GRID-N2| VOLTAGE , GRID-N23 VOLTAGE, AND DY,
VOLTAGE ADJUSTED FOR MAX. ANODE CURRENT.
LIGHT SOURCE IS A TUNGSTEN-FILAMENT LAMP
OPERATED AT A COLOR TEMPERATURE OF 2870°K.

500

DI
400

1
=51

NCROTH
300

200
VOLTS BETWEEN ANODE & DYNODE Ne2I4

100

0.3

(Y]

S
ANODE MILLIAMPERES

0.4

92CM-9377

Fig.4 - Average Anode Characteristics of Type *%046.

In general, supply voltages for the elec—-
trodes of the 7046 may be provided as shown in
Table 1. The voitagedistribution shown in Table 1
gives the highest current amplification consistent
with best collection of photoefectrons. The
operating voltage between dynode No.l4 and anode
should be kept as low as will permit operation
with anode~current saturation. Referring to the
anode characteristic curves, shown in Fig.4, it
will be seen that saturation occurs in the
approximate range of 50 to 100 volts. Low
operating voltages between dynode No.l|4 and anode
reduces the dark current. As a result, the
operating stability of the 7046 is improved with-
out sacrifice in sensitivity. To obtain the

indicated operating voltage between dynode No.l4
and anode, it will be necessary to increase the
supply voltage between theseelectrodes above the
operating voltage by an amount to aliow for the
signal-output voltage desired.

For operation involving high-current pulses,
the overal |l supply voltage should be reapportioned
so that the voltages applied between dynodes near
the anode are increased. Successive interdynode
voltages should not be more than 5/4 of the
preceding interdynode stage.

Two focusing electrodes are provided to
optimize the magnitude, uniformity, or speed of
the response. in applications wherean increased
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[ LUMINOUS SENSITIVITY IS VARIED BY ADJUSTMENT OF {1
THE SUPPLY VOLTAGE (E) ACROSS VOLTAGE DIVIDER 1]
WHICH PROVIDES VOLTAGES AS FOLLOWS:

3.8°% OF E
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Fig.5 - Typical Anode-Dark-Current Characteristic
of Type 77046.

number of col lected photoelectrons is the primary
consideration, the grid-No.!| voltage should be
adjusted for maximum anode current whiie the
cathode is uniformly flooded with light,



The accelerating electrode, when operated at
a suitable potential with respect to dynode
No.l13, serves to minimize the effect of space
charge in the region of dynode No.i2. Provision
should be made to adjust the accelerating-
electrode volitage overa range extending from the

B "~ THE_SUPPLY VOLTAGE_(E) ACROSS VOLTAGE DIVIDER
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Fig.6 - Characteristics of Type 7046.

value at which dynode No.l13 operates to that at
which the anode operates. The adjustment may be
accomplished by means of a high-resistance
potentiometer connected between the voltage-—
divider tap fordynode No.|3 and the anode end of
the voltage divider. Since the accelerating
electrode draws at most only negligible current,
the potentiometer can have sufficiently high
resistance so that it will not substantially
affect the volitage distribution at the taps of
the shunted section of the divider. Within the
specified adjustment range, it willbe found that
the accelerating-electrode voltage may be adjusted

to obtain either maximum gain or maximum peak
output current. In general, the adjustment to
apply the highest voltage to the accelerating
electrode will permit the highest peak current
with some sacrifice in gain.

A very small dark current is observed when
voltage is applied to the electrodes of the 7046
in complete darkness, This current has a compo—
nent caused by leakage, and a component consist—
ing of pulses produced by electrons thermionic-
ally released from the cathode, by secondary
electrons released by ionic bombardment of the
dynodes or cathode, or by cold emission from the
electrodes., The magnitude of the dark current
establishes a limit below which the exciting ra-
diationon the cathode can not be detected. Dark
current may be kept at a minimum by storing tubes
in light-proof containers.

When the application utilizes continuous
luminous excitation and dc¢ anode current and it
is desired to have a high ratio of signal output
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DY) VOLTAGE ADJUSTED FOR MAX. ANODE
CURRENT.

BANDWIDTH: | CPS °

LIGHT SOURCE: TUNGSTEN AT 2870 K INTER-
RUPTED AT 90CPS TO PRODUCE PULSES
ALTERNATING BETWEEN ZERO AND FLUX
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Fig.7 — Equivalent-Noise~Input Characteristic
of Type 7046.

to dark current, it is recommended that the oper—
ating supply voltage (E) be determined with ref-
erence to the curve In Fig.5 which shows the
equivalent anode-dark-current input asa function
of luminous sensitivity for the 7046, and the
curves in Fig.6 which show luminous sensitivity



as a function of the supply voltage. The volt-
age between dynode No.l!4 and the anode should be
kept as low as will permit operation at a point
Just giving anode-current saturation. This
point on the anode characteristic curves, shown
in Fig.4, occurs in the approximate range of
50 to 100 volts,

In applications involving low—light level
pulsed excitation and ac coupling at the anode,
the best signal-to-noise ratio is obtained with
a supply voltage (E)} in the range from 2300 to 3200
volts, Within this range, the noise at the anode
is produced primarily by the statistical release
of thermal electrons, and the noise power spectrum
is essentially flat up to about 50 megacycles per
second. Atvoltages above3200 volts, regenerative
phenomena usually contribute to the noise.

The noise spectrum of the 7046 is such that
the threshold of pulse detection depends on the
associated circuitry. The bandpass filter should
be designed to pass only the frequency range of
the exciting signal inorder to eliminate as much
noise as possible.

In eitherdc or ac applications where maximum
gainwith unusually low dark current is required,
the use of a refrigerant, such as dry ice or
liquid air, to cool the bulb of the 7046 is
recommended. The resulting reduction in thermi-
onic emission from the cathode lowers the de-
tection threshold to give improved operation.
The curve in Fig.7 shows the equivalent noise in-
put as a function of the temperature of the 7046.

Exposing the 7046 to strong ultraviolet
radiation may cause an increase in anode dark
curreni. After cessation of such irradiation,
the dark current drops rapidly.

The operating stability of the 7046 is de-—
pendent on the magnitude of the anode current
and its duration. When the 7046 is operated at
high average values of anode current, a drop in
sensitivity (sometimes called fatigue) may be ex—
pected. The extent of the drop below the tabu-
lated sensitivity values depends on the severity
of the operating conditions. After a period of
idleness, the 7046 usually recovers a substan-—
tial percentage of such less in sensitivity.

The use of an average anode current well be-
low the maximum rated value of 2 milliamperes is
recommended when stability of operation is impor-
tant. When maximum stability is required, the
anode current should not exceed 100 microamperes,

The range of sensitivity values is dependent
on the respective amplification of each dynode

stage. Hence large variations insensitivity can
be expected between individua! tubes of a given
type. The overall amplification of a multiplier

phototube is equal to the average amplification
per stage raised tothe nth power, where n is the
number of stages. Thus, very small variations in
amplification per stage produce very large changes
in overall tube amplification.

Because these overall changesare very large,
it is advisable for the equipment designer to
provide adequate adjustment of the supply voltage
so that the amplification of individual tubes
canbe adjusted to the desired design value. The
voltage—adjustment range required to take care
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Fig.8 - Effect of Magnetic Field on Anode
Current of Type 7046.

of variations between individual tubes may be
determined from Fig.6 for low—1ight—-level service.
For example, ifasensitivity design value of 200
amperes per lumen isdesired, it will be observed
that this value onthe "minimum" sensitivity curve
corresponds to a supply voltage of about 3180
volts, and on the "maximum" sensitivity curve
to a supply voltage of 2340 volts., Therefore,
provision should be made to adjust the supply
voltage over the range from 2340 to 3180 volts.

Electrostatic shielding of the 7046 is not
required. The metallic coatingon the inner side



of the face end of the envelope togetherwith the
metal portion of the envelope act as an electro-
static shield to prevent the envelopewal! from
charging to a positive potential.

With certain orientations of the 7046, it
will be observed that the earth's magnetic field
is sufficient to cause a noticeable decrease in
the response of the tube. The curve in Fig.8
shows the effect on anode current of variation
in magnetic-field strength under the conditions
indicated, With increase in voltage between
cathode and dynode No.l, the effect of the
magnetic field will cause less decrease in anode
current. When grid No.l is operated at a
potential near that of the cathode, the effect
of the magnetic field will be increased. For
orientations of the 7046 otherthanthat indicated
in Fig.8, the effect of the magnetic field is
less pronounced. When the magnetic field is
parallel to the axis of the tube, the effect is
feast.

To prevent such decrease in response of the
tube, magnetic shielding must be provided. A
suitable shield may be obtained from James Millen
Mfg. Co., Malden, Mass. by ordering Part No.8080bP.
In general, it is recommended that the shield be
connected to cathode potential. When connected
to anode potential, this shielding should be
spaced sufficient!ly fromthe envelope or otherwise
insulated to prevent voltage breakdown between the
shield and the metal portion of the envelope.

It istobe noted that the use of an external
magnetic shield at high negative potential
presents a safety hazard unless the shield is
connected through a high impedance in the order
of 10 megohms to the potential. If the shield is
not soconnected, extreme care should be observed
in providing adequate safe-guards to prevent
personnel from coming in contact with the high
potential of the shield.

Magnetization of the metal portion of the
envelope will resutft in reduced or nonuniform
collectionof photoelectrons and hence a reduction
in sensitivity. The tube may be demagnetized by
subjecting it to an ac magnetic field which is
gradually reduced in intensity.

Adequate light and ultraviolet-radiation
shielding should be provided to prevent extraneous
radiation from reaching any part of the 7046.
Although the metallic coating on the inner side
wall of the face end of the envelope serves to
reduce the amount of extraneous radiation reaching
the electrodes, it is inadequate to shield com—
pletely the entire structure from extraneous
radiation.

Whenever frequency response is important, the
leads from the 7046 to the amplifier should be
short so as to minimize capacitance shunting of
the phototube load.

The dc supply voltages for the electrodes can
be obtained conveniently from a high-voltage,

vacuum—tube rectifier. The voltage for each
electrode can be supplied by spaced taps on a
voltagedivider across the rectified power supply.
The current through the voltage divider will
depend onthe voltage regulationand the linearity
required by the application. In general, the
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Cqy = 25 puf, disk ceramic, 600 volts (dc working)
Cy = 50 ppf, disk ceramic, 600 volts {dc working)
€3 = 100 uuf, disk ceramic, 600 volts (dc working)

Cy = 250 puf, disk ceramic, 600 volts (dc working)
Cs = 500 upf, disk ceramic, 600 volts (dc working)
Cg = 100 uuf, disk ceramic, 600 volts (dc working)
Ry = 50000 ohms, 2 watts, adjustable

R2 200000 ohms, 10 watts
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Ry = 1 megohm,.2 watts, adjustable
R5 through Ry7 = 22000 ohms, 1 watt
Ryg = 10 megohms, 2 watts, adjustable

R_ = value will depend upon magnitude of peak pulse voltage
desired,

Note: Capacitors Cj throughCg should be connected at tube
socket.

Fig.g9 - Voltage-Divider Arrangement for Type %7046.

current in the divider should be several times
the maximum value of anode current. The value
should also be adequate to prevent variations of
the dynode potentials by the signal current.
Because of the relatively large divider current
required for good regutation, the use of a recti-
fier of the full-wave type is recommended.
Sufficient filtering will ordinarily be provided
by a well-designed two-section filter of the
capacitor—input type. A choke—input filter may
be desirable for certain applications to provide
better regulation. Inasmuch as the gain of the
7046 is critically dependent on voltage, rapid



changes inthe voltage resulting frominsufficient
filtering of the power supply will introduce

hum modulation; and slow shifts in the line
voltage due to poor regulation will cause
a change in the level of the output. When

the dc supply voltage is provided by means
of a rectifier, satisfactory regulation can
be obtained by the use of a vacuum tube regulator
circuit of the mu-bridge type.

In most applications, it is recommended that
the positive high~voltage terminal be grounded
in order that the output signal will be produced
between anode and ground. This method prevents
power-supply fluctuations from being coupled
directly into the signal-output circuit.

A typical voltage-divider arrangement for use
with the 7046 is shown in Fig.9.

The high voltages at which the 77046 is oper-
ated are very dangerous. Care should be taken
in the design of apparatus to prevent the operator
from coming in contact with these high voltages.
Precautions should include the enclosure of high-
potential terminals and the use of interlock
switches to break the primary circuit of the
high-voltage power supply when access to the
apparatus is required.

In the use of the 7046, as with other tubes
requiring high voltages, it should always be re—
membered that these high voltages may appear at
points in the circuit which are normally at low
potential, because of defective circuit parts or
incorrect circuit connections. Therefore, before

any part of the circuit is touched, the power-
supply switch should be turned off and both ter-
minals of any capacitors grounded.
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