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1P28

MULTIPLIER PHOTOTUBE

9-Stage Type with S-5 Response

RCA-IP28 is a high-vacuum, multiplier photo-
tube constructed with a special glass bulb which
transmits radiant energy in the ultraviolet
region down to about 2000 angstroms. |t is
especially suited for scien-
tific research and specialized
applications involving very
low ultraviolet radiation
levels because it features a
combination of high photo-
sensitivity, high secondary-
emission amplification, very
small dc dark current, and an
ultraviolet equivalent noise
input of 6 x 10— 15 wattat 25°C.

The spectral response of
the P28 covers the range
from about 2000 to 6000 ang-
as shown in Fig. |.
Maximum response occurs at
approximately 3400 angstroms.

stroms,

The
photoelectric current produced at the cathode by

IP28 is capable of multiplying feebie

an average value of [,000,000 times when oper-
ated at {00 volts per stage. The output current
of the 1P28 is a linear function of the exciting
energy under normal operating conditions.

The frequency response ofthe P28 is flat up
to a frequency of about 100 megacycles per second
above which the variation in electron transit
time becomes the limiting factor.

Having small size, rugged construction, high
sensitivity, extremely low equivalent noise in—
put, and freedom from distortion, the IP28 is
recommended for use in spectrophotemetry, in
scintillation counters, in scientific research,
and in other specialized applications.

DATA
General:

Spectral RESPONSEs « o o s o o ¢ o o o s s + ¢ s & S—
wavelength of Maximum Response . . 3400 & 500 angstroms
cathode: ) *
Minimum Projected Length . « & . « « ¢« &« o » « o 15/16"
Minimum Projected width* . . , . 5/16"
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pirect |nterelectrode Capacitances (Approx.):

Anode to Dynode NGe® o o « « o s « & & ¥ .. puf
Anode to A1l other Electrodes. . . . . 6.5 . . ppf
Maximum Overall Length « o o o« o 5 o ¢ o « o 3-11/16"
Maximum Seated Lengthe « o o ¢« o » & o o & o & 3-1/8"

Length from Base Seat to Center of
. useful cathode Area . . 1-15/16" % 3/32"
Max imum Diameter . . . . e 1-5/16"

BUID o o o o ¢ o o o o« o« 5 a o 0 = = o » s e e s T-9
Base , . . Small-Shell Submagnal 11-Pin, Non-hygroscopic
Mounting POSitiONe = o o o o o « o o o o o o« o o & Any
Maximum Ratings, Absolute Values:
ANODE~SUPPLY VOLTAGE (DC or peak AC)P., 1250 max. voits
SUPPLY VOLTAGE BETWEEN DYNODE NO.9
AND ANODE (DC or pPeak AC). . . 250 max. volts
PEAK ANODE CURRENT . ettt 5 maxe. ma
AVERAGE ANODE CURRENT ™4« o ¢ » o » = » 0.5 max. ma
AMBIENT TEMPERATUREs « o o ¢ o » s o & 75 max. oc
Characteristics:
¥ith 100 volts per dynode stage and
100 volts between dynode §o.9 and anode
Nin. 4v. Nax.
0C Anode Dark Current#® - - 0.1 pamp
sensitivity:
At 3400 angstroms, . . - 22600 - uamp/pwatt
Luminous:
cathode§ « s e 8 s = 20 - wamp/lumen
Anoded;
AL 0 CPS ¢ ¢ » o o U,5 20 300 amp/lumen
At 100 Mc. . . o0 - 19 - amp/lumen
current amplification®. - 1000000 -
Luminous Equjvalent
Noise Input® . - 7 x 10712 - Tumen
Ultraviolet Equivalent
Noise Input . - 6 x 10715 - watt
¥ith 75 volts per dynode stage and
50 volts between dynode §o.9 ond anode
Av.
sensitivity:
At 3400 angstroms. . . . . 3400 pamp/pwatt
Luminous:
cathoqg§ s e s s 8 s s e 20 pamp/lumen
Anode®, at 0 cpSe . + . 3 amp/lumen
Current Aamplification®, ., . 150000

* on plane perpendicular tothe indicated direction of in-
cident radiation.

O Referred to cathode.
O averaged over any interval of 30 seconds maximum.

bark current due to thermionic emission and ion feedback
may be reduced by the use of refrigerants.

® ror maximum signal-to-noise ratio, operation below 1000
volts is recommended.

§ For conditions the same as shown under Anode Luminous
sensitivity except that the value of light flux is 0.01
lTumen and that 100 voltsareapplied between cathode and
all other electrodes connected together as an anode.

A ror conditions where a tungsten lamp operated at a fila-
ment color temperature of 28700K is used as a light
source. A light flux of 10 microlumens from a rectangu-
lar aperture approximately 0.8" long and 0.2" wide is
projected normal to the center of the cathode. The load
resistor has a value of 0.01 megohm. The applied volt-
ages are as indicated.

8 gatio of anode sensitivity to cathode sensitivity.

* pefined as the value where the rms output current is
equal to the rms noise current determined under the fol-
lowing conditions: 100 volts per dynode stage, 250C
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tube temperature, ac—amplifier bandwidth of 1 cycle per
second, tungsten 1ight source of 28700K interru ted at
a low audio frequency to produce incident radiation
pulses alternating between zero and the value stated:
The *on" period of the pulse is equal to the roff
eriod. The output current is measured through a
ilter which passes only the fundamental frequency of
the pulses.
f pefined the same as tuminous Equivalent Noise Input ex—
cept that use is made of a monochromatic source having
radiation at 2537 angstroms.

GENERAL CONSIDERATIONS

An electron multiplier isavacuum tube which
utilizes the phenomenon of secondary emission to
amplify signals composed of electron streams. In
the IP28 multiplier phototube, represented in
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Fig. 1 -Spectral Sensitivity Characteristic of
Type 1P28 which has S-5 Response. Curve is
taken for Equal Values of Radiant Flux at
all Wavelengths.

Fig. 2, the electrons emitted from the illumi-
nated cathode aredirected by fixed electrostatic
fields to the first dynode (secondary emitter).

The electrons impinging on the dynode surface
produce many other electrons, ?he.number depend-
ing on the energy of the impinging glectro“s_
These secondary electrons are then directed by
fixed electrostatic fields along curved paths to
the second dynode where they produce more new
electrons. This multiplying process is repeated
in each successive stage, with an ever—increasing
stream of electrons, until those emitted from the
ast dynode {dynode No.9} are collected by the
anode and constitute the current utilized in the

output circuit.

Dynode No.9 isso shapedas toenclose partial-
Iy the anode and to serve as a shield for it in
order to prevent the fluctuating potential of the
anode from interfering with electron focusing in
the interdynode region. Actually the anode con-
sists of a grid which allows the electrons from
dynode No.8 to pass through it to dynode No.9.
Spacing between dynode No.9 and anode creates a
collecting field such that all the electrons it
emits are collected by the anode. Hence, the out-
put current is substantially independent of
the instantaneous positive anode potential
over a wide range. As a result of this charac-
teristic, the |P28 can be coupled to any practi-
cal load impedance.

The shield which extends between the photo-
cathode and the anode shields the photocathode
from the anode and prevents ion feedback.
If positive ions produced in the high~current
region near the anode were allowed to reach
the photocathode or the initial dynode stages,
they would cause the emission of spurious
electrons which after multiplication would
produce undesirable and often uncontrolla-
bie regeneration.

The gril! through which the incident radia—
tion reaches the photocathode, is connected
to the photocathode and serves as an electro-
static shield for the open side of the elec—
trode structure.

The successive stages of the |P28 are oper—
ated at voltages increasing in equal steps from
the photocathode to the 9th dynode, and are gen-
erally chosen as 75 to 90 volts per stage. The
voltage between dynode No.9 and the anode should
be kept as low as will permit of operation at a
point just giving anode-current saturation. This
point on the anode characteristic curves corre-
sponds to a voltage of about 50 volts. Low oper—
ating voltage between dynode No.9 and anode re-
duces the dark current due to leakage paths and
also reduces the ion bombardment of the dynodes.
As @ result, the operating stability of the IP28
IS improved without sacrifice in sensitivity.
't is to be noted that the supply voltage re-
quired to give an operating voltage of 50 volts
between dynode No.9 and anode will, of course,
b? contingent on the {oad impedance used and the
signal output voltage desired.
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Fig. 2 -Schematic Arrangement of
Type 1P28 Structure.

INSTALLATION and APPLICATION

The maximum ratings shown in the tabulated
data are limiting values above which the service-
ability of the I1P28 may be impaired fromtheview-
point of |ife and satisfactory performance. There-
fore, in order not to exceed these absolute rat-
ings, the equipment designer has the responsi-
bility of determining an average design value for
each rating below the absolute value of that rat-
ing 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 bulb temperature may cause the volatile
cathode surface and dynode surfaces to evaporate
with consequent decrease in the life and sensi-~
tivity of the tube.

The operating stability of the |P28 is de-
pendent on themagnitude of the anode current and
its duration. When the IP28 is operated at high
values of anode current, a drop in sensitivity
{sometimes called fatigue) may be expected. The
extent of thedrop belowthe tabulated sensitivity
values depends on the severity of the operating
conditions. After a period of idleness, the IP28
usually recovers asubstantial percentage of such
loss in sensitivity.

The use of an average anode current well be-
low the maximum rated value of 0.5 milliampere is
recommended when stability of operation is im-
portant. When maximum stability is required, the
anode current should riot exceed |0 microamperes.

The range of sensitivity values is dependent
on the respective amplification of each dynode
stage. Hence, large variations in sensitivity
can be expected between individual tubes of a
given type. The overall amplification of amulti-
plier phototube is equal to the average amplifi-
cation per stage raised to the nth power, where

n isthe number of stages. Thus, very small vari-
ations in amplification per stage produce very
targe changes in overall tube amplification.

Because these overall changes are very large,
it isadvisable for designers to provide adequate
adjustment of the supply voltage per stage so as
to be able to adjust the amplification of indi-~
vidual tubes to the desired design value. It is
suggested that an overal | voltage~adjustment range
of 2 to | be provided. When the output current
can be controlled by change in the radiant energy
incident on the photocathode of the multiplier
phototube, the required range of adjustment in
the voltage per stage can be reduced.
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Fig. 3- Average Characteristics of Type 1P28.

Fig. 3 shows sensitivity and current amplifi-
cation versus the dc voltage per stage.

The base pins of the [P28 fit the submagnal
ll—contact socket designed for apin-circle diame—



ter of 0.75 inch. The socket should be made of
high-grade, low-leakage material, and should be
installed so that the base key of the tube faces
the incident radiation.

Magnetic shielding of the |P28 is necessary
if it is operated in the presence of strong mag-
netic fields.

Adequate light shielding should be provided
to prevent extraneous [ight from reaching any part
of the IP28.

Whenever frequency response is important, the
leads from the I1P28 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 dy-
node and for the anode can be supplied by equally
spaced taps on avoltage divider across the recti-~
fied power supply. The current through the volt-
age divider will depend onthe voltage regulation
required by the application. In general, the
current in the divider should be several times
the value of the total average dynode current
flowing through the divider. The value should be
adequate to prevent variations of the dynode po-
tentials by the signal currents. Because of the
relatively large divider current required for
good regulation, the use of a rectifier of the
full-wave type is recommended. Sufficient filter-
ingwill ordinarily beprovided by awell-designed,
two-section filter of the capacitor-input type.
A choke-input filter may bedesirable for certain
applications to provide better regulation. Inas—
much as the gain of the P28 is critically de-
pendent on voltage, rapid changes in the voltage
resulting from insufficient filtering of the power
supply will introduce hum modulation; and slow
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C1 C2 €3: 16 puf, 450 volts (dc workingz, electrolytic
cu: 8 uf, 150 volts (dc working), electrolytic.
Required only if hiqh peak currents are drawn.
R: 100000 ohms, 1 watt, variable {(centralab A122,
. ,or _equivalent)
T: United Transformer Corp. NO.R-2, Oor equivalent
VOLTAGE DIVIDER: 10 Resistors, each 50000 ohms, 1/2 watt

Fig. 4-Simple Half-Nave Rectifier Power-Supply
Circuit with Voltage Divider for Supplying
DC Voltages to Type 1P28.
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f, 1000 volts (dc working A
.piéo volts (dc éorklnqy, e‘ectro1yt|c
required only if high peak currents are drawn.

E%:cg:ﬂg

L1 L2: united Transformer corp. No.R-17, or equivalent
R: 200000 ohms, 12 watts, variable {General padio
Type 471-A, or equivalent)

T1i: united Transformer Corp. No.S—u5, or equivalent
T2: ynited Transformer corp. §o.FT-6, or equivalent
VOLTAGE DIVIDER: 10 Resistors, each 20000 ohms, 1 watt

Fig. 5—Full-Wave Rectifier Power-Supply Circuit
with Voltage Divider for Supplying DC Voltages
to Type 1P28 in Applications C(ritical as to
Hum MHodulation.

shifts inthe line voltage produced by poor regu—
lation 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 regu-—
lator circuit of the mu-bridge type.

In most applications, it is recommended that
the positive high-voltage terminal be grounded
rather than the negative terminal. With this
method, which places the cathode at a high nega-
tive potential with respect to ground, the danger-
ous voltages canmore easily be made inaccessible.

The high voltages at which the 1P28 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 IP28, 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 normaily at low
potential, because of defective circuit parts or
to incorrect circuit connections. Therefore, be-
fore any part of thecircuit is touched, the power
supply switch should be turned off, the plug re-
moved from the outlet, and both terminals of any
capacitors grounded. Also, the use of a pro-—
tective resistor havingaminimum value of 10,000
ohms in the output circuit is recommended as a
desirable procedure to prevent possible damage
to component parts during adjustment.



Typical power-supply circuits for the |P28
arc'e shown inFigs. 4 and 5. The circuit in Fig. 4
utilizes a half-wave rectifier to provide the dc
power for the IP28. In applications where excel—
I-ent regulation particularly for wide variation
in the output current of the IP28 is required and
where minimum hum modulation is essential, the
circuit in Fig. 5 may be used. ’

The anode family for the |P28 is shown in
Fig. 6.
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Fig. 6- Average Anode Characteristics
of Type 1P28.

The use of @ refrigerant, such as dry ice or
liquid air, to cool the IP28 is recommended in
those applications where maximum gain with un-
uysually low dark current is required.

An external electrostatic shield in contact
with the sides of the glass envelope and connected
to a negative dc potential essentially the same

as that of the photocathode, should be emplioyed
in those applications where it is desired to re-
duce the luminous equivalent noise input of the
IP28 to a minimum. Since the shield is at a
dangerous potential, extreme care should be
exercised to provide adequate protection for the
operator, as described under high voltages.

The luminous equivalent noise input as a
function of the temperature of the |P28 is shown
in Fig. 7.
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¢ OF BULB WILL NOT DEVIATE MORE THAN 2°
I4 ANY DIRECTION FROM THE PERPENDICULAR
ERECTED AT CENTER OF BOTTOM OF BASE.

SOCKET CONNECT IONS
Bottom View

DIRECTION OF INCIDENT RADIATION

PIN 1: DYNODE NO.1
PN 2: DYNODE No.2
PIN 3: DYNODE No.3
PIN 4: DYNODE NO.%
P{N 5: DYNODE NO.5
PIN 6: DYNODE NO.6
PIN 7: DYNODE Ko.7
PIN 8: DYNODE No.8
PIN 9: DYNODE KNo.9
PIN 10: ANODE

PIN 11: CATHODE
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