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ACTIVELY-STABILIZED PHOTOMULTIPLIER TUBE BASE
FOR VACUUM OPERATION

by
M. A. Bryan, C. L. Morris, and G. C. Idzorek

ABSTRACT

An actively stabilized photomultiplier tube (PMT) base design for
an Amperex XP-2262B PMT is described. Positive-negative-positive
transistors are used as low-impedance current sources to maintain
constant voltages on the last three dynodes. This technique results in a
highly stable, low-power tube base ideal for use with low-duty-factor
beams, such as those found at the Clinton P. Anderson Meson Physics
Facility. Furthermore, because of the low power usage of this base
design, these bases can be sealed in a heat-conductive, electrically
insulating material and used in a vacuum.

I. INTRODUCTION
Photomultiplier tube (PMT) bases that use resistive voltage-divider networks

(Fig. 1, Ref. i) are unstable at anode currents, which are comparable with the string

currents,* because the current drain through the dynodes changes the resistive-

string voltages appreciably. Therefore, for stability, one needs high voltage-divider-

string currents. However, this precludes their use in a vacuum because of heating

from high power usage.

Hiebert, Thiessen, and Obst' have shown that for tube bases used in low-duty-

factor beams, these problems can be reduced by using positive-negative-positive

(PNP) transistors as low-impedance current sources to actively control the voltages

on the last dynodes of the PMT. We present a design for an Amperex XP-2262B tube

base that uses this method to stabilize tube gah* at high anode currents and to

* Phillips development sample data for the XP-2262B PMT. North American Phillips

Corp., 1OO-T E. 42nd St., New York, NY 10017.



minimize power requirements so that it can be used in vacuum systems for

experiments at the Clinton P. Anderson Meson Physics Facility (LAMPF). The duty

factor of the beam at LAMPF is ^10% so that we may take advantage of this technique.
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Fig. 1. Schematic of resistive-string base design.

When using a PMT in a vacuum system, one must be concerned not only with

the heat generated by the components but also with electrical breakdown between

different components with high potential between them.2 Potting the entire base

assembly in a heat-conductive, electrically insulating material is a solution to both

problems. We have used both silicone rubber and epoxy with an added heat-

conductive compound and found no significant outgassing.



II. CIRCUIT DESCRIPTION
A schematic of the PMT base design is shown in Fig. 2. The voltages of the

cathode and focusing grid are set by Zener diodes to values suggested by the

manufacturer of the PMT. The voltages of the first eight dynodes are set by a

resistive voltage-divider string. Typically, not much instability occurs in the first

half of the dynode string because dynode currents are not large enough to vary the

voltage.
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Fig. 2. Schematic of transistor-stabilized PMT base design.



The remaining dynodes, D9 through Dl2> use PNP transistors, which have

voltages set by Zener diodes. The PNP transistors use charge from Q to act as

constant-current sources at low impedance. The maximum pulse length is

determined by the discharge time of Q. When Q discharges below the voltage that

allows Qi through Q3 to saturate, the voltages on D9 through Dl2 drop. Therefore, Q

should have enough capacitance so that, for the maximum pulse length (in this case,

850 u.s), it will not discharge to the point of saturating Q|. One wants all transistors to

remain active in their roles as low-impedance, constant-current sources to the

dynodes for the duration of the pulse. This is the limiting factor for the stability of

this base design.

C 2 gives added stability when current through R) is trying to recharge Q

(between beam pulses) in a direction that subtracts from Zener current. R2 sets a

quiescent current flow through the transistors. The small 0.005-nF capacitors

between every other dynode, beginning with D7, are high-frequency filters for

clean wave shapes. The diodes between the base and emitter of Qi through Q3 and the

Zener diodes between the base and collector of Qi prevent damage to the transistors

during turn-on and turn-off periods.

The circuit is on two circular printed circuit boards (Fig. 3) that are joined

using conductive stand-off posts. The stand-off posts are at electrical ground. The

high voltage and signal are transferred from board to board and from board to SHV

connection using insulated cable rated at 5 kV and BNC cable, respectively. The

electrical connections, one BNC and one SHV, are on an aluminum endplate having

the same diameter as the circuit boards. The other end has the base socket attached

directly to the circuit board.

III. VACUUM CONSIDERATIONS
When using PMTs in a vacuum system, one must be concerned with the heat

generated by the components used in the base and also with electrical breakdown

between different components at high potential with respect to each other. Potting

the entire base assembly in a heat-conductive, electrically insulating material is a

solution to both problems. We have chosen Dow Coming 3110 as a potting compound.

To ensure that no air bubbles are trapped in the potted base assembly, the potting

compound was degassed under vacuum and then poured into the base, which was

then momentarily placed under vacuum to eliminate air bubbles. Too much

degassing will allow the catalyst to evaporate and curing will not occur. This
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particular compound takes approximately 72 h io cure. We have seen no significant

outgassing at low pressure after curing. We have also used epoxy with heat-

conductive components added as a potting material. It was initially feared that

component damage or detachment would occur during curing of the epoxy, but this

was not seen.

XP2262 Tube Base
Board I Side i

XP2662 Tube Base
Board I Side 2

XP2262 Tube Base
Board 2 Side I

XP2262 Tube Base
Board 2 Side 2

Fig. 3. Printed circuit board layout (actual size).



(a)

(b)

Fig. 4. Photographs of PMT base output. The units of each photograph are 0.1 ms/div
and 1 V/div. (a) PMT base circuit using a resistive voltage-divider string, and
(b) an actively stabilized PMT base described in this work.



IV. CONCLUSION
In conclusion, we see that this base design provides good stability with a beam

pulse length of 500 us at 120 Hz (6% duty factor, see Fig. 4). Conventional

manufacturers' suggested base designs such as the resistive string seen in Fig. 1 do

not provide this stability. The nominal operation voltage of both bases is 2 kV. At

anode currents <0.3 mA, both bases are stable. The instabilities only arise at anode

currents at which one would normally operate the tube: 0.5 mA for the gain-

stabilized base and 2 mA for the resistive-string base. We see in Fig. 4a that for an

anode current of 2 mA and duty factor £10% the manufacturer-suggested resistive-

string base has a gain change of 50% during one macropulse. By comparison, we see

in Fig. 4b that the actively gain-stabilized tube base presented in this paper at an

anode current of 0.5 mA has a gain change of <10%. See Appendix for a parts list for

the base.

The resistive-string base consumes 4W of power. The gain-stabilized tube base,

on the other hand, uses 1W of power. One should remember that the typical

temperature coefficient of high-voltage Zener diodes is 0.09%/°C, and self-heating

can be a factor if they are operated at high currents. With this reduced power

dissipation in mind, we have determined that the actively stabilized base design is

ideal for potting in heat-conductive, electrically insulating material, and for using

in a vacuum.
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APPENDIX

PARTS LIST FOR BASE

QUANTITY

1 ea.

2 ea.

1 e&.

1 ea.

11 ea.

1 ea.

1 ea.

3 ea.

2 ea.

1 ea.

1 ea.

1 ea.

6 ea.

3 ea.

3 ea.

3 ea.

1 ea.

1 ea.

1 ea.

1 ea.

1 ea.

DESCRIPTION

female SHV feedthrough

100-kft resistor, 1/4 W

10-Mft resistor, 1/4 W

0.0033-/xF cap., 3 kV

1N4764A Zener diodes, 100 V

187-kQ resistor (R3)

154-k« resistor (R4)

169-kft resistor (R5 R7)

215-kft resistor (R8 RQ)

255-kft reisitor (R10)

0.033-/xF cap., 2 kV

0.068-//F cap., 2 kV

0.002-//F cap., 1 kV

1N3731 (signal diodes)

2N5416 (power transistors)

1N4758 (56-V Zener diodes)

1N4760A (60-V Zener diodes)

3-Mfi resistor

10-kfi resistor

BNC feedthrough

51 -kft resistor

STOCK NO.

EE-1290

El-0533

El-0437

EE-7175

EE-9474

El-0559

El-0551

El-0555

El-0565

El-0572

EE-0801

EE-0802

EE-0416

EE-6816

EE-9418

EE-9471

EE-9472

EE-3483

El-0437

EE-7689

EE-8210


