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Abstract Hamamatsu R1924A is one of the most widely

used photomultiplier tubes (PMTs) in nuclear physics.

Since the active base suitable for R1924A is still not

available in market, an active base is designed for Hama-

matsu R1924A PMT, and the test results at high counting

rates are presented. The active bases with two different sets

of resistor chains were tested and compared by a fre-

quency-controlled green straw hat LED light. A

stable signal output up to 100 kHz is achieved using

frequency-controlled LED pulsed light. The temperature of

bases, which reflects the power consumption and is crucial

for applications in vacuum, is also monitored with the same

LED pulsed light. The temperature of the active base with

smaller resistances reaches about twice of that of the active

base with larger resistances in the resistor chain. For the

applications in vacuum, the active base with resistance

between the two sets of resistor chains may be preferable.

Keywords Active base � High counting rate � Hamamatsu

R1924A photomultiplier tube

1 Introduction

For the centrality CsI array, described in Ref. [1], which

is going to be used in experiments at the IMP, active bases

have been studied. In the array, Hamamatsu R1924A tubes

are used. R1924A is a small (25 mm in diameter) photo-

multiplier tube (PMT), which is a relatively fast (1.5-ns

rising time) tube with a linear-focused 10-stage dynode

geometry. The borosilicate entrance window gives a

spectral response of wavelength, k, from 300 to 650 nm

with the peak at 420 nm. The photocathode is Bialkali with

a 22% quantum efficiency at k ¼ 420 nm.

R1924A is one of the most widely used PMTs in nuclear

physics. It has been applied to NIMROD-ISiS [2], the

CCDA project [1] in IMP, an array to classify the centrality

of heavy ion collisions, the Super-TIGER project [3], the

Compton gamma imager [4], the GSO detector [5], the

active veto system at LBNL low-background facility [6],

our previous experiment [7–9], and so on. In most appli-

cations, the PMT has been conventionally operated with

passive resistor bases, which consist of resistors and
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capacitors, to supply the dynode bias voltages at relatively

low counting rate cases, just because of their simplicity.

However, in most of the trigger detectors, such as a beam

monitor counter or a centrality detector, the tube has to be

operated in a high counting rate with large output pulses.

When the counting rate becomes high, i.e., more than 1

kHz, with pulse height larger than 1 V, the linear response

between the light input and the output signal height does

not hold and the output signals are reduced. This is called

the ‘‘pulse height defect.’’ The higher the frequency and the

larger the output signal, the more the pulse height defect.

The linear response is crucial for particle identification and

energy measurement. The energy measurement is very

important in applications not only for calorimetry [10], but

also for the particle identifications, such as the DE � E

method [2] and pulse shape discrimination [1]. In high

counting rate, with large output signals, a large current is

generated at the last dynode stages, which is supplied

through the resistor chain and capacitors. This large current

reduces the voltage between the last few dynodes and

causes the pulse height defect. Field-effect transistors

(FETs) [11] are capable for fast switching operations by a

gate signal with relatively small heat generation and can

provide high withstand voltage between the source and

drain, which leads to a large drain current (ID) when the

gate is opened. Taking advantage of the FET, the output

signal stability would be improved by replacing the resis-

tors with FETs in a passive base. This stabilized base is

called an ‘‘active base.’’ Therefore, the active base is a

better choice in high-counting-rate applications.

This article is organized as follows: The active base

designing and tests are presented in Sect. 2. The applica-

tions of the active base in high counting rate and in vacuum

are discussed in Sect. 3. A brief summary is given in Sect.

4.

2 Designing and testing of active bases

To make an active base that is suitable for the R1924A

tube and has a small length, four of STP2NK100Z FET,

which is a n-channel MOSFET and has 1000 V withstand

voltage, are used in the last four stages of the voltage

supply. Figure 1 shows a schematic circuit diagram of the

active base designed [12]. The four 15 MX and one 100

MX resistor chain in Fig. 1 distributes the bias voltages for

FETs (dynode 7 to 10), and the other dynodes 1–6 are

biased by R1, R2, and R3 resistor chains, respectively. The

capacitors are used in the circuit to increase the stability of

PMT output [13]. Two sets of resistor chains, which differ

in 10 times resistance as shown in the bottom of Fig. 1, are

used for the active base. We call them ‘‘base 1’’(set1) and

‘‘base 2’’(set2) throughout the paper.

A 3-mm green straw hat LED, which wavelength is

inside the PMT’s spectral response, driven by the fre-

quency-controlled circuit shown in Fig. 2, is used to test the

newly designed active bases. A fast analog signal with less

than 1 ns rise time is generated by a computer-controlled

emulator (CAEN Mod. NDT68000). After discriminating

by a constant fraction discriminator (ORTEC EG&G

CF8000), a 140-ns gate signal from a gate and delay gen-

erator (ORTEC GG8020) is proceeded to the green LED.

The photoelectrons generated by the light from the LED
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Fig. 1 PMT base circuit for R1924A tube. Two different sets of

resistor chains are shown under the circuit

Fig. 2 The frequency-controlled circuit for green straw hat LED

pulsed light
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are collected and multiplied by the R1924A PMT inside a

black box. The oscilloscope is used to read the output

signal. To make a comparison, the passive base from

Hamamatsu E2924 is also used as a reference. The same

R1924A tube is used for all the three bases in the tests.

Figure 3 shows the signal of PMT output recorded by the

oscilloscope for passive base (blue line), base 1 (brown

line), and base 2 (black line) at the LED pulsed light fre-

quency of 0.1 kHz (a) and 50 kHz (b). The voltages are

slightly adjusted, around �1000V, to get the same peak

value of 6 V as shown in Fig. 3a. One can see that the

passive base shows notable oscillation in the peak, while

base 1 is slightly better and base 2 is the best in signal

shape at 0.1 kHz LED pulsed light. In Fig. 3b, the signal

shapes are shown at 50 kHz. One can see clearly the pulse

height defect for the passive base and base 1. In the fol-

lowing sections, more details of the pulse height defects as

a function of the frequency are investigated.

To see the stability of signal output of three bases, we

change the LED pulsed light frequency from 0.1 kHz to

more than 100 kHz. The output signal for each frequency

of LED light is recorded by the oscilloscope. The average

value from the signal peak is assigned as the amplitude,

which has less than 0.5 V uncertainty. The measured

amplitude as a function of LED frequency is shown in

Fig. 4 for passive base (open circles), base 1 (open

squares), and base 2 (open triangles). The amplitude of

passive base starts to drop after a LED frequency greater

than 1 kHz and decreases monotonously as the LED fre-

quency increases. The stability of the output signal for the

two active bases is significantly extended. As one can see,

the amplitude stays the same up to 10 kHz for base 1 and

up to 100 kHz for base 2. A slightly increasing trend is

observed for base 1 after 5 kHz. This could be from the

signal oscillation at the peak mentioned above, which

causes some errors to determine the amplitude. There is a

minimum value before the amplitude drops monotonously

for both two active bases, which could be caused by the

ringing in the output signal [13].

Another important characteristic for PMT bases is the

power consumption, which is crucial in vacuum applica-

tions. The more power is consumed, the more heat is

generated by the base. One can get the relative power

consumption by monitoring the temperature of the PMT

bases. An apuhua TM-902C thermometer with an accuracy

of 0:1�C is used to record the temperature of the bases in

the tests. The temperature sensor is attached to the last

stage of FETs for the active bases and to outer cover for the

passive base, respectively. The same 1-kHz frequency

pulsed LED light is used for this test. To remove the slight

difference of room temperature, the ratio between base

temperature and room temperature is used in the mea-

surements. Figure 5 shows the temperature ratio, T=T0 (T0
is the room temperature), as a function of monitored time

for passive base (solid line), base 1 (dotted line), and base 2

(dashed line). The base 1 with FETs and with

R1 ¼ 2.7MX, R2 ¼ 680 kX, and R3 ¼ 1MX shows the

minimum power consumption and that the passive base

comes at the second place, while base 2, with 10 times less

the R1, R2, and R3 resistances comparing to that of base 1,

shows the maximum power consumption.

Fig. 3 (Color online) The signals of PMT output in the oscilloscope

for the LED light frequency of 0.1 kHz (a) and 50 kHz (b). The blue,
brown, and black lines correspond to passive base, base 1, and base 2,

respectively
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Fig. 4 (Color online) The pulse amplitude as a function of LED light

frequency for passive base (open circles), base 1 (open squares), and

base 2 (open triangles)
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3 Discussion

From the results of frequency tests shown in Fig. 4, we

conclude that the newly designed active bases (base 1 and

2) indeed extend the stability of R1924A PMT output

signal to high frequencies, 10 kHz for base 1 and 100 kHz

for base 2. The extension of the stability of output signal

depends significantly on the resistances of R1, R2, and R3.

The smaller the resistances, the more extension of stability

in the output signal. On the other hand, the results of power

consumption tests as shown in Fig. 5 reveal that the base

with smaller resistance, i.e., base 2, has a much larger

power consumption than that of larger resistances. This

limits further reduction of the resistor values from those of

base 2 to obtain the better stability for higher frequencies

without extra cooling of the base.

All resistors are temperature dependent, which depends

on their characteristics, and heat causes some instability,

for either passive or active base application, especially for

the first few hours after the voltage is turned on. Therefore,

one needs to balance the stability in the high counting rate

and the power consumption to get the best resistance set for

R1, R2, and R3 in actual applications. For the applications

in vacuum, the active base with resistance between the two

sets of the resister chains, set 1 and set 2, may be

preferable.

4 Summary

Hamamatsu R1924A is one of the most widely used

PMTs in nuclear physics. An active base with FETs on the

last four stages, which is still not available in market for

Hamamatsu R1924A PMT, is designed and tested for high-

counting-rate application. The active bases with two sets of

the resistor chains were tested. A straw hat LED pulsed

light, driven by a frequency-controlled circuit, was used in

the stability of output signal and power consumption tests.

A stable output signal with 6 V in the amplitude up to the

LED pulsed light frequency of 100 kHz is achieved for the

base with smaller resistances in resistor chain. In the power

consumption tests, the temperature for the active base with

smaller resistances reaches about twice of that of the active

base with larger resistances in resistor chain, which limits

the further reduction of resistances of R1 to R3 for

extending the stability of output signal to a higher counting

rate. For the applications in a vacuum, the active base with

resistance between the two sets of the resister chains may

be preferable.
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