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University of California 

Berkeley, California 94720 

Abstract 

Characteristics have been measured for the GDB-44F 2"-diameter photomulti-

plier. Some typical photomultiplier characteristics -- such as gain, dark 

current, anode output current, transit and rise times as a function of voltage 

between anode and cathode, and photoelectron pulse-height spectrum, the quan-

tum-efficiency and the single-electron transit time spread were measured. Des-

criptions of the measuring systems were also given. 

Introduction 

The GDB-44F is a 5 cm diameter, flat face, 13 stage, head on photomulti­

plier tube IJsing a venetian blind type multiplier system. This tube has a 

bialkaline photocathode. The GDB-44F photomultipliers are manufactured by the 

Beijing Comprehensive Instrument Factory.* A photograph of the GDB-44F photo­

multiplier is shown in Fig. 1. 

*Full addresss: China Nuclear Energy Industry Corporation 
(Beijing Comprehensive Instrument Factory) 
P.O. Box 2139, 
Beijing, China (P.R.C.) 



-2-

Gain and Dark-Current Measurements 

The voltage divider, shown in Fig. 2, was used in measuring the gain and 

dark.current. A block diagram of the system for the gain measurements is 

shown in Fig. 4. The light source was a 1859 lamp driven by a 40-Hz square-

wave generator. The dark current as a function of voltage between the cathode 

and anode was measured. The gain and dark-current characteristics of the 

multiplier as a function of the voltage applied ·between cathode and anode are 

shown i n Fig. 5. 

Anode Output Pulse Current 

The output pulse current performance depends on the voltage divider used 

and the applied voltage. The measurements of the output pulse current were 
, 

made with the system shown as a block diagram in Fig. 6. The mercury light 

pulser, described in the LRL Counting Handbook CC8-30, was used as the light 

source. Using MELLES-GRIOT fused silica neutral density filters as light 

attenuators, the'anode output pulse current as a function of light intensity 

was measured and plotted in Fig. 7. The intensity of the pulsed light source 

was kept constant during the measurement. The voltage divider shown in Fig. 3 

was used for this measurement and all other measurements which follow. 

Electron Transit Time 

The electron transit time was measured by means of the system shown in 

Fig. 8. The electrical signal from the mercury 1 ight source was used as the 

reference pulse. The transit time was measured from 50% of the leading-edge 

t/ 
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amplitude of the reference pulse to 50% of the leading-edge amplitude of the 

photomultiplier output pulse. The results of the measurements are given in 

Fig. 9. 

Anode-Pulse Rise Time 

The measurement of the anode-pulse rise time was made by means of the 

system shown in Fig. 8. The output current pulse was chosen to be in the 

linear region of the anode output current characteristics at the various vol-

tage settings between the anode and cathode. The results of the measurement 

are shown in Fig. 10. 

Single Electron Time Spread 

A block diagram of the system used to measure single electron time spread 

is shown in Fig. 11. The measurement was made with the photocathode fully 

illuminated. The time distribution shown in Fig. 12 was found to be 22.Sns at 

FWHM. 

Pulse-Height Resolution 

The pulse-height resolution capabilities of the photomultiplier are 

significant for the detection and measurement of very low-light level 

scintillations in which only a few electrons are produced. High resolution 

permits the elimination of almost all single-electron dark pulses from the 

1 ow-l eve 1 sc i nt ill at ions. 1,2 
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The pulse-height resolution of the GDB-44F was measured by means of the 

system whose block diagram is shown in Fig. "13. A light-emitting diode driven 

by a pulse generator was used as the light-pulse generator. The pulse-height 

spectrum is shown in Fig. 14. 

Quantum Efficiency 

Quantum efficiency was measured by comparing the GDB-44F with a calibrated 

RCA8850 PM Tube. QE was found to be 27.6% for one tube (SN31157H) and 21% for 

the other tube (SN31164) at 410 nm. 
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Fig u re Ca p t ion s 

Fig. 1. The GDB-44F photomultiplier tube. 

Fig. 2. Schematic diagram of high gain divider. 

Fig. 3. Schematic diagram of high current divider. 

Fig. 4. Block diagram of , the system for gain measurement. 

Fig. 5. Gain and dark current as a function of voltage between anode and 

cathode. 

Fig. 6. Block diagram of the system for anode output pulse current 

measurement. 

Fig. 7. Anode output pulse current as a function of light transmission of the 

optical attenuator. 

Fig. 8. Block diagram of the system for transit-time and rise-time 

measurement. 

Fig. 9. Transit time as a function of voltage between anode and cathode. 

Fig. 10. Anode pulse rise time as a function of voltage between anode and 

cathode. 

Fig. 11. Block diagram of the system for single electron time spread 

measurements. 

Fig. 12. Single electron time spread, full photocathode illuminated. 

Fig. 13. Block diagram of the system for pulse-height resolution measurements. 

Fig. 14. Pulse-height resolution response. 
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XBB 821l-9910A 

Fig. 1. The GDB-44F photomultiplier tube. 
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Fig. 2. Schematic diagram of high gain divider. 
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Fig. 4. Block diagram of the system for gain measurement. 
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Fig. 6. Block diagram of the system for anode 
output pulse current measurement. 
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Fig. 7. Anode output pulse current as a function of 
light transmission of the optical attenuator. 
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Fig. 8. Block diagram of the system for transit-time 
and rise-time measurement. 
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Fig. 9. Transit time as a function of voltage between 
anode and cathode. 
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Fig. 10. Anode pulse rise time as a function of voltage 
between anode and cathode. 
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Fig. 11. Block diagram of the system for single electron 
time spread measurements. 
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Fig. 12. Single electron time spread, full photocathode 
illuminated. 



HP 215A 
PULSE 

GENERATOR 

+ 
LED LIGHT 

PULSE 
GENERATOR 

-18-

t---.-t ATTENUATOR 

REGULATED 
DC POWER SUPPLY 

AMPLIFIER 

STRETCHER 

PULSE HEIGHl, 
ANALYZER 

XBL 837-10763 

Fig. 13. Block diagram of the system for pulse-height 
resolution measurements. 
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Fig. 14. PUlse-height resolution response. 
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