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Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



0 0 u u . j 

~1 8 1 l ;~ 9 9 

To be presented at the 
European Conference on Precise 
Electrical Measurement, University 
of Sussex, Brighton, United Kingdom 

~ 

~ 

LBL-6498 
Summary 

Transit Time Spread Measurements of Microchannel 

Plate Photomultipliers 

Branko Leskovar and C. C. Lo 

April 4, 1977 

Prepared for the U. S. Energy Research and Development 

Administration under Contract W-7405-ENG-48. 



0 u 

-1- LBL-6498 

Transit Time Spread Measurements of Microchannel 

Plate Photomultipliers 

Branko Leskovar and C. C. Lo 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

April 4, 1977 

1. Introduction 

The time-resolution capability of fast photomultipliers 

has been the subject of intensive experimental and theore-

tical investigations, and a comprehensive survey of the 

literature has been given by the authors (1). The time 

characteristics of these devices are becoming increasingly 

important in a multitude of research areas, such as atomic 

and molecular subnanosecond fluorescence decay time measure-

ments (2)-(4), nuclear research (5), optical ranging experi-

ments (6), optical communication (7), and photon statistics 

experiments (8). The photomultiplier time resolution capa

bilities are essentially determined by the random deviations 

in transit time of electrons travelling from photocathode 

to collector, and possibly by electron emission times. 

The purpose of this work was to investigate the single 

photoelectron and multi-photoelectron transit time-spread 
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performance of prototype photomultipliers using curved 

high-gain microchannel plates for electron multiplication 

and proximity focusing for the input and collector stages. 

A microchannel plate consists of a closely packed two 

dimensional array of very small diameter, short channel

electron multipliers. Each single channel electron multi

plier is a continuous glass tube whose inside surface has 

a high resistance semiconducting coating used as a secondary 

electron-emitting surface (9). Based on previous work (1), 

(10), (11), further efforts have been made to measure transit 

time spreads of the HR350 and HR400 photomultipliers (made 

by the Laboratories d'Electronique et the Physique Appliquee) 

using a specially developed very high resolution measuring 

system. The experimental data have been compared with 

results obtained on conventional fast photomultipliers. 

2. Measuring System Description 

The measurements of the single photoelectron and multi

photoelectron transit time spreads were made with the 

system shown in Fig. 1. The system has a time resolution 

of approximately 25 ps, FWHM, and it is based on the system 

described earlier (12). Two light sources were used to 

obtain light pulse widths from 200 ps to 6.8 ns. A reverse

biased electroluminenscent diode (Ferranti type XP-23), 

driven by an avalanche transistor pulse generator, served 

as the source of accurately timed ,zoo ps light pulses. 

• 
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Electrical pulses wider than 200 ps were obtained from a 
I 

Tektronix 110 pulse generator using delay cables to shape 

electrical pulses of various widths. Since the output 

pulses of the HR350 and HR400 were approximately 5 to 5mV 

for single photoelectron events at the photocathodes, some 

gain was provided to yield pulses with amplitudes acceptable 

to the constant fraction discriminator. A voltage gain of 

approximately 30dB was found to provide the best result, 

giving a signal amplitude at the input of the discriminators 

in the range from 150 to 300 mV (for single photoelectron 

pulses). The output signals of the two discriminators, 

following the constant fracti6n discri~inator and the light-

emitting diode driver, were fed into a time to amplitude 

converter. The converter output signal was processed and 

recorded in the multichannel analyzer. 

3. Results and Disctission 

The results of the single photoelectron time spread 

measurement_s for the HR350 photomultiplier with full photo-

cathode illumination are given in Fig. 2. For comparison 

purpose, the same figure gives the results of time spread 

measurements for electrostatically focused photomultipliers 

with discrete dynodes (8850 and C31024). The supply voltage 

between the anode and cathode was 2500V for the 8850 and 

3SOOV for the C31024. It can be seen that the single 

photoelectron time spread is a monotonically increasing 
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function of the electroluminescent diode current pulse 

width. It is linear for pulses longer than 1 ns. In the 

case where the diode current pulse width is considerably 

shorter than the photomultiplier single electron spread, 

the time spread curves show a decreasing dependence upon 

the current pulse width, particularly for electrostatically 

focused photomultipliers. When the diode pulse current 

width is considerably larger than the single electron time 

spread, the measured value of the time spread should closely 

equal the width of the current pulse. 

With full photocathode illumination, and with a light 

pulse produced by a ZOO ps electrical pulse, the single 

photoelectron time spread was 250 ps and 286 ps, FWHM, for 

the HR350 and HR400, respectively. These values include 

the measuring system timing error. Assuming the LED light 

flash has a width of 100 ps the time spread of the HR350 and 

HR400 has, by extrapolation, an upper limit of 180 ps. With 

only 3mm diameter area of the HR350 photocathode illuminated, 

the single photoelectron time resolution remains essentially 

the same as in the full photocathode case. The difference 

in transit time between photoelectrons leaving different 

points on the photocathode is negligibly small because of 

the proximity focusing used between the photocathode and the 

channel plate. It might be noted that the photoelectron 

transit time difference contributes significantly to the 

• 
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transit time spread of the conventionally designed photo

multiplier as shown by authors in Reference (13). Further

more, as can be seen in Fig. 2, the time spread of the 

microchannel plate photomultipliers is at least two times 

smaller than that of the best commercially available con

ventional photomultiplier. 

The system used for measurement of the multi-photoelec

tron time resolution was similar to the system shown in Fig. 

1, except that the LED light pulse generator was replaced 

by the mercury light pulse generator. This light pulse 

generator was capable of producing thousands of photoelectrons 

per pulse from the photocathode. The light pulse wide was 

2.6 ns. The number of photoelectrons per pulse was deter

mined by measuring the output pulse width and amplitude, know

ing the gain of the photomultipliers at the 1600V micro

channel plate operating voltage for both HR350 and HR400. 

The results of the multi-photoelectron time resolution 

measurements for the HR350 photomultiplier with full photo

cathode illumination are given in Fig. 3. 

The time resolution, as measured by the time spread of 

the leading edge of the output pulse, is plotted as a func

tion of the number of photoelectrons per pulse from one 

photoelectron up to 6000 photoelectrons. As expected the 

time resolution of the single photoelectron pulses was 2.6 ns, 

FWHM, the light pulse width. The multi-photoelectron transit 
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time spread varies approximately inversely as the square 

root of the number of photoelectrons, tapering down to 30 ps 

(FWHM) with 6000 photoelectrons per pulse. There is no 

indication that a plateau of the transit time spread is 

reached with this number of photoelectrons. Similar measure

ments performed on conventionally designed photomultipliers 

show that the multi-photoelectron transit time plateau can 

be between 80 ps and 100 ps when the number of photoelectrons 

is larger than 1000. 
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6. Figur~ Captions 

Block diagram of the system for measuring the 

single photoelectron time spread. 

Single photoelectron time spread of the RCA 

8850, C31024, and LEP HR350 as a function of 

the width of the electroluminescence diode 

current pulse for full photocathode illumi

nation. 

Time resolution of the HR350 as a function of 

the number of photoelectrons per pulse, measured 

with 2.6 ns light pulse width, for full photo

cathode illumination. 
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