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ABSTRACT: 

The response of neutron damaged GaAs photoconductor detectors to intense, fast (50 psec fwhm) 

pulses of 16 Mev electrons has been measured. Detectors made from neutron damaged GaAs are 

known to have reduced gain, but significantly improved bandwidth. An empirical relationship 

between the observed signal and the incident electron fluence has been determined. 
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INTRODUCTION: 

Radiation detectors fabricated from neutron damaged semi-insulating GaAs have found use in a wide 

variety of applications. With their very fast response, these detectors are useful for measuring 

radiation from many sources of pulsed radiation-ranging from infra-red emitting diode lasers to very 

large pulsed power experiments. Detectors in these applications are used in the current mode as 

opposed to recording single particles. The results of one study of their response to fast, intense 

pulses of 16 Mev electrons is discussed in this paper. 

FABRICATION: 

High resistivity (108 ohm-cm) semi-insulating GaAs crystals are purchased from commercial suppliers 

sliced in the 001 orientation. These crystals were cut and polished to size using a diamond 

impregnated resin blade saw and hand polishing. The final polish is made using Clorox®. Sizes used 

have ranged from 1 mm3 to 5 mm3. Generally, these detectors have been shaped into parallelpipeds 

or right circular cylinders. The two most common sizes that we have used were 1 mm gap by 3 mm 

wide and 2 mm thick and 1.75 mm by 1.75 mm with a 4 mm gap. The gap is the thickness of the 

crystal between the contacts. Contacts were made by evaporating 500 A 0 gold-germanium eutectic 

on the GaAs wafer. 50 A0 of nickel is added, followed by 1000 A 0 of gold. The chip is then sintered 
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at 360 °C for 30 to 60 seconds. For this study, we made the detectors with a 1 mm gap, 3 mm wide 

and 1.5 mm thick. 

The chips were wrapped in 5 mil indium foil and irradiated in a research reactor at the Los Alamos 

National Laboratory. The neutron fluences were not characterized and irradiation times have been 

determined empirically [1]. The chips used for this study were irradiated for four thousand seconds. 

This exposure produces temporal responses similar to detectors exposed to ~ 5xl0 l s neutrons/cm2 

by other investigators[2]. The chips were stored for a few weeks to let the neutron induced 

radioactivity decay. 

These detectors were made to be used in a single ended configuration using .141" semi-rigid coaxial 

cable. A gold bellows is attached to the center conductor of this cable using a low temperature 

curing silver epoxy. The GaAs chip is then attached to this bellows using the same type epoxy. A 

brass cap attached to the end of the cable provides the grounding contact. These devices were then 

hi-potted at 600 volts to assure correct fabrication. A additional check is made using a diode laser 

to measure the risetime and nominal sensitivity. 

THEORY: 

The response of these photoconductors is made faster by neutron damaging the lattice. In addition, 

the gain of the detectors is reduced. The product ux is involved in most definitions of figure of 

merits. When the GaAs chips are damaged in a nuclear reactor, the lifetime of the carriers x 
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decreases at a faster rate than does the mobility u. 

The gain of photoconductors is given by[3 ]: 

G = t d / x t (1) 

where xd is the decay time associated with the lifetime of the majority carrier and xt is the transit 

time for the majority carrier to cross the gap. The transit time is 

xt = L 2/uV (2) 

so that the gain can be expressed as 

G = xduV/L2 (3) 

which shows that the gain of the photoconductor is linearly related to the ux product, the voltage 

across the device, and inversely related to the square of the width of the gap. Wang[2] showed 

that this carrier mobility is on the order of 103 until the neutron fluence exceeded 1014 

neutrons/cm2. The mobility then decreases to the order of 102 when the neutron fluence 

approaches 1016 neutron/cm2. 

If the decay time is on the order of 600 x 10"12 sec, the gain for a detector with a bias of 103 V, a 
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carrier mobility of 5 x 102 and a gap of 1 mm is 3 x 10"2. 

Thus, we see that by neutron damaging these chips, that we substantially reduce the gain. 

However, the increase in response time is the important change. The most important combination 

of parameters for these photoconductive detectors is the LIT product. This product is proportional 

to the gain of this detector and also to the speed of this detectors response to impulse radiation. 

The improvement in the resolving time of these detectors after irradiation with reactor neutrons is 

dramatic. Detectors made without neutron damaging do have fast risetimes~on the order of 30 

psec, but have a long tail, with a 10 to 90% time constant on the order of 4 nsec. Neutron 

damaging this detectors reduces this 10 to 90% fall time constant down to the order of 40 to 50 

psec. The peak amplitude of the output current drops, and the corresponding charge delivered by 

the detector is dramatically reduced. While the complete model of these detectors is not 

developed, we know that neutron irradiation reduces the lifetime of the carriers faster than it 

reduces the mobility. 

It is known that at low electric field strengths theat the drift velocity is linearly proportional to the 

applied field[4]. This assumption is reasonable when the drift velocity is small compared to the 

thermal velocity of carriers, which is about 107 cm/s for Gallium Arsenide at room temperature. 

However, we are operating these detectors at field strengths on the order of 104 V/cm which is in 

a region of negative differential mobility for n type GaAs. The drift velocity at these field 

strengths will be on the order of 1 to 2 x 107 cm/s which is approaching the thermal velocity[4]. 

As the detector saturates, plasma shielding becomes an important effect that introduces non-linear 
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effects is observed signals[5]. 

The photoconductive detector consists of a photoconductive crystal with two electrodes. One 

electrode is connected to the coaxial shield to ground. The other electrode is connected in series 

to a bias supply with the signal coaxial cable. This is connected serially with a load resistor which 

matches the coaxial cable impedance. Figure 1 shows the equivalent circuit. r(t) is the electrical 

resistance of the GaAs crystal resulting from the source radiation R(t). S is the PCD resistance at 

hard saturation, eb is the bias voltage. /0(t) is the current passing through all signal elements of 

the circuit and e 0 is the observed voltage drop across Z„. Hodson and Canada[6] have derived a 

relationship that states that the percent error, P, in measuring i0(t) resulting from the finite r(t) is 

P( t )=100Zo/A (4) 

In addition, Hodson and Canada show that the observed signal can be corrected to higher 

"approximately" linear currents with the following equation 

/ u = e b/((e b// 0(t))-S-Z 0) (5) 

For the unfold to be evaluated with precision, the system impedance Z o ; the hard saturation 

resistance, S, and the bias voltage, %, must be know with precision. S, the hard saturation 

resistance is a very difficult quantity to determine. 
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EXPERIMENT: 

Knowing that we have produced detectors capable of accurately measuring transient radiation 

pulses with durations on the orders of a few tens of picoseconds, it was necessary to determine to 

what signal strength could be accurately measured. 

We exposed two GaAs detectors to very intense, very short pulses of electron using the Linear 

Accelerator (Linac) that was operated by EG&G in Santa Barbara, Calif. . It was capable of 

producing electron beams with 16 Mev energy, a pulse duration on the order of 30 picoseconds 

and with peak currents ranging from a few to a hundred amps. Charge contained in these pulses 

ranges from .015 to 1.5 nanocoulombs. At 1 nanocoulomb, there is 1.6 x 10"2 joules per pulse. 

A 6" thick lead collimator with a 2" diameter aperture was placed 2" inches from the end of the 

linac. The two PCD detectors were placed immediately behind this lead collimator. The 

detectors were biased at 500 volts. A fast 50 ohm Faraday cup was placed 6 5/8" behind the 

collimator, centered on the beam. A non intercepting beam monitor located before the end of the 

vacuum drift chamber also was used to determine the charge delivered to the PCD detectors. We 

assume that MBM and the Faraday cup record a constant fraction of the charge delivered for 

each pulse, and that the PCD detectors record a corresponding constant fraction. The scatter in 

the data is a partial measure of the accuracy of these assumptions. Resistive divider pads were 

used to keep the voltage pulses recorded with a HP54120T sampling oscilloscope below 1 volt. 

The dividing ratios ranged from 104 down to 100. The linac was operated at 120 pulses per 
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second, and 16 signals were averaged at each setting. 

A commercial curve fitting routine, Sigma Plot® was used to fit the signal measured with the 

Faraday cup to the signal measured with the PCD detector. This curve fitting routine uses the 

Marquardt-Levenberg algorithm to find the coefficients of the independent variable that give the 

best fit between the equation and the data. The fitted curve was 

F=a/(l-(P/500)b)c (6) 

where P is the peak voltage of the PCD detector signal and F is the peak voltage obtained from 

the Faraday cup signal. 500 is used in this formula since the PCD detectors were biased at 500 

volts. A value of .46 was obtained for a, .32 for b, and 4.0 for c. Figure 1 compares the fitted 

curve with the data. 

CONCLUSION: 

The relation of the ut product to the gain of the photoconductors is shown be linear. In 

addition, a formula relating the output of a PCD detector to the energy incident upon it has been 

fitted using the Marquardt-Levenberg algorithm in SigmaPlot®. 

I wish to thank Gary Simon for fabricating these PCD detectors. The submitted manuscript has 

been authored by a contractor of the U.S. Government under Contract No. DE-AC08-

93NV11265. Accordingly, the U.S. Government retains a nonexclusive, royalty-free license to 
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publish or reproduce the published form of this contribution, or allow others to do so, for U.S. 

Government purposes. 

REFERENCES: 

[1] R. S. Wagner, J. M. Bradley, and R. B. Hammond, IEEE Transactions on Nuclear Science, 

33, No. 1 (1986) 250. 

[2] C. L. Wang, M. D. Pocha, J. D. Morse, M. S. Singh, and B. A. Davis, Appl. Phys. Lett. 

54(15) (1989) 1451. 

[3] S.M. Sze, Semiconductor Devices, Physics and Technology ( Wiley, New York, 1985) p. 

281. 

[4] Ibid p61 . 

[5] K. J. Moy, C. L. Wang, J. E. Flately, M.D. Pocha, B. A. Davis, and R. S. Wagner, Procee. Of 

SPIE-The International Society for Optical Engineering Vol. 1734 (1992) 152. 

[6] E. Hodson and J. Canada "GaAs Photo-Conductive Detector Behavior in Band Limited 

Systems with Greater than Zero Impedence", presented at the Second PCD Workshop held on 

February, 1992 at EG&G Energy Measurements, Santa Barbara, Ca. 

SigmaPlot® is a registered trademark of Jandel Scientific Corporation. 

9 



X c « Zo 
-]{ » 

J%) ^jr(t) 
S 

Res>^ 0 

i 
=F e b 

i(t) 

Zo 

eo(t) 

FIGl. 

10 



Faraday Cup vs PCD 

50 

experimental data 
fit 

1 1 : f I T 
100 150 200 250 300 350 
P C D Signal (volts) 


