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Abstract

A power supply for silicon surface-barrier detectors has
been constructed. The supply automatically compensates for
the decreasing voltage drop over the detector due to
increasing leakage current.

The voltage range of the device is 0-500 V and it is
capable of supplying two detectors at the same time. It
also includes a detector simulator for adjustment and control
of the compensation.
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Introduction

In many physical experiments involving charged particle

spectroscopy there is a demand of high resolution and

stability in spectrometers. The efficiency of silicon

detectors for charged particles is essentially 100% and

they furthermore make excellent high resolution spectro-

meters. However, when exposed to charged particles in

experiments using the highly energetic ion beam from a

particle accelerator the silicon detector will suffer from

radiation damage. This is especially severe when heavy ions

are bombarding the silicon crystal. The radiation damage

effects result primarily from dislocations within the

crystal lattice. These dislocations contribute to resolution

broadening and also to the devi'ce noise and current. There

'„; an appreciable increase in leakage current with incident

radiation dose.

Applying bias to the detector should be done through

i large (1-100 Mft) series resistor R which usually is

situated in the preamplifier. For a detector which is

supposed to have a bias of U V one must therefore apply

a high voltage of (u + R«IT) V (Fig. 1). An increasing
O Li

leakage current IL will cause an excessive voltage drop

across R and thereby lowering the bias to the detector.

This is seen as a drifting particle spectrum and can of

course have serious consequences in many experiments. It

might affect the resolution and an even more serious problem

is for instance a drifting particle peak when used for nor-

malization in an angular correlation or similar experiment.

In order to overcome this difficulty we have constructed a

power supply which automatically compensates for the increased

voltage drop across the series resistor in the preamplifier.

Principle

The device is capable of supplying two detectors at the

same time, each with a range of 0-500 V (0-100 uA). Each

unit has a regulator which regulates the high voltage output.
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When the leakage current increases, the compensating part

of the device feels the increase and sends a message to

the regulator to increase the voltage with a proportional

amount. The unit can of course be used as an ordinary power

jupply if the compensation is set to zero. In order to

avoid too high voltage or current a protecting circuit is

included which can be set to certain discriminator levels

and which automatically takes the voltage (and current)

to zero when either limit is exceeded. It is also, under

all circumstances, essential to have slow changes in voltage

in order to avoid the risk of breakdown in the detector.

The unit also contains a detector simulator for adjust-

ment and control of the compensation voltage. The simulator

is then connected to the preamplifier instead of the surface

barrier detector. By changing the load one simulates varia-

tions in leakage current, and a null instrument makes it

possible to see if the voltage is independent of this load

variation. Figure 2 shows a photo of the unit.

Circuit description

The main component in the regulator is the high voltage

transistor TI (DELCO DTS 723; see the circuit diagram in

Fig. 3). When power is switched on there will be base current

to Tl through the operational amplifiers 05 and 04 (all

operational amplifiers are of type 741) and because of the

collector current in Tl the whole voltage will drop across

the collector resistance 300 kft/2W. Because of the high

resistive point between the positive input at 05 and the

11 Mil resistor, pickup of noise might be a problem here.

To reduce this one should use as short leads as possible

connecting this point. In order to increase the output high

voltage the negative input to 04 must increase thus reducing

the collector current in Tl. This is achieved from the

potentiometer (100 kft/10 turns) across the 4.7 V reference

(zener diod BZX79-C4V7) through 01, 02 and 03. At 03 there

is a 5 kfi trim resistor to ajust the potentiometer reading
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with the output voltage. The capacitors Cl and C2 at 02

assure slow changes in voltage. Capacitor C3 is needed

to prevent oscillation in the feeback loop. Capacitor

C4 can be chosen rather small because of the good regula-

tion and the rather small detector current. The high voltage

can be read on the voltmeter "V" after 05 and it is adjusted

with the 5 kft trim resistance to read the correct high

voltage. When the detector is connected the leakage current

is read on the amperemeter. The range switch can be chosen

to cover the current ranges 0-5 yA, 0-20 yA and 0-100 yA.

The potentiometer "Volt/yA" (100 kfi/10 turns) adjustes

the compensation and the leakage current will regulate the

output voltage via this potentiometer and through the sum

circuit 02. The potentiometer setting depends on the series

resistance in the preamplifier and a correct setting is

made with the detector simulator.

The discriminator levels for overvoltage and overcurrent

is set by two 10 kQ. potentiometers (see circuit diagram in

Fig. 4a). If the current or the voltage exceeds these levels

the collector current in T4 or T5 increases, relay 1 or 2

is actuated and an indicator lamp on the panel is lighted.

On the panel there is also a BNC terminal for overrange

out which can be connected to an alarm. At the same time

transistors T2 and T3 (Fig. 3) take the input voltage at

02 down to almost zero thus slowly decreasing the high

voltage. The purpose of diodes D3 and D4 is to ensure that

the circuit is not switched back to normal and that the

output voltage really decreases down to zero. A reset

function is therefore needed.

Adjustment of the compensation

In order to do a correct compensation the detector simulator

is needed (Fig. 4b).

Suppose the detector shall have a bias of UQV. Then

the following principle should be followed.
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Connect the preamplifier to high voltage out of the

main unit but connect the detector simulator instead of

the detector to the input of the preamplifier. The simula-

tor load should first be at zero. Increase the H.V. until

the voltmeter reads U V. All current goes through the

balance indicator (Fig. 5a). Adjust the balance until

Uref = S ' V We have'

Ud = Uo " R ' Jb (1)

The simulator is loaded and r- • U', will then be

different form U « and the indicator is not balanced

(Fig. 5b). The load current I'T is the simulated leakage

current and may activate the compensator. This current is

now compensated for with the potentiometer "current compensa-

tion". The increase of the regulated output voltage is pro-

portional to I". (Fig. 5c) .

The following relation holds (Z is the compensation

constant).

U + I" • Z = R(I"K + I"T ) + U" (2)o L b L a

Compensate until £ • U"d =-Uref = £ '
u
d
 o r 1"h =

 I f

Relations (1) and (2) now give that Z equals R and equation

(2) reduces to U"d = UQ - R • Ib.

When disconnecting the simulator and connecting the

real detector, I, = 0, and therefore U"_, = U . The bias

over the detector is therefore U independent of the leak-

age current.

Results

Figure 6a shows particle spectra of 40 MeV 0-ions scattered

from Pd. The time interval between recording the first

and the last of the three spectra is 1 hour and a conspicuous

drift is seen. An ordinary power supply was used and the

leakage current of the detector was ~3 pA. Using the same

detector and the automatic voltage compensator we recorded

(under the same circumstances) the three spectra shown in

Fig. 6b. No drift is seen and we also note that the resolution
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seems to be better. The. bad resolution in the first case

is due to the lower bias used in recording 6a because here

no compensation voltage was applied. With a new detector

where the leakage current is low (~ 0.1 yA) this problem

is not too severe but after a certain dose of heavy ions

the leakage current increases considerably.

The advantages of the voltage compensator are easily

perceived and furthermore with such a device the detectors

can be used for a much longer time period.

A voltage supply intended to fill the same function

has been described earlier (1). The regulation is here made

with a negative impedance circuit and although the idea is

the same their approach to the problem is quite different

from ours.

Reference

1. N. Brendle and R. Enge, Nuclear Instruments and Methods

129 (1975) 279.
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Figure captions

Fig. 1. A schematic figure of the detector and the series

resistance R.

Fig. 2. A photo showing the voltage compensator.

Fig. 3. Circuit diagram of the main unit.

Fig.4a. Circuit diagram of the protecting circuit.

Fig.4b. Circuit diagram of the detector simulator.

Fig. 5. Schematic diagrams showing currents and voltages when

the compensation adjustment is made.

Fig. 6. Particle spectra recorded with an ordinary power supply

and with the voltage compensator.
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