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1. Introduction

. Use of n:rliniatul_‘e silicon diodes (MC 170, MC 459, MC 488B,
etﬁc. » Microsemiconductor Corporation, 11250 Playa Court, Culver
City, California), manufactured for electronic circuit applications, as
dosimeters for heavy charged particles has been.reported (Kéehler
19"67{ Raju 1966). The diodes are operated in short-circuit mode be-

cause of relative freedom from temperature effects and no need-of

bias supply. In addition, the response is proportional to the dose rate -

over a very wide range of dose rates. The depth-dose dis‘tribution'of'
- 50-MeV protons and 910-MeV o particles measured with ‘these diodes
shows no saturation eflfects. at the Bragg peak position. The depth-
dose distribution of 60Co Y rays and 8-MeV electrons as measured by
these diodés agrees well with results from the i(_)n‘izati(‘)vn_ ch;.mber.
The sensitivity of these diodes bis limited to about 10 rads/min because
1o_lf_tlheir small size. ‘ v o

Trurrip ;nd.P-inkerton (1967) hav’ev a'lys’o sl}own'the us.e of_thé diodes
fo_r_ au:tomatic isodbse meter, aﬁd ‘their resuﬁ:s shc.>w excellent agree- |
me.nt with 1on éhambers for the depth-dose distribution of 60Co Y rays,

6 and 20-MeV electrons.

% . .
Guest scientist from the .Southwest Center for Advanced Studies,
Dallas, Texas. : : ’
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The purpose of this note is to. provide some information of interest

in the use of these diodes as radiation dosimeters.

2. :Radiatibn Damage

The éensitivity of these diodes does not change when they are ex-
pqséd tb_v.a tétal do_‘.sve ‘of' (a) ‘Z'megarads ci)f 50-kVP x- rays ét a dose %"até
of 2500 R/min, ‘(b‘) O..Z_me'garad of 250-kVP x-rays at a dose rate of
1500 R/min, or 0.5 mégarad of 6OCo at a dose rate of 3000 R/min.
However, when they are exposed to beams of either heavy charged ﬁar-'
ticles or. high-energy electroﬁs, the sensitivity is reduced by a factor of
about 2 for a dose of a megarad or so. Hence the diode can be used as
a dosimeter for conventional radiation such as ZSOékVP-x- rays and 137Cs
and '60C0 Y rays, ,-wi&mut a significant problem caused by radiation dam-
age. For use with intense beams of high- energy electrons and heavy
charged particles, however, it can be exposed to a high dose, of the order
of a megaréd, with thése radiations and thus it can be used as a dosim- |
eter, since further small exposure does not significantly 'cha‘,n'.gé i-ts sen-

sitivity.

3. Dose-Rate Effects

. The response is found to be independenf of dose rate uf> to an in-
vestigated dose rate of 5000 R/min (Raju 1966). The dose rate reéiovn is -
extended beyond 1 megarad/min by-ﬁsiﬁg 8-MeV électl;ons fror;n a linac. |
The diode is first preexposed to a dose of iO fnegarads. Ifs" current out-
put as a function of dose rate is shown in _fig. 1. | Séturaf:ion effects are

seen at 30 000 rad/min. A bias of a few volts is adequate for the ché.rge

collection up to a dose rate of 1 megarad/min. Further increase in
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voltage do n‘otvsee,m to help :any"furthevr. The satur_avti-on at 1 megar‘ad/min
is probably due to radiation dam'a,get The increase in current at lower
dos:evra;tes-wh.en e‘xtgirnal bias is a_pplied is due to the increase in leakage
cﬁrrenf. * At higher do_se i‘ates, at which the leakage current is negligible
when corﬁéared_ with 'radiation-in.db;c,ed current, the response of the biased

diode follows that of an unbiased one.

4, Température effects

The diode is exposed to a constant dose rate and its current is mea~
sured when the temperature is varied over a range of 5 to 60°C. ~ The

average temperature coefficient is found to be +0.4% per 1°C.

5. Directional response
The 'é'-e’risi_tivity of the diode is found to change with the angle of its
orientation when exposed to 250-kVP x-rays. --Depe'nding.on the type of -

diode used, the difference in sensitivity between minimum and maximum

response is as much as 2 to 3 times. However, when the diode is exposed

to high-energy electrons or high-energy heaVy charged particles, the sen-.

sitivity is found to be independent of the angle of orientation of the diode.

6. Energy response’

I.The‘sen'sitivity of the diéde is abdut the same for 60Co Y rays,
_8-;MeV electrons., and x-rays, and this is in agreement with the. results
of Truﬁ_lp and Pinkerton (1967). For low-energy x-rays, howevéf, the
sensitivity is higher bécausé of a higher absorption coeffivciént for silicon.

For example, the sensitivity of the diode is found to be about 2.5 times as

high for 250-kVP x-rays as for 60Co Y rays for a given exposure.
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' Caption

Fig. 1. Current output as a function of dose rate.
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‘Fig. 1. Current outp'ut. as a
function of dose rate.



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: ‘

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
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