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Fig.1 Schematics of single-plate irradiation facility. (a) Source pencil, (b) Source plaque, (c) Reference plane
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Fig.2 Flow diagram of deployment of source pencils.
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Table 1  Activity distribution of source bars.

95 R I 5 T s i 9 5 R
Index number Activity / PBq [ Index number Activity / PBq | Index number Activity / PBq | Index number Activity / PBq
S1 0.103 8 S14 0.074 7 S27 0.101 4 S40 0.203 4
S2 0.102 8 S15 0.074 5 S28 0.069 2 S41 0.3905
S3 0.109 3 S16 0.205 4 S29 0.074 3 S42 0.3912
S4 0.3874 S17 0.3828 S30 03828 S43 0.208 4
S5 0.384 3 S18 0.069 5 S31 0.069 2 S44 0.0719
S6 0.201 4 S19 0.380 5 S32 03828 S45 0.386 6
S7 0.3897 S20 0.069 2 S33 0.204 9 S46 0.197 4
S8 0.3905 S21 0.070 8 S34 0.074 5 S47 0.107 8
S9 0.204 9 S22 0.102 8 S35 0.074 3 S48 0.108 3
S10 0.074 5 S23 0.103 8 S36 0.072 7 S49 0.099 6
S11 0.0723 S24 0.100 6 S37 0.073 8 S50 0.102 8
S12 0.073 1 S25 0.104 3 S38 0.065 3 — —

S13 0.073 4 S26 0.1043 S39 0.072 7 — —

ZIGEEREZY, SHERBHEBEEL 35 om, BRI Windows7, MATLAB 2010b.
K2 120 cmx80 cmo XS TH % & 77 M43 3k X2 RAFMAR T IEEEENALE, K
1T 120, 80 %54r. 4’5 MATLAB FEfPHIASZIL 3 44 H T SHMmIRH L AF &R0 1015
FHLESHHEE SRR . RS CPUIS; AT 4G.

R2 BWEMANFEGBENEERER R
Table 2  Source pencil deployment obtained by empirical method and this work.

Ve = AL APS AL VRS 5 LU AP AL
Index number Empirical method  This work Index number Empirical method  This work
S1 1 16 S26 92 131
S2 121 140 S27 152 41
S3 62 106 S28 34 57
S4 5 61 S29 154 128
S5 125 27 S30 37 34
S6 67 96 S31 97 124
S7 9 9 S32 157 154
S8 129 172 S33 101 163
S9 70 18 S34 45 63
S10 12 173 S35 165 8
S11 132 7 S36 47 127
S12 14 90 S37 167 53
S13 134 91 S38 49 62
S14 16 108 S39 169 54
S15 136 118 S40 111 85
S16 80 138 S41 52 52
S17 24 147 S42 172 129
S18 84 4 S43 114 43
S19 144 74 S44 175 174
S20 27 119 S45 56 120
S21 147 177 S46 176 107
S22 29 136 S47 177 11
S23 89 165 S48 119 170
S24 149 161 S49 60 20
S25 32 50 S50 180 45
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Table 3 Time consumption of different methods.

J71% Method #ERF Elapsed time / min
2 Step ST Total
2259675 Empirical — ~2 880"
K3 This work O-®@: 23 ~28
®-@:1
®:4

1 R IRE 2 504
Note: 1 This value was given by irradiation station according to
their experience.
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Table 4  Source pencil deployment of simple for contrasting with other method.
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Optimization of source pencil deployment of single-plate irradiation facility
based on improved greedy algorithm

LILei LI Xiaoyan JIANG Shubin WU XiaoLi LI Zongjun

(Institute of Nuclear Physics and Chemistry, Chinese Academy of Engineering Physics, Mianyang 621900, China)

Abstract Background: Concerning radiation hardness assurance testing of microelectronic devices, there is
rigorous requirement for the dose rate uniformity of irradiation field. With existing methods, the source rods of
single-plate irradiation facility cannot be configured properly in the source plaque, which consequently form the
prospected irradiation field. Purpose: This study aims to construct a new method to realize the optimal deployment of
source rods and meet the requirements of radiation hardness assurance testing. Methods: The new method was
realized by constructing mathematical model and designing improved greedy algorithm. The algorithm mainly
contained three aspects. First of all, there was the thought of existing greedy algorithm, which is to determine position
of source rods with the objective function defined by uniformity of dose rate at the reference points. In addition, the
position of source rods was constricted according to empirical method. Finally, the global searching ability was
improved by using enumeration technique. Results: For radiation hardness assurance testing, this method was able to
construct irradiation field with dose rate uniformity no more than 1.02, and it was better and 100 times faster than the
empirical method. As for irradiation process, the dose rate uniformity and efficiency obtained by this new method is
similar to the existing methods such as greedy algorithm and plant growth simulation algorithm. Conclusion: This
new method is effective for both the radiation hardness assurance testing and the irradiation process applications.

Key words Single-rack cobalt source, Optimization of source pencil deployment, Greedy algorithm, Radiation
hardness assurance testing
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