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Fig. 2. ELDRS phenomenon, Protons are displaced by polaron hopping.
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Fig. 4. Before X-ray irradiation, collector-emitter voltage of measurement using digital multi-meter and power supply. Digital multi-meter :

collector-emitter voltage of measurement (left), base current (center), collector current (right).
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Fig. 6. Picture of X-ray generator (left), and schematic (right).
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Table 1. Result of Dose Rate According to Distance and Tube Voltage.

Dose Rate (R/h)

Distance (m)
40 kvp 60 kvp 80 kvp 100 kvp 120 kvp
0.3 38300 64100 70700 72100 73700
0.4 21300 35700 39400 40100 41000
0.5 12500 22600 24900 25500 26000
0.6 9290 15600 17200 17600 18000
0.7 6770 11400 12500 12800 13100
0.8 5140 8650 9530 9750 9980
0.9 4030 6790 7480 7660 7850

Fig. 7. VeriDose V electrometer (dosimeter),
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T} WA, Table 1042 HEE =4 Agols A
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i I 100k Vp
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&
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Fig, 8. Graph of dose rate according to distance and tube voltage.

Fig. 9. Inverse-squre rule,

Fig. 103} o] A=xrg 54 At dzkse] W2 e
mgtong 2 13 o] AS 23191 1.5 em A g|olA
#Hgtol 40 kvpY A AFES AMS & & L,
Table 2% 2] 13} 2o Wog 7 FAg] e 1.5
cmol|A o] M=FES ALket Aol

(0.3m)"2:38300R/h = (0.015m) 2: z
[R/h]

. 2
0.015
x=153x10"R/h

x = 38300 X

@

Table 2. Result of Dose Rate at 1.5 cm,

40 kvp 60 kvp 80 kvp 100 kvp 120 kvp

Dose rate

2.56x107
(R/h) 0x10

1.53x107 2.83x107  2.88x10"  2.95x10’
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Fig. 11. Before and after X-ray irradiation, collector-emitter voltage gap each tube voltage.
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Fig. 12, Before and after X-ray irradiation, collector-emitter voltage gap each irradiation time,
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Radiation Damage of Semiconductor Device by X-ray

D. S. Kim, H. S. Hong, H. M. Park, J. H. Kim, and K. S. Joo
Department of Physics, Myongji University

Abstract - Recently, Due to the increased industry using radiation inspection equipment in the semiconductor, this demand
of technology research is increasing. Although semiconductor inspection equipment is using low energy X-ray from 40 keV
to 120 keV, Studies of radiation damage about the low energy X-ray are lacking circumstance in our country. Therefore, It
is study that BJT (bipolar junction transistor) of one type of semiconductor elements are received radiation damage by low
energy X-ray. BJT were used to the NXP semiconductor company's BC817-25 (NPN type), and Used the X-ray generator for
the irradiation. Radiation damage of BJT was evaluated that confirm to analyse change of collector-emitter voltage of before
and after X-ray irradiation when current gain fixed to 10. X-ray generator of tube voltage was setting 40 kVp, 60 kVp, 80
kVp, 100 kVp, 120 kVp and irradiation time was setting 180s, 360s, 540s into 180s intervals, As the result, We confirmed
radiation damage in BJT by low energy X-ray under 120 keV energy, and Especially the biggest radiation damage was
appeared at the 80 kVp. It is expected that ELDRS (enhanced low dose rate sensitivity) phenomenon occurs on the basis
of 80 kVp. This studies expect to contribute effective dose administration of semiconductor inspection equipment using low
energy X-ray, Also Research and Development of X-ray filter.

Keywords : BJT, Low energy X-ray, Radiation damage, TID (total ionizing dose), ELDRS phenomenon
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