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Abstract -~ The fabrication process and the structure of PIN semiconductor detectors have
been designed optimally by simulation for doping concentration and width of p+ layer,
impurities re-contribution due to annealing and the current distribution due to guard ring at
the sliced edges. The characteristics to radiation response has been also simulated in terms
of Monte Carlo Method. The device has been fabricated on n type, 400 Qcm, orientation
<100>, Floating-Zone silicon wafer using the simulation results. The leakage current density
of 0.7 nA/em“100 pm is achieved by this process. The good linearity of radiation response
to Cs-137 was kept within the exposure ranges between 5 mR/h and 25 R/h. This proposed
process could be applied for fabricating a PIN semiconductor detector for measuring
individual dose.
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Fig 1. Three dimensional structure of the designed PIN
type semiconductor detector

Fig. 2. The plane source and distribution of scattered
radiation using Sabrina.
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Fig. 3. Dark currents due to width of p+ region.
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Fig. 4. Dark currents due to boron-doped
concentration of pt+ region.

i
o
bk
bt
do

A&7 Fx9 BAL A 4% didR
Abel Azt p+ gd9 Zo @ -V EAE
243 09 39 dAEA FAREZ 3y dAFe
pr 99 Zo} IA F&slA gov] ded] &
A Gd(active area)? 7o) wt HFHoR
vAstE A¢ ¢ ¢ 9u. 33 pr GhdlA F
429 %o B2 AFEAL vjay T Aol



Dislerse ieroner
2 ;

(a)

&0 F28% FIF 2003FE

Cistanze !Microns)

Fig. 5. Variation of current concentration distribution (a} with guard ring and (b) without guard ring.
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Fig. 6. Simulation results due to variation boron
concentration of p+ region.
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Fig 7. (a) Annealing result of p+ region{dose: 4x15 cm™, energy: 50 keV), (b) protection effect of impuriies by

SiO, for annealing.
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Fig. 8. (a) Response specirum by 22 keV and (b) variation of electron generation due to radiation energy.
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n-type Si a) Silicon oxidation

[EEXRE R

b) Deposition of poly silicon and P implatation

c) B implantation for diode and guard ring

d) Etching silicon oxide and annealing

e) Connect opening after oxidation

f) Aluminium metallization and alloying

g) Oxide deposition and subsequent selective etch for wire bonding

Fig. 9. The fabrication processing sequence used in this paper.
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Table 1. Comparison of electrical characteristics between the semiconductor dgetector made by EURORAD and the

developed semiconductor deisclor.

Blectrical characteristics Semcglwftoiiggt(;c)c}ltzrl’) moce semicoﬁszszzfegetector
Bias voltage 36V 36V
Leakage currents at 36 V < 3nA < 0.165 nA
Capacitance, f=1 MHz, 36 V 23 pF 8.3 pF
Block down voltage 32V 55V
Dark current at 60 °C 55 nA 2 nA
Dark current at 20 V 3800 nA 450 aA
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