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## 3971893421 : MAJOR NUCLEAR TECHNOLOGY
KEY WORD : GaAs DETECTOR/LIQUID PHASE EPITAXY/DIFFUSION/X-RAY DETECTOR
| SUPACHOK THAINOI : DEVELOPMENT OF GaAs p-i-n RADIATION DETECTORS
FOR X-RAY DETECTION. THESIS ADVISOR : ASSIST. PROF. SUVIT PUNNACHAIYA,
THESIS CO-ADVISOR : ASSOC. PROF. CHOOMPOL ANTARASENA, D. Eng. 88. pp.
ISBN 974-334-303-2.

This thesis is to design and fabricate a room-temperature x-ray detector from the GaAs
p-i-n junction diode structure using Liquid Phase Epitaxy (LPE) and diffusion techniques. Three types
of the selected wafer were N-type, undoped type and SI-type with a thickness in range of 0.2-0.6 mm

and a radiation detector has a sensitive area of 40 mm’.

The V-I characteristic curve of the fabricated x-ray detectors were tested and found that
the breakdown voltage of a diffuse junction diode was higher than that of LPE junction diode, at 200 V
and 4 V respectively, with rather high leakage current of 8 LA. For radiation detection, LPE junction
diode had no response to any radiation but the diffuse junction diode could response to alpha radiation
(5.48 MeV of Am-241 source), beta radiation (0.546 MeV, 2.2 MeV of Sr-90/Y-90 source). In case of
x-ray photon (60 keV of Am-241 source), a photon detection can be processed indirectly via photon
interaction with aluminium housing of a detector, created secondary electron. However, the x-ray
spectrum could not be detected because of the low charge collection efficiency at the diode junction,
therefore a signal pulse height produced from the e-h pairs became too small. These results indicate
that the frabrication process has to be improved to develop a low leakage junction diode with high

quality radiation sensitive area.
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2.2.1 UOUNAINY (Energy gap)
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2.2.6 HAPMIRINUYDITOLAD p-i-n
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3.1.1.1 38 Equilibrium-Cooling
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3.1.1.3 38 Supercooling
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[tem Customer's Specifications Guaranteed

GROWTH METHOD HB METHOD HB METHOD
CONDUCTION TYPE | N TYPE N TYPE
DOPANT S i S i
CARRIER CONCENT. 1.'o><1o"8 ~ 41.0X10® enw| S:2.1X10® ~ T:2.3X10® /en
RESISTIVITY dmeen| $:1.56X107° ~ T:1.4X107 gm.cn
MOBILITY em bs| $:2.0X10%° ~ T:1.9X10° m;;/vs.
EPD 24:2 2.0 X 103 / o 614 ~ 614 /e
THICKNESS-CENTER| 350 (% 10) pm| 351 -~ 354 pm
DIAMETER 50.00 (£ 0.30) wm| 50.02 -~ 50.04 mm
SURFACE {FRONT | POLISHED (SC-E) | POLISHED (SC-E)
FINISH i{BACK LAPPED & ETCHED LAPPED & ETCHED
ORIENTATION (100) =*0.10° (100) £0.10°

| OFCPRIMARY) 16.00 (£ 1.00) mn| 16.39 ~  16.39 mm
[F(SECONDARY) 7.00 (£ 1.00) mm| 6.91 -~ 6.91 m
EDGE ROUNDING 0.25 mm R| 0.25 mm R
X/L 0.31 ~ 0.34

Package WAFER TRAY Wafer No. ( 1~ 10
Weight .6 856 ¢ Total Weight 36.0 g
Total Wafer 10 pes Total Area
S
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[1tem Customer's Specifications Guaranteed

GROWTH METHOD LEC METHOD LEC METHOD
CONDUCTION TYPE | SEMI-INSULATOR TYPE SEMI-INSULATOR TYPE
DOPANT C—controlled C—controll ed
RESISTIVITY =z 1.0 X107 omecn| $:2.6X107 ~ T:1.0X10"7 dm.cn
MOBILITY z 6.0 X 10° ch hs| 5:6.8X10% ~ T:6.6X10° cof As
EPD C :51.0 X 10° / ek C :521.0 X 10° 7 oR
THICKNESS-CENTER 600 (% 10) w601 ~ 605 pm
DIAMETER 76.00 (£ 0.30) wm| 76.02 ~ 76.02 ma
SURFACE {FRONT | POLISHED (SC+) | POLISHED (SC+)
FINISH i{BACK LAPPED & ETCHED LAPPED & ETCHED
ORIENTATION (100) £ 0. 100 (100) +0.10°
OF (PRIMARY) 22.00 (* 1.00) mn| 21.89 ~ 21.89 am
[F(SECONDARY) 12.00 (£ 1.00) ma| 11.79 ~ 11.79 om
EDGE ROUNDING 0.25 mu R| 0.25 mn R
X/L 0.69 ~ 0.72

Package WAFER TRAY Wafer No. 1 o~ 10

Weight 14.4 ~ 14.4 g Total Weight 144.0 g
Total Wafler 10 pot Total Area
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Iltem Customer’s Specifications _ Guaranteed
GROWTH METHOD HB METHOD HB METHOD
CONDUCTION TYPE |N TYPE N TYPE
DOPANT None None

CARRIER CONCENT.

NO SPECIFICATION

/7 on

§:1.1X10% ~ T:4.0X10% /cu

RESISTIVITY NO SPECIFICATION dmeem |[8:1.0X10° ~ T:2.7X10°% dmcn
MOBILITY NO SPECIFICATION e hs {S:5.7X10% ~ T:5.8X10% cf ks
EPD AB:= 1.0 X 10* /eff |[AB:=1.0 X 10% 7 o
THICKNESS - CENTER| 350 (* 10) pmo | 341 ~ 353 pom
DIAMETER 50.00 (* 0.30) mm | 50,06 -~ 50.07 mm
SURFACE iFRONT |POLISHED (SC-E) |POLISHED (SC-E)
FINISH {BACK SLICED & ETCHED SLICED & ETCHED
ORIENTATION (100) %0.50° (100) +*0.50°
OF (PRIMARY) 16.00 (£ 1.00) mm |15.98 ~ 16.10 mn
I F (SECONDARY) 7.00 (£ 1.00) mm | 6.77 ~ 6.92 mm
EDGE ROUNDING 0.25 mn R [0.25 mn R
Package WAFER TRAY Wafer No. 1 o~ 19 |
Weight 815 . o 3.5 Total Weight 66.5 g
Total Wafer 19 'pcs_ Total Area
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