B 15F H 3 M
1998 4 9 H

JR A% P EVF 18

Nuclear Physics Review

Vol. 15, No. 3
Sep. , 1998

TLL-V B ALE 404 5 b k0 85l 7 75 - SR

MRIGA 2=t

B &

WE 3 E AR

UK R Ui 430072)

5 W 2R
Crp [ R BE AR BT ST =M 730000)
W2 HERE(500 MeV)Ne B T WA GaAs Fl InP 347 T, ] Monte Carlo #48, 1F # 1§

Bt 27 UL R LLAM G 0F 90 7 4 IR AR R B B ke vk . &5 SRR T, R R AR R RE SR AR A S, B
WG o AT AERE b rp = AR B 6 Y R R ROR N, 3 2 B O A8 A 8 2 ROSF R I 5. 20 41 ' ik Ul
ORI, ERBIGT GaAs FES A AR X TE . db4h, & BERE S Ok 7= 248 T A 6k FE Gaa Al Inp
PLRZ FE 4R Zngy. AT2R 10" ions/em?® #l &5 InP BE4T T %5250, S InP MR &

T WA L.
S T I = L I 19 ey LA | 2 = B S I
2K 5 0571.33

1 55

BTN SR R AR e 2 A R K
FRU®EBRHLE, MAE FEANTCR, 7]
e e e R JE St R — D B . AR,
EIR RRE WANE SR RN Z R S D EWae TR SE K VIS
LAY W A A R TR RE O 0
BEIN, AEEU TR R T B BB PO Y
%, AR P > OO T A A s AR
SEfGOL T, B0 o 3 R P L, R
BT IR R, N Z R B 4 ik =
il 3R T BE, P-N 45 % ) s LU 1Y K. B
VO 7 N 51 A fE B, 2 SE B AR
WA ZR AR R ) 1) L

WFFEF ARG A TR 2, P IEAg
TR G A LR Al — Tl S ) o S A B )
AT B B EIER 7RSS, B
RAFA R BRFE B IE . KA R S HL A 2
SEAE R X U7 R R RUBE R s A Y sk
JCIAR, L RETIE 107 em™®, & —Ff
Tie A% K0 TG AR AR Iy 1.

g 1998 - 03 - 24 WAy .
x  HEFARB IS NHS 69576020) % Bh .

w1 i (MeV~GeV B E & iR T
1R 498 0 W 9 0 — TR AT 8 SO R, H
(1) 4R 18 3 B /D E o), e ) DB AR B
N5 e I AE 21 T AR P 77 A B 40 407 i Bl FRAT
% 500 MeV ¥ =5 & Ne B X Fp -V
AW TR R GaAs F InP 1E 47 55
H Monte Carlo AH #5400 A1 IE WL - 3 ¥ 5 v
VS EAN B S N SN R T N

2y
.

2 SEE Tk

S B IR R i 8 BL LEC J7 i 4% 1Y
KB Ak F 4 4 SI-GaAs (10 X 10 X 0. 5
mm®, HHFEN~10"Q « ecm) B Zn I p-
InP (10X 10X0.5 mm?®, 3 FKEN 5X
107 em ™ ?).

2T SR A P REBE 22 N R
I 4% (HIRFL) [ %6 B 28 3 | 58 e . SR H
25 MeV /u ) Ne*" & 7 W 147 % B, A 5
I AE 10 ~10" ions/cm?® Z ], A 58 BE fr



« 162 - 5T B iR 15 &

FELE 20 nA Acfy, FRIEILE 4 100 K. RIS
FE L 7E =R RAE.

ERFERNERHER T Gaiths 2
W) R 9 v (DBAR) R R AH &5 & 1 7 ik, 4o
b v W R AR L AR e 2T AR S A, Wl
N IR (~290 K), #EVEH 4 000~
11 300 em ', XM () AE VG H 7E 0. 5~1. 4
eV 2Z [i].

3 iR LT

3.1 FHfF R

) 245 R 2 7 19 %) g Ne® ' 2 7 5
I GaAs Fl InP )% 347 7 B 8L 9. 7E
HE, EEAIEBIEE R 15 eV, ik 4 At

Hh 2 eV. g REW, 500 MeV Ne & ¥ 1E
GaAs FE i P S FEZ A 433 pm, T 7E InP
A 500 pm.

5 R PR, & 500 MeV
Ne & & MAEFE S 3L =420 8 000 Z A4
e, HAfBE NS R SR — € oA, B
AR AE SRR oK . 45 SRR, B AR R
7 B8N, AR SRR K i B AT, A A] RE B K
T B AE R 2
3.2 IEHL T A i A

h W 5 A UG FE S sk B R R Wl T
AR i K AR RORE S 1 OE W A g, I
PATFIT R ¥ 43 M. Bt H VA& IE K 165 ps,
10% A1 1 000 ps, 0.3%. 459 W% 1.

%1 500 MeV Ne & 7% AT J5 (0 1F o7 75 4y 45 3 G AF 300 K #3E17)

o=

B ‘ 1/ps 75/ps T3/ps I,(%) I,C%) Tm/PS
(ions/cm?)

SI-GaAs 0 184. 4 276.0 18. 6 228.9

+2.4 +2.4 +3.0 +0.5

1013 182.7 291. 2 2.05 57.0 0. 32 250.5

+3.2 +2.8 +0.19 +3.5 +0.025 +0.5

101 196. 1 311. 8 2.20 49. 0 0. 98 272.4

+3.1 +3.8 +0.05 +2.8 +0.028 +0.5

p-InP 0 186. 1 270.0 66. 9 242.7

+8.1 +4.1 +6.2 +0.5

102 188. 2 267. 6 70.0 243.7

+9.7 +4.0 +6.9 +0.5

1013 202.0 285.5 50.7 244.3

+6.0 +5.8 +6.6 +0.5

10M 171.3 290.0 2. 39 66. 7 0. 30 257.1

+2.7 +1.5 +0.12 +1.5 +0. 01 +0.5

15 A i JE) A b 33 0] 20 i L A A
¢, XRYLE IR A SI-GaAs Fl p-InP H1 17
TEAG A0 B i Be L A B a6l B PR AT 2 1R B T
B & T DL W A 23 0k Ve Ve

MFE 4L 10" ions/em? 1 7 & FR

Ji. InP W o, WA K, 2 1, 84 LT, B
FIEBHFHIKEFE =1, (\—\)/1,, T k=
puCoy Co H BB PBE. WU, R 57 & 45 18
I, InP A i A ik B RO 224 AN K, B A7 7
LS, G B R R W A 8



03

PRl BUAE : -V OB A 5 902 T AR 4OR] B0 e i T 0 1 i IR 2w + 163 -

Biti 5 i MR 7R & 39 0 3] 10" ions/em®, W
FrrE s P s &G ar o, W T, &
GaAs M 276 ps #8 % 291 ps, fE InP H M
267 ps B4 R 286 ps, XK B AL R )1 K
T, ATRANTEMNEK. BT o/ =1. 27,
ST S T Sl R R o A | DY i VA sl i )
SEBIME. AN, fE GaAs P EL T B =&
ty, HRK/NK 2 ns, (HREE T, XA
0.32%, RYILEH )G GaAs [ GEH IE
72 Ps B, o N = EHEIEH T % (O-
Ps ) [ 4 o7 9 % 77

50 e 3E— 0 B #) 10" ions /em® B,
£ GaAs 7, 4k %) 312 ps, W 7,/7,
~1. 36, LW AR fir R 1 WL 7 AR XU AL R Y
F5 iy, B S 28 0k 45 A 4 OW A A
B =, AR LI N B, H G
MY 2 ns, HERERME] T 0.98%, Ml
W4T B2 1) Ps A2k, 76 InP P UL B T
3ANFaw sy, b oo, W& I, 5 1, 890
2 67%, 1K R R AL E R KH T .
XFH =&, HHEWr, 4 2. 4ns, WE I,
20 0.3%, XEYWH Ps EK . 00 E B0 45
C S SN 3 N R T ol R I
253 A T e I

A, BAVE VW HE TP M . (=
o, 47,1, A R SE R B AE
B BB R ST AR KRR B R BE Y 3 #R 2
oo, WK, BRAP AT ULE H, B A R R &
BN, o, 3K, IX 3% W B 35 45 A 10
B8, TR ) A5 40 g .

XF - 2 B HEORE 5 BL & R A & (10" jons/
em?®) B4R FEFE S, B0 1 OF W1 FF Ay ik Bl
FE AR E R AR, N1 AT 2 AT DA B A
o, TEP R AR AR RS R, o, BEA BB IR
FE AR Ak, T AE §E SRRE A b, 7, 38 RE A R T
AN, fF GaAs FiESE EH, MAE InP
R E BT SRR . R T,

23 1 WL - 8 i B e Ay 1) 8 1 200 2% JoiT B X
A7 S5l BF S5 BT A R AL T IR A AR AS . X L R il
B R 25 A e EE AR (10~100 me V),

B A W P B T, IR BRI NI R R A
PR BN TRCO T g VAL U 1 I R v I A
Fim LR LT, P AEar s Bt

280 T T T T

2701 1o, s

% 260F ) .o.a‘ ’ ..'.. * )

250) s

2351 1 ¢

gl ot tretttr Y

100 150 200 250 300
T/K

K1 500 MeV Ne &M i J5 GaAs
IE W7~ 3 75 1 B 3R BE 16 28 4k
I 45 AT I AR K5 B, 1 7€ 10" fons /em?* 7
4 R 110 A2 Ak

270 T T T
260 - N
I L
.
. .
a ‘e
:E 250 F . .o te, * . A
»
« I
. " m am L]
240F g gu"ntttuw "
230 . A L
120 165 210 255 300
T /K

K2 500 MeV Ne #&Hifij /5 InP
1F H, 751 35 75 i i i B2 1 22 4K
I JROHT ) A S B, T 7E 10" ions/em?
) S A AS AR .

fEARR LGk, adh TR
fi % A3 R i T B A ik B, e AT A AT

AP IRE il 7S LRIV
7 Gan, 7T BT A7 LA
A Inp W] HEHF LA
] A Al 3R L

[I]%T— SI (.I&A"? l‘l’l, PN

IMAE p-InP H, X

I_I .[H: Ga,\,- *H Il'lp ﬁ-
H4b, A8 p B InP



< 164 - TR B E S

15 &

A7 A6 7 AT ()52 3 Zng,, EATT R B 7R IR
THRIER T, HYS Inp RAAFM LG 6E,
X2 v, 7 InP P 2B BRI w]
L, AT 5 ) GaAs A1 InP A 43 750 48 30
BT RALEFE Gap N Inp LA 52 T2 5T Zny,.

3.3 ZLAMEE I A

Bl i) TR W 28 8 (o) i 2 7s T 18 3.
HY 3 I R AE S N AT, B W BT A
A (10 R AT D, AL R A T L o S ) RE R 2
), Wl B AR, BE3 AN, £R
MR R, O R A RE AU H
TRIFAR, 290 0.3 em ™', H4%E T4 RN,

a0

L0} II[)

3.0} /

- / I ;

a/cm

1.0} L
.- " 1
I}. i )‘--..t' L - el P | e
0.50 0.70 0.90 1.10 1.30 1.50
E/eV
3 500 MeV Ne 58 M7 5 GaAs 1

AR L& i
I TRCHT ) A AR B, T 7E 10" ions/em?
4 RS R A i 22, I AE 10" jons /em?
1) kA 1 2k il £k

A TR AR BT, IR AR R W . H
MFEMARER (107 ions/em?) &, {ERE A
B RN R R AE IR B, R HAE
FHE (10" jons/cm?®) M5, 31X — 240 5N
WY, IXFh I B RR O % i Wi, — AR
BN T 3 7 N R T B0k i AR A 2
e, AR T AR I B A R, Al
R AR, PR BT T I A 4 AR
W FEA S b, 5E T T i 3 AR 3% Sk 40 A
MR BT Ha RS A RS OB B, OF HAE Sk
PO e J8E B ke T i R 7R £ K

3.4 FAETE A TR InP 0 M AE A SR

AT I T AR T D' JEUO 4 S R
() dafe B 4 PR I S . SR 3K 8 940 nm [
21 4 W B (LED) A S Y6, K 1E L 1 95 A
FEmE TWAEY, @nardH)E, &kikrt
i Ak T SRS e CRIRFT IR 6 98 ) 34 42 I i £ 3%
) 95w (DBAR) Bl I 18] (9 A2 4k, 28— BEm
) J5, A LED S, W R 20 mA, iE
B EARN &, BE BN E, SEEUE,
4k 4200 5 DBAR W%, KT3I S S 50 I

0. 550
77K
0. 540 | .
s * . T
0.530 | ;
] *
# 0.520 } N
@ ] .”‘.ﬁ% ‘, — ’ L
0.510 E IR
1 | 1
0. 500 R S
) :
0. 490 ' .
0 8 16 24 32
~ t/h

Kl 4 500 MeV Ne %8 InP I
NEE
LA R AT s o, 1 B IF A B,
I ' A2 1k s B L.

A2 T B o4, NE 4 TEH, A
e, S SEIEAR EAKE I A AE 4k, Y4
bR E, S 8N T, H A (A —
HOF B, JF oG iR B RE A, B S T RE O
. b R OC R YR, AT B S 28Ot
B AW B R R R i A B D AR R R
AF, XU, FECIE, InP 4T — R b Fa
EWPIRAS , HANE T IR 4h B b R &, B
B B K ], RO, X
RS YA AE.

S Z B0 AL BT R R R LT
GaAs 1 EL2 a0, 7E6HF (<100 K),
EWRF Y GEa kS 25 BT, HEROGHE
R FEAAL, H 3 120 K B IR ki, ~F



% 3 1 PR GBS

II-V AL & 98 5 46 B9 fig

T TR RN 165 =

BiZgan 1S Z8A W B B 2 K E .
BN K, #E 500 MeV Ne & 75 B 1) InP Ff
i P AEAE AR A P .

FATN A, X— RSP OH— i
ap [ 25 A TR e B R — it 3= 4 Rk, RABLT InP
SRR B T N N 385 i ) = N
T dn kg R A B TS AR ORI I i B Al
IEHe, ARRIERF, FIIERFSEH
FHEXRMILEE N, S S50 . Bl
I b G, R O & IR AR E
S ZHYEFFAAL. E—,nt{z:ﬂ:ﬁ'{?%lﬁ—ﬁﬂﬂ
S5 (R 7 A i W AR SR AIE SE.

4 4w

(DAEREEE GaAs Al InP H, WA
23 AN, TR

(2)%%1%,.“?% PR, AR R R SE
By Han, 5 408 2 T UK I 23 K R d X

(3)55%,‘“8’3 InP ORI T W ARZS .

W

1 Pearton S J. Jalali B, Abemathy C R et al.
Properties and Experimental Ranges of High Energy
Ions in GaAs and InP. ] Appl Phys. 1992, 71: 2663~
2668

2 Carin R, Madelon R, Julienne D et al/. An Investigation

Isolation

by Resistance and Photoluminescence Measurements of

High-energy Heavy-ion Irradiated GaAs. Nucl Instr and
Meth., 1992, B63. 21~24

3 Levalois M. Bogdanski P,

Damage by High Energy Heavy lon Irradiation at the

Toulemonde M. Induced

wn

10

11

12

13

GANIL Accelerator in Semiconductor Materials. Nucl
Instr and Meth, 1992, B63: 14~20

Biersack ] P, Haggmark L G. A Monte Carlo Computer
Program for the Transport of Energetic Ions in Amor-
phous Targets. Nucl Instr and Meth, 1980, 174: 257~
269

Chen Z Q, Hu X W, Wang S | et al. Identification of
Vacancy-type Defects in As-grown InP by Positron An-
nihilation Rate Distribution Measurements. Solid State
951~956

Chen Z Q. Hu X W. Wang S J. Positron Annihilation

Communication, 1996, 97;

Studies of Defect Properties in Semi-insulating GaAs.
Phys Stat Sol (a), 1996, 156. 277~284

Itoh Y, Murakami H. Defect Study on Electron Irradi-
ated GaAs by Means of Positron Annihilation. Appl
Phys, 1994, A58. 59~62

Corbel C,

cies and Gallium Antisites as Acceptors in Electron-irra-

Phys Rev. 1992, B45:

Pierre F, Saarinen K et al. Gallium Vacan-

diated Semi-insulating GaAs.
33863399

Mattila T, Nieminen R M. Direct Antisite Formation in
Electron Irradiation of GaAs. Phys Rev Lett. 1995,
Td. 2721~2724

Puska M J. Electronic Structures of Point defects in II1-
V Compound Semiconductors. ] Phys, Condens Matt,
1989, 1: 7347~7366

Kuriyama K, Sakai K. Okada M er al. Observation of
In Antisite and Fe-related Defects in 30 MeV Electron-
irradiated Fe-doped Semi-insulating InP. Phys Rev,
1995, B52: 14578~14581

Benton ] L, Kimerling L. C. Electronically

Phys

Levinson M,
Controlled Metastable Defect Reaction in InP.
Rev, 1983, B27; 6216~6221

Levinson M, Stavola M,
M Center in InP.

Benton J L et al. Metastable

Defect-charge-state-controlled Struc-

High Energy Heavy Ion Irradiation Effect
in III-V Compound Semiconductors

Chen Zhiquan

Li Shiging Wang Zhu
(Department of Physicss Wuhan University,

Hou Mingdong

(Institute of Modern Physics, the Chinese Academy of Science,

Abstract

Both GaAs and InP were irradiated by high energy

tural Relaxation. Phys Rev, 1983, B28: 5848~5855
Hu Xinwen Wang Shaojie
Wuhan 430072)
Lanzhou 730000)

(#5190 1)



(L85 165 10

(500 MeV) Ne ions. The Monte Carlo simulation, positron annihilation and IR spectroscopy
were used to study the radiation induced defects. The result showed that monovacancies ex-
isted in as-grown samples, but more monovacancies were introduced, after Ne ions irradia-
tion, and with increasing radiation dose, divacancies were formed, and eventually large voids
were observed. The IR measurement for irradiated GaAs samples confirmed the existence of
amorphous zones. The antisite defects Gaa, and Inp as well as Zny, acceptors were also ob-
served in the irradiated sample. The optical experiment was performed for the ion irradiated

InP with dose of 10"ions/cm”. and a metastable center was revealed.

Key words  positron annihilation radiation effect metastable center



