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1. BkER
D) ERPREBREM KPEREOPFRERERTE 5S4 K Gads BX 5
RS, S MR B Y. PR 955£5°C, il T00+30°C, £ 563+2°C, S Ay

PTRBET WA 1,

(2) FERrmisE B
1000} AW In, As ¥k 98 3 7
) 900} woret, dsEFO6N fITN
zmo B, SRS MEfTES R
700 | ﬁ %ﬁ%ﬁ:j}: A-E: ﬁ-ﬁ 280
- ~300°C, K % f 107*~10~°
500 1020 30 40 50 60 0 80 B, B8] 2 /hey; o, JREE 700
PO cm) ~T750°C, H %= & 1074~10~8

1 KPERFERES S T, BYE 2~10 /NEF A%,

3) &kfEAE HARXSALBEMERRE, KB>EEEFGER, AT InAs i
B EER(~40°0), BHNETREEKRFAANCE, ARIESYHNME, Ad
B 0.0~1.0 7 As, KR ZEHE N 0.8~1.40m/hr.

2. A

S mAET T REERE, KERTHOIXOXL.0mm®, £ BMEELH, B
EHABEZHN, FERNTEERY bom?, FER—EHANNTEZRBEHBRE,
AL R TR A Na AP, BB EE N 700, 750, 800, 850°C R4%, ALH /A 4 5K
2N RILT NG, MBS AR . B MR E & B85 0.8~0.4mm,
R e FE BB 1 B,

= HGREWR

1. AREBARNEEMAEKDN InAs BEELE

HABMERE InAs BERERFNBRARSERKNBEANBRFEFEFEE 1y, a
REFNAERKTZEARAHRORET, BAEAEKNRENREEREERSE K
RIE TR, — B E T8 ZE () 7ZE 64000~60000 om?/Ves, B TIKE (nr) ZE 1.6~
2.0x10% om ™ JufEl, e 80~10 K5 Y ey 3k 68800 om?/ Vs, B SCERT A B IF 3
B, 81~6 ik E In BER ESZE MRS, U BB FREE. HMEAENE
KBS, prr 3 47000 cm?/ Vs LT, R FHREBLES. BAESEEY InAs §

PfEy GalnAs SIS E 4 KB, 25 AW, R8BI E R a2 M Rk A 308 A K 10 5
wﬁﬁﬁﬁﬁ ﬁ ﬁ %, ﬁﬁ % n77~2>< 10% om™ p M77H25‘4:00 Gmﬁ/V'ﬂ; E' %‘ ??.77""'-"37 X
10" em ™3, w77~13000 cm?/V «g9

ELI, T S
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®1 AEANAERERR& SR

= i TTK
HEMRES | £kH no | ) . u k % £
(10% em=3) | (em2?2/V-s) | (108 em-3) | (cm2/V-s) |
80-8 A S 2.66 22200 2.29 46600
81-10 £ TR} 4.77 25300 4.60 42700
80-1 APt 1.99 23600 1.57 58500
80-10 AL 2.40 32500 1.84 l 68800
30-13 A FE £t 2.17 24600 1.73 55100
81-2 REE 5 2.25 | 23500 1.79 54200 |
81-4 TR 2.45 24800 2.13 58800
81-6 LbFE 2.77 20900 2,92 46800 T B B 25 R ARG
81-7 ANFR A 2.22 | 22600 1.82 56000 I B4 K
81-8 REFE 53 1.88 | 24700 1.56 59500
81-9 REERS 2.03 23900 1.69 l 56300

K 2 3 A% IMS-300 ZY B F - 1 a8 13 B A A 55 38 ()l 108 7 W0 3R BF 9% o 4
B0, HTHN B FRBEARERERTESR, BIH AR TR R, HHE
TRMA—RERGRETTUMELLE N, SAEMEK, LA RER S 3 T
wAST KT RRE M T 88% ~11.8 £, 160" MM F wAs* WEBFRERS 2.7~21.7
fif. WU, ZER AR IR P IIN S TR B,

R2 SIMS 5B ARFH fA 2R TR

' | 80-8* 80-10 81-6 | 81-8
Tt R 1 2 1 2 1 > 1 2
150 0.025 | 0.0078 | 0.010 0.0019 | 0.0026 | 0.0016 | 0.002L | 0.0026
160+ 0.025 | 0.0089 | 0.0038 ' 0.0013 | 0.0011 | 0.0024 | 0.0018 | 0.00087
osNa+ 0.23 0.74 0.15 - | 0.074 | 0.25 0.37 0.23 0.098
o7 AL+ 12 11 | e.70 0.048 0.082 1.4 0.072 | 0.039
oSi+ 0.22 0.16 0.079 | 0.013 | 0.039 0.12 0.048 | 0.061
35S+ 0.020 0.0078 | 0.00063 | 0.019 | 0.0052 | 0.0096 | 0.0046 | 0.00087
s K+ 0.14 0.57 0.36 0.22 0.58 0.46 0.51 0.28
wCat 0.53 0.98 0.16 0.051 | 0.10 0.24 0.14 0.024
scFet 0.065 0.14 0.0088 0.0038 0.018 0.0064 0.0029 | 0.0035
50+ 0.015 | 0.018 | 0.0063 | 0.0044 | 0.0019 | 0.0024 | 0.0038 | 0. 00087

—————
A RFTRE, RS R,

CHANF—RRRENT InAs Bk, SREREN, A LA H5HE
RZMBM InAsihik &, BFRESHRER, REREEN, TEBEANTEERES.
A2 RALHEMERK SRR TG, TLE B RETRENE, BE%S. B3
EHARM ML ERGREOIN B, FFELSETAERTAUTY. BWD

W, Infs S0k 540 B0 51 iy e i A R S £, T 5 5500 O B A S0 B 0, IR AL B T
MR, XB, CHEATEEH FRENEE.
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(o) AEMALER; b)) LEAER. B o TRBEE.

%t F45 (1) A, Edmond 25 Ak n @ a R M EH T Cu RIEK, HOREFERZR
MR ARSI, Al BERE, n BNRE, ROPLEHELRANZTHEAER
¥, He& CuBNH—BEHEER, WERLEE » KACAREERES MmEm,
700°C (81-8-1*) #1 850°C (81-8-3*) fhHf5, nm NAHIW M T 8x10¥ em™2 i 2.8%
10% om=3, {iij 800°C (81-8-2#) fb B J5, ner H T L KA L, BEH EH 17 3] 62600 om®/
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1. 700°C, 17 /NRts 2. 800°C,17 /R 8. 850°C,

17 /NBFr 4. 800°C, 2 /NE}s 5. 750°C, 2 /NHY,

% FE (2) i, WEP RSP A BB, Kaparaes - J7iH, B T R40 2 R B B

o, 72 A B PR PR R B K, (RIR IR KB, X BRI 5 R R A R B N FIEE Y, &

HERETR., H Edmond #1 Hilsum™ fySLB iR, HHBH Cu M5, LA &R

R, AEERBA, HBRBETHREBEZHEREMR. MBIV EER LZRER,

i Cu ¥I5FT5IEM o L7, WESMRERERK, #Co RFVBEMGELURTNER. X
Edmond 8 i3 — B 8¢, RATIA v RUA] F T 51 5B v B

2ASEF+2V s = 2A8,+ (Vip)z +b6" (1)

Van Vechten™® @iy, ZEEKIFHAYELI AU B FAZERREHRE, HT

In RFHLMLaE As FFRR, BmaUBie, EEKRBRET, InAs fSHRE

Asi 7E, MAERHERP—ELTETAMBEMBET, £ Al FHRE, ALH

BERTKRE Vi, EREAAHRT. BERR, LEARNHTHRUTSE, X EBHE

BWFHETRARGBEAENER. BERQ), HCBRRE X RERS HRER, 2




6 B A B F % R 2 %

E B WM, ¥ Brooks-Herring AR 38, R A1 &30 800°C LLF Ab 38 WRE S i 1 3R BE
BB, 2 BEAR LRI, i 850°C AP 81-8-3* 5, MEZMRE TREMZ ERE
Wim4r 513 2.0X10% om ™ f1 0.5 X 10¥ om ™3, FN (1) HAF, FEILLIRIHE W & RN &
800°C Pl LA BEMITHH T L, YRXBER/H—BHLREIE, #8|LEAW, At Inds
fniR R B PR ERFE MR EE NV 7E 10 om™® L) |,

BEER 2 SIMS MW ER, &4F 1 fB2ER, BRI 2% e T m A H éw
i RE BTNV EXR. FHL 81-8 REENRHE, BREE FHREENHENHE
RO)XEHMEEHE N /-, BER6RERKRE T REEHEN LERFBE). F2 Pir
5:80-108 Byt 2 BEME, NRMELRA1HE, HE6WR, FE S, Na Si%R
BRI, R EHE No #im, Hbl S EmBEIHE, M Cu ®BE LB

B, BTN, ARNNZREET, S, Na, Si SRFEYRATFRENAREEE
.

InAs G4kl FESE R TR B RA 8i, 8, K| Cu, Or &, XERRER
PRI, X3 HERPRELTGERI T ZHIYE I ERE.

3.5
o @
o
|
}
3.0
o
=
mU
= ® S
a e Nc¢
S 2.5 O S
@ Cu
® RS (81—8)
) =
2.0

o153+ 5 6 7 8 9§ 10 11 1z 13
Y . 4
6 RIELIKE Np FIE FREMN LENX R
%8 JERBRREES

ju . ‘ "

& B (F3%) (FHh ) ~Na (FEF RO ‘ (i)
ERESR , N Tn: 0.03~0.04 | | | | _
(ppmW) In; 0.06~0.08 | ‘A5 0 07~0.09 As: 0.1% | In: 0.04 | In: 0.02~0.06
*E({%mi:a;z’ 4.5~6 %1016 4.9~6.4% 1015 6 % 1015 | 1.5 % 1015 l 0.8~2. 4%1015
O = s 1.77~2.23x10%6 cm-3; 0.48i4+8+Na=1.27~1.48 x 106 cm-3

* RG] P AR EBARR S Na<0.1~1.0 ppm, BXE TR,
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Cr JoHi 3 & Pazarypos ™" Frsg iy, SRl TRIN K, K Na, X R i T Na
WETEEN In ESZ—, RESHABERENEZKR, =T Na fikKi, RIOIYH
BFEARERE, w InAs BB EA Nat i B HH7E 10 em ™2, NGB K, AR
BREEN o MSH, PIAHE Na B2 20T REE:. FHit, & 48 6 WS AN HAHE
¥ 5

fE& e Fih, St f S 78 InAs 4 R BB K, R H 0 0.49%), 538k 1487 Na
MASES, SHOBET L Hil, &A% S EHARMTREE, S, 8, Na g LB
MERFBRESHEN. Ca WoBEREE/D, MTF X107, Cr affidiE/MF L, H
EHAERE, Bl B2 REmAL, E6d Cu MiESABAH, BT
A, KBR#EInAs hz7E, HEZE2HBRANSE No RS, THEhT KSR
AR Kz, #8d 0.45i+8S+Na# 1.27~1.48%x10%em 3, HEEFd ) No B,
B AT B, ZRIAEREET, InAs kG LM L E R B 4% S, Na_Si #
B, EFCMO, HTE 2B THMBEMBA %R ELH BN RE,
EREZREN, BAERET L HEE.

ETF B3R, BERBSEENEKE, X8 TEMRE, RbikAK SRS S
5, EHALEME, HTEZEOEAR R, B ENRLiEREBBRY,; f£5 M
o, BILL S, Na_ Si SR EE, HARHR K, C LK O Myl ik,

b, % i

1. AaEMERK InAs Fifk, 1] DUE Sa JeXH 8 4 i 513515, I 68 53 IR i A1 5 B,
EM K EEKEL InAs BB A5 T &R,

F &b 38 A3 A K 1 B 4K, oy — B 7E 54000 ~60000 6m?/V +8, mg7 #E1.5~2.0 X 10% oin -3
e B, oo 80-10 £ i prr=688000m?/ Vs, B8 MR IRIE B 5 R {H.

2. BIBEEBWER, WAHERLTREALRH S1IGEE, InAs R &= 405E
BEHERHR S, Na, Si &AW, HEM7AE10%em™ DLk, 2 3CAHER AT SCiR
iy Si, Cu Na(K) S(Se Te) fiIC X T —, B NafE InAs Ry EFTHDHET
12543 8, M AR B — 2 B,

3. RIRAALAELE X, InAs Sk KA HWRBHBRELE 10%em™ U |k, Hep 3
EA[ B Asiy',

BEmiE, REH FAek. BREFBEEREHFEIH SO A LA LSRR, B, E3
B ESHESRENHTHESBFERIR, XS RIERESF-CEHRE4E, X%
RESHEHTTEMRABE FEAN, BlL—3H 305,

$ F X W
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GROWTH OF HIGH PURITY InAs CRYSTALS AND A
DISCUSSION ON THE RESIDUAL DONORS

II. Growth of High Purity InAs Crystals and Effect of Heat
Treatment on their Electrical Properties

Wu J18EN, Zou Yuanxi (CHou YUuANESI), Mo PEIGEN
(Shanghai Institute of Metallurgy, Academia Sinica, Shanghai China)

Abstract

In the growth proocess specially treated-quartz (STQ) boat is used for the growth
of high purity InAs orystals. Experiment results show that the comtamination of Si,
and the wetting of the boat could be eliminated in the process with an improvement
in the electrical properties of the grown orystals (n;;=1.5—-2.0x10% om™3, wy;=
54000 — 60000 cm?/V +g and up to 68800 cm?/V+s) compared with those grown from
conventional quartz boats. _

Using this kind of orystal as source of material in VPE of GalnAs, an improve-
ment in the electrical properties of the epi-layer is also obtfained. 'T'he total
concentration of residual impurities, based on the impurity analyses and the electrical
measurements, amounts to over 10*® cm~3, and some correlations between the SIMS
data on S, Na and Si and residual donor concentrations have been found. It is shown
that the most likely impurities responsible for the residual donors in the orystals are
S, Na, and Si although other impurities cannot completely be ruled out. Thus, our
results are consistent with the inference made in the previous paper. In addition,
the results of heat treatment indicate that the concentration of point defects is over
10%em~3 and As;, seems, in our opinion, to be the predominant defect in the
orystals,
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kL3 W4 1) R 2 ) B 3 5 R G
BRE XS

x B %

(EBERZ)

2 E

BT R RN TR RN AREER, AN XRAIhXTIER RN, 3
N RN FERBETXR TR T BB TSI RAE, EHRTETHE
BRIy, ST RUERXRITARNT BEIDELT BRIAMERSREN, I
u’tﬂﬂ%*’J‘F’E%%{wﬁ?&ﬁ'%g“ﬂﬁﬁ@w‘%ﬁ MR TR ie B o R R4 LIB 8 I 70 2
B, X e LU EE R /XS 53 BB /T B B by B0 65 L T B 1K 4.

> r.

—, Bl

Il

S0, E R NERIEL TRHRRZ B, ZIFHE T AN P (REREE 28 #4 8 7
W R BB ST, AT EE K 3 —F 50 5 L S BRb B0 4 0 3R A A 4R R B M U, AR
KEMRMIERITZH., BRAAHIERE—RHEAHA AT, H—ERY TN RE
NIRRT S RAJLTIELRME; KRN IERERAR R YL, BB
HNRRE—FREDHEIEGHENM R, XTENRONRMRSIRIERERRBE LR
HEJ W BRAEEN IRV ARX(MHRIE,. 54 FLEMBEEHIRES).

HEARZPER R %, J. R, Rice™ {EHE R T R4 SRR E NN EN
BB Eah, ASCEFEXR LI PENTIEREBR N EPHBRBRIXRS, X
BIrAT I MREEBAR, MBENE R, BEXFE T RSB s
P FRAT IR
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