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Table 1 Electrical performances of SI-GaAs single crystal
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%5 Lt /(107(2 * cm) /(cmz,/;:V +$))/107cm~® /10%cm ™% /10'%cm~®

1 VGF Ji4: 0.715 3829 22.81 1.23 <1.0
2 F-wWiBk  1.42 7904 5.571 1.66 <1.0
3 BIUGE K 1.154 6016 6.400 1.54 <1.0
4 PR K 1.108 6794 8.307 1.42 <1.0
5 LEC ik 3.46 5175 3.332 1.60 ~1.0

Hrh go.g R EL2 BEZ W 1 5 48 AR B L 1
HYEE R IR 7L Er & BEL2 RERAE B & . 5 X
HkL9],
Ec — E; — kTln(g,/g,) = Ep =

0.759 — 2.37 X 10"k ' T(eV) 7
Evn H EL2 WA ERE, —ElE N REFE. 22565
~ (AT 15 .

[EL2] 1

EL2 W CHREEM I EZE R UK 1 fron. ATLLE
5JEA: LEC-GaAs HL & A0 I, Jii2E VGF-GaAs i i1y
EL2 ¥ B R BH R A R 5%, o 2R i 22 . &3
B RS =GR KA RS VGF-GaAs 5 g 1) HL B R
B ER EFRE. BRI OERTLEE, VGF-
GaAs G A 22 PR T A8 46 5 EL2 #k BE 9 48 b & i
5 C Z F 1AM 1E 0L % UIAE G .
C A MRS LR, Frif k8 SI-GaAs f ik 1
Y R PE R B T AR TP IR R BE BF EL2 g R fk 32
F T C I RMEE e % T GaAs B i TH g
FIER A b2 G K, ] DL 2 W 4 25 ) S L DT
R o PR T G fEL BH 32 T DA SRR R
1
e - l’le)un
Hr o HHBHZE s n AW e S EALHL AT ;5 0
R FIEBRE p — 10 BR.BRFEE n T
A T B IR EE L S POKRER I R R A
Ec - Er
7 ) (2)
Her Ne WRWIRAREHE . EWNAFEEcH
A il Er A POKBES . (1) 5 (2) XA 1.
p cC exp(ECk:TEF) (3)
X AT LLE o T GaAs 5 df Bl F 4 %
PR B2 p=107Q « m) , 5L AR IE L TR BEH Er
B AR v e [fF T GE R AE EL2 BB MW b — &S50 . & ), 2%
KAEH Er 2 T30 Ec BOE , W B A E8AK .
— B = RE A R R 4 AR 4 ML iR SI-GaAs B ff
) FL 22 M O R IR T U AR 2R v [a] HAEAE 3 R
2% 1t 32 SD REZ: i - EL2 ek IR Z F Cas fnfk
2R BESL DL b 3 S RE S A AR L AMz g0
N RE Gy =
n, — po = [EL2" ] — ([C] - [SDD 4)
nos Po 7‘7%?‘%‘13‘57{{;&%9 [ELZ* ]ﬂff%%T b}
EL2 {ZEEVEC] 7[SD]%:I C ﬂ(ﬂ%ﬁﬁjﬁ#&ggﬁ%{?a ny—
po KATE 10" ecm * &4, m[C] - [SD],[EL2" J¥£ 10"
~10%em w4, H L, (] LLfEifE R

@)

n = Ncexp(f

[EL2" ] = [C] - [SD] (5
[EL2" JAl LR A
(EL2" ] =
_ & (EC_EF)_(EC_ET) -1
[ELZ]{l [l-irglexp( T )] }
(6)

I:C:I - I:SD:I B 1 - [1 + eXp(EC - EF - ED/ko T)]71
- (Ec — Ep) + ED}
kT

=1+ exp[ (8)

B ) A AR H .
1 [EL2] _
o [C]-[SD]

(DR AT LLE B - GaAs B 5 1Y B BH % 32 2 B e
MoBHR 2 B2 LEL2]/(LCJ - [SD D, Ha B 2 i b &
CEL2 [ Fh i midoim. 2 1w i &5 eI 7 X 4R 19 A8 1k
BB AR AT LF . LEC 8 K B GaAs B0 Y
EL2 ¥k &} C W3 It VGF-GaAs 85 i o o 2% %b
P R s PR B A LEC-SI-GaAs B i 14 H BHL 22 1] i
& -

EL2 e A TR A i, — B IN R E Asc,
RALERFE A R, 2 —F il & As FHCHY B FE. B T
VGF k4K GaAs Bt B PR R 0 E As T2 A
LEC ¥ GaAs i E KGN E As Em (VGF k£
m B K LEC Pk FTE As S RO A R A KD 5
£ VGF-GaAs 11y EL2 ¥k B2 3 28 AH X s AIG. 1m0 B
GaAs Hiji A= KI5 80 As B B BT R A PR
R, B84 5 VGE-SI-GaAs B g (1 HL B 22, FEfRE C
WP SO0 62500 Ao v AR Ak B A R AR B R R Y
o As f4bh EL2 Gff . i 5 As 7 GaAs T F2ED) 3
FIE S AEAE - Asi . EL2, As ULHE . 16— IR E R EN4E
TEA BB C R

1 €D)

AS;SEL2 (10)
As; & As(precipitation) a1
MR T 1160 C I, S b 1) A7 #E 47 . BP EL2 A As T
UE 43 5 T AE 900 ~950°C J i [n] £ #E 47, Bl EL2 Fil As
UUTE 5 i BT B
G R 241, o T 2 VGF-GaAs B i 1) i 2
PERE . AT & B 2547 7 s iR kb 3. AR 1 "] LU
L5 — KGR K5 EL2 W 3 i 2k i i A AR K & . (5
T A ok B O ER R BE As DT HL A . Ol T IHBR As
DOUE, i — P4 & TR JOR B, T GaAs H & 25 i 19
As ZEVRE Bl A IR T M N dh R R R As Bl
BTG BEAR T As/Ga, M 2 F il T As o il
S ) A AT, 2 3 EL2 W B2 RRAIR L (HLE Pl 28 2 B As
DUUE & A 1R 0y v B2, 25 3R AT 40 AR kO R e 3
1160°C B, As TTTE R 2] LB AR, R A48 EL2 ¥ Bt FEAIG.
T B TSC W3 43 B 2 BT Bl 25 1B K55 1 19 A2 b, BR
EL2 4, VGF-GaAs 5 & rfv iy H A % BB 9% ik B 1 ¥k B
0 R AR Ak 5 33K S R T A Rk ) F 2 b A Y S 4 AR
S B K AL FR S VGE-GaAs B 5 4 H 24 P BE



Bl 1 Jid: VGF(a)f1 LEC(b) SI-GaAs Fi i (1) 48 v i %
Fig.1 Thermally stimulate current spectra of as-grown VGF
(a) and LEC (b) SI-GaAs single crystals
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Improvement of the Electrical Property of Semi-Insulating VGF-GaAs
Through High Temperature Annealing

Zhan Rong', Zhao Youwen, Yu Huiyong. Gao Yongliang, and Hui Feng

(Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China)

Abstract: Semi-insulating (SI) GaAs single crystals with low dislocation density are grown by the vertical gradient freezing (VGF)
method. The as-grown VGF-SI-GaAs exhibits low resistivity, low mobility, weak electrical compensation, and poor uniformity. SI-
GaAs watfers sliced from the single crystal ingots are annealed at three different temperatures in a sealed quartz tube with controlled
arsenic pressure. The results indicate that resistivity and carrier mobility of the VGF-SI-GaAs are enhanced significantly after annea-
ling at 1160°C for 12h. Using the Hall effect.thermally stimulated current spectroscopy (TSC),and infrared absorption spectroscopy .,
the electrical property.deep level defects,and concentration of EL2 and C in the as-grown and the annealed VGF-SI-GaAs samples
are analyzed, respectively. A conventional LEC SI-GaAs sample is also measured for comparison. The as-grown VGF-SI-GaAs has
lower EL2 content than LEC-SI-GaAs. However,the EL2 content in VGF-SI-GaAs increases after the thermal annealing, while de-
fects with shallower levels are suppressed effectively,resulting in better electrical compensation and improved properties.
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