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AT A, I Re 4 R G FL 2R I i TAEAL
K. e, Reeder %5 (2= 5@ i IGIR T A 2T 4B
Sk, R T AT GaAs MO FT GaAs/
Al,Ga, ,As BT B Be 2 FREH Z EIIRAT, 75
HEHME R T Be Z FEB NP A S M FHRIK
iF, 10 Be % RIS LR A T8 | SR E RS, R,
Lews 45 %) 8 $f L 1AM IS, DF5E T Be 2 31k
% 2 ) IR T W S Be 3% 48 2950 B 2 A (1 56
2, A5 TR HARBLH Be 2 EMILELL. hig
UGSt F R IFSE GaAs H a2 FRES 2 8] Y
BRAE, BRXHELLAMI OGS DT A 78, JEIXT
Z FHEBNEL S F IR AR WU, X Fhik
TEAEELT NSO PR AN B, RN BRIT 16
P M2 AR 19, Gammon 45 17 R LS #5T
e 2 K IRE T, W98 T4 GaAs-AlLGa, ,As
H TP Be Z EREHZ M AERIT. FT = FREXT
Be 52 F M T-BRHIZON, S8 T Be 22 EREHIN 7
20 ABAITUEE R T K H Be 52 T AL 1Y A Rk
G 1S5,(IT5+17) P B BF 25 1Y B K 25 RE %
2S3)0(Is+17) Z A TFRERIE, WF5E 1 52 FEREHR
BF S S5 TRF S 2 AR, BR T LR Se s
L2, BiE b Lipari 45 U8 7545 8505 S HEZR Y
HIRG W T 3072 SR N 3% 1% Hamiltonian .
MIZ 5, FER = A Y .52 T B2 /T
TR T X A ik (19201,

ARICGEA T HRIMER RS ERK T GaAs HJZ,
I HXF AT Be Z2 FMISB R, 7 4.2 KR E
T, X GaAs:Be S EBLZFE i 430 $EAT T IR EL AR
W WG | 2R (photoluminescence, PL) Y%
AL G &, BF5E T Be 52 1830l 2453
BB R TS 2Py 00y, 2S;00%, 2P50l Fl 2P 01y
Z AN ABRAE, JFEAFF ST 25 SR RSOk i 18 A9 25 SR
7T HE.
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FESZIG HR TS GaAs:Be BE 5 &l 14310
AMIER A ). 7E 550 C IE T, FEM AR AE
2% 1Y (100) GaAs FIIRZ b, AERKIEREH 5 pm.
TE GaAs AMEZ I ER SRR, #1777 Be 2 EH
WEBae, B4950 80 2 x 10 cm 3. F|H Fourier
AR AT AR, X GaAs:Be FEf AT T 1841 A1
WS (I i AR i 2 T, A T AR R A LT

SISO, R BT — MR R BUE , BLE
PP RZ) 5°, I HAEBIE P47 7406, H
FYJE R T I BRAED & o AR L A 5 T Bt T
W IR LL AR WSO i S e . S 36 v i A G U
AT, R R R RO FE I F AR R
W25 EBBE A IR Z R A R O KR e &
o, R IR R AR LM IS0 S, BB RAE 4.2 K
T 100 W20 45 51, Stk vy 9 E0 FZ
40—300 cm .

| F Renishaw Raman 514 i OGS, 75
4.2 KIRET, ¥ GaAs:Be #5430 9T T PL Y%
%A Raman D635 090 . B (i 09 & 6 TR 2
ArtESFIHOES, Kl 514.5 nm. FOBLEE EAR
KANZR 2 pm, PORPIZEN 5 mW. ki E T
WANEFR PRI AL B, WOCH R FELEREM |, A
FE A S R RO, BSCRE JS HE AO IS 4 A it
Ab, FEXTRE A 1) Raman S5 I i o oR & 75 80U
JUAT 2(z, z) ZFCHE.
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3.1 LTSN TE

GaAs HHEM TSR j = 3/2, PHIAEAG
XS T (k=0) i BUE U E F I (m; =
+3/2, £1/2). S E A ELIN XK PG, BT A
JiE - AH B, A TR DU o R OB A — A
TEIE (L XFRPE) MEZ T (my = £3/2)
M — A~ U fA] R (1 X AR ) BB 2SO T A
(m; = +1/2). B GaAs MR H Be 2 £
¥, ATLUUEERL TS AEs = 3/200—1
R, BERNSMASE JETARMASE S 5EA
R EKHE MR LR EN, jI &7 50E
3/2+ 1% (3/2 — || Z A1 HUH. GaAs R INFED
RUGERE, Ml BA SRR, X S8 T AR
XIFRF Be 32 EREASIVEFZL. M AN AT 24
FR, Be Z FIRARMIBES 2 1S;3 015, 2P; o1,
283/2F87 2P5/2F87 2P5/2F77 2P1/2F6[21’22]' TE 58 1Y
Jie-BUEAR G R (B AR BRI oA B -5
HEFZL A = 340 meV L KT 32 EHEAHE), GaAs
#EH Be 22 E 11 Hamiltonian 547 2
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Fig. 1. Energy levels of Be acceptors doped in GaAs bulk.
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165 Fl1 176 cm ' 203 5IAFFEA P 4 AR
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B9 A WIS, X AT BE S HH T AR Be 52 182447
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GrPE. BRIEZ AN, Be 52 1Sy B A F 283/21“8
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Fig. 2. Far-infrared absorption spectrum for the sample
GaAs:Be at 4.2 K.

3.2 REEEENE
16 4.2 KIRJET, GaAs:Be ¥E5h 1 PL OG0
El 3tan. IE 3T LLAE ] GaAs:Be B fh 1Y
L 3%, 7€ 810835 nm Z [A] /2 H B> 58 19 & Al
,ﬂﬁiz, TEREAS KA1 1) L T & i — 28/ &
. 7T 818.6 nm JH A &G, kAT GaAs h
H RS A &0, TR RO Y
1A 817.8 nm &b, /& n = 2 H T Xeponm M
BN (Xpopm H TR n =2 34 Liyd
F 5 EH A0 HHL B2 7O 7). 78
819.8 nm Ab WA & G, 0 R T o 2 A bk
Be % F i+ Be"X WE A &t 78 Xepom M
Be"X Z [l 5 1Y A& G, J& H BT Xepiomm M
HP it = R A DOX &R *%. BRItz
Hh, 7E Be"X WA T K ICIE ARREL, 0T LLE
F— MR IE I g, B IR T EE B R T
MY RO P AL TR AE SR 830.0 nm BT A A
W, e -2 EXWE A K 0 =1 54 &
E’JEE% SR8 £ L X A R ICTTIE BLY.
TEXAS AR ) F I 830.7 nm AL, & —1-5
1Y) &G THT, #46IR NP2 7 ERT (two hole
transition, THT). 2{R4E7E P Be %23 ERYi#T
RAELAAR, BB e A — 51 8% Be 52
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FERT M, M Be 52 32 ML AS IR AF 1) 38 0k 45
K, Be"X 5 THT Wil 2 [a] () B 5 a) b h Xt
% Be 5% ENIED 1S, 0T FIMA A 2S5 )01k 1T
FRERITHYRE R (B LRBRAT). 7858 AN 20 iR BE
Ui 851.1 nm Ab, RSB — R R 55 IE P. &
EH T GaAs (19 LO 5 F 1 Be 32 EREHIA]
BRIFI R, BG 2 EB AR R, &R
s B0,

THT
DX & Xeprmm l
;%( pro— lBe"X
B l lg
x10 P
|

810 815 820 825 830 835840 850 860

K /nm
Bl 3 7E42 KIRE T, GaAs:Be B M1 PL LI
Fig. 3. PL spectrum of sample GaAs:Be at 4.2 K.

3.3 Raman i

K442 KIRE., BHBONBCE T, GaAs:Be
FEALTE 50-—900 cm ! P EE RN A Raman JGiif,
BT 20 YOI LEHE T R . NIRRT L
ISR TS — B, B RS 5T
EAY. FEX RS 5 [ 293 em L A4b, BhNE —
MR ARBIE LO, B2k A T GaAs #EH LO
I B LO R 508 1 JIE R LA I AR IT A XS AR,
XJEH T LO A 5238 i 1 15 B TR A
GRS, FADIFEA W] GaAs (R
HH RS Y24 7 7 (transverse optical phonon, TO)
W, XU TEFF R LT, X T T, sUREXT AR
) GaAs fafk, & H (100) F£HH TO 7 U
TR W ARy B2 R T ARSR Y LO /B F iz
Hh, 7E 161 cm ! AL AT —DRIC N B #5516, B8
FEIR N Be % 1S5)1 5 FEAF 2S; o[ WK A
B TARERIT I, IR RS NG RIEE T LU =07 Y
M EA, B T B A AE GaAs BRI
C % F M Zn 52 FRHECENISE. 728 B LA
T, CZFM Zn Z £ E L ERIF WA 5 50T
148 F1 174 em ' Ab, Be % E 1Y E L BRIT 01 1%
AL FEATRIREE 10, HU, R FIRFEATE 4.2 K
LT PLOGE 0554 B, Be ZE 18,03 525

5 95, , 1% MR BB HIAERER 19.84 meV, X1
HGEHOH 160 cm?, P{ 1455 T Raman Y
T B ALE . )5, 8 Raman St 5 ig L
AN ETE AT T X EE. Be 52 £/ B ZRERIT AR 4T
ARSI TR SN B, 33X Y BRIE R4 W) e
PLERY. SR, Raman Y XT Be 2 F 1) E L5
FRERAE S A BUR, SO, X T G, D, C & AT
PRERIE, HH 55 32 358 T AN BE VA A& o3 B

LO GaAs:Be

100 300 500 700 900
H S/ cm !
K4 fF4.2 KEET, GaAs:Be £ i ) Raman Y6i%
Fig. 4. Raman spectrum of the sample GaAs:Be at 4.2 K.

it IR LM IO | PL 3% Raman
S, 153 THBTE GaAs MEH Be 2 FREH >
[FBRIT A RE i, 25 R MZETER 1 . WP LIE
FEWER, ALEEER PN G, D, C &iKiERER S
SCHR [12, 15) FrdikiE i SE g 25 RAF G AR LS, 2
FE 1 em B, (H5SCER [25) TS (A H,
FS A Sk, BRIt 2 Ah, ARSL86 S PL & AN
Raman %, 435 EiZ A 2175 2 T Be 2 35
A 185005 BNMRTS 25005 T FRERITHY E kg
H, MEWRE 0, {CF 0.12 meV K2,

F 1  PBAAE GaAs F Be Z FRIBRAT RE = A9 XT IR
Table 1. Comparison of transition energies of Be

accepters in GaAs.

BRI g
BT FeHAE HB(E
W k12, 15) A SCHR[25)
Jem L Jem! /meV /meV
G 135 134.42 135 16.74 14.29
D 167 166.76 167 20.71 18.47
C 184 182.30 183 22.69 20.34
- 160 (PL) 19.84 1804

161 (Raman) 19.96
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LS ERFGE T ¥ 5118 28 7E GaAs 1K 41 KL
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FM 1Sy )0l FASFH 2S; o1 WOR B P55 7 URIE
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SRR, ARSI L, RSk A ) T
Lb#, RIEANB AT SR LF. A 5250 v i
PL % #1 Raman %, EEMEFEHGRI Be 32 F
B3 18501 FIMUR LS 2S5 005 B TFIRERIT AU RE 1
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Abstract

The doping is one of important means in the semiconductor manufacturing techniques, by which the optical
and electric properties of semiconductor materials can be significantly improved. The doping level and energy
level structure of dopants have a great influence on the operating performances of micro-electronic devices.
Beryllium is one of acceptors, which is frequently used to be doped in GaAs bulk, because it is very stable with
respect to diffusion at higher temperatures. Therefore, it is significant for the application to optoelectronic
devices that the energy-state structure of Be acceptors in GaAs bulk can be investigated in detail. The sample
GaAs:Be used in experiment is a 5-um-thick epitaxial single layer doped uniformly by Be acceptors with a
doping level of 2 x 10'® cm®, and grown by molecular beam epitaxy on 450-pm-thick semi-insulating (100)
GaAs substrates in a VG V80 H reactor equipped with all solid sources. The transitions between the energy
states of Be acceptors are studied experimentally by different spectroscopy techniques. The far-infrared
absorption experiments are performed by using a Fourier-transform spectrometer equipped with a tungsten light
source and a multilayer wide band beam splitter. Prior to the absorption spectrum measurement, the sample is
thinned, polished and wedged to approximately a 5° angle to suppress optical interference between the front and
back faces. Then, the sample is placed into the cryostat with liquid helium (4.2 K). The photoluminescence and
Raman spectra are also measured at 4.2 K by a Renishaw Raman imaging microscope. The optical excitation to
the sample is provided by an argon-ion laser with a wavelength of 514.5 nm, and the excited power is typically
5 mW. The odd-parity transitions from the Be acceptor ground state 1S3/,Iy to three excited states, i.e. 2Py, [,
2P5 /Iy and 2P;),I7 are clearly observed in the far-infrared absorption spectra, then the respective transition
energy values are obtained, which are in excellent agreement with the experimental results reported previously.
In the photoluminescence spectrum, the emission peak labelled two hole transition, originating from the two-
hole transition of recombination of the neutral-accptor bound excitons, is seen obviously, thus the energy of the
even-parity transition between 1S3,I% and 2S3/,I% states is found indirectly. Furthermore, in the Raman
spectrum measured, the transition peak between 1S;,,[% and 2S3/,Iy states is well resolved, and the transition
energy between them is gained directly. By comparison, the transition energy values gained directly and
indirectly are found to be consistent with each other.

Keywords: far-infrared absorption spectrum, Raman spectrum, photoluminescence spectrum, energy state

structure of Be acceptor
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