-

L

M5k H44W ¥ 2 K F #H Vol. 5, No. 4

1984 £ 7 H CHINESE JOURNAL OF SEMICONDUCTORS July, 1984
= =

A ERE N TH SicpBY RS RAESR

X ® #

(ChEMZRY AW
198348 B 23 Ay ®

EERTFMEER T, i S P ER S I RNERE AR SEREAKT. ENT,
BT S « BRBEBT A, ? ERSERR/ . XRTRBLBMHEL, ARETFHHY
KHAATEUBE T SRRELORRENRRK. LICRENRE Tl L6, A
KEFEHRT STHRRESOENRYBETE Vosl REMGIL. MESENRKN
KNSR REL X, TESERERX. S, S, Te iy 41 SENAMNTRESKLR
SR, ZEHBMTRE NN E N AR SEROENDREME(~—1.5),

-, 3 %

FAEBEDRAREEERO-MENOIR. EREKBENT, REHNHRER
B, NN BRRRBEETEL. EFRKBATIIATERNARZER, ERXFEAT
RARFRERT. MEBREDOBNEE: OXERELSH, BREFEHR. OKE
mEREE. OBETFSIRLEMMAE. &L, W. Jansch FAYA DLTS BT Si H
S, Se. Te HEEHZMIE ML, AXFAMH G HEVRT BEAENBRL, FiX L, B
BETHERASEDHRET Si hRMREENE DR ST RIFETHE.

- BETEEEM

B ERA RS R B ETREEENMER, SMNEFORY v.() EHRENTRER
rmy. B

V(r) = Z > vi(r — R,—1)
= > 23 ViG) e, 2.1



346 ¥ 8 & F # 5 &

- _;_ 2.(G)e~C i (2.2)
b
v.(G) = %- S vi(¥)e CTdr 2.3)

1

RBHV/EREF. YRUIAZHEARCUEKERE"), v.(C) RERMEE",
HELRE Y

|G|’—(2—")1(3,4,.s, 11) (2.4)

WA 5E ».(G) H,4GHREMEN, v.(G) BUAHE.
URKEEATH (UEKR “MEX"), RREHSE/N. dTETERTRBHRIR,

(2.3)RH vi(r) RE, AHEBER 1(6) = S v,(r)e”®Tdr HRAEN., FEWEH
BREX

|c'1=-(?ai')’(3, 4,8, 11) (2.5)

RMP—TRER 0. X RIMERKRER.
BFRNAMEY v.(r) WEAER, AEABAREERYE /(6). RIB—-1THE
WENAEBESNEBERA T 2.(6),

a,(q' — 0:) ] 2z’ .
cn’lq'—l‘} + 1 lql < (:) 1
vi(g) = s (2.6)
0, IqI’P(:’) - 11
FHEY g =G(24) K v,(g) ESTLRESBE. WNESKHESEREAT
i@ = (2) vl @7)

K ¢ =G'(25).

=, mEMOHETE

SANEBREBEENNXRB Murnaghan JFEVHER:
=B [(19)333 _ 1], @.1)

By l\a
#h B, RtkE, MAYREBNEAL. B £ B HEBOMKE. SEALREE, X
GaAs, B, = 4.67,
W ER{R/NKF, Murnaghan 5REREAL ALY 2

B; ap + Aa

“



Lx

4+ 4 G WEBESN Fay si chayRpmeEs 347

1 38, —
Gy

- —B,- 224, (3.2)

- Bo
Bo

S—NYERRERRY

K= AVIVe, 38afay 1 (3.3)
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HETERBEBRERS/NEFTRBER, B GaAs, g = 5.64 A, K = 1.34 X 107¢/bar,
HRIATR L

1 BRBHSEARNXER
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= (2

z}'ﬂasf L]

_ fox = h xe ",
Kb a0, BRZSE. ZRITELSNETUAIHE oo, WK, EEXKET, #
GLREBOEFEXRFAREF.
EMES, REEHHRE . BELET, ﬁﬁ]ﬁlﬁ?ﬂtiﬁﬁg a e, HWRBEZHZE. ft
¥ a.,a, RIVTIR 2., 5,
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2
a, =X, xp = 672 (5.3)

Hrha REEEH.
RMNFBEL SPFEEITENETEHDRBELE, BE « M, (9L, Fl
GaAs, EHER 2,2, K
Ga: x, = 4.02, x, -~ 3.00,
Ast x, = 441, x, = 4.50,

(ﬁﬁ@ﬁEZ[ZIB@@ﬁKﬂ BEIOREHF—&, BRZNARMRK). EEHLET,

44 2, x, SUTAETEEL. RITE, (P = 20kbar)
(Ax,)g,, = 0, :tO.I, (Ax,)c‘ — 0, :tO.l,

(5.4)

&

(Ax)a =0, £0.1, (Ax,)s, =0, £0.1
SEMBUITEETRENRE. RI, REY Ar,~ —0.1, Az, = 0 i, BEIRIE
WENABSPERRITRNERTERIF. R2PENFROBERER Ax, = —0.12,
Ax, = 0 T HMBFEL R, (B Ax, = —0.1)

HE29N, RESENERRSENEL, RBEXRBRMETRFOEML,. &
(53)7 k@ GaAs MEREN o M o, FUTFR3.

#3 MERME GaAs MRREE

a, (&) ap(A-%)
ERA mER ERE mES
Ga 0.5080 0.4868 0.2829 0.2881
As 0.6114 0.5891 0.6366 0.6481

o o, SHERBCERRSE R, &R 3 T, MER, s fuarRE¥EEn, ¢
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EX[7TRRIIESHETERST Si hROKRER, RABEELDRE AIMT2ER
MRS, SRASHEZNGEEIIENSHE. REEER T2 HKREN. X
IR, RIIF A MERORE SR MR F5E, ARASERETRTXERERE N
TR\ TEDRBLHERAT & 4.

L, W ®

LiEE 41 SREHDRBOCBRME. MERE, HEBK. S, Se, Te Mt HE
5xREVEXEY. B—HE.EE T2 SNEHRBIR/NBHEE. KERERE
G, SWANERRETEAL. EEXEET, Si NSWHM T2 M 41 HHNEEA

F4 Si DRFEEVENRY (107%V/bar)

)it -3 IER &S ME&RES BEh#%¥ £ 4T
P 4l E. — 0.0267 E. + 0.0031 —1.49
P T2 E, — 0.0579 E, — 0.0591 +0.06

- s Al E. — 0.4448 E. ~ 0.3952 —2.48 -2.05

+ s 2 E, — 0.1819 E. — 0.1855 +0.18

& Se Al E. — 0.1054 E, ~ 0.0793 —1.30 —2.1
Se T2 E. — 0.1852 E. ~ 0.1887 +0.17
Te Al E, — 0.0508 E. — 0.0248 —1.30 -1.2
Te T2 E. — 0.2100 E. — 0.2154 +0.27

= Al 2 E, + 0.0689 B, + 0.0316 —1.86

X Mg 2 E, + 0.7854 E, + 0.7609 -1.22

& Zn T2 E, 4 0.8471 R, + 0.6273 —1.58

. Al %tk T2 W84 0.036eV. MEG, 41 Fike T2 HiAHE 0.071eV, {BER

B Al WAEKNBEBET 0.035V. MESG, E 41 SNREEANT 41 HLOEB
RRA(EDRY ~+0.4), HEHT 41 #0060 %, EHEE 41 SENTEE
WHL T2 ARANANENRY. FE, X T2 SENT T2 #FaBR/0N, Hit
RENMIEHRK. B, FTRABH, BE 41 f1 T2 SEAFTR—-NKRENTLESD
RN EBRTHIEROENL, ERTHEE 41 SERKROAEDRE.

EAMERE Vogl WARVERREMN, HITNAERBRNENRYK, BREANED
RYUN. BRRMOTHE, BENENRYUBRT EANKRE, TSEARKREX. &R
BPH) A1 BEENRBBRA, EEERXTIWAH. M T2 BEANELREDN, XK
LR ETRRRE T2 K. F—HH, N EER, LB LUNFHRE 41 EE. B
BRA—-TEARBNG T2 E.

. XESHENTHHEMOENRBOOM, BEH —15EA. Z5FROEDREK
dE,/dP = —1.05 Gt HE) EXE., BAREER T2 ¥KE, BENT T2 Bian
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b RAXN. FUEENTHENNXKNEDRBREBNEFRNAESER.

3.ATRBEANENEHTE (PS20kbar) A, HEMNEERNNGREREEHE
EhHL&EE/L, RITEBIHET P = 10kbar THANEFRILIMIFREZNENRE. #H5
P = 20kbar FIZERIETHE,FIT&S.

%5 AHEHNTHIENRY (107%V/bar)

dF|dP P = 10kbar P = 20kbar

¥ EL 6.71 6.69
E E, 1.68 1.65
i E, 3.87 3.85
?E E,. 5.70 5.67
i E,, 1.33 1.28
§ EL 7.35 7.40
#, E, 1.24 1.21
%‘; : E, 1.26 1.35
X E,. 5.96 5.99
§ E,, —1.54 —~1.50

S, Al : —-2.50 —2.48
;R S, T2 +0.17 +0.18
& S, Al —-1.35 —1.30
g Se, T2 +0.14 +0.17

Tes Al —1.28 -1.30

Tes T2 +0.24 +0.27

EARNENT BN RBSBEMERN
Ax, = —0.005P(kbar), Ax, =

HRES AN EZEXRTENT,. TREMRT, ERAMABENEHRBEAESE, RALE
pS20kbar BYFEEN , AR REER.
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Deep Impurity Levels in Silicon under Hydrostatic Pressure

Xia Jianbail
(Institute of Semiconductors, Academia Sinica)

Abstract

With the approximation of rigid atomic pseudopotential the pressure coefficients
of energy gaps calculated by the plane wave method are in good agreement with the ex-
perimental values. Under the pressure, the local radius of the s state of pseudo-atomic or-
bitals increases, and that of the p state decreases. Considering the variation of the local
radii, the pressure coefficients of energy gaps which are also comparable with the expe-
rimental values can be caleulated by the liner combination of pseudo-atomie orbitals
method. Taking these varied pseudopotentials and pseudo-atomic orbitals as the basis, the
pressure coefficients of the deep impurity levels in Si are calculated by the cluster me-
thod. The conclusion is different from that of Uogl: the magnitude of the pressure co-
efficient of donor states is dependent on the symmetry, and independent of whether it is
deep or shallow. The calculated values of the Al state pressure coefficients of S, Se, Te
in Si are in agreement with the experimental values. The pressure coefficients of the ac-
ceptor states with respect to the valence band top are nearly equal to that of the energy

gap.





