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Ag
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| de, 0.839 0.072 0.006 0.000 0.000 0.000 0.083 0.838




1128 ] i = icd 37 %

”:0-
601-—-——\\
4e N 6a,y
N T e —— — P
9¢, NN - gte
5.04— I L, T <l
N -
Ny -
S — — 3t
B e o — — 8¢,
Tto
e — = —
- S5a, - = - -——612
612 = T — 2
~— 5a,
- 4ay T~ - —— da,
2¢ 244
0.0 ! 5t
56 o
2¢ I - i1,
412
- 3tz -
3(11___\___:::____ —_— 3¢z
B 16 \\ — S
\\
N
N
= N, T 3y
2(11 - '
u T~ —_— -—2a;
50—
- 24, - T —_— 24,
- | I —_— le
B ——(1[2
de
- | [ PY—
[$) - — —_—iy
- 10.0— la, -
-
-
S~
- ~ lay
L. de-
—=di; de
—_—dlz
—IS.OL'
festeV) SiiSine CuSijeSiys AgSiygSite AuSiygSie
B 2

FRRE TER, WRPOEMREREFESHN— SR ERNRETSRIIESE 2,
A SERERE R I SE ] SinSils R THEB TGRS SREHETRIEE &
RRATTARARI AR 1 T a0 BIRER 122V, HAFFER 10.12eV, KEERS b



7 Riez: ErhBAAMERA B REARGE A 1129

FHB A 1B AR S SuST, RS R HEARIE R, RA Xo-SW ik,
FI /I S R R RE B Ak pE S S B L R B AR 065 B, R AR R B ER ML b A X R A A AT )y
Bl 4y B R, T 3 P R R R S B fR B AR e — AN R T R, X B A sk e 2
Yo AR, T B AR —AN B, B X AR R B 5T Sk v R S 2 > B T B
BE] A B I E M B B R

A b B ERARRE TR d SRR A HERTIS S, B de f1 de, U8, X
WA SR F SR REBRA L& R —, BN TREN Cu, de, RLBTE de 2 ks
JFEH Ag &, Au, de fLETE de, 2 b, FBRK Cu 9 de K1 de, RN Ry FLIRES,
EIFRE Ag F1 Au g de A1 do, HORLBHEMHRZ FLRAVBEES, KEHEHH
T 4040 2 TR h e (IR 2 R TR T BRI, BRIV AR 4 R A i

P S TR BT, 5 B PR O B 1 P, T 5 M B0 43 T S5 R DL 7 10 5 2 Ak B2
M L EGEF R, ME 2 £, T ERBEERI, R Cu, Ag M Au Z
FRRAE 10, BRI TR A4 eV, TR o, SRBERORIREE S, XA HIE AL B R
Fi 1B R RETFEAAKGIR Xa EIHERTE Cu, Ag, Au [ 4s, 55, 65 REEHE
fe RIRESEMER) , A R BN B ERESTRESEET RN EE =R ENR R
B JLE AR, RRETRES 0.09—0.04e, HittREEBERN, HBEER
SHEREE s RS RFEFR, KB RANERREERBHR, nRANBE
9% B B B SRS LA AR R RO L L, BB B T A S B E S IR TR (S
FidE BHEM), HRNEEEEREE, FERNEIE lo BEMELEEBI % 0 i
FRUERE S, X REM IR 1o, TR B IR N, A RO RS B R fr B I AR 5 K
.

S ERKD 30, BRABHBRAN T M, CRAMIENMHPHLRS, Z1E
R RIRRREE th R ARE 1B KRR T AR MR,

IR B M2 R R T EREROREIR T = — A o SRR R R A 400, BT 5
#, T Cu,Ag W Au,f‘ﬁ{[‘]ﬂ@ﬁ[%ﬁ%ﬂ% E,+ 0.79¢V, E, + 1.10eV ME, 4+ 1.18eV,
BEJE TR, XA B AR A B, BT A B G 1.22eV, W, ERREN
Au i, KBS R G A B RS TR B R, R R N 1% A, #kEB s
Bt B R TR L, B, XA PSRN TR EES.

AT DL SIRE TR A 1B A RR T SEE S A e R0, X AT LU R (B
R R TR T A 1R B B B,

A R SRS RENE R, BERFERYH, %ﬁk"%‘%%%#@%ﬁ?%ﬁ i
B, E IR E.

{ 1] 8. T. Pantelides, Rev. Mod. Phys, 50(1978), 797.

[2] E. R. Weber, Appl. Phys, A30(1983), 1.

{3] G. D. Watkins, Physica. 117 & 118 B (1983), 9.

{ 4] Landolt-Bornstein Numerical Data and Functional Relationships in Science and Technology, edited by O.
Madelung, Springer, Berlin (1982), Vol. 17a & 17b.

{5] A. Fazzio, M. J. Caldes and A. Zunger, Phys. Rev., B32(1985), 934.



1130 ) 7 2 i 37 &

[61 K. H. Johnson, J. G. Norman and J. W. D. Connolly, in Computational Methods for Large Molecules and
Localized States in Solids, edited by F. Herman, A. D, McLean and R. K. Nesbet, Plenum, New York,
(1973).

[71 G. D. Watkins and B. P. Messmer, Phys, Rev. Lewz, 32(1974), 1244.

[8] B. G. Cartling, J. Phys. C, 8(1975), 3171; 3183.

{91 L. A. Hemstreet, Phys. Rev., B15(1977), $34.

[10] A. Fazzio, J. R. Leite and M. L. DeSiqueira, J. Phys. C, 12(1979), 513; 3469.

[11] G. G. DeLeo, G. D. Watkins and W. B. Fowler, Phys. Rev, B23(1981), 1851.

[12] RER ERME ¥ FRFER(1988),27  HAE ERE EA . BRE BRE ¥ FEKER, 8(1987), 67,

[13] W. R. Wilcox and T. J. LaChapelle, J. Appl. Phys, 35(1964), 240.

[14] N. A. Stolwijk, B. Schuster. J. Holzl, H. Mehrer and F. Frank, Physica, 116B(1983), 335.

[15] K. Schwarz, Phys. Rev., B5(1972), 2466; Theor. Chim. Acia (Berlin), 34(1974), 225.

[16] G. W. Ludwig and H. H. Woodbury, in Solid State Physics, edited by F. Seitz and D, Turnbull Acade-
mic, New York (1962), Vol, 13, p. 223.

[17] J. E. Lowther, J. Phys. C, 13(1980), 3665; 3681.

[18] G. D. Watkins, Physica, 117B & 118B (1983), 9.

ELECTRONIC STATES OF SUBSTITUTIONAL AND
INTERSTITIAL GROUP-IB IMPURITIES IN
SILICON

Wvu Ji-aN

(Institute of Semiconductors, Academia Sinica)

ABSTRACT

The single-particle electronic states of group-IB impurities, Cu, Ag and Au, in silicon
are calculated by use of the self-consistent field scattered-wave Xq method. The clusters
XSisS1’1, and XSiwSi’ss, which have been used in some pioneer works and in our earlier suc-
cessfully treatments of the 4d transition-metal impurities in silicon, are taken to simulate the
silicon crystals locally perturbed by substitutional and tetrahedral interstitial group-IB im-
purities X, respectively. We find that the substitutional impurities introduce a 2, type level in
the band gap. This state is by no means d-like, but rather mostly dangling bond-like on the
silicon neighbors. The interstitial impurities introduce an a: type level in the gap. In the
case of Si:Au, this state is close to the bottom of conduction band and is rather delocalized. In
addition, a hyperdeep s-like level just below the bottom of the valence band is obtained. The
trends in the electronic properties of group-IB impurities in silicon have been discussed also.



