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Fig. 1. Schematic diagram of satisfied 0 < a < b< ¢
crystal planes and {111} crystal.
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crystal planes and {111} crystal.

w2 o, X E I & T 48 2L (abe) W2
0 <a<b=ckKMr, BEER(abb) (a < b)
mn . (111) 5 (111) & A2 8/ W & 28 (011), 5
FE 1) (abb) S THSFAT, PRGRE 1) (abb) fhTH S {111}
m T 5 T 7S AN e AR B2, TR R a0 B2 BT O I A
I T\ To T3 Ty Ts T, M 12 25 46 A7 15 5 S T A, Tl
Sy, So SECFH T Ty TsTyTsTe T 1K 1) £ TH 44
S1So-Ty T T5TyTsTs RINFERER] (abb) &b HITERESR
TH] 2 P 1 R S 45 8 7 BE TR S AR B T

e H T (abb) fib [0 KR8] & 7 B MU T R
AERE, AT LI B AT T, To, Ty, Ty, Ts, Ts
PAK T 55 S, So $EFLAE (abb) S TH _F RIS A5 Sy,
So1. 4 (abb) &b 1M 1E xyz B R 73 01 8 d/a,
d/b, d/bieF, XN ET RO ax + by + bz = d,
BRIk )\ A 500 25 [E] A AR AT ] 31 7 R 2H SRk A5

—rx—y+2z=1, —x—y+z=1,
TS —x+y+z=1, hdx—y+z=1,

ar + by + bz =d, axr + by + bz =d,

z+y+z=1, z+y+z=1,

T3qx—y+z=1, ThSe+y—z=1,

ar + by + bz =d, axr + by + bz =d,

—r+y—z=1, —r+y—z=1,
Tsqe+y—z=1, Te§—r+y+2z=1,
ar + by + bz =d, axr + by + bz = d;
ar + by +bz =d, ar +by +bz=d,
Myr_y_ 21 Mlz_y-1l_ =
a b b’ a b b’
ﬂqﬁﬁﬁf?ﬁa‘jﬂh TQ; T37 T47 T57 TG H&Tﬁlﬁ Sl) SQ%
il
d—b a+d d—b b+d
T 0252, (o2 2T,
"\a+b a+b> 2<0 % 2b>

¢

d—b a—d d—b a—d
Ts <a—b 0 a—b)7 T4 <a—b a—"b 0)’

bd—b d—b a+d

(0 Top 2b>’ To <a+b a+b 0>;

a(d—b) b(d—b) db+a2+b2>
a2 4202 a2 4202 a2+4+202 )’

<a(db) db + a® + v? b(db)>

M \a2r2m a2y a2ra?)
HAvH THAE Ty, To, Ty, Ty, Ty F1 T XN,
IR a—b#0. 4560 < a < b= cAlAXERN
EHT0<a<b=cltEHL. RN, 7455
5 )N THARAE S A7 AE ST ARG R, 7 B2 2 T0 A S1.(0,
0, 1) #1.S5(0, 1, 0) AL ax + by + bz = d £,
HFEWE d £ b.

HEZLRK ST, Ty, Ty, Ta, Ts, Te K IXEEE
ok T S A, B B &K S TS, TeS1,
15511, TuSo1, T5S21, TeSo1, S11S21 HEHEAL K, N
MmAERE ST mE. Hh2idE
TV ToT5TuTsTe ()30 B2 8] 65 7 35 25 40 1) 34 2%,
B 2R S11501 BRI N B &2 B 85 M IR A%, B LR
T1S11, ToS11, T3S511, TuSa1, T5S21, TeSo1 NI
S IR M.

LA = 43 3 X6 B 1R (abe) &b TH 72 & THT 48 200 2
<a<b< cfo<a<b=c%MHr
17 7 00k, VI AR AE — FPRR R 1 00 R ik, B
b = Iy, W 2 2T 0 & THACA (111) & T
— T REME. (111) &A 0B T {111} A TR, DR
(110) &% 1755 {101} & 10 Hh HG At b T % B0
THI A4 FH 22 T2 B A TR B 3 BT, (111) g5
(111) M1 (111) S AAE A, 5 (111), (111), (111),
(111), (111) A1 (111) /A db T AHAS, TR & 3 Fir
NI Ry RoRs Ry Rs R, VLI 25 K F A7 4E = A~
i, Ky, Ko, Kz 5#0°FH Ry Ry R3RyRs R TE i

0
i
a

226801-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 22 (2018) 226801

) % [ & K1 K2 K3-Ri RyR3RaRs R R} Jy 72 4 1)
(110) o T 5 R 3R 1 20 T B ) S 48 & - B S5 A 1)
FA I

3 WiRa=>b=clmEY {111} KR =E
Fig. 3. Schematic diagram of satisfied a = b = ¢ crys-

tal planes and {111} crystal.

e E T (111) & I R E S B Mk T R
FERS, B U B S AT A Ry, R, Rs, Ry, Rs,
Re UL KT Ky, Ko, Kz BRAAE (111) ST B =
MR Ky, Koy, Ksi. 24 (111) & [0 7E zyz Fl F
BUEE 2 0 N d, d, dBF, RS T T R R
T4y + 2z = d, FIUA s AE [ AR B R 2 5 R
YR

—r—y+z=1, —r—y+z=1,
Ri§—z+y+z2=1, Rodax—y+2=1,
r4+y+z=d, r+y+z=d,
r—y—z=1, r—y—z=1,
R3{ox—y+2z=1, Rysx+y—2=1,
r4+y+z=d, r+y+z=d,
—l'+y_Z:17 —$+y_Z:1,
Rsqax+y—2=1 Re§ —z+y+2z=1,
r+y+z=d, r+y+z=d;
r+y—+z=d, r+y—+z=d,
Ky, Ko
r—1=y=2z, r=y—1=2z

r+y+z=d,
K3
r=y=z—1

Zkﬁqij"f?‘Rlv RQ’ Rg, R4, R5, Rﬁ U\&]’ﬁzm K17 K27
K5 %73”7"31

d—1 d+1 d—1 d+1
Ri (22022 ), Ryfo%=2 272,
1(202) 2(02 2)

d+1 d—1 d+1 d—1
R3(220>, R4( 5 02>a
R (0 d+1 d—1>’ Re (d—l d+1 0>’

2 2
d+2 d— 1 d-1
(45255,
<d— 1 d+2 d— 1>
3 3 )7
—1 d— 1 d+2
K ( 3 3 3 )
N TAEAR AR TS )\ TR AH S AAAE AR S ), 7R 2
W TS K1(1, 0, 0), K2(0, 1, 0) #1 K3(0, 0, 1)
ANz +y+2z=dL, Blitkd # 1. HEZRE
R Ry, Ro, R3, Ry, Rs, R¢ WKUCGER KL Z
W%, HHBEZH S K, K, K EERE, ¥
R1 K31, RyK31, RsKy1, RyK11, RsKo1, Re Ky %
ok, M REEFIEMTARmE. Kh2
% R1RyR3RyR5 R E’Jﬁlﬁf*fﬂ/ﬂ%?% |
L%, B K11 Ko, Ki1Ks, K3 Ko 26
TR R IM, HE R1 K31, RoKsi, R3Ki,
RyK11, RsKa1, ReKoy NI R & 785 45 M ik
.

3 &R 500

PL b3 AT S0 % T R G AN [H) 8 T (abe), T
B AR G F ST UL 0 < a < b < ¢,
0<a<b=c,a=0b=c=3HHITIE, 9HIEK
Haﬂ/\,ﬁ\/V\ﬁ%nh/\@éﬂﬁmﬁzmﬂds. DA
i L i 1) R AL AT BAR 3

3.1 fEHY (abc) BH, HEO0 < a <

MR (abe) FHTHIR R0 < a < b < e, B
s E A O s R Y 32 7 Je 38 A il FR) S 431 < = B 4
¥, kg LA ERA S SHTFARB e, bHlc,
ST AN [ 1 2 (5] & w5 T u ki . BLR 43 )
X5 (001) & T (01.X) & T AT (11.X) & 1 2E 47 B AR
ST

XFF (001) fhifl, Bla = b =0, c = 1, i%EhIH
TR ECNHE (0 U B TR, B e D o THD P Ay 2% 5 T
£ (001) ey T b T DLTE b #E 10 431 <6 7 B 254, 4
B4 (a) s, 0 0RE P, Q1 Qa, Q3, Qs HLA
A, WA 4 (b) Bzt (001) & T (2] 4 7 25 45 K T
PR, Jb Q1 Q2, Qs, Qu VU ALSIETT

b<ece

226801-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

. 67, No. 22 (2018) 226801

&, PysiAEIETT TR A, B 4 (b) Ho 2 (8]
TEEIAZ, M2 e B ML .

Q,

@ Q2

i

Q Q3
(a) (b)

B4 (001) WEOMREIEIGFIESH (o) Z4EEMRE

&l; (b) #ilhis =&
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gram of cross section.
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Fig. 6. Inverted pyramid structure of (11X) crystal plane:

(a) 3D structure diagram; (b) cross section diagram of
(112) crystal plane; (c) cross section diagram of (113) crys-
tal plane; (d) cross section diagram of (114) crystal plane;

(e) cross section diagram of (115) crystal plane.
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Abstract

As a kind of important semiconductor material, crystalline silicon has vast applications in many industries, such
as integrated circuits and solar cells. With anisotropic etching method, including alkali etching and copper assisted
catalytic etching, pyramid or inverted pyramid structure on the surface of silicon can be formed due to different crystal
face indices of the silicon wafer, which is especially for multi-crystalline silicon wafers, because there are many different
crystal faces on the surface. The proportion of different crystal faces has a high reference value for controlling the quality
of multi-crystalline silicon. In this paper, the mathematical model of the inverted pyramid structure is established by
making use of the relationship between the silicon crystal indices (abc) and {111} crystal plane. The inverted pyramid
structures with different crystal face index (abc) values are divided into three possible cases for discussion, which are
0<as<b<ce 0L a<b=cand a=>b=c The inverted pyramid structure on which the crystal face index
(abc) satisfies 0 < a < b < c is of a pentahedron composed of five points and has a quadrangular cross section. The
inverted pyramid structure in which the crystal face index (abc) satisfies 0 < a < b = ¢ is of a heptahedron composed of
eight points and has a hexagonal cross section. The inverted pyramid structure whose crystal plane index (abc) satisfies
a =0b=c=1is also of a heptahedron and has a hexagonal cross section but is composed of nine points. In general, the
cross section of the (111) crystal face inverted pyramid is similar to an equilateral triangle because three of the edges are
easier to etch away. The scanning electron microscopy image results show that the crystal indices are (100), (110) and
(111), thereby demonstrating the correctness of the theoretical calculations. The index of crystal face has a one-to-one
correspondence relationship with the inverted pyramid structure. Therefore, according to the inverted pyramid structure

after anisotropic etching, we can measure the index of Si crystal face.

Keywords: silicon crystal face index detection, silicon crystal indices, inverted pyramid
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