201445 H

7SO AR VI =

LHENE PR |

doi:10.6041/j. issn. 1000-1298.2014. 05. 050

BmESaRENFERESLR

o x|

AEE S Y

Y ) V2
7B IR

(1. W TR TR 2 Be, BT 6505005 2. B WTHE TR 2 BAUAR L T A2 2B, W] 650500)

TR ¢ T K TR YR S8 X B B (100) L (110) (111 ) Rl T AT 25 1) 7 4tk 00 2 PEBE A 0 A AT 9 o ARG 90 K TR IR i
T AR A 19 2 Ay — 30 B HH 2K 945 & Oliver — Pharre JILE X5 B ek By 00 452 420 0 ASE 32 HEAT 5 56 . SC U4 SRR U« B i B
T TR IR G P2 vh A2 W 2 A B8 P8 T8 L JF HL(110) T 38 Pk e 4, (100) b o7 HEk, (111) R i S P de 22 s B 5
PR AR e AR R B — B, TR T AR BE /N IS o ) 2 3 T A0 1) 2 T R R R A e Ok A B e Bl T EL ol
A A% A i TR A i R LB T IR B A Y 2 S, B A B A R RE Y A T S e R JRE R R AR R
MR (111) fH T (110) FA T, (100) & Do Bl A& F AT BE 39 n , B8 12 R0 53 M A d B W 88 T AR, K/IMIRIR g

(110) & 1E . (100) fy i L (111) S AT,
KEW: BAEE YORER M SRRt
hESEE: TN304.1°1; 0733 X EKERISAG: A

Ell

WAL H F 4 ( Microelectromechanical system,
MEMS) 77345 it 28 A K G IR BT B B8 AR 7 55
5 T ELAT R T R B R R . R, TR
TG TR 00 9 52 0, 25 48 0 ROBE Dl /0N 3] ol 48 K
G, AR HL 2R G v 2 T ) AR R AR AR g 1 RO T A
PRI T -5 2 TR AH O B JBE 48 LB 00 O M B R SR T K )
S5 08 2R G R MR L 55 AR ARURH SC AR AL ) R I T Y
S BN S 2, R T ) I R W) AR G M RE Y G B
R FEEAT RO AR P I 45 BT A T
PERE 73 A I, SR AL G2 i g 2 VERE I 4 7 1k E A g
T JE B R B B 25K

Bl 25 4 RERL 25 10 R R 4K TR IR AR S — R AT 2K
AR TR BE A 8 g 2 P RE ARG I 7 6 IE AR B 12 1Y B
FAS o BT A AAT LA B R R 38 AT LA
T 1 HRCHE T B ] 2 b A B B ORE Y M AR
AR 1SS, AT BRI HUBE TS 7 1 R R 2E 452
PERES M UK IR LI S ARG K R b AT
SR RERAL A A 8T B, AR RE R i/ SRR AR AR
GOt OIS TIF 2 EE AR .

BB THN EBEITR SRIA S0,
FAT HE B8 iy 30 A 2 o, ] TR R
TR BE LA G2 bR Al AR AR R | B2 2% hi M
il — 57 R AR o HLAE B AT, B
J R AR /N AL JBE R S T L T I A R R R4

il

Wk H 7 : 2013 —12-06 & H 87 2013 — 12 —23
* B R HARBE 5L 4 W B3 H (11062003)

SRR
X E4E: 1000-1298(2014)05-0322-05

B _E AR BRI 75 220 e — BT 8 B4 R 28 X
— PR, B 10O S5 1 G5 A B AT I A AT B IO T
W F S0k 4K T 28 0T AR ) o
77 T ) ATF 5t R S | AL 4% 5 T KA

it R T R IR T RS B AT LR, TR A
AR 5 18] L D HE B 1) i o A A HE 51 T
XA HE B E AT, T B AT A J5 w59 A
SR AN ] RIOTEAS [] F) R D7 i i A SR B o
SRR A% i S o DRI AN ) o IR 1) B 8 R A
1 Sk o JUHAE T 22 R D5 A A5 S v R B
G, B R B AR SR A A A R AR 1] A fl T
ARAE o PRI, A7 2 ST 40 0K T I 3% X B i B 4% 1ol
1A REHEAT 5T

1 #RERMWIKLER

29 A T R 0 st B A 2 1 S (— MR8 T <2 T A
He k) AE—5E (9 1 [ S8R T, 3 B0 A 3
b, 38 VE SR AE e AT R R BT A0 A8 T R Sk T
IR A TR B2, AT AR AT 00 280/ 480 0 7 v 19 2
fif P AN TR h (95 28 (AT — R0 A% i 2, Nl 1 B
R AR S e 2 2 A I A R i S A
FIBE B2 55 2500, 58 RO Z AR g~ P RE It

B 1A by Je o8 e EUS B9 RIRIRE s h,,,, o2
TR A A B K IR R 5 P, J B AT 5 S e 1) 2%
£ TOURT 4 R 5, O R G B9 FR b I BE . 5 AR g S
O I B IR LA ROT T H 3 ) 2 PR RE AN ], 49 ok

EE R beal, 4, FTENERALE RLEM ST, E-mail: xjyang@ vip. sina. com



%5 1

Blent S« AR BE A% 1 Sk D e TR RE SE R 323

i IR A6 2 28 3 22 56 2% SCHE B 22 fk i L, s T 3457
AR ) S TR

TE 2N K TR IR S 56 v, B0 22 i ) PROR O M7 7 1
Oliver — Pharr Jy ik, 32 %2 ) Fi 500 280340 4 1) 8 1
IR SN g N R Ve TR AN N TR )

Ak IR B R
P A
Pmax
I
SEIER
S
h/ hmax ;l

P10 ) 2 oK T IR 8 A — 0L 8% I £k

Fig.1 Typical nanoindentation load-displacement curves
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Experiments on Anisotropic Mechanical Properties of Single
Crystal Germanium

Yang XiaojingI Liu Yanlrong2 Yang Xiaojiang2 Fang Congcong2
(1. Faculty of Mechanical and Electrical Engineering ,Kunming University of Science and Technology,Kunming 650500, China
2. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology ,Kunming 650500, China)

Abstract; The anisotropic mechanical properties of crystal surface of single crystal germanium, (100),
(110) and (111 ) were studied, through nano indentation experiments. According to the load-
displacement curves of nano indentation processes and the theory of Oliver — Pharr, the elastic modulus
and the hardness of the materials were investigated. The experimental results show that obvious plastic
deformation occurred in single crystal germanium in the process of nano indentation and the plasticity of
Ge(110)is the best, Ge(100)is worse than Ge(111), and the Ge(111)is the worst. And the hardness
and the elastic modulus have similar change trend. When the indentation depth is shallow, significant
fluctuations appeared on the hardness and the elastic modulus, affected by the surface effect. And
because the atomic density of each crystal surface and the interplanar spacings are quite different, single-
crystal germanium exhibits stable anisotropy, and the hardness and the elastic modulus rank from high to
low as follows; (111) crystal plane, (110) crystal plane, (100) crystal plane. As the indentation depth
increases, the hardness and the elastic modulus gradually stabilize, and the order from high to low are
(110) crystal plane, (100) crystal plane, (111) crystal plane.

Key words: Single crystal germanium  Nano-indentation  Crystal plane  Anistropy  Hardness

Elastic modulus



