520555 6 1)
2023412 A

KOVEBEBIXZFZR(EABFR)

Journal of Changsha University of Science & Technology (Natural Science)

Vol.20 No.6
Dec. 2023

DOI:10.19951/j.¢nki.1672-9331.20220114001

XEHS:1672-9331(2023)06-0119-09

SRS R A ISR 25 B GaN K 2 RE S U R PRI RSt [0 ] OB T A2 4 (A ARRFAR ) ,2023,20(6) : 119-127.
Citation: TANG Kun, LIANG Jie, ZHANG Xianyuan, et al. Experimental study on nano-mechanical properties and cutting characteristics of
single crystal GaN [J1.J Changsha Univ Sci Tech (Nat Sci), 2023, 20(6):119-127.

8 & GaN 43K 712 4 6 S HTHIS MR I 5

/%‘é’jtd ’ gjlétj\\—\\ ’ g{"j"‘t;%‘?‘ ) Ekﬁ% ’ g{"‘%‘/"g
(RUBLT R HURCHE & M AR e i B R W M A B S s Wi KU 410114)

@ Z:[E0 OISR GaN B K BEGLT (9 Ty 24k BE 5 VIRV | A 8l i 36 B 436 S0 v i il R 080 2
£y 2 TR AR RS B0 TS (BRI o [ 77 3% Tl ok 40 K R A RIS 280 A8 304 K Z0 K15,
FEER & GaN BN K Iy 2R BE , 3 B FLTE A8 4300 K 220 R 3o i v B bR 25 BRAILARD , #8300 1 28 220 Ja) 2 Hon) k3R
TET LD A5 P P ) o [ 48 3R ] Bt GalN 8 38 R A A6k 1) 1446053 31 6.06,92.90 G P, B 4 1] 52 A4 il 38
RE [0 52 A< X il e A 80T 149 39 000 170 A6 5 el 5 008 A 2 78 g 8 1 2 8 S i PR 48047 20591 241 089 390 .1 200 mN 5
DIH 355 P 455 22 K 4 6 200 S0 Sk FEE vk 1) A ) 1800 17 38 0K < [ 48 38 17 390~1 200 mN 2% [ 48 i 28 il N
B GaN REAS B M PR IR 2% B, 020 200 3 ol it o ) VG D 2458 405, i v T i 4 B

KBEIA : HL 0 GaN s QKR AR 2040 5 T3 22 VERE s VTHI Rk

FESYES  TM23 XEPRERG A

0 3

T

Bt AT X 2% 258 B OIG rit 5 7 1) Zh R
AR A T g il o R R R A S 1 fE
R, 5 = A TR BB GaN DU AL 4
TR A T IR I R R R
ek B RS E AR LR AR S R ADE @ (5
HLF 5 B A SUR I 2 T b 7R B
SRV R B GaN g 1R B A DL T R A,
LU E N A B A4 R 25 Bk A I 8 A A Bl 4 oK R
FEN . AR GE U B RO A N T TR 5
209 oK RUBE DI I T AE I T RUHL B 22 SRR, 2 R
JE BN W) 2% LT N TR RS P2 T ol
KR RO TR B, A T R R
GaN B BHE Sl R 48 9 T 19 1“7 1k RE 5 DD B 4
P A T 5, Ay G R TR 3 e Rl A KR
SRR

T, = A AMIE TSN B3R F K IR 5 3R

FR 38 1 53 F B I BT L GaN iy 4h K )
YRR S U0 R T T A% . KAVOURAS
SRR T B MR ' A% A G 2 B BT o i E 5
TR 5| 0 S8 M AR T R L 5, 45 AR B
ek GaN Fb A M2 P GaN 76 | i 76 15 71 25 45 14
T, 0T & E L B (pop-in) AN i 22 4
HUANG S0 58 T B A P 5 5 GaN 1 3 98 1
AT AT R, S5 LR, (0001) &b 1T A PR GaN
NGy KAV ARIY  HEAT B R B A FG AR
o, GUO SR BRIE & WA e Sk TR R T 5
GaN gk Z) R K, X% L AF 98 T H Ga 1l A1 N T
R 40 K JEE 4 24 PR BE L 2 BRE A Ga T 4 390 5
W L N T A R, ELRE A Y Ga T B0 M T O S8 A T
FEME . JIANG 557 AR 48 S IR 2 1 d5e KPR 77 19 43
A, M TR 4 F T 4 i L8 (T A% Rl Uh
Je a5 R R R m Ay Y AR T GaN /Y
Jifia bR P53 K TR m R B GY M. LEE
LU A B2 AR R, & B GaN R I
TGRS 1 M AT AR AR B2 i

U #s HEA:2022-01-14; & [E] H #8: 2022-05-12 ; 35 H #5 : 2022-05-20
HETE : FHE AR L4 B H (51405034 .51605045 .51875050) ; IR 48 B & TR 0F 55 51 H (19B011) ; Wi R

B R HAR B AN B S |4 R 35 H (2022GK4027)

EEEE FFR (1980—) (ORCID :0000-0002-6651-240X) , ¥ | Fll 242 , 2= 5 8K 2 in 1 KA B 7 T B9 A9

E-mail : tangkun@csust.edu.cn

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



120 RO mIREER(ARMER)

2023412 A

PRIEFERLAE . QIAN %5 1k 94 K IR /9 43 7 3
Sy BT ST T RS 5 GaN 2 A8 FE HIL
(RS, 45 A 3R T 76 R W0 RIS, GaN R BLH T
A 1) Sk A g S R R BE 2 R R A R, AR
B i s 0 BRI R R R O SR i 4 .
GUO F R = 4 1 2l 1 2 BT 58 T i
X B i GaN 24 K He IR AL AT O Ay~ M e i 32
Wi, 25 SRR, E WA RGP AL R AR
fle T GaN fi A A SRS IE

A 5T R A K IRAX S BT 0 e e, X
FA i GaN 19 (100) & T8 2 47 94 K Tk A5 20 X3
5 5 o0 AT R B AT — (L RS it £ A R S A
5 ARBERSC R, #E A 0] 52 DL RAE i 2 T
AR S04 I 25 5 PR 28 2 4 oK 220 3 i 7 v ) Rl IR
R AR B 5 AR A 00 A, DA R fE 30 R =
S0 C 20 R 3k B2 5 9% 1) AT ) X A Ak 3 T U0 ) A
A2 o ASBIE 5T B Gl oK g 22 s A5 Z0 4] g
AT JEE , D B i GaN B RERS % 00 T 5 ol 4l ol i 42
fE T BORME , BA — 7 89 TR S SEBR A
M.

1 WXREANSLL

1.1 HRENTE

Pl 1~2 43 31 o0 4l oK A 1 48 A — 052 B il 26 5
BE G R R IR R RN B R R IR
B 1 B K IR R FE 5 PR 0] e ) 3804 5 P, o B
DRk ] s g 28 far 5.8 O 3 O, mT 460 28 oty £ T
T ) AREARAT B 5 b, by e IR b R T 5 b O 52 A TV A
A B EIR IR .

AW 5T K H Oliver-Pharr J5 72 0158 4 A4 14 A i
ARV 2 TN & 75 3 (9 2 A - 0 8 it 2 53
BT PR S 7 0 28K S0 28 as A v 28 LR A2 S 1 G
B 5 P — 088 M 2k 153 bA sk Y A2 7 55 A
o MR BRPESL G E REE B H WA A
ELW R

P
HZZ (1)
1 1-2 1-9
BT E T E 2
Ja oS
ST o 3
B /A ¥

) ~(3) 7 A Sy o8 IO B4 fk T R 5 2, g 214 B ik
B i s E O GO A R ) SR ARR 5 B Sk AR
SRR 50, 08 SR ARHAGTA AL EE 50 D9 B0 B R
TN LU 5 B0 55 T Sk IR AR ¢ B9 2 5805 S O & fih
W .

pA Nimax
piIES3
iz 1E= ," Prax
/s
hie h>

E1 9k EANGBEF AL

Fig.1 Load-displacement curve of nanoindentation
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Fig.3 Nanoscratching process of variable load
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Fig. 4 Nano scratching model of constant load
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Fig. 5 Load-displacement curve of nanoindentation
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f#% mm {7 mm mN GPa GPa
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Experimental study on nano-mechanical properties and cutting

characteristics of single crystal GaN

TANG Kun, LIANG Jie, ZHANG Xianyuan, OU Wangping, ZHANG Moke

(Hunan Provincial Key Laboratory of Intelligent Manufacturing Technology for High-Performance Mechanical Equipment,

Changsha University of Science & Technology, Changsha 410114, China)

Abstract: [Purposes] This paper aims to study the mechanical properties and cutting characteristics of single
crystal GaN at the micro-nano scale, which provides theoretical basis and data support for its micro-nano
fabrication, and also offers a technical basis for ultra-precision processing of semiconductor hard and brittle
materials. [Methods] The mechanical properties of single crystal GaN were studied by nanoindentation. The
process of material removal and influence of constant load scratch parameters on the cutting characteristics were
also analyzed by nano-scratch test under variable and constant load respectively. [Findings] The average
hardness and elastic modulus of single crystal GaN were 6.06 and 92.90 GPa, respectively, and the elastic
recovery rate and elastic energy recovery rate decreased with the increasing of pressing load. The critical loads
of elastic-plastic transition and brittle-plastic transition were about 390 and 1 200 mN, respectively. The cutting
force and friction coefficient increased with the increasing of cutting speed and normal load. [ Conclusions] In
the normal loading range of 390~1 200 mN, the ductile removal of single crystal GaN can be achieved. The
reduction of brittle fracture damage in the process of scratching and improvement of machined surface quality
also can be obtained.

Key words: single crystal GaN; nanoindentation; nano-scratch; mechanical property; cutting characteristic
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