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Study on the material removal mechanism of ZnSe crystal via
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Abstract: ZnSe crystal has been widely used in infrared imaging and laser systems. However, as a typical soft-
brittle material, the material removal mechanism in ultra-precision diamond turning process has not been clarified,
it is still challenging to obtain nano-smoothed surface. In the study, the effect of tool ranke angle on ductile-brittle
transition depth of ZnSe crystal have been investigated through novel plunge-cutting tests. The ductile regime
machining model was revealed by comparing the maximum undeformed chip thickness and ductile-brittle
transition depth. With the aid of FESEM, white light interferometer, and Raman spectrometer, the effect of feed
rate on surface roughness, surface quality, phase transition and subsurface damage were systematically
investigated. The surface defects formation mechanism was proposed. Furthermore, the material removal
mechanism of ZnSe crystal in ultra-precision diamond turning process have been revealed.
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filif £ (Zinc selenide, ZnSe) fi A& LA (R IR |
e U A (I WS R A 322 9 R/ U e 23 )
AP FL 2R R M A B AL RE Y. ZnSe @A R il 1
T . RO B YA A A A G
SHBAORLC, Ta] s 1 2 11 32 1 20 2R CO, OB 1Y iR i
o e MRS, FE & AP LA MBOC R G A B Iz
EEMN . BB B ZnSe b A8 F R AL AT
F3%: (Chemical vapor deposition, CVD) il &, H flhi
5 WU B 2 S SRR T BERL 3 A RRIES) . B
EIRFHAR . 2 AN &R, X R & & RIEE. &
FETH G FE B £LAM G2 T 0 SR AR L v K
LUREIE ) N & B 11589 W EA R ) e T
T S ) i S

Ak & L M 1 Y6 (Chemical mechanical polishing,
CMP) J2 il i O 2 T g & 1 iy AL g2 i Tk, 7
CMP Jin Cad #E b, A4 REE BR AL b 41l 6 vk 5 5
JEEAT Bk 27 S AR AT 25 B 1) 52 G A AR A, T
AT 5 D) H AR 2 BR AL AL S 25 B o Ak,
CMP H i F V- 1 35K 18 45 T A8 087 B 140 1, R
B TARRKT . B b T A5 TR 45 A2 AR D R R T
JCHFRIRE ST, H CMP I AR T H T2, &
K 2 2 ) Ry S AE Z i AL e e AL A R
HEArfg, B AFTAEMEEA40E T 2P, BT ZnSe ik
1A 7 e B L AT S0 1 AR it R 5 1) S Y B [ A
FH, X kAT A 25 4 MDA BBk AR . e SEPRoin Toad
FErh, ZnSe TAF RN 7 7 LEAG B SRS BRLBe, ™
HOBAC TR B i, it BOR TR 8 3 BRI AR
FRRNAE L R T ORI R R I, R AF R ZnSe fnik
MR BRALIAROCHT ST . AR DG AR . 4348
L AR L D 0 OB A A D T A 3R TR TR
SIFARE AT 48 75 BV SRR 25 BRALERS 1O, A
T A0 BB S AR X A A
FIPLE GG SRR FB, TR AR M A1 R 28 1 ey
I K FEAE R BRALEE . Yan SEUST XA A 4 I O R
WA SR A AT RS, i AR BR AL AR
anfl . Z A AL AL T RS A . Shi 551 SR AT RE U
W2 AR PR BRI Fh A VT HIE B, S 90 25 SR R WA 8
1) SR e 7 3 B pR TS AL EE A . Chen S50 4T
GaAs /i 1A R 25 D HI S5 50, iE S5 3 1 Sl b oRE 25 BR AL

JUE A2 T A s G A ) 0% 28 1 S U0 1 A
FEROLE T A T R E M TAE. BHEIAE, ZnSe f
PREBPEIR YT AR O RA R A R, C A s 12
KREVIHI S HA . KE A A Y FEBE5E B Li
U X ZnSe fRIRIEAT T NG % S NI LR, B
G R 03 T e o R M 470 A S B 5 22 o OB BRI e
FHG . Fang %7 R 61 M 7] B XF ZnSe fh A #EAT
T AN A, 3RS TR TR EE Y 2.91 nm (3R,
G 3 1 9 A 38 B 9K 6 O 98 9 R ¥ ) ZnSe
LML WAHLEE . Shojace S5 5% FHL 2 Y1 [T
T I T SH06 ZnSe A 3R 1 5T i AR AR N T 145
M), 235 SR 3% WY A 25 22 A ) ) R B8 1T 75 %o 3 T Jo 2 I
S 1 52 e e K, Herp TR R dibi 23 & A
Wr R ML, EAH DG SR R ) oA DL ARG o 2 PR A A
FEGRE PR T 2E1T ZnSe dhiRAL 2E ML OE 5250, 45
t ZnSe it R 55 b AL 2 HUAR ALY Ak 2% BN A2, 0
I IEAR T KA L BRI . 25 ik, HET ZnSe
s VA 28 Sl K 5 0 #0213 R 3R T S
BRI A 78 28R

SCHTLL ZnSe fh ARG % U HIREAE A B8 4
B 1EH# 7R ZnSe fh A S VE ST H 520 S5 SR R X
FROLEE . R FHAE U $EA7 300 20 S50, @ 28 37 & 3 1
b R O I 4 e R AR DX DA Y A A TR
FE o BT RS IE U JE RE, T b I 3 2 A5 i SRR
FEVLEEST. ZnSe fi RSP DI BLRY . Bl 5 >R A —
A e RN () 25 28N AT RS B DT H S 5, 3 A D)
I 55 A 6T A 3R T JBG A P 5 T, T T 4R A 1 A AL
M JE TR 26 LU TSR A D) E )
A5, H LB 78 ZnSe i (4R A 25 DT HI M BE R BRAL
P, TESCPUIHIZECT, S nl 0 Tk 2R R R
1.46 nm (BT 1M, R ZnSe fib PR HE RS 2 ¥ P 3 01)
HIgRHE Tz 46 = .

1 3£ I§

1.1 YIHIELE

W55 % FH i B @O B B CVD k4 77 /9 ZnSe
ZEhE R T, T B AR R BE 43 5] A 42 mm Al
S5mm, ZnSe SR EHEREINZE 1 iR, TEBKRE 4
JK (IL300, Inolite) b #F4T 1 1 U Al 1] 42 M| 52 5% . 7E
Az T e PR B A2 ) A SRR L A7
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Tab.1 Material properties of ZnSe crystal”"

Material ZnSe
Grain size (typical) /um 70
Yang’s modulus /GPa 79
Hardness /GPa 1.2
Fracture toughness/MPa-m"? 0.9
Poisson ratio 0.28
Density /g-cm ™ 5.3

®2 NNESHRIKEH
Tab.2 Cutting tool parameters and experimental

condition

EYIRE R A W, o LA A H TR
s i 7 B POL, PRI b S b g /N R AR ) Hatt AT, Ry
W AE ZnSe &b VR I S8 5% AR VR 1B, 43 501 R FH W 4T A [R] i
A0 TR B0 4 WA 0 5L LA 0 5L i £ o e 9
A5 VR BE 1Y) 52 W, ZnSe & AR B ORHREPE I FE 2 BRRPY,
TP TR e e B e L 1, i s e HLE i EL
23 W B [ s AR ARl . B o R R BRI T T
e B Bk ol , B ORUIE] TREEAR, 4 SR B T
PR CR A3 A 1(a) A1 1(b) Fii7R

P 5255 (Plunge-cutting test, PCT) 4N&l 1(c) FiR,
JIEL LI 78 Y3 B AE A B R 2 mm A DD % AE 1)
MR BE B 0 nm ZePEI N E] 2 um, B4 B 55 R,
L) 1 3282 X s 9 0 R B B S T e/ o B SR B HILIR
FasE v, B YT R 5 B 500 mm/min (8.3x107° m/s),

Machined surf e

" Workpiece

No. Parameters Values

1.15 (tool 1), 1.12 (tool 1)
=25 (tool 1), 0 (tool 1)
10 (tool I, 1)

10 (tool 1, 1)
8.3x107° (PCT), 2.88 (FTT)
0-2 (PCT), 3 (FTT)

0.5, 1, 1.5 and 2 (FTT)

Nose radius/mm
Rank angle/(°)
Clearance angle/(°)
Clearance angle/(°)
Cutting speed/m-s '
Depth of cut/um

NN L R WD =

Feed rate/um-rev '

G3 AT 5 YR IS DALHEBR AR R T4 . 45 %%
A R NS 3R TR0 A W R i B, AR AR T 7 DI
TR BE (452 e P DA Z W AN U8 R SR JH B TR 3 5
4T U 1] 4 H SC 5% (Face-turning test, FTT) DL a2
HE 2 2R T A 2% 1 0 S bR S BR AL 52 e . A
AU 2 T A [l B vt AR R DA U0 ) XS
YRR A3 0.5, 1.0, 1.5, 2.0 pm/rev, HA&AIHI
X IR 96 A 3 mm, YIH] XS REE 35 8 1 mm, Y1 X
B3 WAL 1(d) FIT7R o R HEBR 2 B2 % 5 3 45 AL 1Yy
S 33 e R Y 2 A o AR R T A DD ) X ek sk
TEIE o 75 EAIL PR RS 25 D) HI A P 204 ) 3= el e
fIET 5000 RPM B 5 AT 11 DX Jaf = Al 2 3k, R b e

P 1 K% M ZnSe S IASEE B A RUIHISER R SR () RS 0K (b) AR (o) MEYISE 867 2 (d) S 4 Ml SE 4R 7 1

Fig.1 Experimental step-ups and schematic of cutting experiments. (a) the ultra-precion lathe; (b) enlarged view of workpiece; (c) the machined groove

of plunge-cutting test; (d) schematic of machined surface for face-turning test
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L 5 V) 2R R BE Sy 2.8 m/s. ERG S5 U0 I S2 B B E
24 °C. 54% W AR IE R SR N #E 17, JJ B SH80 58
B AAF I 2 s .
1.2 #HRAE

K3 & 533 4 #7238 (FESEM, FEI Nova
NanoSEM 450) Wig£ & TR @AY B T4 =
48 A5 B R H DO (WykoNT 9100, Vecco)
N0, 3 2o A BT TR R R AR B L RPN TR
TR . MB 7R ZnSe SRR RLL BRALGT, BB AT
RIRHEL R T ZnSe S B T2 A JE st 45 9040
SER AT . PR O R A 2 %Y (HR 800,
HORIBA) #F47 Jofi #r il , FHBOGH D)% 50 mw,
P 532 nm, BEOGIFE] Ry 5 s, 6 100 475 4 56 W
T, B EBER AR 1 pum,

2 FBHEIHIRE

2.1 fREBET

i P B A i A i 9 B 72 o S B R 0D ) 4 i
P&, TR LM i 0 2 A s SR 0% A A A 2% DD L 1)
R F -, BT, &4 0T ZnSe fib 7K 38 P 36 U H)

RES N

200 pm

Region |

MRIE . AR TR BERE D) SE g b, 38 FH P RP G f T 25
SR AT 5 RN ZI 5255 . >R FH FESEM Xl Hh P #h
JIHRN 200 T A R0, DI B i AR 24T
ORI I 2R ROR R, W ER AN [ U0 UR N+
B SO TR E B sg . R E TR
T TR0 20 I 1 AP 35 T e 9 2 7 DXl R 1 4 il
WK 2(a). 2(c) FE 2(b). 2(d) BT, 45 555 0 Yok iy
FAEAE A I A [ B4 X8R, 0 31X B ZnSe fb A 1)
IR R 1 25 bR AR S DL 2(b) S B, A B R
ZnSe VR 3 B 8 58 M U S0 i AR b T R S &
B, PG TR G . 7R MEPE I, VAR 2 3R
AETE PR T W24 5 1R 0 Mg, [ s 30 ORI 380 1472 1hg
KRR EEVE VDL B4y e X, IR S
BARRER . AR RERE ) o R A MM UK A M T RS
[, £2 5 ZnSe Fh KA 192 M4 M A C, B F
R I ] 45 5 76 R R R S 9 P A TR T Al 5%
RN & A WEvE AR T . ARG T BS TR LM SE &, e ¥
SEARIREE d, AT a3 (1) T

d.= (R - % V4R? —w2) -cos(a) (1)

Region Il
o e

o
I
I

b e =

200 um

Region Il
Bt

2 ZnSe AN T.144E FESEM EfR. (a) O°HTA JLEINT; (b) —25°HTA JI BT () BRI T (d) Bk X 11
Fig.2 Typical FESEM image of ZnSe crystal machined groove by using. (a) tool I with 0° rank angle; (b) tool II with —25° rank angle; (c) Enlarged

region I; (d) Enlarged region II
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% R AT o 43 50 R T BB AR R A w 280 OF
RT3 3 0 19 T8 R T8 2, B IMAGT 3143 4 i)
8 FESEM FEMZ3REL . Q1P 3 FiR A AS [R] T HAl ) 5
B IAS ZnSe &b A Je 48 % A8 I FLUR B2, B 5 vT DR
R AR B 2500 J0 L 11 ] 58 4 i i g v 24 . SR
J1E TR T L TUARAS 0 e 58 5 A8 R 3 - 350 43 3 o
74.9. 104.4 nm, J5 HERTE T 30%. BOR A i i8 5%
AR I L A S B T AR T A TR I R 4%
2, 6 RS 2 YT oA R 3R AR s iR R B
RN TR I, J5 2000 F 0 TR 47350 1 %
illoa

130

—=—Tool [
120 L—*—Tool Il

110
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Ductile-brittle transition depth

60 -

N;).l N(I).2 N(I).S Nlo‘4 N(I).S
B3 JIE TAUJIE LR ZnSe 25/ Vi 2 i S8 55 AR TR B
Fig.3 Ductile-brittle transition depth by using tool I and tool IT
2.2 EEMEEIH
FREHG 25 U 1 3o 2 R 25 B AL B GS TA 3R T Jo

Elarged view R
R L
I _._f“__{'_ |
| —A&r— |
| g |
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L

EREREME W, TR EE YR ROk R
FEA7TE RO, REAS 2 VI bR S BRALEE S 4
IREI PR R R vIb% A o 7 N T RN NS RAAY 3 Y 2
T, TR e — 2 2R nl 3 ek 9 v i 4R
i Do 2 S B BR Y W IE] 4 BT R AR A 2 U0 W i
v T HLAN T A (3 Ak 5 1R, i D0 az 3 B
YRR 25 18] 19 A 728 T B 1 DX 38 (181 4 T £ X I, ek
RASTE VTR By WA JD B T A LA 56 R &)
HIZHCkH, A (2) fis:

hmsz—wJRLhﬂ—Zf 2Ra, - a2 )

A R, A @, 70 50 0 D] B AR | 4 SR FT) HIR
o MR ERALE S i KR AL DTS AR G, B iR
RAZTE VN EERE /N T e B8 A8 TR B, o ko o 9
bR MERARATE VIR B R T e S 5% B R ¥ d,,
HIMEVEWT 2 325 TAPRH AR B i 7, 7 C o AR
RTINS, I S T HCEL Aoy 1 d BT
TERPRE BRI (3) Fin:
hmax < d., Ductile regime
{ 3)

hpax = d., Brittle regime
Bifino % W5 %1, d, Mok T T4k b1 k47 388
FEERUIN T 24, d, nTal it A 5K (4) SR

2

oS e

H

& Cutting direction

~ Feed direction

Tool

Original surface

/

Cracks

; Machined surface

Workpiece

[l 4 SRRSO )R- TR SR

Fig.4 Schematic of the tool-workpiece contract in ultra-precision machining
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Ao g E G SYUIEIZAEAEC; H E R K, 53 52
TERE | A% IR AT AP, HEUE AN 1 fs. Bifino
& 0 B G AR, B 25T 0,158, {8 A58 T4
MEE ZnSe fhiA, L% & F] ZnSe S A BHEFE B IE
JUfTEHCR 6213107, BRI (2)~(4) BRI AT & A
RN T2 ZnSe dtviArRLBR 750 aniEl 5 frs
LT hoay 19 25 R IEL, hyay BEIE S5 3R A
TREE B 3G I B R, Y B /DT d, BIVAT SR 76 A B
FESA T S SN T B S50k, o ik
ARSI 2, 1.5, 1, 0.5 pm/rev (5, Ay, 4350 B A

Brittle regime

Depth of cut/um

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0
Feed rate f/um-rev!

Bl 5 SR RARASTENBIEE iy 5 VTHITRBE A 4558 ) — R 2k

Fig.5 2D counter plot of /,,,, vs depth of cut and feed rate

30 pm

14451, 108.71, 72.69. 36.46 nm, F It AT 75 0l 7 75 20
I DX 33l 57 g P 4, 1T i 79 L D) Ak P

3 ARSR

3.1 REFR

W E 6 it 7~ FESEM 7E #E 45 % 43 5l g 2. 1.5,
1. 0.5 pm/rev 14 PU A~ 11 X 35k Bt AL ORI T 4 3% 1T T
$io BT ZnSe AR ORI & 55 5 AR
N ANTR], AT AR FGOR BE 22 543 BE St o nIE] 6(a) FI
6(b) BT, MHFLE 5300 2 | 1.5 pmvrev B, {LAEFF
JE fRL b BB RIR ZEECRITT, R M R 3
TR BRAT oy, (A BE A 1 25 SR B AR B B R 2 88
i EREAR. WE 6(c) F 6(d) BT, ik 45 R E
1, 0.5 pm/rev Aif, XFEVEZS A 1 um/rev WL 21 /D
ML, ZEFEL RN 0.5 pm/rev B0 T 28 1 618 JLFEAS
S B A EOM ML, WA Y £ T MR LR
Fio PRI, FESEM WL 25 L3I 5 T i 4% 4 14 5 U B
TSR (4 B 1

A MWFFE R WU BT 5 A A i B D AR
Ko ZnSe FhIRTE R HELE T HA O S 450, H
fife JHLTET by {110} i 18T 6 2, B9 6 NS M . Y
AR T W B T s, BT A% I ) T A BT

& 6 REPEAHEE T WRITEH RS EE . (a) 2 pm/rev; (b) 1.5 pm/rev; (¢) 1 pm/rev; (d) 0.5 pm/rev
Fig.6 FESEM image of surface morphology under different feed rates. (a) 2 pm/rev; (b) 1.5 um/rev; (c) 1 pm/rev; (d) 0.5 pm/rev
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IR, DT EI - i -5 g B IR ) S A S R R 1R
AL . AEBAREL T, iR RS0 REUE I TE
AR LT LAY P B R A S YT T 1 S

TP/ 2 BU 1V = NiD IS G (T IS e A2 k71 TS T
H T 2S00 58 AR FIE B 22 1 S M ST Bk B o P
P B TE AL AN A 7 s o

Ste-liked cracks

Micro-pits
b
= (b)

Cutting direction
3 [1T0](110)

. [ ’ -
F e -

[110}(110)
| Cleavage plane

a=[001] b=[010] c=[100]

[ 7 FRAERFEIE AL () BrBRARRELS (b) M

Fig.7 Mechanism of surface damage formation: (a) Step-liked cracks; (b) Micro-pits

32 REMEEE

TR B2 2 DE 27 2 T o i Y B 46 b, 4
TELAM G2 AR 5, 24 2% T HEURES J32 5 1 (LI,
S AAON 2 T B R BT i DS X PO TR
FMBRG 25 RSB SR T B, R 4Rl kg

T A, SRR AR IBURORURE S e
MR G OC L BB . O T TR 1 i
i, TERE DI X 2 I 5 U, 0 TR R T
REIE R, BT R, FHE A B R e JEE R, B 21
U 8 It 7 oAy i A G ARG e A A [ i 4 R

nm

nm
(a) 9.5 (b) 10.3
5.0
5.0
0
0
-5.0
-10.0 30
~15.0 P33.9 -—10.0
-20.0 -—15.0
7 3118um ~25.0 -20.0
-31.0 .—24.6
(d 6.9
5.0
0
-5.0
-10.0
--15.0
-20.0
223

& 8 RIFEAEIEBRZRT A 3D £MFES. () 2 um/rev; (b) 1.5 um/rev; (c) 1 pm/rev; (d) 0.5 pm/rev
Fig.8 3D surface morphany at different feed rates. (a) 2 pum/rev; (b) 1.5 pm/rev; (c) 1 pm/rev; (d) 0.5 pm/rev

20200403-7



i E ok A2

% 64

www.irla.cn

% 50 A

T A =4 R TS . T A 3 T A A 2 T4 A
W5 R, AR, ARG, Q& 9 Fs, A i 25 i
JEREAR, R, R, FI R, B2 R R ka s, Bl 25 321 AR
TRV TR R GE . EHFS %R 0.5 pm/rev B,
HAGE/N R, 1.46 nm, Fe/N R, 1y 9.35 nm, T{4FFE 1
AT, HAT SR/ N R TH A R T

6 - - - - 30
Ductile mode cutting | Brittle mode cutting
[

I 19.85
s | R, 1 25
3.44

4 20
14.25 2.65

R
[ 13.6
i 2.59 {15
035 20

183 2.06
2 .46 : 110
b {s
O 1 1 1 O

/=0.5 um/rev  f=1.0 LS f=2.0

Surface roughness R, R, /nm
W
w7y ssauySnor ooeyIng

9 AL AT TAFR AR R

Fig.9 Surface roughness under different feed rates

3.3 RSN

o R ARAS 2 S M T ) — R R A0, 7R
K 2 2/ ) B R RE T R Y R AP T
BME o X T AR T K YD JE ST RS A I A R R
FARIE R T AR AL B T B

WA 10 738 S oK i T 3R TR A S 45 3R 43 0 A
0.5 pm/rev F O TR ISR 0%, Hr oK n T3
T B G IEE R 1S 142.8, 205.8, 252.4 em ™ Ab AT =
A SE R, 3 0 R R R 7R 2 (2TA). B Ot 2
(TO) gkl 2% (FO) 75 F Ui 2210, M4 S fir Dl
AR R A B4 R T 2 pm/rev I, a1 T SR i
DI PR DI IR AR I 77 A Y 68 DX e
2580 0.5 pm/rev B, 2 OB T AU 2 3]y 98 1
ARIE 7 A R ST X (A& 10 4/ B R, R = Ab
A X, hr S OETE AT AS AR, Ir A o TR
ELA ARARL A 6 8, JH i I R 00 21 4 ] 397 e 7 £ RO
A, WL UL TE TR 3R 1H A A AR AR SR S AL 4
A, 3K — S R R R A R A R o R 2
FH DA 4 MO Ay 235 1 2 46 3] 6 Js AR Bl A it A 3 S 9 v
JEAIR] . LO WEH7 & 453 A B UE S T T4 3R 1H A7 7E 5k
ENINTVIR

Ry 1 RS AR AR AT R, X YLE A TR =0

AT, VIB ML 61k ke 11 fs, W45 Rk
Y 2TA WY 2%, TO WEATARAR 73 7E 206 cm ™' b % 1 43
L, FATR AL B E) 2521 em™ SR, TO W24 H
WRSUESE TAEV)E R AE T BN BE (ZB) B4 4h (RS)
SEFIY AR AR, AR R 1208 12 GPal' 2 45 4t
K2 OV RRAEDT, A DT E R v T A 5 ) HAg kg -
FEAERE R A0, FR R BRI 1 3 B0 43 S WA T
] o Horpr— 3 o3 A RLE 2 JT B R J5 7 AR B K R )
X, 1 55— 43 e T B A 55 UIVE F 1) 138 3 e

——/=2 pum/rev in ductile grain
— /=2 um/rev in brittle grain
—f=0.5 pm/rev

—— Non-machined surface

-2

_/—'_/ |
100 150 200 250 300

TO

LO

e

Raman intensity/arb. units

TO

Raman shift/cm™

[ 10 AR BEG T TR 2

Fig.10 Raman spectra of the machined surface under different feed rates

—— Chips at /=0.5 pm/rev
—— Chips at /=2 um/rev

—— Non-machined surface 1
! TO
TOsplit |

I S
LO

Raman intensity/arb. units

TO
2TA

100 150 200 250 300
Raman shift/cm™
11 R R

Fig.11 Raman spectra of the chips under different feed rates
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WA o BRI A TR K R T AR A A
AR PR, TR T b K T S B e A
748 ] B DR A A 3 e T A REASAS TN 1, U0 v B AR R
TITR BRI LLOR S

4 &

=A

Xt B A R I T B BAR, LA ZnSe SR K BT
GRS, T e BV NG 25 DD I 2 36, R b R B
LR A BOE BUHLEE . 28 35 0 5 6 RGP o 14 B K
UM EAREEME TR L, FEERWT:

(1) RFMEY)SEH0 7, B 2E ZnSe Sh A ME ¥ 5% AR Iify
FREE . HE IR 25°RT AR 0w AR T2 F Al g
HAM I R BOE Y T, A R T4 & A 208

(2) 4 30 Ao 95 ] e KORAS IE U1 1 J5 88 LA 5 3 4
PRI DIHIAEAY . 3T WLI Al SEM LI 2% R 5, 56
TE 7 IZ AR A T M I L) S B ZnSe i A 58 1
DIl

(3) MR 4k T 0 T3 T A7 AE 1Y B A AR 2L SO A A ]
G P A T B, B S IR DG 1 3R TR B T B
AL,

(4) FTH= ek, Vg kA& B, &
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