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Design of Thicknesses and Refractive
Indices Measurement System for Multilayer
Transparent Samples

B~ BlRE

Wen-Yu Shih, Chien-Sheng Liu
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The representative measurement methods, including ellipsometry, interferometry, and confocal
methods, can measure the thickness and refractive index of a transparent sample. However, all
methods are limited by thickness range and do not consider that one layer may be nonparallel to
each other. In order to improve the deficiencies of these techniques, this study proposes a novel
optical inspection method based on the fundamental theorem of geometrical optics. Through a
simple optical structure, it can measure not only the thicknesses and refractive indices of multilayer
transparent samples, but also the inclination angles of nonparallel layer simultaneously.
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1. B R EEAREE

TERFEFE (homogeneous coordinate) ;ELA n + 1 EZ2fH A& » Fn B2 Y8 EIZER 5
% Hp e TR —LBIA T (scale factor) @ MAIEFH—TTEE S HLHIATF - . L—
HHMF A MOBE EER o TR EEEEIEEH (homogeneous coordinate transformation matrix) /5
— 4 X 4 2B > n] HIRZEEAFHISEFS (translation) ~ iE#E (rotation) ~ UK (stretching) f2i%
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ty 1. 01 FRERER (oz); R EATE IR R (o), (PR & -

(1) P35 EEAZ 85 KB R
Pha~ b~ BISRREAR (o), R EESR (xy2), KPS E - AR EESR (xpz); 1H
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1 0 0 0
P 3 0 cosQg -sinQg 0
4= ROt(x’QS)_ 0 sinQg cosQg 0 )
0 0 0 1
el v, et ¥ AR he i AR R nT RN R
cosWg 0 sin¥g O
P B 0 1 0 0
4= ROt(y"PS)_ —sin¥s 0 cosWs O @
0 0 0 1
e z, e g Y e A AR [ n] R Ry
cos®hg -sindg 0 O
) sin® cosd 0 0
"4; = Rot(z,®5 ) = . s ) s o (5)
0 0 0 1
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3. ERRMEE

ARG SCPTHR 26 g 3 BA M R 2 TR B T B R & T SR A 3 2 P R SR A R &R A
(measurement system) 1 E B ¥ A (auto-focusing system) » A& 1 Fi7x  3%aTEYEEEAR
Ty 2% [ HE BB BASENT (multilayer sample) » & iH] H DR & g 1Y 8 FE BT B 3R > R Z2 5@ B,
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'.I --------------------------
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BRI DR DB PNEARE - TEHGEE T E R DSBS (oz), (F R RAY
SZEIENDF - R E DTS R FE AR T 4, BEAHEHASE i AR S5 A A SR A
(y2)g AT o BRAERRER T ER —EHEFEER (v2), > EFRCHEIEZZOLELE 3R
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&2 REERZEAR GRS IR R — -

s

N; Rair or Lor2 2o reflected

m Ngir n n nz - np
I, cos @ cos @ 1 1 1
L, sin @ sin @ 0 0 0
I, 0 0 0 0 0
I —sin® cos Q) —sin D cos Q 0 0 0
Iy cos®cosQ  cos D cosQ 1 1 cos150°
J,. sin Q sin Q 0 0 sin150°
K, sin®sinQ  sin ®sin Q 0 0 0
K, —cos @ sinQ) —cos @ sinQ 0 0 -sin150°
K, cosQ cosQ 1 1 cos150°
- 0 0 0 0 -0.36
Ly 0 0 0 0 25.56/50.56
ey i 7 () 7 Uy i A f 0 60.43

FERE ", (E R SRR AR - R & 2 SR Z B AT IR ARSI T SRR (o2), Y
frE MR P, REAAAE f 0, AT

R ="4"R (10)
Rty =% "4y (11)

DRI R e By /T I i Ry I SR - IR G - (EERE 2 I SRIER - BRI
IBPOER TGRSR AL B, - RIRLL TR UR BB R ZE CMOS L ¢

RE = RE‘—l + 4 RZ'—l (12)

B= A7 (PP 4T )= "4 (13)

Hepo 20 (12) #2350 (13) Y 2, R ot P EASSES P IAIE AV
EFUERIE_EASTRL 2Ot B AT A A E R I N RIS

Ti=s[0 0 1 0] (14)
i ="4" (15)
€8, =[Ti1"5] (16)
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T
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- 0 -
HAEA & RECZAERA - M E R EAHR A i A - FTATTRE Ry —1 3¢ +1 > A

DS (14) 2% jtﬁ’\gﬁbﬂﬁ)ﬁjw%m s; FIEE - 1zl (16) R =AREEL cos DA C F£ox - %78
HEE AWML R = AR -

TR R G AL A BKIESS (17) 5 B RITE ez - BIKIE=X (18) - &
IRERDEABENEER T B AR - AT —(E2 R Lr AR A BRI AR RSB E T
—(EE S FRYAST BN E - MR EROEE S SR BT SHOERIE AR A E - TEEE L
SRR - EERER R ECHIE Ry Ik -

= BHAAEVE T S RERE (= 1~4) » S DGR EE R m e 0 Pl 4 R
TRERLHTET AR - BT RORIES by B FE S S T S B B R B O YEBE » DL (Spot,, Spot,,
Spot,, Spoty) 53 BIFR~ o FHEDEER THRSAVER AN - B EPTE i = 1 ﬂr HIYEEE Spot, EH

EHDER AR ZNE i = 1 KOEFLE TR E R EHE - FEMZEGHIER - BB rH i =
HFERDLBE Spot, Ff » EMDEARSC AR 2 H i = | BRERITEHSE ﬁ?\%ﬁé ME i =2 fﬁfﬁ
%}iﬁﬂ‘fc BEARENHE i = | BEBITHHE - SEREZRGHE b HARDESEDULIEHE -
FE o8 SRR A% R AT G 5T T IR SR 3 2K BB T E’Jj’nﬁ%f«( o

R 3. A RBATEA ORI XA AR R H R & -

Spot, reflect

Spot, refract reflect refract
Spot, refract refract reflect refract refract
Spot, refract refract refract reflect refract refract refract

JeARE A FE AT ER CMOS & » Al IS EIVUEDEBERI AL E AR - R Ry BH 4558 (E
HEHHREZ R - NPT ARG

Xl =ﬁ(t1,t2,t3,Q,cD) (19)
h=folt,0,6,Q,0) (20)
Xa = fs(m,h,0,6,Q,0) 21)
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},2 Zﬁ(nlatl5t2at3995q))

X3 = fs(m,no,t,t,63,Q,D)

Y3 = fo(n,na,t,0,5,Q,0)

Xa = fr(m,ma,m3,1,t,6,Q,0)

Yy = fy(m,nz,m3,0,1,,Q,D)

P RIS AN - SCHIIT S AR N BEEIR Py~ ABDIERR 7,

(22)
(23)
24)
(25)

(26)

EFUEAE v, MIEE T

RN, HRADERAF —EOCRN L - F— ASA 0, HAZEFNY) - KGEI Mz R
I - ERIREDCR TR C e ES - /GRS SRR - e DR HATR
HY\ERFIE - Kt > BN A—EERDERR A S —ROCRA > AN FE AR A 0, 5 A
2GR - RIS S BRI IR /(] - TR BRI IR T/ Bk - JTRERRHIATR

B’J/_K{if{gi[l%& (”1, Ny, N3, b, b, b, Q, (D) °

AT AR FE A A (6, 6,) BIROEAREHIZ G E AR - 206 3 AR - BB
BICARR BB - SBAEREGHIEE CMOS _ERIEGANE 4 Fiis - JUESEBE ] HERS 175 6772
(X, 5 Y, p) 0 a(a=1~4) FRIER IR SRV EDEBE - SO @ KPPk - ¥
&R (19) B (26) » b(b = 1~2) LR EREDELR -

N4

Ny

N3

N

.AMXPIREATER -

(X1, Yi4)

(X2_1 ) Y2_1 )

(X1, Yaa)  (Xas Yaa)

(X 3 2 YS_Z) (X4_2 ’ y4_2)

Xi2, Yi2) (Xo2 Y22)

4. CMOS MR BE T &H °
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BB RO - B =Er Y B N AR T A - e S AR - 1£
HEREA PRI aEa L ESE - 206 5 Frors - ST (= 1~3) FHEH XY S A2 i (8 1 R
A FRREEAER (p2), HHER AR (o2), BUE R EIEE SRR 2 8005% 4
AR o MATSREUARFE S MESE IR+ 2l (1), ny, ns, 11, 1, 1, Q, @, Q,, @y, Qy, @) > EH

5k B BRI AR A AETE

5. e 3k B AR o

4 REERZ ARG IR R = -

I = T T T

Ngir m no o n ny 13
N, —or— —or— —or— reflected
m Nair n m ny  m
I, cos @, cos @, cos @4 1 1
L, sin @, sin @, sin @, 0 0
I, 0 0 0 0 0
Ji —sin®;cosQ; -—sin®,cosQ, —sin®d;cosQ), 0 0
Iy cos®, cosQ; cosd,cos), cosD;cos);, 1 cos150°
I sin Q, sin Q, sin 0 0 sin150°
K, sin @, sin Q, sin®,sinQ,  sin @, sin Q;, 0 0
K, —cos @, sinQ; —cosD,sinQ, —cosD;sinQ), 0 -sin150°
K, cos Q) cosQ), cos 1 cos150°
t 0 0 0 0 -0.36
Ly 0 0 0 0 25.56/50.56
t, tth+t t,+1t 4 0 60.43

R PRI TIEEE - RERHIL R R DUERIERE 21800 - SRR AN B A Z IR\ ME -
HtrleE3 A IR DUER GBI - R0 — =AY - mb 3 hn— 68 5 sk m sl — (e

0
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B RANEZE D IEIIRZE TR REEE - 2 SRR S ERCGRE REHRELZ
2 .

ARG H B2 B AR E AR 2 G ) - fEER A2 S R & ER
N BEFRTERBIER > (WA HREREF TR XY PE - BHERAEE Q EEETR 0
A © AIFE 0°~360° ZHEH ATAE - IR A Q My Nt RRRE AT T - I 2=l
TR o

W

4. BRI

AGwSCE O AR I T SR - mE T E(L S PRER - EUEEE - D
HMRAER IR ~ STERAER AR o B O R AAHIED R B ORGERE - FERER )
BREAREED P, 08 > (ER R EFE BT - HRRIE G &R EATREA -
A LMS BEOEBEE DT TERIOL B (X convoids Veenroia) * TRA AT

Fy
Xcentroid = Zzzzxp (27)

Yeentroid = W

5. 2875
e e S RS ANE 6 Ars - BENRAZA0E 7 s -

Laser
mmm Ray with 6,
Ray with 6,
R
Linear stage; [ Linear stage;
Lens c
2 Camera,

Mirror,
R
Linear stage,

Multilayer samples

l
l l » YR

>

Z-axis stage
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TEZRER 50 SRR E R M e 2SRRI E R - 2T ZART Y E R Z B
B BIR[ET &R - HHE S M8 Laser STHIGR - fGEY%E BB DUEITERTHE -
AR E T2 F5 (Linear stage,, Linear stage,) 4 5% & HI T FE IR 9ANE] A ST A EERY
Koo AR 0, FIEHERSE) Linear stage, R2ESE - fUE SO EEREESE Lens, MISEHE
[CES 85 Mirror, » @ ERHY NS SR RCESERTE T 1R SERRDAUASS /3 0, EARFHY) - FIE
Linear stage; MBI 5 EHEs Camera, FEE ([ H » FIGZ G SO EHNGE - AS
A 0, B ERF Linear stage, B0 Linear stage, 2R L (IEFHEEEEEES
Lens, MISH ST 8% Mirror, » SEARDAAGS A 6, #EATFHIY) - B & R BRI Gk -

Place multilayer sample

y

Measurement start

Move linear stages Move linear stages
v ¥
Record angle 6, image Record angle , image Skew ray tracing method
Record each spot position Record each spot position

A 4

Obtain the refractive index and thickness of each layer and inclination angle

¥

Move the motor based on the result for auto-focusing

7. ERRALE o

SR AT B B I R AR A A BB R o - a] DB BRI EART TREHUBAT gk H &% L/ \(EE
BERIHARE - B IEREE SRR E(EEE Camera, NIV EREERA GRS - SHE
{EFR% - I MATLAB HIRKEL fsolve WA KR 2 [EIE R « Iy REER AR -

HHEHREFTE YRS R - Wi AR Z MR VE  EEEEE VS
THiE - SEFTH H ARV B B - i R 5 % e B 2 B R R ] DARF PR AP ER AR
IR ] B G FR 2T

= BERBATERER

1. BESIEE
%3 SOLIDWORKS @ Bl ik B/t B 2 Ba 40k - A8 8 A » FHISH R 7 2 R i A
(ovz)g * R R TCRHIEERE - £ A AT -
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Auto-focusing
System

........................

........................

Infinity-corrected
optical system

inear stage,, mirror,

€3

“zaxsse |
LtY

8. SOLIDWORKS %24 -F & [ °

i ZEMAX SEERE BRI AR AR MR AR A R 1T 1 - DUIRRF SR U 7 B R A AR
& - B REBFOCEREHDOLE - WRFRER 658 nm » AR E By = BN AR E R
28 - B AR TAEIERE - RES2BEEME R MERERES - 0
9 Ffras -

FH ZEMAX HECH & IR IR B - BURDR ST A3 ARFRIPI R » 1857 T SO ]
FIRCGHI SR DL G - HNEREZGROEB BRI — ML A2 FHE R R A ST
ELAIEEA - Ktk GRS - HATVIEUR RIS XY ARG RE > SAREERA
KZGRIPDEHRE - B EMEK AZE MATLAB B8 - MAZAE 10 Fos - S g
I ZE 7 s Excel £430 » H MATLAB FEIUAST A 0, HIEEREE - BEEMATEBRE
DUEERE (i, )) faaf - WACsk G ZEDEAIBRRER -

%5 DBSCAN 70EE: » EJRERRE - DA A — (IR e Ry B 3R B0 R B O ATE (6 EE
RPEEE - AEMEREFEGESERNRABE S FEEE - FRERDBE > R
AREARN DR B REGHIEDERI B R0 - K-medoids 73 HFATCIREE 3B k (]
A UCREROREE £ (EREREL  BEER VAR EIREAR: - B R E AR SR
O EIRTEEEE - DA R ARHERS n (B D BRI RO VR - B PR T AR, Z Y R
B - EEREEEN R N AB TR L o DUSTRRE ORISR OB - E BRSO
I EISE R -
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z

kv

0,
Laser Laser
Laser, e Laser, s
Mirror;,
Camera; Mirror, Camera;
Multilayer samples Multilayer samples

22

9. ZEMAX #i#t 24518 -

1. Read the table of angle 6, image.

\Y

2. Record the position of each pixel where light is detected.

&

3. Use DBSCAN cluster analysis to break the dataset up into groups.

e

4. Use K-medoids cluster analysis to find the spot center.

&

5. Recognize the spot number according to light intensity.

e

6. Repeat step 1.~5. for angle 6, image.

&

7. Trace the ray paths based on skew ray tracing method.

O

8. Obtain the thicknesses, refractive indices and inclination angle.

10. MATLAB » #7742 -
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DBSCAN 73 BHERA #2 2 2DEAIER SRR 70 i B - HERE B R BB ]
W7o - o BEAE R EL B IE R IR E e - SREFHDE ERA E RO - EEMEFER -
K-medoids 73 BHEKETEEROAIE - HERE T EREHERL - SREHDEAELALERE -
HEEW BRI EE - B REVER - RN AR L - AT s - IO
RSV UED LB AER DAL E -

RIFOCBERESRIE - AR B B A /T R - ¥ T IR o B AR
BRULAC - B 55— ASANGREFRER LS - a5/ \EDERE - DIERDERLEDT
FBEHDERREET - WFFH MATLAB MK fsolve AR HIFT KA IERE ~ 7o REL R}
A -

FEOLEEEER TSI P S B B T RE R AR I V)R S e 1T - TR ERG IR0 T

FER 2+ ST 8

mn ) ) t, (mm) | £ (mm) | £ (mm) = Q(°) @ (°)

HERE | 1.7648 | 1.0000 | 1.7648 | 1.0000 | 1.1746 | 1.0000 | 1.0000 | 60.0000

i fEfEE | 1.7661 | 1.0000 | 1.7519 | 1.0007 | 1.1879 | 0.9915 | 0.9970 | 60.3179
ARFEE | 0.0013 | 0.0000 | —0.0129 | 0.0007 | 0.0133 | —0.0085 | —0.0030 | 0.3179
H5k | 0.07% | 0.0000 | —0.73% | 0.07% | 1.13% | —0.85% | —0.30% | 0.53%
HEER{E | 1.7648 | 1.0000 | 1.7648 | 2.0000 | 1.1746 | 1.0000 | 1.0000 | 60.0000

0 fEfEE | 1.8011 | 1.0001 | 1.6796 | 2.0481 | 1.1787 | 0.9451 | 0.9992 | 60.1123
AR7ZEME | 0.0363 | 0.0001 | —0.0852 | 0.0481 | 0.0041 | —0.0549 | —0.0008 | 0.1123
Bk | 2.06% | 0.01% | —4.83% | 2.40% | 0.35% | —5.49% | —0.08% | 0.19%
BzR{E | 1.7648 | 1.3300 | 1.7648 | 1.0000 | 1.1746 | 1.0000 | 1.0000 | 60.0000

s fEBHE | 1.7136 | 13316 | 1.7773 | 0.9682 | 1.2049 | 1.0062 | 0.9969 | 60.2921
M | —0.0512 | 0.0016 | 0.0125 | —0.0318 | 0.0303 | 0.0062 | —0.0031 | 0.2921
Hokt | —2.90% | 0.12% | 0.71% | —3.18% | 2.58% | 0.62% | —0.31% | 0.49%
HEHE | 1.4563 | 1.0000 | 1.7648 | 1.0000 | 1.1746 | 1.0000 | 1.0000 | 60.0000

" fRfE(E | 1.4817 | 1.0004 | 1.7177 | 1.0227 | 1.1823 | 0.9700 | 0.9982 | 60.193
ARFE(H | 0.0254 | 0.0004 | —0.0471 | 0.0227 | 0.0077 | —0.0300 | —0.0018 | 0.1930
Hat | 1.74% | 0.04% | —2.67% | 2.27% | 0.66% | —3.00% | —0.18% | 0.32%
HER{E | 1.4563 | 1.0000 | 1.7648 | 2.0000 | 1.1746 | 1.0000 | 1.0000 | 60.0000

s FEHEE | 1.4729 | 1.0004 | 1.7064 | 2.0287 | 1.1848 | 0.9626 | 0.9977 | 60.2261
FRFE(H | 0.0166 | 0.0004 | —0.0584 | 0.0287 | 0.0102 | —0.0374 | —0.0023 | 0.2261
Horkt | 1.14% | 0.04% | -3.31% | 1.44% | 0.87% | —3.74% | —0.23% | 0.38%

Bz FFRATH - SREHTH RV TITE 0.0852 LUT » RIRERYRRZ SFITE 0.0512 DA
T FEHERAA R RIS - S5 SREARE DRI R MR - ST R R HRR
ZPEITE 0.0549 mm LUT - BURERYRZEFII4E 0.0481 mm DA - ERAE Q BYRRZEFE
/MR 0.0031° > T ERIAE O HYRRZFIBIRE 0.3179° » Lalifs st 5 n] DURRE AR HY
AT REEE T EZEEN - (EREENEEE T SRR - 28 =R R
MG HTRRZER > 7 SER A o FURRENARE X #EiERAE Q -
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2. BB RRIE

FrE iR 2 B R IB 3R 4 2 RMEETHE - (HERER a2 85E - &
SR N ERS R B - RI/E BRI A RS MR IR IE - DMRIEE 4 2
S8 AT B A AR A = (E R = - RS R SR « WafE B R S ARG
WERUETTH - 3 PYIEZ SRR - AR 11 Fos ©

1. Move the mirror by Z-axis stage.

&

2. Record the position of spot.

If reference image is enough

&

3. Define the matrix of each reference plane.

&

4. Trace the ray paths based on skew ray tracing method.

Y

5. Solve the geometrical error of the system.

1. RIEAAZR -

B ERZHFERSEVH - FEARARERIYIR - UG RIS HIS S §1 5 =]
JEHES - SESTHURAE Z = 0 B XY SPEPHT.Z P © #8502 SRRyt - o A
MINLE - BB B - REELIE 12 Fir o PSR "4, aTRR R

1 0 0 O
1
Ry |01 00 29)
0 01 z
0 0 0 1
R - BEOEEHIITZE CMOS I - {RIRDA N E -
if_? = RAiil (Ré—l +4, § zi—1 ) = RA? R}_)i (30)
R— RA i— (31)
gix gi—lx + 2VixC0i
oo i, +2vco | - _
R Tt e M 7o) (32)

giz f[—lz + 2V[ZC91-
0 0
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fLskEHE 225 P Z WA O ERE - EEPER 1.2, HFI2HHEH » fiE
e AZE A S AT S G TR PRI S E 2w - B R R T A
(A RN O - SRR SR L ARG E - R L IR R M B HR A
BRI - SERE BRI L

Image of CMOS

(X3 Ya) (X2, Y2) (X3, i)

Mirror

B 12. # A RIETER °

BIZIE 13(a) MUEERE - 7o B AR R SR R BB PR R DB B - 8B HI 2
HEPEE PR R R B - RTESIERT X SR 7.2135 mm » Y J5AfR% 0.6534 mm - 1]
& 13(b) AlEIE®R. G nREEERERESRES 2 FVRNEREECEE
& FIRAMAIIETERL °

X 934.782
Y 1457.33

IE

X3947.92
Y 1728.2
-

(a)
B 13. & B #1425 36 L3 (a) RIEAT (b) RIEFE ©

3. BEERHEE
ARG SRR AR BE R S AN E 14 Fs » A EZLL LabVIEW FERIE BRI ES
M - S HAAG B > (A TEANE 15 Fs e

4. BREAER

HRAEEA=Z0tER CMM HIE - CMM BYE 7 =08 fa il B 3+ IO i
HIVEEE - NS MERE SR s Mg SRS ZE B K E 5 - CMM ]
JE B AR R SRR ZEAE 0.0367 mm DA » AR SCHYE EEHEEw(E R CMM HIE 2 AR -
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Infinity-corrected
optical system

T

Lens,, Lens,

-

& 3 =3

14, B A G MR 5 o

ccot Buffer number  Realtime Snap Image

[o |
—— i
Frame Rate

2p SA0E80 a0,
! :

0 |UO|
Image Path
Ror 1C
- —
Data Path
fos =

Excel name

. 4 SnapJ B siop |

. Image Image 2
- Image progress

Threshold

o]
Lower Upper
“[150 J 2 P

Replace Replace value
[255 ]
Number of Erosion
o
BCG Values

Brightness (default = 128)
=
Contrast (default = 45.0)

Particle Measurements {Pixels)
Z1|45 T

sl l 2n [372275 167184 |
Gamma (default = 1.0) 1

- —1|3835 16715
ok I [154081  [z17505 |
Operation 168902 217184 |

AutoM

15. LabVIEW A4 °
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TR & B i B = e i R R Y R RRRIE E Ry Air (n = 1) - B NEB AL 3 S
Bl 3 FEEE - 43 BISE Sapphire (n = 1.7648 » t = 0.5,1) ; Fused Silica (n = 1.4580 » t =2) ; ZnSe
(n=2.6310 " t=1)  [FIME T8 B NERRIY AR - S ERES =1 EHR
B RLE SR =8 - BIESIRER TR =(E - FFHEZRAE R NHE (ny, ny, 1, 1,

Q, d) -
FHAFHYEEEE R - DEBERRHEENE - £ 6 PHERELREE IR T
RZPEE - BE ] FF T3 RAURREF1E 0.0821 LLT - B R E R Z= P HEHE

0.1452 mm PAT - HERHAEE Q FURRZ /N 0.1491° - ERHEE O BYRRZESFIIBRSE
5.6610° -

K6 EREMBRER -

n 1, fi(mm) 6 (mm) Q(°) @ (°)

HEm(E 1.7648 | 1.0000 | 1.0364 | 2.1746 | 1.0000 | 0.0000

- HEE 1.6827 | 0.9912 | 1.0195 | 22949 | 0.9443 | 3.9399

RAEE | -0.0821 | —0.0088 | —0.0169 | 0.1203 | —0.0557 | 3.9399
REESIL | -4.65% | —0.88% | —1.63% | 5.53% | —5.57%

HEmE 1.7648 | 1.0000 | 1.0364 | 2.1746 | 1.0000 | 65.0000

0 HEE 1.7599 | 0.9628 | 1.0802 | 2.3198 | 1.0042 | 70.6610

MM | —0.0049 | —0.0372 | 0.0438 | 0.1452 | 0.0042 | 5.6610

AT | —028% | —3.72% | 4.22% | 6.68% | 0.42% | 8.71%

HERE 1.4580 | 1.0000 | 1.9884 | 2.1746 | 1.0000 | 0.0000

s HhE 1.3775 | 0.9909 | 1.8561 | 23108 | 1.0559 | 3.1152

RAEE | -0.0805 | —0.0091 | —0.1323 | 0.1362 | 0.0559 | 3.1152
METSE | -5.52% | —0.91% | —6.65% | 6.26% | 5.59%

HERE 1.4580 | 1.0000 | 1.9884 | 2.1746 | 1.0000 | 60.0000

" EhE 1.4415 | 0.9704 | 1.9641 | 2.1110 | 1.1491 | 62.0377

WEEE | -0.0165 | —0.0296 | —0.0243 | -0.0636 | 0.1491 | 2.0377

METHSL | -1.13% | —2.96% | -1.22% | -2.93% | 14.91% | 3.40%

=EEF R RIUE - S ERRDEEE R I - SR RER I A R AT A - FRE R
HIECR I (ny, ny, ny, 1, 1, 1, Q, ©) FHAFFHIYEEEH AR - DESEARMAVERENE » £
7 R E B E R E R TR SEIE - BIERER 7 Rl - IR ERAVERESEEIAE 0.5758 DL
N BRI YRR ZSEEITE 0.1128 DUT - BEEERIRRZFIITE 0.2636 mm LUT » HiFIEHY
ARFESEIIHEEZ 0.1909 mm LAY o ERMAE Q AURRZE /MR 0.0852° ¢ TERLAE © HYRRE
SEEJRAT 4.2825°

=A
g ~ l\:I!I:ﬁFFH

ARe SR —E AT R AR - M EHRHTRERIR £ 2 L E I P 3T 5 R
EAERE - hEEEHPTRER AR - SEERAENAINE - FOLE BRI RER R ACE
TG ITH R AR ZSFIIAE 0.0852 DA - HIRE HYRRZFEI1E 0.0512 DU » 2RISR AR KA
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kT ZREWRRER -

i n, ) ty (mm) | £ (mm) | 4 (mm) | Q(°) @ (%)

HIEH{E | 1.7648 | 1.0000 | 1.7648 | 1.0364 | 1.1379 | 1.0367 | 1.0000 | 0.0000

45 fEfRE | 1.7565 | 1.0509 | 1.5022 | 1.0632 | 1.2930 | 0.8793 | 0.9856 | 0.9257

ARAZE | —0.0083 | 0.0509 | —0.2626 | 0.0268 | 0.1551 | —0.1574 | —0.0144 | 0.9257
HOM | 047% | 5.09% |—-14.88% | 2.59% | 13.64% |—15.18% | —1.44%

HEHE | 1.7648 | 1.0000 | 1.7648 | 1.0364 | 1.1379 | 1.0367 | 1.0000 | 60.0000

6 fEBR(E | 1.6988 | 0.9746 | 1.4984 | 1.0270 | 12345 | 09323 | 1.0852 | 64.2825

R | —0.0660 | —0.0254 | —0.2664 | —0.0094 | 0.0966 | —0.1044 | 0.0852 | 4.2825

Tk | -3.74% | —2.54% |-15.10% | -0.91% | 8.49% |—-10.07% | 8.52% | 7.14%

BZR{E | 1.7648 | 1.0000 | 1.7648 | 0.5317 | 1.1379 | 1.0367 | 1.0000 | 0.0000

o FEBEE | 1.7655 | 0.9414 | 1.4447 | 0.5546 | 1.1441 | 1.0888 | 0.9184 | 3.7282

A | 0.0007 | —0.0586 | —0.3201 | 0.0229 | 0.0062 | 0.0521 | —0.0816 | 3.7282
Bk | 0.04% | —5.86% |-18.14% | 431% | 0.55% | 5.02% | —8.16%

FZRE | 1.4580 | 1.0000 | 1.7648 | 1.9884 | 1.1379 | 1.0367 | 1.0000 | 0.0000

48 fEBEE | 1.5025 | 0.9389 | 1.3292 | 2.0719 | 1.2823 | 0.7731 | 1.0113 | 2.6569

A | 0.0445 | —0.0611 | —0.4356 | 0.0835 | 0.1444 | —0.2636 | 0.0113 | 2.6569
Bk | 3.05% | —6.11% | -24.68% | 4.20% | 12.69% |-25.43% | 1.13%

BEm{E | 1.4580 | 1.0000 | 1.7648 | 1.9884 | 1.1379 | 1.0367 | 1.0000 | 30.0000

o fREEEE | 14262 | 09793 | 1.7946 | 19320 | 1.1523 | 1.0574 | 1.0642 | 32.4466

RFEME | -0.0318 | —0.0207 | 0.0298 | —0.0564 | 0.0145 | 0.0207 | 0.0642 | 2.4466

Hokt | —2.18% | —2.07% | 1.69% | —2.84% | 127% | 2.00% | 6.42% | 8.16%

HHGRE | 1.4580 | 1.0000 | 2.6310 | 1.9884 | 1.1450 | 1.0296 | 1.0000 | 30.0000

410 fEf(E | 1.3452 | 1.0146 | 2.0552 | 1.7975 | 1.2189 | 1.2684 | 0.9543 | 32.6203

PR | -0.1128 | 0.0146 | —0.5758 | -0.1909 | 0.0739 | 0.2388 | —0.0457 | 2.6203

ok | -7.74% | 1.46% |-21.89% | -9.60% | 6.46% | 23.19% | —4.57% | 8.73%

HITFIIPIE - TS RSB DR HHRLIE F Rl A R - ST R ERIRRZEI(E 0.0549 mm
DT » AW RYRRZFETAE 0.0481 mm DUT » ¥ X SAYHER A E AR 22/ A 0.0031°
M Z SlAER A E © AR IR E 0.3179° - HERESREAKE » FEITHRHE=
£ 0.5758 DA - ARG T SRR Z1E 0.1128 AN » FFEERERRZE 0.2636 mm DAA » Bl [y
JEIEFERRAEAE 0.1909 mm DAY » ¥ X SEYERAEE Q 32/ R 0.1491° » ¥ Z SHIER] A
& @ FRAZ/INR 5.6610° ©
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