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Fabrication of Micro Tandem Lens Array by Glass
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In recent years, micro lens array (MLA) has become an important element for optical systems. One of the most
important applications of MLA is to uniform the intensity of light. The alignment construction of double-sided
MLA is easier than one-sided MLA. The MLA fabricated by glass materials could be used in high energy systems
or high temperature environment, such as laser system. Glass based MLA could be fabricated by laser machining,
photolithography and precision glass molding (PGM) technologies, but the former two technologies are not suitable
for manufacturing. In this paper, we proposed a manufacturing method of double-sided MLA by laser machining
and PGM technique. A micro holes array was firstly fabricated on the surface of silicon carbide (SiC) mold material
with the diameter of 500 um and depth of 200 gm. The double-sided MLA was then molded by PGM process
with two molds. In this paper, the parameters including laser pulse repetition rate, laser scanning speed, molding
temperature and molding force, and the characteristics of double-sided MLA such as profile and refractive index
were discussed. We obtained the result that the double-sided MLA with the diameter of 20 mm and each lens with
the height of 52 ym, the radius of 851 um, and the pitch of 700 #m on soda lime glass.

BHEITASE =1+=55_#1 100.10 15



1.
FaBERREIIRT T ER -

il

_‘ﬁﬁ

02 SRR 1 B2 FE FH A EE R4 I e 2
e BEESFEDEEITHE  ARCRI s - B AR
SEH  SEREIE S AIMAD RS MIHES
FEIIRE » BOEHAERT AL » ROEERE T HYESR
EREHEACETRIY - HIR R EmEEsRE Y]
O [ o B PR AT 1 5 e W ] B T o S T (R
(IFERE o STERERE TR HHET 2 OB SRS 2 BUFE
7 B Popovic il Hutley 4332 1988 K 1990 fif
FEIA (reflow) Y+ Lee 2 2001 4EFI FH 24 BE =]
15D~ Cox A 2001 £ FH B (droplet) 2©
Sizinger A 1999 £ JKHEEEE (gray scale) 27
Lee fA 2002 - FH LIGA 855 K Park 2 1999
M FHEIMSER I BE -

HFEM A B S - iR EY)
B EELEY IR Z R SRR
AR FEHE FHAS A S Bl A it & HL s B R B
HARUE SRS - B S BIRE O] [F] 0 R S R f
EREYEERE 0 RO RIEERTE - #]EAT
I TERE SRS E A E I A 5R 7= - (ERIIE
AR N T ER S E - WL AR
E I TR AN T bR AHER A RS A B
R+ FR B Rl (S B BN TR - HORIE
=T FrsE 2 USRS A R~ - pilanmE
BB B INE o BRI PROE M E A R B 2 T
HIL  RERIEFIRYERETRE K -

- BRAEEDER

i FERIMY (UV) &5 (AVIA 355-14, Coherent
Inc.) fEIALIY AR E EAEFLEE 500 pm ~ FE

16 BHEFTASE =+=55_81 100.10

200 ym HHEER 700 um 2 BIFLEEZ - 6 I
= FIAEREREHE - E @RI EESER
# (207HV, Toshiba) #EHCE {7 B EER (alignment
fixture) 1£ 8IS 1 AP BE I (G2 R 51+ AT 1
A DRI B SR IANIEAS & Bl 2 A LIERED - JREN
RO EE S I LR AR CREMEE N S B R TR
AFHBE R - BT (RER AN T B 2K - Rl
ML o 2 B FRE & S Wi R BR BB (VK9700,
Keyence) + B B S ] A I 5 =R 201 &
H R R R AT A R E S BERRARAE 2 BT
e

1. BEsM K

BB ESE R AT A A B R ma R 2
el - R (Si0) ~ kbl (WC) DUk
HiFEhR (glassy carbon) EEH RAYECAEL - AH
B i LW E R AR » H BB TR
S RAME 20 mm DURJEE 10 mm o 17 b ]
TERBFLRE S - SELTRAFL N TR R — GF B (L (]
EAGHE - AN 1 REE - RIS E BRI E R
BN B LS R TY T A - AIEE
B L2 RS A S B I TR RN e - HIEE
B AR AR UIEGE I TREIE - ARSI E
R sy - A R] R ERR B T e OSSR R
R A o BIPCES S Z A RHE FH El3:
# (soda lime glass) » HIENMEE ~ RESEE - E
v HLEAS R - ISR AT B0 F 2 shB 38 s YK
20mm ~ B 1.2 mm ©

2. BH M IR
RRAEH B BERSHRE AR - S (0 A sl
AR T AR B EINE B HE - (HiE i in 5



Mold fabricated by
UV laser

|
. 2

PGM process

!

Measure by confocal microsocope /
refractometer / SEM

Results and discussion

2. BEBRAAZE -

NEEH TR RSTRIRS] - SR oK RS i &
L BEHHEARCEE RN - BT B <
RN S BB RS RO 30 um - HOGE &0
s - B 3 BB T RAMRER - BHE T
JERERE=CI0L - AR iR Tt N - I
THEHERERAEIN L Y5 L ANFREINRE - 7]
HERA AR 248 -

ST B EE R0 T A R g E R
(recast layer) * {H2# R EEAG M BHAI A & F L
52 R & 0 P B BT I LR e LAY BRI T
TRHIBFLASHS - B 4 RES LB (1 5s)
BHRBEREMBE (ALRY) 2 P8 Lk iE - B rl &
HHEE SN C S AR A B R R P S HERE - B

Recast layer

3.EFEHALRMTEHE -

H B AR W - MM R EEE
g -

R R R R E W I TR E R 2
) B R R PR D R~ RN RR
ARAEHE RN TAE - REBERHEER 355
nm ZEIMEFE R - BEOIRSRIR RS T
TN - $HEIITERE 50 —500 mm/s EFTHIL
o BT 0 BT AV DR 143 W o h4h
TR E EE ARG B E S IR AN -
FLIEZFERE R IFE N & S B A S 2R - AR
WgE RN L E T E R AT -

3. IR E R

HOERLE R A A RIS ~ B EEHRE
KRR B HH A S T S R R, TR IZ
Rz EEERELETl - RS RREETEE
BB SR TR IRE » — S =R R ES
(At) IRE 20—30 °C » ZRMEIM &R L - &

& 4.

(a) &8 (14 4)
1 (b) K& M H
(BACEY ) 48 Gt
ITHRERBHIR -

BHEIAIE =1T=465_"87 100.10 17



CEREURAEE B TTHE - R AR AT RO T
P BIAE - — S ME/NR 50 mm ZITff
{#55 30 DN E - B 5 B3EELE s
P EREERE - BOEEE R T HEE ) E
e MR TR 2B AR ST A R A 7 5k 38 5 2
FERE - $1%F 680 °C Hil 690 °C HUfEE TR EEL 500 —
2500 A-HEAY S 78 R AS H 0% 85 5 dim BT Y
W -

S B RS R B R - AL
TP ERED - NIRF & B BT SR - T8y
T o SR BB G N E] e B ER
MR ME - BRI LES FREER 2 BIEE
& (TAF) Pt & =R E H 2 E
ESaz > BRFH 1SO 489:1999 AT & 3 B il 5 7 Bl 25
o ASCEETH R AT - AR RIS I R A
EERRRIT A R LS - DI R E LR T2
B EISHIE BRI -

e IS BIERY - JH A AR IR
AT - RlE AR - KR EY SRS B DU R
S fEPra R EESE - B EECEZSHE
HIE SR - RS SRR - BOE R fER i
NERFIER E o RRIRIH B H 2RI - AR SR/
TR R e 22 5 -

= - fEREETER
ARG AL OB - BRI BILAY

o BALFLERR > RS R AR B AR
N SEREIFLAE - RS IR RN B T - T
BRIV R ERAIBGE S - E/NIFLE - B SIE
S TR R R R TR A ) - SR S
DA AT A BH ZE S AR T SRR R H - AL LA
FUEFEMILALE Ry 500 um o DU 53 BIE LI
B ER AR EAER - R - LSRR
e Rt © 15005 I R BREE  B DLR [ o P AR

aof HCST A B T GO S R 1] 2 S (i B BT B SR HU R
2 .

1. WFLERERYEE

PO SRS VE 2 8 FR & S A Bh Rt o RE
#9510 - R ESR A E VSRS - Bl E
FTREME )t 2 MR, - (AIL - B SR ERY AT
R EFREYIRY S RE TR o A
SRR ML ERMEER - HERERTE
W E B B R SRR R NS
BIRErRIEE - ANE 6 Ky N[ (L R PR Y R 5 S i
EEMSTZG - LR 500 pm - R HAFLRE
PH 600 um f » HHFLEZE ISR 100 um » & 6(d)
RURNILENEEIN - B MrLES TS - ik
I OESE o BAIN TRYRE (2 — Bk 8 5 B 2
P28 - BIRESE AR ME S - B 7
53 A R LA 500 pum FEFECRTER 700 wm PR FLAR 400
um FEELREE 600 um ZHAL R « F BB 4
7 e B B SO T W 3 - SRR ALAR 500 pm B

RSB SRR B B - HE s R fEgE 700 um Z A EHEREREE R -
D e "I:'emperature |
800 — AT =%—Fore 06
] 1IB1C 11 E
T 1 10
e9eqao0q e“ A : Stable temperature time
ol B * Holding time L. =
600%) C : Molding time (P1) 05 2
D : Molding time (P2) 3
I _ E  Cooling time S
400 S8 04 2
1 5
o
=
200 —0.3
5. 0 440000000000 0¢ T 4000000000000 0 00000000000 0.2
0 400 600 800 1000 1200 1400
% s 1, o A
PR ERAZ R B - Time (s)

18 BHEITANSE =1+=462_"47 100.10



2. EHIREEEERITE
BEHINTAYPE R (1) PIRR T

t=fx At (1)

B Ar BIRERME - EFEHZHFERE
By 30 us o f BB ARE B A (pulse repetition

frequency) HRRBEHTER A DFRR R P, - HE

2

6.

A= 3L = L e & B s %
1% > MEMBAMERZES (a)
600 um ~ 200x » (b) 550 ym »
200x » (c) 500 ym > 200x - (d)
500 gm ~ 1000% -

Hr-p ﬁﬁiﬁﬁ% 11 B 8 R A /E I AE T B
ZRER ERIEFRAT ¢

ty
1]
A |eo

€)

Hrf A B BBEHATIN LA - R &5
SRR EIERE - SR ER A E RS

A== )

20000. 0 ™ um 20000, O B L e

10000. 0

& 7.

#4= (a) L 500 um ~ B ZE
700 um * (b) FL4E 400 um » F
¥E 600 um

FHEFTAME=1T=%%_ 100.10 19



160
Q

140 -
_ o} L
€
3
(0]
° \
£ 120 o -
(o] ",
£
=% S
a Q i

100 - N

80 I r I . I
100 120 140

Laser pulse repetition frequency (kHz)

8. & 4TIk B & AR 48 F A LR L AR

Hrpr d ByESPOURER - $H¥ AVIA 355-14 54
JEES - HEFDERERR 30 um

FHAZC (3) ATAN - AR B2 M B B 3 25 BT e
BUUE R E A IRE BRIk BRG]
FH IR THE - £ 1 BRIk E EEER 2
BN HASERE NI - a7 TR
TERARR - St E IR R R R C B LR R
AT E R - REIRANE 8 F - IR R IERALR -

500. 0 500. 0

9.
B H Sk E AL R e T
Z £%3L » (a) 110 kHz * (b) 120
kHz > (c) 130 kHz * (d) 140
kHz -

20 BHEITANSE =1+=462_"47 100.10

&1L FAIRAEEARSE R By R

Nk EE AR (kHz) IR (W)
100 143
110 133
120 12.2
130 113
140 10.4

RN NIk B R AR n SR LI - B
R LR RS kL » N EALFEE - K
FH 100 kHz 2 Ak & B A A=A N T bRV A -
9 SN[ AT BB AR AR R 2 G A T T i T RO i FLAS
R AJBHEEE KRS - ERFLRE AR - #EA
FEH N TR R E EHAEREGR  (EAMRZ S
WA - EFLIES TR A e SR AR R B A R -
DA B feF LTS B R A 36 155 £ 2% 1 o B I S ]

2 R

3. EHiRERENEE

A R LR > AT ARERT IO IR - BTN
TER - (BEFHEEER - SEE R IIENE
SREERALA/)N > RN TR & K - S IRAY 1T

S00.0
250.0

250.0

S00.0




800 T T 1T T 1T T T YT 1T "7T1°

600 X

400 — —

Depth of hole (um)

200 ™ -

0 T I T I T I T I T I
0 100 200 300 400 500
Laser scanning speed (mm/s)

10. & 4H47 5 1 R AILIR L B2 18

AR o 2 S R SR T R S e P A
R RErE SR SO R B RN - RS
SEAE o MRS AT TR - bR TR IO TR S -
KR SEEE SRR - Ly R R 2 E A RE
B RO LS PR - B 10 Ry EE SRR
JEEGSFLER LI RA (1B - BB DN TN - AR
IR AR - (ERMILEERES TR -

11 f2 A [F] 5 5 ol B B 2 1 -
11(a) BAEETE Hi DR 1 00 P 308 120 1T i Bl Y 1 SE 3R
FLEERE > I E BN TR R EMALEE - EF 4
TR 143 W BIBREE TS » 22001 T5EE 400
mm/s {ERRALRY R AR LIRS [ 12 Fbie by
B B2 BFLES » BALRY AME R 20 mm » &
MFLER R 500 um » °]BHEAE - 2R G (T
A PSR IE HERS -

4. REHRIRIEAIEE

A RIS 35 i T 73 R B UG X B g s R
PREL - FEEBECRYRL D - Ry T R DR
RIFGE BRI =R ST AR - B S e e
pE TSR ARGR B R ZE - D R RS R e A
MBS ERAE - —RiITE > FRETERGE
i 30 ppm © MIEREREAER R H22iREEGE 7T
HARGIRRERY - BEEICIFBOP AT IR R B ) B R R
A - & 13 S hl R E R T DU AER
RS PP I E S - AIHEE HFRH AR
HERE R ESRA R S EEE N E R
BRI RIESE - % 2 P MBS RER - 7F

11. 7~ B 447 6 3R BT e T2 A4= » (a) 50 mm/s * (b) 100 mm/s * (¢) 200 mm/s * (d) 300 mm/s * () 400
mm/s * (f) 500 mm/s °

BHEIAIE =1T=465_"87 100.10 21



12.
ALE A= -

13.
£ (a) B 0 (b) AR T R
ﬂ:/ é’]ﬁil&i}i

FEIFIH R B B T - TR AR TRIROE SR -
HSERE 130 um » BEERATE 523 ym @ (HE2HZE
REE FRIRUESE - S 22 um » H1%E 3130 um °
BReERn T URMIR © EHEEES - HEEE
ZefEdg T o (EAA EEEERRGT » KI  BEFERRC Y
1 R s CLARME R = P e (E ﬁﬁ%ﬁﬁ’ai’%”_
ARSI - (HIL R TR Gt R Rl R e 2
RREER PR - HIRERK - lﬁthﬂ:&
FERAE - FTUEBESR = ERIE - AL A1(E
PSSR PR B2 BRE PP - RILAVAE e
TR IIRAZRE » B E AR IR R R 2 8

250.0 500.0 703.5

S00. 0

250. 0

S00.0

5. RIS ERERNENTE
HOBERLEEAET - REEAMEEH 2 EEE
S BRGSO R - BOSEEAE  FOEA R
i lERR - ST S RY - [ 14 Bx o BZERE
o ARy 690 °C B - ANGRm I fGE Sy Y b
BT T A - ERCE S S SR 680 °C
RFH= L EE@%%FEEE%TE%?J%%&W%HD °
Besh - &S N AIMESE R EE AR B R
ARy MECERERESR M L (Z25E 1) I
BERR TR E R ER S GBS AEEREVEE
FEUINEY - BRSO e B R = - RILH3E

DAIFF & IO RIRR RS - THRRESER T FrlE R RS T
*® 2. Surface Height (um) Radius (um)
T~ ) e ¥ 3R 3% 9L 3% S5 90 S Bl With Vacuum Upside surface 8 6919
1%k o (2-step) Underside surface 22 3130
With N, Upside surface 121 560
(2-step) Underside surface 130 523
Parameters:
Molding temperature 690 °C
Molding force P1 : 0.5 kN ~» P2 : 0.5 kN

22 BHEITANSE =1+=462_"47 100.10




100 1 I 1 I 1 ] T I Ll I T I L] l T
| P1:1kN L
¥ 680 °C Upside surface
80 | D 680 OC Undgrsme surface o - [®)]
@ 690 C Upside surface P |
|| © 690 °C Underside surface | -~
5 e i
60 — y R
2 e
Q - —
© .
5 40 0 I
9 ’
I | L =
o S L
o BB
207 g ~® -
0 T ! T ! T ! _l__# T T T

0 0.5 1 1.5 2 25 3
Molding force (P2,kN)

1448 1% /8 E LA S = L WA -

FRpEsEmERER T - BRI AR REREE
(B - Kt - FEHERIMET - B - Bl
RPN - 200 15 Fs -

BESNEREE 14 BfE 15 el E BRI 680
°C I+ EBGE T E/NA 1500 40 - BUESUR S
A - BANRBGE R EAE TR E AR - (HER
IR - FHE B R R R AR - S IREE Ry
FiE - HiE RS g R ERCERER S
o JNEEEEEM PR ERERE o SR
EFHEEA - BRERERE - A EEEEEEA SR
- LA T AR SRR R AR 52
PRI IEG DA 7 R 45 i O 1B T P AR 1S i R R 3k -

6. IR EHEHINEMEITHRZE

PRI Ry 31t 3 55 AR PR AR B [ R P B - 8
AR S - R A A e 22 BT 5T 2R 8
ERYEAL - A - AR B e R S 8l
TR B BT B R A2 iR E 16 -
FERER NI ZEHE » 615—695 °C HYIAE $HE
& SRR AR B RHT B SR BT A TR TR
I JHEL R S T B SR A B AR R - (HR BN
NEdiE 0.001 np (np B 589.2 nm Z I R E
HIHTETR) « Huang S A" (EEFSRIGHER 5
mm HYIFIETTOE - FERRE R 37.2 °C/min FF @ &
i B TR T SR LRy 0.003 np,  ER AR AR

25000 T I T I T I T I T I T I T | Ll
i P1:1kN L
B 680 °C Upside surface u
20000 — | D 680 :C Underside surface —
© 690 C Upside surface B
N || © 690 °C Underside surface
\E; =
@ 15000 = L
kI |
= - -
(2]
2 10000 — N I
-~ 0O
g | e K
5000 — BT -
o.. ® g O---O
] TO- - e -
N . 8
0 T I L I 1 l T I L I 1
0 0.5 1 1.5 2 25 3

Molding force (P2,kN)
15. 8% 1% /8% SBGE Sl R B4 -

Cooling rate ("C/min)

10 20 30 40 50 60
L l L ' L] I L l T

0.004 = < Cooling rate
3 ! <  Temperature
£
§ 0002 |-
kS
E -
> —
5 o * &  * — &
el
£ L
()
=
B -0.002 =
o
&
5 H
o

-0.004 =

. | IR 1. 1 N
600 620 640 660 680 700

Temperature (°C)

16. B 2608 E B 58k R HIT S R BE -

FErR B RHEEE Ry 1.2 mm o AL EGEBFE R
R R AT B R R B )

17 RS E oA SR 2 SAE - AE ]
E SN I s EE T TR OE SRR Y - [8] 17(a)
(c) B EBOESZ 400 (SHCKIE - B 18 R mEE
Y 2 R B SR BL TR T B R E o [B] 19(a) B
AR BRI - B 19(b) ~ () > (d) 73
AR EFA 200 ~ 400 ~ 1000 %2 H@i LM E
W2 E - B 19(e) BHEmEE SR - HE
HH AT S SRRy 851 pum - HREE

FHEFTAME=1T=%%_ 100.10 23



2000.0

1000. 4

0. Oum

3000.0

2000.0

1000.0

0. Oum

. 4
15000.0

10C00. 0

5000. 0

400.0

200.0

-

17.
ks & E 0 (a) 400
4% > (b) 200 4= * (c) 400

# -

18.
MES R 2 MRS
FIEAME -

10000.0

5Q00. 0

0. Oum

Mism

65.00 (e)
40.00
20.00
: 19.
| um
0.00 N
0.00 100.00 200.00 300.00 400.00 531.56 P =% > s %
a) ML sz si7;
Profile Horz. dist. | Hght. diff. | Hght. ave. Angle C.S.length | C.S.area R Comment ( ) & ﬁ T $~ §J i @ 7 %
All 531.563 um | 0.087 yum | 42.991 um 0.009° 598.965 um | 22864.517"- ) (b) 200 /f.g- ) (C) 400 /f.g- )
Seg.1 460.352 um | 52.422 ym | 48.433 um 6.496° 516.180 um | 18664.229-- .
851626 um (d) 1000 4 °

24

BHEITANSE =1+=462_"47 100.10



20.
50 mm X 50 mm X #ALE AL
1= E ST -

EES R 460 pm K 52 um > HSE SR IE 700
pm ° & 20 AFEFH 50 mm x 50 mm ~ #FLALEE R
500 um ~ FEEE Ry 700 pm FIRE LRI BUEE L 50
mm Y EE I fCE SR ] -

g ~ I\Egﬁ

ARHFFE 6 R B BT I TR E iR LAY R 8
PAFLIEA - S22 B B A T i S B 3 |
FEEILE Y] » ST B - SeRE S IkE
B AR A R S LR RO R AR - DURER
B LS R T E  E H GUE SR R iR
AR IN5E R R 851 um ~ E R S B R,
460 ym Kz 52 pm ~ FEEEFE R 700 um Z EEHIRHE
Ry o SE I BRI - IKIEPTRRER AT AT B
AR ~ R EeES R - (I mROE SRS
AN R ER I B A ER R -

SENB

1. Y.-A. Peter, H. P. Herzig, and R. Dandliker, /EEE Journal of
Selected Topics in Quantum Electronics, 8, 46 (2002).

2.N. F. Borrelli, D. L. Morse, R. H. Bellman, and W. L. Morgon,
Applied Optics, 24, 2520 (1985).

3.Z. D. Popovic, R. A. Sprague, and G. A. N. Connell, Applied
Optics, 27, 1281 (1988).

4. M. C. Hutley, Journal of Modern Optics, 37, 253 (1990).

5.C. S. Lee and C. H. Han, Sensors and Actuators A, 88, 87
(2001).

6. W. R. Cox, Optics & Photonics News, 12, 32 (2001).

7. S. Sizinger and J. Jahns, Microoptics, Wiley-Vch Verlag (1999).

8.S. K. Lee, K. C. Lee, and S. S. Lee, Journal of Micromechanics
and Microenginering, 12, 334 (2002).

9.E. H. Park, M. J. Kim, and Y. S. Kwon, /[EEE Photonics
Technology Letters, 11, 439 (1999).

10. BERFHLL, SEERTTHRE BSOS BRI, WO, BT BIbeRERt
HLy, 85 (2007).

11.C. Y. Huang, K. C. Huang, J. C. Chen, K. S. Chang, S. F. Tseng,
and C. P. Chou, Advanced Materials Research, 264, 78 (2011).

HHEERAEAHB LR REHKIAE
WRAEL  BEERETRAL G
BHRHEHAFQRAAE - AR
RBRLHRIELAMLEHR
£V Ao

Chien-Yao Huang received his M.S. in mechanical

engineering from National Central University. He is
currently an associate researcher at Instrument Technology
Research Center, National Applied Research Laboratories
and a Ph.D. student in the Department of Mechanical

Engineering at National Chiao Tung University.

AiF R E /BT RARENERE
+ 0 BEE X T RATA R R A A A
REQEBTE B REALERER

Hsiao-Yu Chou received his B.S. in
physics from National Cheng Kung
University. He is currently an associate researcher and
division director of optics shop at Instrument Technology

Research Center, National Applied Research Laboratories.

FHEITANE =1+=42_"H3 100.10 25



RO ST A B 0 v B K S B
A BEBRRE R R ® SR
AT -

Keng-Souo Chang received his B.S.

in physics from National Kaohsiung
Normal University. He is currently a technician at
Instrument Technology Research Center, National Applied

Research Laboratories.

AXERERDMEAREHETRE
HRAEL AEEXTRTAIRG®
BHRBFAEFQEMAE -

Wen-Tse Hsiao received his Ph.D. in

. ) mechatronics engineering at National
Changhua University of Education. He is currently an
associate researcher at Instrument Technology Research

Center, National Applied Research Laboratories.

26 BHEITANSE =1+=462_"47 100.10

F R A % B HA T REMH T
it BHEEIREREEMA R
® e

Chang-Pin Chou received his Ph.D. in
materials science and engineering from
University of Tennessee. He is currently a professor in the
Department of Mechanical Engineering at National Chiao

Tung University.



