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Development of Polymer Micro-Hot-Embossing Process Using a
Novel Mold Insert with Rapid Heating-Function

Student: Pei-Yuan Tsai Advisor: Ren-Haw Chen

Institute of Mechanical Engineering
National Chiao Tung University

abstract

Polymer micromolding technique are becoming increasingly important
in recent years. Compared with other, molding technique, hot embossing is
favorable for molding micrestructures and eptical devices because of its low
flow rate and low material flowcharacter. However, due to the differences of
thermal expansion coefficient between poelymer and mold insert, shrinking
of polymer in the cooling stage may lead the mold cavities to press the
microstructure from both sides. This force will cause the demolding
destruction of microstructures and limit the application of molding larger
surface areas and higher aspect ratio microstructures on hot embossing
technique. Therefore, this study improve the mold insert with rapid
heating-function which our laboratory develop and use it to surmount the
limit on micro-hot-embossing. We try to use P type silicon wafer as mold
insert and implant phosphorous ion into the surface of silicon wafer to make
mold insert have heating function. With the heating function, we can
decrease the thermal stress of polymer in molding process.

Experiment results demonstrate that the microstructure will produce

these defects with creak, slant, damage in the mold insert at demolding
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when the microstructure by hot embossing has filled with up to 3 times of
aspect ratio. Applying appropriate heating power to the surface of mold
insert can decrease the thermal stress effectively in the cooling stage to

solve the problem of demolding and can improve non-uniform shrinkage of

polymer.
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BB A Y S e o KSato A E LF A ROLTEG €7
SMKOH 4% 4 6 f kb > 8 ¢ (100):08% 25 5 & % ik 3l e > o
(320)4c(210) e to i B % a‘iﬂ;&t’ 7 (110)h8 ¥ & % 6 4o 4 & 1o KOH ik
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W R e G e ke A [23]

I. Zubel & * 7= 3 7 7 4v & 3 A% (isopropyl alcohol » IPA) /% /% ¥+ KOH
fr TMAH 4 %] % ‘Fﬂ%%yﬁﬂcﬂﬁﬂ%o-Jque(umﬁa1;w%zw&
o BERG IPA 2 (2 frh A @23 R A2 FILOL B 5 G 4 [PA
7 i 11 15 KOH 4= TMAH 3% ¢ " R A &% 5> &%) ) ke 6 f
B AT 6 fmi o 3 & R R be IPA 1S
ER O AR & AT kA D B e 5 h 42[24]25] -

BIp ey @i ﬂ”%§£5wm*;?¥ﬂ%%ﬁﬁt%@ﬁ
%fs@*% = ,%‘éé%f«fr@wiﬂ‘ MR EEaE L A
Tedg o A R B < [26] o AR F A1 B0 R4 324 RIF AR 1‘#%@
"%“”f miE R EJ“WV*ﬁkmj Pl %[27] 0 ¥ £ i ¥ P
[(100)2 # i 5 5 M F FH = &b ¥ P BRema BT % 0 &5
BTILOPE F HELT T A TR oA SR {1 8
Bh 4 FUR 2 A iE AR P o HEEUERE DB PR o A B Sy R4 -
TR R o FHRESFE CRBEOIR RS AL ET T o
g R R A A S g iR R S e
B (4 [28] o FRA T ety R ONSEHO R T B A e0T e RS
TR AR L AEE A S 0 ) P 5 R L AUR A pF
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FLo T ERBEEE S AR F AR RERE AR IFT PR
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FHrah Ol RS TS RAERTRFEEIRE SRR
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PERE Aol 117 1S b 30 B ehnd G Rk G s R 0
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BE R o

22 F B ISR - iTSE
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F R BR A Aok 2-1 AT aafiei= @if%,ﬁﬁifrﬁ,ﬁp |42 94 557 o 1

R e e -
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AL ER A WArY HAH PREFEIRER L R2LY g o BN Fk
RIEIR S ¥ * R FSHFlah= 34 p il d ",f go [l & & 97 2 4 4%
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H,S0O, f= H,0, %"3{34@3? LB w g WY gwlifrd Aok B2+ CO,
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hoke fEgedy H4eF > H 9 SiO, ¥ 1Si § {o F 45 )% SiFy 114 %
B B A6 h1Si0, o F1 L SO, & Mok ST G RoRM s AT AT
S WA 6 BFF ik k247 Si0, £.F $ 4 50 © NH,OH+H,0,+H,0
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(2)i fc ¥ 1 & (screen oxide): e dp+ F L ¥ I * fEpcd K IR SR

<

b ERRE S W g 5 Pt

G s A F e eF i g Py PR A L -
FUUPRZREASEETY FIZERIFEF P EEALBHRS §ER
FhRfAL N 2 BN -

(4)F % % hivg i & (blanket field oxide): 4 = £ eh= % i* & 24 B &
Em}{%?7—,§+n\’1 GBS R B ST AP OT MR RS
FoHT AR R AR A A BT T T s

PR o
(5)#& 4§ 1 & (sacrificial oxide):— 4k & M3 i WAz 2 J’K g LAE-
BdRibh 3 1 K s “//f oo P oendf i fodk Kooz g Lk ahd 2o Mf
MR AS - BRAEP R LG UG G R L o
(6)4 %] FLp A« et T g P Wl = 5 1o kg Ra 2 WAz
EE o AR NBAORE N K -

-

223 B F ipifE
it & % 4p /T % (chemical vapor deposition> CVD)&_— fa ] * F f «hit
%’H‘Hé‘-aﬂ Flim A2 5F @iz v ¢ 2hflde ifHf- AAL
WK AY o CVDF i 4 4 5 7 B2 & o B(1)F o ff WAL
EAHFRA O HEFFEL TR FORRE LRI S E SR
&%awgﬁ@#ikw%%@’%éﬁﬁﬁﬁaﬁﬁ¥%&aﬁﬁﬁ
AR AR Q) F RP A Y AR EALBERECER Ko AR
WWAEY PR A Y AR BB &@wg Ao () R F R
ARARFBLF R ENRLAIL ST AR EE R RS Y
L o(5)MA A A F AR ot P AT @B CVD 4 5£[31]°-CVD
”@iﬁmé_ R LT KRt *a?immy D A T S R
A A RFERENE EHEM o CVD RS RT A S

APCVD ~ PECVD ~ LPCVD = = #f o
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¥R i 5§ 4p T H (atmospheric pressure chemical vapor deposition >
APCVD) > % Bdp feid L 5 3= 0 R P& 5 760torrs » APCVD i ff i & &
Peo BRALE - Bmt i Magdeswpd @Si:rr“ﬁi%]:il e F e
APCVD WAz 8 d B R ~ WA F WinEF ~ B3 R ¥ FE 404 - |
A A K § R ACE L
&}ﬁmﬂr?%ﬂ%ﬁﬂ%mmemwdmme@m
deposition » PECVD ) » T e (T/& 4 A 1 3| 10 torrs 2. F o ] 5 &7 JT{“
A2 ¢hp d J(radicals) § & & 4 © F & Jik 5 o o712 PECVD ¥ 14
BARFOE T E DR PF B S SREFLE TR MRS EAE K
# PECVD & - B 547 75 % -PECVD ¥ — i i 8L-4_ & WA s 4
g SPHT(RE)5 & ki d] > 5 ST S Ara g 5 % B -
PECVD R Ll e * o3 P 8§ 5 EmInfi 1+ oo
R B £ 4p T 4E (low pressure chemical vapor deposition » LPCVD) -
T H_ A 0.1 3] Itorrs VR AT HIE > T2 & - B E T LA KREH R
B R4 5 d 3 LPCVD i fp @42 0 & 8 d 5 Flovg & A4 s e
FREGE R AR T HEE A ] AT 2 E K A E §
FRoL g o 4 LPCVD WAz eiigak® ki it 5 itz 5 R#p
too
822X LPCVD fr PECVD 8% 12 & £ § % » % i PECVD #7inff
FlrpeLma B iy 2 A 0EE PR EiE el
AR € F SR T Ay 41 LPCVD ki g & o

22.4 % L HE
$ kR ek Y g;giﬁ;ﬁng]q;g& BN EE N LS
- AFEF LG RE FiEEY ~FHE = hkid
FenkiE o kPR - R A F R EEHE  fo- AR T A BT R
HER MR LD HT AL R K o - LRWERET & 53 & ¢ ke
foere o kel & 4 F fsfE(novolac)t?y 0 £ Rk H_% iRk
(cross-linked)sH% & %8 (polymer) » fe g k(S gk F b ke & & 4 kA
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f# it iT * (photosolubilization) ¢ < i@ AL pLH » & 24 #r it vk & m LA
PRGBS AR ET R RHFL of fRELddpr o Rk
m%&gﬂﬂﬁﬁﬁm Bk PO AERT AL ARk
TR R G AR ARG R0 o BIXJ RIERD KT F o RF]G KT
ﬁﬁﬁmé’ﬂ”ﬁ%p%&ﬁHTm@ﬁﬂﬁaﬁzﬁf?é%mo
T IS IS O R %w~@w ool o R EH
(polymer): & *f ¥ f.fs & F & 3 R Fl o ¥ A eh iy frdp S @
ERAE > ST L B RS R R o R T WARE PR
X F* ah kR & E A T FE(phenol- formaldehyde) i fAet g
B ihen g kPR & PR B N - 4 (polyisoprene) % o & K A
(sentitizer): ¢ £ [£ {3 5% 5 414 & e ac Sy A Rk iFAR Y kit
FF o & RILR A AR EFLL A BB LG RH - RRE
BB RIEN R L AR R SRR R Y o [k e g kR F -
51 }J@mﬂwﬁ+’_ﬁ% gﬁﬁﬁn%ﬁﬁa*¥*%%94
2 i@ o A &|(solvent):is AR S M rR KR - At @ R EMIR
| it J sk PR o TR IO R T A S et S A
do b A - KR B ﬁﬁ@ﬁﬁﬁﬁ&tﬁ%&ﬂﬁﬁ7ﬂ&ﬁ$9{>
% | o 7 e v ] (additives): ¥ |3 A FRIE AR EPFL L E F 0 1Y
E P F R R o H %‘érﬁfrﬁ RN LN e J,Lfifj&,{— R ¥ eh

Ik gl AR AR i Bl 4o T o2 R /HMDS-> Sk FE i —>fic b >
HE/REDHEBEDORREEZR LR DM Foh B{of % Sk
FHY A 230

2 K /HMDS % G- S A% 5 Rz @ —-,grs E N R
s (Ed R S N F S RavKF o REL Y FARE G S E -
" A5 7 9 = (Hexamethyldisilazane * HMDS) » # fi HMDS & = 47
E@‘j})‘ﬁ‘{"’_’ PRSI SO LR £ R Lo LIRS A S Wl
W RID g i L R 5 bRk B B AR 18 3 4o K 1 e s [T et
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B (soft bake) 13 ¥ & Fl & if 5 RS & L i g i 4
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E 28kl A g e e b G oo kR o Ap %‘léﬁ
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FREpFER kI 2 RE FANFA F RE SR 8 LD B EA
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H 10320 e e 2 0 FlE 2 EARAEA 0 R Y hE AR (%
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gk % )]*?ﬁ;%}“fé:'iii"%}l BN Ak TR RIS R Jo_%.)r
FRENICCPIS TR aﬂﬁﬁﬂillmwwi TRE ek Flind oG oo
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FrenBRrEt bl Mt e o S ARG A BRI Y-
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PdF o F 2~ RE PR aF AREE R o FliBEMESR RS
WGP IS AR RIE L o REH R RO AL IR o A3 e
R TR AR LD N B ARk Y G
B FIEREDH AR AL 0 R LA SR R L
i TR

MR @R R RT ifj*uﬁé iE 17 &g #2(development) 14
Fro KR KD Y RE IR, ;’{ﬁ“r_* s o0 ) S “,’Tffi%%%é ek
FEo BT WA AR kR, BAB A {o BB OpER - R G
kB AR B 3R B FREnE IR o

A 5% (hard bake): 2 BB 2 8 H R 7 S - BA B il A
Yo g A F R IRAL G AR RIBRCE I 0 B R H S e A 4
T+ AR s 4 o AU R el R g0 - R ] v ehi g o
% R_€ M MRy 4 o AMER R € L fEiT R o

4
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2.2.5 4%
%2‘] '5';’" ﬁé%)" TBEI ’H‘}' 'j‘i z'J & * '?E]z ;L% #mﬁf\lﬁi *q;‘%‘
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A %) e VX T UL G gz 38 4 %] (dry etching)foiR 3¢ 4 % (wet etching) =
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Bl L P ERRREELTFES "R
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FRa2 35 8 5 8 ~ R W ¥ 03 R A R E g -
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A AR P SRR S e E'L'r.ui,%%;“éé*%'l{ifﬁ
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TAE o B BIE T BRI S A A S RS
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R gk b 4R BN A
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FOReHE AT R £ DS WK 6 T R T R e R
R E e by o
AR Pl KOH %% (110) & ¥ 12 2& 1 B4 % frie s o
TR BRI F g TAYEY > g oyt A% g Uk
iiiﬂﬁﬁjﬁﬁﬁm%ﬂé&ﬁ S HAr b 15 0B % KOH $(110)
n ) bW 2-5 0 F %] ehE E A T
SR i’i%ﬁ?ﬂﬁ% IR garﬁéﬂb'“rr’r » FIH %@ H(111) 5 &
FoeAE FERER DG 0 T g3 *“ﬁH?A%oaiﬁ%%ﬁi
ZOOum)mKOH 4% ¢ KOH ehiplw &% 7 11 2wk 3 35 0 & e 4% o
2 FEBHEATE G 2um ® $HE 2 B e Y 5 6um o
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R SRR Y gkt F 4 g T KOH e4 %) Y AT o 4ol 0 FliR e
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Gy ety I kg g KOH & a2 T 5 > &%) 5 4o

a\
&
‘>§
(dm
g
J‘v’

2
\n‘:
«Hi
9
TS
3
&
2”_

2.2.6 3

L 3 %8 (semiconductor) i§ H m;;uifh{* FBET 4 1> E 48 (conductor)
% %t (insulator)sh— fa 4L > 7 F L FWAET o 4 o ok 44l
i M s BT A B B N ke L T 7
PP AR A e 0 B F TSR ends (TR G 43 52 (doping) 0 @ LT 4o
* s T G 33 (dopant) o IR S A & ehdB et N F U A G B SRR
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Wiz ST ERAE Iy PRz kB LY ER S
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A BERE IV kS 950CIN 30 44
» Flfpy A e g 1% KOH 4v 1 dy v » #70u % RTA $oig 4e 243
UpE i *wﬂ%wmma%ﬂw B2 RH DN B B
I T N A mJ[éF»xEJ R

2.3 Boiz Ao PR

P RmY EHER o Aol B E E 2 B anhf T A
R e nim e & 1‘,5_’3?'];‘3_ A ERPERE > e BRBERE o
e g 2 BRenfl o A BIE R gk TAvE 2-D o K F IR F A4 # 100

Fis TR0 4A 4 TR XL 1I~IW2EF > 2Rl T 400
AR BRREEX D NAcB 2T I RAEEFREL T

=
ERERTREPR DS LG R A BN RSN
BIEFEHARESL Pod e B R RFOLLRN FRE AL o

A B H e By 20/ g e

FoRYEPERREEH T PP REBRA LT 0 F
3
f

2.3.1 3 = e BN B
Biteh o E A A R P > AR 200um A E 60mm ~ A7
% 200pum % & 100mm ~ 3 % 400um % £ 60mm ~ 3 F 200um 2 £
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ik 5

H,S0,+H,04(3:1)
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YRR I

2 33 -k (DI water )

8 ~ Smin

4 "fﬁ%‘é{’i“ L

HF+H,O(1:100)

B2~ 10sec

o

AR HEF R

4 = e chemical oxide

2 33 -k (DI water )

Z 8 ~ Smin

IHRRTRES

NH,OH+H,0,+H,0(1:4:20)

80°C ~ 10min

4 ] 2 (SCI)

2 33 -k (DI water )

%8 ~ 5min

ApAT I RES

HCI+ H,0,+H,0(1:1:6)

80°C ~ 10min

3t ik & R4 (SC2)

4 3+ -k (DI water )

%8 ~ Smin

3 %ﬁ;g’ib -3

HF+H,O(1:100)

B2~ 10sec

b

AR - EF

4 = e chemical oxide

2 33 -k (DI water )

%8 ~ Smin

AT RES

23
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TR (rinse) Lain | 1L R G e B R A
kB B ek te B B TR e & 9 Sk {5 ke h g A
A% (hard bake) | 3mimps 12000 4 4 % e gk s %) i 4
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% 3-1 PMMA i3l 14

g 1.17~1.20
P B 490~770 Kg/cm®
0 5 R 910~1200 Kg/cm®
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