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Injection Molding Characteristics of Polymer
Micro-/Sub-Micro-Structures and the Development and
Application of Heat-Generable Mold Insert

Student : An-Cheng Liou Advisors : Dr. Ren-Haw Chen

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

This dissertation is concerned with the injection molding characteristics
and demolding behavior of polymer micro- and sub-micron-structures with
high-aspect-ratios. The filling behavior of the polymer injected by a traditional
injection molding machine into, the mictocavities was investigated first. Then a
new injection molding strategy jwas. proposed along with the development of a
novel mold insert learned: from the drawbacks of the traditional injection
molding process in fabricating microstructures.

In the filling of the microcayvities, distinctive mold-filling behaviors and
resulting defects were observed for various types of polymers such as PMMA,
PC, PP and HDPE. Here, sacrificial molds were used to overcome the
demolding problems in order to prevent the microstructures from direct
damage as demolding. Experimental results revealed that injection molding of
micro- and sub-micro-structures are more difficult than that of products with
common dimensions. If the mold temperature is lower than the glass transition
temperature (T,) of the molding polymer, the filling resistance of the polymer
in micro injection molding will be markedly high, and therefore, the polymer
melt can only fill up the mold cavity of the base part of the micro-structure
products and can not fill into the microcavities. To fill up the micro- and
sub-micron-cavities successfully, the mold temperature must normally be
above the T, of the polymer used. Moreover, the main injection pressure and

the main injection time substantially affect the achievable aspect ratio of the
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micro- and sub-micron-structures. As for the shrinkage control, both a mold
temperature, which is above the T, and a higher holding pressure can decrease
the shrinkage. In addition, the shrinkage curve becomes linear with the
increase of the holding pressure. However, the griping force due to the
difference of shrinking ratio between the polymer and the mold insert can not
be released, which results in the demolding defects. Therefore, a special
in-mold process of stress relief is strongly necessary for solving the demolding
problem to guarantee high micro-molding quality.

This thesis, in accordance with the shrinking behavior of the injection
molding of microstructure, presents a silicon-based heat-generable mold insert
for micro injection molding to solve the problem of demolding destruction, as
mentioned earlier. Design of this mold insert not only has micro-channels
constructed on the silicon wafer as the microcavities but also includes micro
electrical heating lines embeddedyin .the wall of the microcavities. These
electrical heating lines with.'specified resistance were fabricated by doping
phosphorus ions precisely mte.the surface.of the silicon cavity wall using the
ion implanting process. The performance of the novel mold insert was studied
and then the mold insert was applied to the injection molding of
micro-structures with high aspect ratios for possibly resolving the demolding
problem. Experimental results indicated that silicon-based electrical heating
lines embedded in the novel mold insert can provide stable heating power. By
heating the cavity wall and the nearby plastic with appropriate timing and
sufficient power in the cooling stage, we could effectively reduce the griping
force between the patterned plastic microstructures and the micro-channels of
the mold insert. Consequently, defect-free demolded products with
high-precision were obtained. This novel mold insert provided extremely high
thermal efficiency in heating and temperature control when it was applied to
the micro injection molding in practice. The above mentioned advantages can
in turn result in power saving and cycle time shortening, and thus, enhancing

industrial applications.
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Pressure,
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Temperature 4 | 3 Time
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temperature

Demolding
temperature
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T Time
Demolding
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AR &Y R AN CRT AP ET By (poly[methyl
methacrylate] > PMMA) ~ X B¢ & fig (polycarbonate - PC) ~ F [ %
(polypropylene * PP){=% % A& & & *f (high density polyethylene - HDPE) - H
* PMMA v PC 5 # ZAj(amorphous) * @ PP 4= HDPE R| 5 X % &3
(semi-crystallization) &4 1 = A} %0 ig i H 140 & T 5L AP B R 3T 45% »
W R R BSTC AL 6 0] BF L b g AR -‘1—i “%ﬁﬁil’\ Ty vk E Mg
T (TP A3, PMMA L A ¥ 5% i & el 425 % 0 d p & MITSUBISHI
RAYON = # i ¢ MDOO1 4] » st E & 5 105°C I ICRRE S
250C Bp*REE52 1 B8FH > d W HFRoit B R v P
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{5 PC 540 Bayer = &4 & » BB ER L 140C - BV ER N5
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T3 BERYE 127~134C ;7 FE R 1577 - Bl 6 5 AF BRoTH
s 425 % PMMA {2 7 (a) 5 PIVET(R 4 - 5 -8 B)FLH » (b)fe(o) L
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B1 R ERAEY S AR R IL[43] -

Engineering Plastics PMMA | PC PP HDPE
Tensile strength (MPa) 47~77 55~70 21~40 |18~33
Hardness (Rockwell) M85~105 [R115~125R50~110R55~70
Heat conductivity (Wm™°C™) 0.50 0.46 0.28

Thermal expansion (¥10°°C™") 5.0~9.0 |6~7.0 11.0 13

Heat resistance (continuous)('C) |60~93 121 88~115
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3 100nm 12 T [4546] > gt E AT BT Y R R o & F F RN AL iEAR
P cEA R e M - BRRE PR R FM AT ¢ AR e S
FRERI MY g R Y E-IRFAEFLSY  FREBLFR
R EEG o A AR A RS W R F RS P BT 6
ﬂf&»ﬁﬂ’%Amﬁﬂﬁé%%mﬁﬁﬁkﬁﬂa’k%ﬁﬁﬁﬁé
deng e BB EAG A B F R RIFIE S TR T ot T g AR
BLFRFIDERIE > WP AR 9 o o Tt m Bl T ARLCT 1A o
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2 FEEGE R ATHE = o
No. ®E LA ) 48, B ¥ i
1. & - % 171 i 5 (Wet bench)
2. BB F 1 E HAT L S (Oxidation & Diffusion Furnaces Systems)
3. MR Y B FF AR kS
(Low Pressure Chemical Vapor Deposition, LPCVD)
4, $& p| B ik (Surface Profile) Dektak II A
5. ¥r[F 8| 5 & (Ellipsometer) RUDOLPH RESEARCH Auto
EL®-11
ERNR- 4
6. | £ 7 *% $4(Vacuum Bake, Vapor | Yield Engineering Systems YES-5 e
Prime Processing System)
7. & pe % % # (Spinner Coater) Synrex 1-PM101D-R790
8. £ ¥ Rk 4% (Mask Karl Suss MJB-3
Aligner)
9. v B2LIF £4(4-Point Probe) NAPSON RT-7
10. | A% EhE a4 0k 784 Vacutec AB 1500-series
(Dielectric RIE)
11. THREIB kA Leica- WEPRINT200
12. P e A L S TR TEL =2 & model TE-5000
13.] #RtTRH Ty SurfaceTechnology system(STS)
, 7 FC I R
## & $u(Muti-Chamber Mutiplex Cluster CVD
TR
PECVD)
- P53
14. N BTN A HITACHI S-4000
FESEM
15. B 45 ¥ (Sputter) # K Ion Tech Microvac 450CB
16 S ) A5 48 ARBURG-270s BRI
17 BR S P il ikl

-2 -




0712512002

B8 17 UV RRAR S d 5 Ium 12T MR § ek £ 3 14D
Bk R AR (R R akR o

25.0kV 1.00kx

40%wt KOH solution with || front of
a temperature of 70 °C the ground

Chame g
B9 Bi&A%XI:TILE-
2.4.1 A mHCi=
AR LT s RO R Y BT 4 v+d 0 B 525um > (110)
G0 P "'J i S F Aot B R g L 1-100Q/cm 0 £ & ek R M

* 10nm e E* (110) f ¥ ehi & p end > 2 H ¥ AL xF T Ao e
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dAIF RS AR PR SR RIS o R 9 5 10001 0 2 RIEEL 3
o 2L A LA R AR ATE Rehf e § R TR § £41* RCA
GAged ¥ B EWIES AT 1 1050°C iR R S 180 A 4B @ 2
%@@%:iﬂﬁ@mﬁaiwmA&’wsﬁﬁalP@M@ﬁﬁ%ﬁ
oo ZRIS BT MRS #Emﬁ@%%‘(LPCVD) AR B B IR g Y
2000A B o * 12 g (TRAHEER o

MR AR L R VR TR - @stﬁ,anv—g P e
(hexamethyldisilazane, HMDS)¥g /& E & & % i it & fE(FH-6400) > # [# i+ &
FEFIZEA B BRFZ  FARF A2 MASNIA Y G > R EF

<,

WALF LD L0 BRGNP TE oM UV LRy F ik
@%iﬁ&ﬁﬁw’%f%aﬁﬁ@ﬁﬁaawmm BHi i pES B
A0 Bt A F GnFE N A %] & 3L 322 Vacutec 2 7 %113 1 AB 1500-series
A 4T ENCF R4S 4% #(Dielectric RIE) » 41 #4413 = % i % ~ §
bR AF BT Y A% F 85 CF,=40% 0 O,=5% > 4R (RF)# & 3

100W - ﬁanﬁwﬁJ*ﬂplmMNmm’ﬁ%W*Wllemﬁ“Q
15052554 %) 5 & * BOEA R SIO 7% 5 BN 4% 120 F) » @
RREFE IR RRK o R (L TR 2R 4 Awﬁwo%%
=/ T4 ® 10 0 AR S Bhe & 38T o

B2 3 MEaawp i P ESR0C £ 87 4 kA 40% 7 KOH 3 %
PR EAE e RN A Y] 0 8% F L 1.2~1.4um/min > 4 %] F hoB) 11 -
B EAY F P B A KOH 3R enEH L a1 12500 11 F o 4%]:F
RLELF DB F BFARK AR FT L E AP A2 PRI E S

FORE S AT RS P BHG T 0 £ RS 120 pm 3 de il o
%ﬂﬁﬂﬁﬁﬁﬁﬁfQﬁﬁﬁﬁf’%%?@ﬁéﬁﬁﬂ%ioéiﬁ
Mol pF > 7 41* RIE 3 %8 £ § < @P’@UEmEi%:*ﬂp%
EX A “%zmﬁﬁ&i%ma?ﬁ:<%$ Bl 12 %2 B 13 A% 5 8%
10pum fr 2pm e sF 77 dp B = ehde 1 55 % o

w

Rl

-4 -



%3 ot s A S -

Clean wafer RCA process
Procedure Temp (°C) Time(min) | Thickness(A) Equipment
SiOy(dry O,) 1050 90 2200 Furnace(CVD)
Si3Ny 821 26 2000 LPCVD*
Prupose Material Parameter Time
Removal mist HMDS 150°C 40min
1000rpm 12sec
Spin Coat FH-6400
5000rpm 25s
Soft Bake Hot plate 90°C 60s
Photolithograph
UV Exposure No filter (7.5MW/cm?) 45s(10um)
PostExposureBake Hot plate 90°C 60s
Development FHD-5 T, 20s
Fixing D.I:Water Rinse 30s
Hard back Hot plate 120 °C 180s
CF,4 40sccm*
Si3N4 etching RIE etching 160s(100W)
0O, Sscecm
SiO, etching Wet etching BOE T, 150s
Removal PR* Wet etching H,S0, 80°C 7min
Etching Si Wet etching KOH(40%wt) | 70°C/100rpm min

*SCCM( standard cubic centimeter, cm’ )

*PR( positive photoresist )

*LPCVD( low pressure chemical vapor deposition )
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PR
SisNy
Si0;

Si

Exposure
development
PR
SisNy4
Si0;

Si

PR
Si3Ny
510,

Si

PR
SisNy
Si0;

Remove PR

SisN4
Si0;

Si

KOH etching

SisNy
Si0;

Si

RIE remove
SN, & Si0;

Si

‘IlleCtiCﬂll molding

Product

‘KOH etching Si

Product

325
300 4
275
280 4
225 4
200 4
175 4
150 4
125 4
100 4
75
30
25

Micronsfhour

KOH Etching of 110 Si
40% KOH Solution

=

—

E—

0 1

0 a0 40

a0 G0 70 80 90 100

Temperature

Bl 11 40% KOH $F(110)#% & & 18 %] % [47] -
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= AT ‘
Bl 13- /f— s 2]11’1’1)@’7 'paa‘ﬁ);f: A

"J-

S =4 2 RIE 4 Si08 e 1 17 BEH ¢ 43354 700 ~
600 ~ 500 ~ 400 ~ 300 ~ 280 ~ 260~140nm * % A% & > F 5 & 4~6 B
bood AR RIE T L EE p i1 ST R E 6 vq‘(lOO)BB 7
TRAH REAREBDARETFRAD FL 5 - 48 HEARLT AT
5 LA (100)F fo ¥ I F

g # 4 £ 10000A £ Si0, £ % & & 4
"cl‘iﬁ"ﬂl DSE i£ 570nm B > 2R{8 133 A3 ALV AHE T3 48 B
Jexidrd Leica 2 7 #lig 2 WEPRINT200 4] %+ & ke B+ 3 B & ¥ &
# 150 mm > %545 % LaB6 > # & 5 40keV > £ 3 B>107 Pa> &£ § F
0.1~1000},LC/Cm o LY AR AR AT BB AR 4 57T o

EFUFTIAIB RS KIEREL@® " F RS § 1 555 4 % (RIE)
HoF MR RF AR RS T UGET RS B A
S A5 i A R A B R s AR B Y B
ﬁ%%'ol‘.ﬁl%é ’:T}Dm N e ek A UL S AT e A B LD = Al )
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#(Oxide Etcher) % p & TEL = & @i ¢ TE-5000 3] » 8 * 4% % 10 %
thig Bz 0 T ShE i f W CHFs, CFu, Ar, Oy » & %3 (538 B £-25°C
~10C » B4 3% IF%%} 13 0.1 Torr 2. FF » Fei®x % 1000 W L p o A=
TETR Y Y F MG CHF; ) p ke - 3 it peandEH VN5 1060 %
- F v s F L 380nm/min 0 EW A2 SEchoE 5o

AR HPlizAl %Y > RE 300nm 4ol 14 A% 180nm
4e@ 15 2 ¢ 160nm '/Tm‘*’f#ﬁﬁ”/gﬁ’ﬂl f FRETA ek > R B
B E VA HPEENSE T FERVAZEO B PEFEE LB B
16 5 2# 5 B2 ALK -

24 TFARLBHEF PRTLEHLE -

Pattern width (nm) 700 600 500 400 300 240 200 160

Dose (nC/cm?) 8 10 12 14 15 17 18 | 20

# 5 =K &Afﬁ—%ﬂﬁikﬁi °

Clean wafer RCA process

Development Temperature(°C) Time(min) Thickness(A) | Equipment

Wet
Si0, 1050(set 1036) 210 10000
0,(CVD)
Procedure material Parameter Time
Removal mist HMDS 150°C 40min
DSE thickness 1000rpm 12sec
Spin Coat
570nm 5000rpm 25s
Photolithograph Soft Bake Hot plate 90°C 60s
E-beam writing | WEPRINT200 | 8~20uC/cm® | 380nm/min
Hard back Hot plate 120 °C 180s
CHF; 40sccm
RIE etching 160s (100W)
0, Sscem
Removal PR Wet etching H,SO, 80°C 7min
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(a) (b)
B 16 & % 160nm # & = ()& 5 B 2 (b)+ B -

2.5 MHERJIEE AL LR

A EAR AT R RN RTEEY  B AP S
o 50 RERG A iR S AT RFEPARCE
(sacrificial mold) R W= H= x4 * 20%wt KOH 3% > & 75°C
8% 12 |2 AT Aok FOEAR Y A 0 2 ok

v
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o WEREFLRMEBHEFE o B P BUE R T5C A4 PMMA 6 Ty gk
2T HEM s SRy R FAERACE T, 8 Bt R
4

B AR R A 0 ¥

TRE RS AR EREHEA IO HIIZEMAR TS
GALIE o AF BchE - Wiz AL o T LR R @wAﬁmé}
=A%~ A% ﬁ”’fi‘#li?ﬁ‘?’ﬁé’r? i
OM)it {738 * eedg & £ R 0 2 2oplif 2 47 > 5 & BBk A 7 0 SEM 32
PRI AR AR > BF A BLRIE 6 F C TEM § OBFA ~ 4 s Al 4ra S AR
B {odpmt & a2 o ROk A fd e o

BRI T G RIS 6 0 SEM R P AR B HES R 7 BV
AP A ISR £ R %W T — BTN R £
AR Bl B R UE MRS o A B REF A
Benf it frob § AT 2 W ) °ﬂ;%é%%ﬁﬂ%”%ﬁ%i@’
ﬁ’*EI?‘}EEXC%L‘t—IOOCJ‘!T D EREHF O AR EHBF e L3 ”%rf‘fb
BisBMtark gy @ 5F 7 B Y Bac 24 [ pFiE o £ B4 Pt/Pa &
£% 90sec» ptH I & F KAGTR 4 Biksiz T F Asc T A 2 af
R BFAL ATy R o RRES P {8 0 TF H T 3 K4 (SEM)

SENS - RN IR Fol

3 B TEM 32 7 cn@ 7% & % B E 4+ L (focused ion beam;FIB)E #%
e TR R 28 & R RS R £ L_Iﬁiﬁi’a?éwﬁ‘-ﬁi’éfflf
B h A P s B EFR RAER S TEET BT T K
(Transmission Electron Microscopy; TEM)@LiR| 4 7 o At » & Jf 3 }f = H
B Bl s - HIAr A3 n Ak E ,45
g A g gk o ?E‘Jﬁ—’-ﬂééﬁwip e oo ¥ b R PSR “%1‘#
HAN eV a i 7 d DSC A Wl i@ m%"’ °

i.«é?“i

Sy
3\

-

\\
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4%%¢%£§%%&&%%ﬁ%&%om s
BESER(T,) 3 8ahg s+ 2 EEM) 1‘*«5 5 Andrade = #23% >

E

77=KeXp(ﬁ) ©)

EZRET 7 4 pForimihannd it

R % 7%+ ¥

Tz8HER

BAE I 2 A AL B (kR H p oo MAE[48-52] 0 B d KA 1
PR RER et R LEFHEELS TS “ji"z'iﬁvf M h oA i
$opEORAR 2 £ o o0 REAFARS SARE BB 2 nd o T A BAWE S AP
DA EEFEAD H oo PRSI ERPED I MHEDRZIERS
B4R R pd WA oA or et R - Litovitz[48]f- Macedo[49]
%435 N F R AR Yk o Andrade AR de 2 B4 T E P %
g s T (7)5"
C\)f/o)

E
n Kexp(R_l_+ o
2PV, i ?f@,ia.ﬁﬁﬂgﬁ cA VEZ pd #f o TEHLZ(V-Vy) 2V
SRR T HC - A 0.5~1.0 2 FF o quﬁ AR PR AR Vo2 gLy
4% 8 & (T PF eBl 4 49 112 40(8) 3¢ »
V, zaV,(T-T,)

(8)

FO 0 T Hic
Bl A et g P R YAy F L FApT o L m
?T%"; ’"’T&/P j\m‘féfﬁ—-ﬂ’“”i’ﬂ-fﬁm )’L‘a/E m%élir§°?ﬁlf§"?
e AR B RERE > TSR A %t%_ P ik 3 4 (Viscous heating) ¢
PPV ARA AERH AR 0 2 @ERIE Y LR AR ATH] e ek
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BRPFER 22X EAR[S3] e B A+ Ll ¢ 0T 7 3 #(shear heating) € i (78
&%*ﬁﬁ@’ukﬁﬁam%aﬁfﬂ@*w%%mﬁﬁ%“ﬁié’
Flo fbR ehg 2 500 fer @ FRS 2TRF f %1‘3—‘”’3 BRI i
mrg «pF 7 Buchdahl, Nielsen ¥2 Merz # iffﬁ sl + N g P
» ¥ T A "E" T & g é"K S F L m? N %5-'3* AR TE > Pl
@%ﬁaﬁ¢%]gﬁxw~&/z@ fop PER S BCITRIPE 0 A7 ROR
BRAriEplay Lo EREREY e -H-d R AHTH
FPES FERFERRELSFE nE ol P AR R R ;#%i
WAR E K o AR T R H p IRhe GO e PEF R4 ) 0 R
OLHE o P Rehs F BRI R 7 ﬁ%&‘" WIET i b B F S
o FRERE A B B IR BRMERDEE R KRB E
Bk X T WORR-A G T e F g 4 [57] 0 A AR BRIV B

PR Mg LW

{Eﬂ‘

<k
F

)

WA B 4 —+]§ﬁ%§' P WA o - § BT IR R 4 [58] 0 F)p o
hod o RFEFRIDAF LT ons TR AR - B HT WIR € H 4

[56,59] o "% M v IR enE) & o 2 5E Mg 5 en2h 35 % 4 (anisotropy)
81 37 5414 (birefringence) 514 4 [60] -

BHHBALAINRERR T S p 0F AT I A FRAEEIL K
(branching). % 4 » it & & et EePA i > AT L Fasagege g
B ted - gBh@F4om B35 ka3 (star—shaped) o — dpm
FEGRER A ORA A LSRG Y < PR A
FAR AT ERAG A AR RpE ’Wﬁmﬁhau*iﬁ%
§ o PORRI61-63] 0 Fl o A g St 3 R o LR
FER o B @ A KA T A T 2T (ER ] o A B Aok A
RWHLBIETH > ART P REIE LI B OASKBA TR
g AR R A F AR < [64-66] o B * MY/ AOE BT 2 LR
gL PR o

\-

S ok
-
P S
a g\

«L;
bl

Nt
.
R
=

dm A BB AF i E’gﬂm’%ﬁ;ﬁ; ﬁfr,ggfgﬁ;{’ e & ;_L,}#E\‘ A 4
Peni 8 FF 3 HEER -HNRS CHINERE LERBOEFE o A
FAE B R F) S AR T A B 1 Bk IR R U BB/ O SRR e
RAIEEFER o F R AEOEEM SRS AALLHBLA
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B RIEE (D)E A e K o Rk Tk 3l
= A RIS 5&:’?‘7’?‘23 CQOEMFLEF FA 504 LA S
{5 JBR F4 .E"mﬁq‘ “]I‘fﬁ”*? FELE R 0.5~0.8 scom(HR & 2 2o
)RR RE %4%%’7£M%@4%@%%kkﬁmﬁimﬁ
%ﬁm~ W FHERBEHCEHFE BT I ROT LR (@)D
FA g (nozzle)m s ¥ A 2 4 I fevg 5 BT dus Ll L Bt A
LGV F- AEIERET SRS EFT % 0 T jzﬁﬁﬁﬁmémﬂo
FrREFEE R ATFFTRESI I LGN RB A wbr
BR ST SRR R o B 17 HestdRaF “ﬁrﬁﬁﬁ@*iﬂ
P ERW S WY A ERA WM - 2RS4 160MPa v A s
B4 140MPa #5 & 60 #) > ¥ — 5 1R 4 80MPa > i bR 4 60MPa 4%
@60@»;@5%@¢Foﬂﬁﬁ£&&@%@%ﬁ’ﬁﬁﬂiW?ﬁ
g -%ME > PAFRPEREEMAECERFESNERESH 10
T s v s X TER 140C0,5 o BRA PR LS FRAEP
SERF G UETHD Pl g 30480 e R G R S IR

200 r 7 180
—Injection 80 MPa
180 I core temperature Injection 160 MPa | 140
160 — Plastei temperature (T )
) 120
140 | coolmg start
¢ 100
120 =
&
100 1 80 g
f
20 =9
5
H
&0
40
20
0
0 20 40 &0 20 100 120 140 160 180

Time (sec)

Bl 17 Arbd 259 wiig (vl R R 4 2 3 b c B R W SR o
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WAEIL G AF T 2T E AR Ak B0 ERDE MR 2
Poens MR B R T Ak A Y o RF L ERT
HHE SRR o T f o MR R R T B
FERA T 5 20 R 7 b e o

Bl 18 f- ] 19 L ridp b ST S HEICE s B3 B HOE R T Ha
F2.9 % PMMA erjicht ) 225 % o B 18 87 =5 18um > #1;8 250°C » #E
B NRCHERTRFAFEASFER MG 10 &) L 61184 140MPa i
TR 30 fy o0 R AR A 11@,%@1%J@¥ﬁ$ﬂ
200MPa » # AR F 2 A g HRF o FAHERS T 12000 B A
BIBEAE R 14°C)> MK 59 R 4 60MPa 15\'3'3??2%1«}‘?'%32@?-}%-
PREREE 6 AP E ke 19 4T 0 P HOE H R R
ROV L 4 B 4)3 %X ﬁqggfi@o iﬁff«ﬁﬁg\mz R i SR ML N
iﬁ?@"”*‘,“} s BB PR AR MT A S B2 - o a0 BB R
7 F R G ok o B 20 R HEE E160°CHE > ARl 2 o fod st
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Herph 3802 2 ARy v An g T, ;ﬂ}ét_,ﬁ_;‘L,}#aK - mn
2R AMBEEESRIVE S AR E 23 L AR D BN IR
FARE B RDF %ﬁﬁng\’él%“iﬁ'i*sr—i“f*if: v
FOH D WIRA) S G Ao f IR L dE o A 2R T S hE Z
“°ﬂ*$?%”mi%ﬁﬁ¢ﬁ%%E4Mﬁ%ﬁf’iiﬁﬁESO
T 6 P gk o P gAY R RN T
TEA T F WA T AT R HOE AR N SRR R D 2T
AT M oE A R APFIROE < B A R s A m%éf&#%ﬂ: s H RS
VR ERAERH LG b rd gk S ¥V - 3G 0 A riEiRa
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155C R & 2 3 % 3 4 o

B 18 #08 92°C » 4 51 R 4 140MPa i 2 7 > B2E 18um = PMMA jic

Basdi % o

Bl 19 H5E 120°C » & ¢ 4184 60MPa é5% 2 = » A= 18um 1 PMMA &

Bfpensd i A8 %

B 20 #8 160°C » 2 s 2UR 4 60MPa #7if i T > B2 5 18um 7 PMMA fi
..‘:%f#ﬁvélf:", n A% o

Bl 21 37 520 RSB T A AFET AR B
PMMA - i &4 218 4 140MPa i 2 7 $5R 60 § o $>0 B 5 10pm s
WA 3 o HOREAC105C ] 130C2 fF » B 3R F0 ¢ F F tg e e o
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T W RAER I P sii?ﬁ
Bk :J

Bb 10w chitc st =
.1 ‘i ’ ﬁ,\rg mF ls\:ﬂfyfﬁ'pb fﬁ:'i 95 o 3\%1’;’“2:“-%%?{-;]: ) }?:gﬁ_}%_l\} /E}mﬁ'ﬁ""ﬁ"

*ﬁ-ﬁﬁfﬂ,:}.ﬂ/q}\}lﬂﬁﬁ_ F g s RERE F K 5~10 &
wEEAR R st ) R A
B L R A F] 150°C 0 A

@ enkE B 210nm B R R K 6~T s ok B e AR R U D
LR B S5 R ey CL RN
B £ o FiLT
MRHER L TR R R EEER .

e ®
Bl 22 18

L) 1:,\21'[;)3’1—?-
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EE T
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?oﬁﬁﬁﬁﬁiﬁﬁﬂmnm%%ﬁﬁ
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9 -
s ¥
— 7 -
<
T 6t
g s
£ sl
3 -
2 L
1 -
0
80 90 100 110 120 130 140 150 160
Mold Temperature (C)
Bl 21 BB B RET 0 AFR W anhf 2 o

B 22 HoE 150°C » 4 6+ 0 & 4 120MPa g i
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302 A SFAURA SRR
ST ST - AR FF A SIS > AR
FBET ORI E LIRS T {i&ﬂﬂt“”f?— LHL &R S 'f‘—"i
BV PEEL A K g w] BT EiE wiﬂ‘ 50 kg & A(weldline) 2 24 > P-i#
i g R ﬁﬁﬁﬁﬁ’uﬁiﬁk¢m%&$
FoRME LGS PR RS G Frez 44
B AR R Ak s s RS th e
R o RIS ER S F ARSIV G ERERARNNE
B2 GERE A o »’E#«*‘“ﬂlz;% HE oy ERFA D RAEEET @ S
P B RIS HE R ATERA G REFFERNLE S
Bl 23 B4 BfOVRA &) 2R T A RE GH T %\”7"% i
5 HOE 150°C 0 #FRPER 60sec o d Bl ¥ chd AT Ao SRR Ar it B o
LA BTIURA i Aem B0 > H P EEE 10um & 100MPa ¥ i Pl & foen
FERY I AR RGBS T o BEE2um RN G - EENER o ¥ b B
E 10um 7 60MPa Tr:f /2% ' 9.5:28d@ 2um AR E R 7 & % % 7] 160MPa
1T Pt B AR R el F o R A | B 2um PEehA A0 2 7 i
3E$ﬁ1ﬂﬂ:awﬁ¢3§$auJ#m@4(wmwmuzjyﬂpvsbwﬁod
FEE A A F PV 3 f(PxV=constant) > FX TP < > BV €] -
F2ZRENVARP g #ERNRAMG 5 0 FIERE BF 82
BT o m L TPk Es e FRAR YV AP a HAME R
RIFIE SRR tE ] B 2 BS 4 vig > Pt s S dem sk P
~(V)e

A
B

)
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=]
.ﬁ 8 L
~
86
(9]
&
< 4r
2 —A— 10pm thickness
" —8— 2um thickness
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Main Injection Pressure (MPa)

B 23 H8 150°C ~ #REERF 60 #) ~ B2 10um fo 2um i &9 & 4 $HF 5
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1. -Growing S0
7. Phetolihogzraphy and RIE
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3. Deposticm-51:M
2. Femove PR, wet etchung wath BOE -and 40%part EOH
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3. Photolithograph
2. Photolthograply

Hl\"
S,

| i
L T
S0,

4. Dry etching with RIE

PR 10, Remove Si3H4 with RIE
SN,

5,

5. Wet -etching by BOE

L LT
i),

6. Remove PR and wet -etching with-40%gart - KOH 12 Femove 510 and 51.M
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AT 473(110)~Ptype # & Fl 5 iz A 5 T mEET BT ¥ o
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* hPtype B %7 0 3 P)forB) i B S [71] 2t A F B it
e AFREAAR G g ARY AT L2 AP AL 2R
2200A B B 1 Si0,» 23 HE Y KB hiEEE 0 v F F L Sifr SizNy 2 B
HEF R AR 0T kB LI U R RS F I b
Fom WAL REE R Y MR ApTH R E (LPCVD)w A M+ # i # (Low
Stress SisNy) 2000A B > i & * & § ;RN 4 %)% KOH f& pr i & %] Gl 3
Ko AR Ao B 54 2 4 3 12

432 iR

RFF-ERFRAEGRE BFOES > A7 5L K IE(FH-6400)% &
S| 1.4um B & UV R LB 350~450nm B & g B2 2 8208 > I Elhdp
+ A%k SL(RIE)E 5 F 77 (SisNy) Fizt 2 2 s Rk A Bk L &
BOE # = % i # (Si0,) (T Bl ) #4500, & 304 e ARG > /2R s B %
W2 bw g K 1 o SLibE P R (IS0, f R B it 5
Falame iRk R TET A0%wWt 4 3 1 47(KOH)H (7 T w4 aE
hazle R T0C & T 5deaf Tk js - @ ¥ 5 IS E# 120rpm
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Clean wafer RCA process
Development | Temperature("C) | Time(min) | Thickness(A) Equipment
' Furnace Dry O,
Si0, 1050 90 2200
(CVD)
Si3Ny 821 26 2000 LPCVD(LS)
Procedure Material Parameter Time
Removal mist HMDS 150°C 40min
. 1000rpm 12sec
Spin Coat FH-6400
5000rpm 25s
Soft Bake Hot plate 90°C 60s
Photo-
. UV Exposure No filter | (7.5MW/cm?) 45s
lithograph
Post Exposure .
Hot plate 90°C 60s
Bake
Development FEHD-5 T toom 20s
Fixing D.I.-Water: Rinse 30s
Hard back Hot plate 120 °C 180s
Si3Ny _ CF4 40sccm
_ RIE etching 160s(100W)
etching 0, Sscem
Si0, .
_ Wet etching BOE T room 150s
etching
Removal ) . ,
Wet etching H,SO, 80C 7min
PR
. . _ 70°C 210min
Etching Si Wet etching | 40wt%KOH
/120rpm

433 HIEHEIE

FABWEE L TR B EEE DL P VRN 2um AL
Ao tedd FEARET o s fid gk F el - & HMDS v 4 R fe
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N EA TR R % % - kY Rk kiR
,“% CSECRHER O PV R TR NALNERE 0 BRIERE S D
vp o HisE o B 2% & BOE 324 % Si0, 2 3 B2, % 2k G 7 #
%H%a’kw@%rméf%w’%ﬁ@rz&ﬁé
5 1 40%wt S KOH B » iR A 70C » & F SHFH T - 2?3

A g 200rpme (Fif 5 PR A F REMAR S (8
RFAFRTTHFF IS AR TEMER PN D8R o 0 T

Pl #FFAEETF R RFRD - 2 ERIRT R G “’Léﬁ"_ °
PR AR AR 54 2 H BT {r 8 Rl R T 47T o
57 0 8k R AR PR Bl
Clean wafer
Procedure material Parameter Time
Removal mist HMDS 150°C 40min
1000rpm 12sec
Spin Coat FH-6400
4500rpm 25s
Phot- Soft Bake Hot plate 90°C 60s
olithograph UV Exposure Filter (7.5MW/cm?) | 63s(mask2)
Post Exposure Bake Hot plate 90°C 60s
Development FHD-5 T room 15s
Fixing D.I. Water Rinse 30s
Hard back Hot plate 120 °C 180s
CF4 40sccm 170s
Si3N4 etching RIE etching
(0J3 Sscecm (100W)
SiO, etching Wet etching BOE T room 130s
Removal PR Wet etching H,S0, 80°C 7min
Etching Si Wet etching 40wt% KOH | 70°C/200rpm 19min
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WIETHERMDPARK > R PALEL P ERER T DE K SEF O
e o AP AT B e (doping) BT a AR A JIF LI AR T RGN B P
2 FTREBPELEET M )—*HEE F BT AUFER RS & 3~Sum iFR
[71] zu;ﬂ;g E;Q”Vﬁﬁf"y%’r,ﬂﬁ?“vé‘wf* Rt A A 10um 2

ARG KN R C L G A BT As s oA
m{ P”%%Hm}Wﬁiﬁﬁbﬁ$%ﬁ9%@LWFﬁﬁ@
MR R AEE R R o G R IR R R R K 3 RS Al TR AE .

SiO, mL%.E: & 6000A M F o B A G RREET «i”ﬁ STIE R B m’%m
BRFS[70] e him~ @ 1% SNy o SiO, (¥ 5 4F & E3g Kk » 7 i
Fedgk cnk R 'E T 3000A » gt 2 F] L+ FEdp R eh B R iR 4%
ARSI RE G - TR R~ 2k o WK R 54 7\*5,3?5 9~11
By gk o HEAE S
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o TTGALH YR RS AT F A (ACE)F % 0 £ 1% BOE 4
Kﬁz: §F VP TT 2 A o 54 2% 3% 120 EEY pFEAHF=H T o 4ot
PPk o7 2 PE s 4 B BT MR BT A B A T RER VA
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Clean wafer

Procedure material Parameter Time
Removal mist HMDS 150°C 40min
1000rpm 10sec
Spin Coat FH-6400
4000rpm 25s
Soft Bake Hot plate 90°C 60s
Photolithograph 5
UV Exposure No filter (7.5MW/cm") 40s
Post Exposure Bake | Hot plate 90°C 60s
Development FHD-5 T toom 15s
Fixing D.I.Water Rinse 30s
Hard back Hot plate 120 °C 180s
CF4 40sccm 170s
Si3N4 etching RIE etching
0, Sscem (100W)
SiO, etching Wet etching BOE T 1room 130s
Removal PR Wet etching H,SO4 80°C 7min
Development Temperature(’C) Time(min) | Thickness(A) | Equipment
Pre-deposition 30
POCl; 1000°C 5000 Furnace CVD
Drive-in 950 °C 30
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Clean wafer
Procedure material Parameter Time
Removal mist HMDS 150°C 40 min
1000 rpm 10 sec
Spin Coat FH-6400
4000 rpm 25 sec
Soft Bake Hot plate 90°C 60 sec
5 40s(mask
UV Exposure No filter (7.5MW/cm") )
3
Photolithograph Post Exposure .
Hot plate 90°C 60 sec
Bake
UV Exposure 1) No filter
. 5 40 sec
(photoresist 2) soft contact | (7.5MW/cm")
(mask 3)
inverse) 3)removal mask
Development FHD-5 T room 15 sec
Fixing D.I.Water Rinse 30 sec
Hard back Hot plate 120 °C 180 sec
All'of the key have to protect
Remove all of CF4 40 sccm 170 sec
RIE etching
Si3Ny 0O, 5 sccm (100W)
Removal PR Wet etching H,SO, 80°C 7 min
Wafer cutting Diamond sawing 40m/min
Removal Si0, Wet etching BOE T room 130 sec
Sputter Pt/Pa=6/1 10 Pa 180 sec
435 #Hres@micile

LEmE - BET N4 4 E4 (Conductor) £ 24 3 4 (Insulator) 2. FF
- B E S ALY o U B i 45 (GsAs) ~ B 1 4FTInP)feAd 1 4%(ZnSe)
B M-V 52 [-VI%E 2 il L« 53 epp i o &
A W] ijﬁé_%?i’ " et [ (Energy Gap)iig M o #73) ehit Mo f]‘“‘{jﬁ =5
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L EH R4 %+ (Conduction Band)¥® % #+ (Valence Band)z B i & £
BE o g ay M2 PP AP HET R cn g 0 LR
jﬁéﬁ?4&@»ﬁ4$’#wﬁﬁ’ AT Y L L
LERHE B R OE MR eV I3V 2B 2 EET A 50 B
At R D E e BAEE2 b BRI KRR FART  pE T KA
BAE B M PN 0 A4 735 4 (Donors) 2 X 8 (Acceptors)#1iF 4 1
it F# (Energy Level) > ¢ » #c(Extrinsic) H 4 cha g 4 it > @#H L 2L 4
#cL 48 (Extrinsic Semiconductor) » @ *F FEH @ * PR HF ~ Aw @
R e P Am B DR S5 W R SR BHET R g 1) 2 3 T
BT X R R AP Ao PET R S H o a2 AN L B
7@1‘%—* EMP A0 4o r 5 2R b (T4 5 32 72(Doping) » #74c »
32 B % % B (Dopant) ©

E R iR N mﬁi‘?;}i/{ﬁ’”ﬁ (R IE iF T EPE ”(Diffusion)ﬁ fi ke
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A b o b B A i 4E S g AR F A A e(9)(10)3¢ #1

F o
4 By - gk AS=%ZO 9)
#4585 - 22 AG=AE+W-T-AS (10)
AS % (Entropy) % i* £
ANQ: i SEp R DRE R

T: BEER

AG : p o i (Free Energy) %1 &
AE © % % it (Internal Energy) %

W ok Bugteb o7 ezt (Work)

L ER iAo - A 3 0 ¥ 4 5 T8 % (Pre-deposition) 2 4% »
(Drive-in) & & B FFE o FEE PP A RBIEH 2 AP B F - L}
g Hendom b AR R RBpE R A BT Y FEY
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Do % 20 8 Fo 4R 65 47 5 4 B <hF] 5 ( cm®/sec)

Eg: & 1€ 48 58 (7 A28 & ohid 1t it
k ;& 3% & ¥ #c(Boltzmann constant)
T .4 %8 & (K)
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IR SR L R N E A
Rensdfic A AR B FHL M T ORICE Mg B o i 4 g

& ’i“lt‘,m}'—: 0

GG R o R R AR AR n AP G B R AR p
ﬂﬁiﬁﬁi’%&@&iﬁﬁﬁﬁﬁﬁﬁ?uiﬁ@~ﬁ%§$&%”
PR AFHRIBTREALRE IR UV EAB T RACE &
—zgj4@ﬁ%§ﬁ§$ﬁ’ﬁﬂﬂﬁﬁﬁﬁgﬁhﬁﬁﬂmC’Bﬁ?{%
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IR ;}ﬁmk%\- 15 0.14~0.18mm #E £7% > 4 B] 60 #7575 2EI0E 2w PRy #1000
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ARAB B2 E L P EERE LS TR RAE B 63 5 F e
R LRy > 5 ML W TR AL e - WP o

LR i
R B 88 TR s L “:
&3 % é} | 3,%4‘;31 Joiy CHE 1 : ; '--".‘
. .r:q

p -~ f ’ .
=N ' ==

chip

T8 1 8%

A

chip L{_'=

Bl 6l & P EBHE &t A2 RIARE o

=75 -



Fl62 & PSR b (5hGEEA LF -

+ 4 st i R
F R Ak TR LR R R RS i £ (v ST

S
B AN ERRRRE GG NFEHE SR ARl 64(0) S R 2
P EF - BT A B R ARE P LS Bl B SRR P
?%ﬁi&ﬂl’%ﬁ%%iﬁiﬁ’*7ﬁ$%¥ v B 5 R RE
B B e 2R e 0. lmm RS L B 5 - BT B ERRIP B
BORRITERVERY > ¥ - RGP RRKG R e FRFHM S FH
BRI A BRARS e o B RS RO

5 I T B & B
WherH Fg A BREEAIPERY AR B FT o B REASES
0.lmm =8 g & > ¥ 2 2srFRTRF A FERSILERET o B 64(b)

-76 -



Bl 64 & ¥ B HMERRE KR @F FRASRERE  OFTHT AR
BB ek L o
BB A B R

& BAAREK

b

T332 Rl 65 5 B4 S ER GO R

E&@ﬁégpﬁﬁ,%1a~ﬁ~a4ap’#%vﬁ
GoEd Y T RS mﬁ*%w°ﬂ TR S
o BR - %aéﬂmH%XVﬁ&P%vﬁ%mﬁ“f‘*
T
255

3‘%

i

p

BB i & it ?ﬁ;@%mﬁﬁﬁﬁ@¢wu B

B A5 0 P e
o

N
£
%Y
[y
-k
\_
5

-77 -



SCIrew

force

load cell

rigid spacey

(b)
B 66 7% & 5 R

B HTIEEM GaupREy o
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PR 5X ~ 10X ~ 20X ~ 50X ~ 100X » fie i %48 ~ 4 W 2 CCD
BIEB R X TR T kB R A g o

(O)H3 ¥ 4a 58 T+ B Acd - #8735 HITACHI S-4000, fz+47 & ¥ £
1.5nm > ¢+ 2 % % 25~300000 & o

(6)#cF#P £ © % B GW instruments 2 7 % » 4155 5 iNet-100B » ¥ | &
DR R BMRW > BRR - BATIEEIAE LG 8 Ei iy

VAN
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Tefloon(TF) R Paper ¥ 4% TF
Isolated film
t=0.15mm t=0.11mm t=0.18mm t=0.14mm
Compression stroke
0.04 0.05 0.04 0.08
(mm)
Non-adhesive \ \ X \
Heat-Resistant("C) 110 250 110 250
Airtight A X A \
Knit( 4 3 2 solid perpendicular | interlaced | perpendicular
Isolation \ v X \
Compress-resistant X X A \
Deformate-resistant X X X A
Non-slip X X A \
V1 good, A :acceptable, <X poor
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