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Research on Mold Coating for Hot Embossing of Glass

Student: Kei-Chon Hao Advisor: Dr. Ching-Hua Hung

Department of Mechanical Engineering

National Chiao Tung University

Abstract

Glass hot embossing is an important technique for optical elements
fabrication in recent years. It is generally used to manufacture optical lenses
with the advantages of low-cost and steady quality. In the molding process, glass
is often sticking with mold and that will make mold damage and poor product
yield. In generally some materials like Pt-Ir and DLC films can be coated on the
mold surface or hardened alloys such as WC, SiC, GC can be used to make the
mold to solve the sticking problems, but both solutions suffer from high cost and
manufacture difficulties, also, from research on related litenatures, there are no
evidence that show the relationship between glass sticking and the surface free
energy of coated materials. Therefore, this research tries to use coating materials
with lower cost for the non-sticking coating for glass hot embossing, and also
expects to verify if the surface free energy method can be used to effectively
determine the sticking behavior of the glass and films before the hot embossing
process.

In the beginning of this research, non-sticking coatings with CrN and SiN
were successfully made. After that, the surface free energy of the films were

calculated and both the glass contact and glass hot embossing experiments were



conducted. Experimental results showed that, the lower surface free energy and
the better the thermal stability of the films, the less sticking was found between

the films and glass.

Keywords : glass hot embossing, contact angle, surface free energy
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AL o T AT P e LT A AT B - RAEARE D

EO s JUED|E AR AP he T b TP B E G AR T X8

Eiﬁﬁ?%ﬁ;/‘l /r'dql}-m"" pESE ';]LLL 7]&];23%,1, '#_p_ﬁﬁ ’LE" E“iﬁ’)%ﬁ E] d g

¥

)

VL o LD 1 0 e N T A B T ) e

1.6 =5 > %
g s 'iéjl%ﬂ Foied FXEEFAMLH pd ot B Ee d g

FoL i s podoa ek o R 2)ETIC 3K EMC & i dniit R 2 7
SEARM e FIM AT 2 FH B EFAMA G pod s o) kR ETT R AR
Bz B AR EBRSANERM B @ @Y SRR 2 LR R T
oA g R s TR BER T H R EE R
AR B SY  pk EHE CrN & SIN TR SR g erié % g
Livdepd ety 2 (L W BRABRGE

VR B KBRS AR 0 B R B & G d i anlicdy 1t

o NEREW A G P od i BN Ak B el oo



$-% MM RIEAL

AFPTAIRIFF G FMA G pd o AT SRR R s gk

Mo FIEA G AT A E R R 4 G R b g 2
RPHGEEN A AFARALAMEG I A E R DT

2.1 511 &

Bl & chil #1245 -F Thomas Young #1805+ #% i =hYoung’s Equation
[16]#74s it > 4o(2-1)8 #57 o H ¥ o 3% {rs Wi 6 3% 4 (surface
tension) > ys & FMfrg WA 04 o p d 5% (Surface free energy) > vsL & 7

Ao BT i 5o, 05 FEE 2 RR 8 adxff & (contact angle) -

VL COS(Q) =Vs ~ Vs (2'1)

T

i

A A G hp d o X T R A G

HiE R Lt o T Y
pod i sl m BETREEM A 6 AL R ep R o dHR e R et R
¥ d Young-Dupre’s Equation[17] 4 7= » 42(2-3);% #771 » % R W A FHE 4 5 35
3 B P AL S RE (wetting) HUREB SRR T I A G pd ot g & T o

W =y +y, —y,-—-Dupre’s Equation (2-2)

H P Wy s %t % # (work of adhesion) » 3 % 3= #-3% (2-1) % » {5 1

W_, =y, (1+cos6) (2-3)



Bl S8 (2-3)7 v 0 S TR A & P ] T SRR
4 m RJE(wetting) (7 5 0 I F A 20T ow 5E[18] ¢
. 8« 10°:

FO10°FF > (23T B W, =2y, " FEFLF-FS AT E 5

L‘]

- RRMOVREBEY c TR ARMAG P € E R 2REBE L > T
AL i R B S e
Il. 10° < 6 < 80°:
$10° < B < 80°FF » 54(2-3)¢ e Waq§ SEL O 4e 5 o PP A -
A ARL R €3 - B R o SRERMAFMAG P € TR RES
» BRI HRE A B ARAE S I W AR o
1. 80° << 6 < 120° :
%80° < 0 < 120°5F » 3%(2-3)7 e Waq € “E F O3 4r @ 5~ v F 0+ 3190°

o R AR G R AN R-FENGF A 0

o

LF-FRAPZ B nr - Bl RFEFHR S TR AR AG b €
IR 3 BB o Fpb fr‘]’f?“’%\m/’?}tﬁ_;;#m, KM o
V. 0 = 120°:

B0 > 12000 > 58(2-3)7 FWag € SEFOH 4v @ 0 0§ 04%17180%pF >
MEH AT LR F R E FlA R AONR-Flavg g4 a5 R ERY

h AR 0 BB EM 4 B AL S AZF kL o § 0 = 180°FF 5 2 R AR

10



Bl 2-1 &8 & & s kM2 B % [19]

2.1.1 Young’s Equation % i 3\

BORFEFAM S Lo o RIRRRME AAMA e T TR € B £ Young’s
Equation » e & Bl3# 4 6 & & feE R 7 P > Young’s Equation ¢ 75 &-
gL o Fl 3 B RN G RIEL G R R A BT aieff &30 %
2 ;v 4rWenzel model[20] f-Cassie model[21] -
| Wenzel model 2 Wenzel*+1936 # 3% 1 e » 45 41 % iF 2353 JRIE k ji

Tk ek d B BRI A B A(RI2-)T 4 Q4R ER

cosg, =rcosé (2-4)

i &Young’s Equation ¥ ¥

cos@, =r(fs—7sy (2-5)

I

11



actual surface
geometric projected area

r = roughness factor =

HvY QwiaWenzel&f§ &£ - 0 5 2 & o enYoung4fg & > ri fe k)3 o

-

Bl 2-2 %o fe R HE &2 P

Il. Cassie-Baxter model
Cassie-model 5* (2-6)Z_CassiefrBaxtery>+1944 & e > 5 i 4 4 x;f

kA § B S & BRI ol B T R f B IR Rl

Moo FREE Gl SR BB BTN § A 23
%% % 4c§12-3 o ¥ ¢t MilnefeAmirfazli[22]52011# 45 J1:E 2 3 4 * i@ *

Cassie-Baxter model it 7 3+ 5 2 Ve~ ;F*Je ¢ H 7 4% * Cassie-Baxter model

hsg A ot el 0 et (2-7) 0 e d 2t H G Cassie-Baxter model i T i

TR e W24 5 7 AR E R PR g A2 30~130amE L
cos@, = f,cosd, — f, (2-6)

HP i A-RAmcn@ofF o fh 5 &R-5 16 ? T F3 ks oL b

Bem kg ff 0 Oc & Cassie-Baxterz 3%/ & » 01 H-g-T & HfEjf &

(L)

12



cosé, = fcosfd —(1-f) (2-7)

H ¥ Q¢ i Cassie-Baxterz_ #:ff & > f 2 2 *riff D enEM L 5 4 5
O LE-RT G gL (kA R)
g (fl—r fz—O)};E % T lﬁsrﬁ ’”‘T& P Q‘L’I‘#F& {IA = ,' ?} s T 5\3 (2-6)

§ %230 (2-0) o

—

\\\

Bl 2-3 Mol Bis 7 § $HEg & F

2R
Ll

I
. (1! i T .l' 11
I .' .'l M '“'l I"""-"_'JII"II-_lll_lllf'll.r,"l ! ” '|."|'I|'l

,u-" -'”fH” I alf .'f Co . S
L e M ] ' 4+—— Coplanar (i.e. in the same line) liquid-vapor
i ! and solid-liquid interfaces

a b
f, = f=;, f2=5=1—f

Bl 2-4 &7 FpcisHET @ * Cassie-Baxter Model[22]

13



22 2w pd s i %

# wm p d & (surface free energy) s % % 1629 & 4 3% 11> #1805 # Thomas
Young # M1iEiEA F B IEY 4 i R KfER A G pd MR TN 4 T T
> N R AT EMEEAG pd R AR pd U FHREICREE O
pod g cff % [23](4c @] 2-6) o F RAE A i - TR T FEM A G o AR ]
P AR > HpiRPARE o LR R PR B AG pd it E
TREATE@NDMA2] R p i ERAR pd U FER B R T ERR

S, n AW o FINE A G EEBA L AR AP d XQT)T AR A

=U, TS, (2-7)

WG pd e LG RGN G T SRR TR y A

=t
jﬂ

Miaspda W5 AFM 44 A% % 4 F (adhesion vector) £ — 4 #
] Fi(displacement vector)#7 it 335 > @ 425 3 &R (RMS)¥ 4 AFM & ] >
Fc(constant adhesion force) & *it 4 # % #ic> N 2t Adkc e F]M % £ o ek

AN APE > B LA e pd A gﬂ»\l'ﬂo

—_—

Z T = % S =)y, =F.R, (2-8)

1
N

14



Vapour(V)

Liquid(L) yL: Surface tension of the liquid

vs: Surface free energy of the solid
vsL: Solid-liquid interfacial energy
0: Contact angle

221 FRE G pd a2y S

d 3 EEAe pd BRI Aot Eie pd R(Fekd )7 ERE
B Fla FR A G A Ao AL T A Ft A HE A G pod g P
P PEiEe rdm pd 2 Rl E R AEM A e 0T R 4 R
R L w pd it E o {9 Young’s equation FRE L ¢ p oo syt E 28
Rl R E R AG pd > FARIoRBETORG RS > KAk
Who podafodfd & 0RF 3 LR L AM{RBE DR G RS y 712

4

(=)

|3 Benie® 4 5 e g4 7 L% B antl 2 iE s dod 21977 o F)
LR 52 }gkﬂgfs 2 Owens-Wendt = 23+ 8 HR B cndk o p d o Ft AT R

#-i3 * Owens-Wendt(dr#£2-1 2 =2)? 227 H LA e pd oty o

15



%221 F¥L e p

A= 2 L
2

&
N

= o4

¢ 19 4] [24]

H (&5 =
Method Information Min. no.  Application Examples
of liguids
Zisman Critical surface 2 MNaon-polar solids PE, PTFE, waxes
tension
Fowkes Disperse parts of 2, non- Non-paolar system { PE, PTFE, waxes
surface free polar
anargy liquids
OWRK Disperse and polar 2 universal Polymers,
parts aluminurn, coating,
vanishes
Extended Disperse, polarand § 3 Specific questians : Plasma, or corona
Fowkes hydrogen parts of of surface treated polymers
surface free properties
anergy
Vul Disperse and polar 2, at least  Low energetic Organic solutions,
{Harmonic parts of surface one polar  systems polymers, organic
Mean ) free energy liquid pigments
Wwuz Disperse and polar | 2, at least | High energetic aluminurn, glass
(Geometric- parts of surface one polar | system
harmonic- free energy liquid
meaan)
Acid-Base Disperse, acid and 3 Specific questions Biological system
Theary base parts of of surface
surface free properties
energy
Schultzl,2 Disperse and polar § 2, at least | High or low Polymers,
parts of surface one polar i energetic system § aluminum, coating,
free energy liquid vanishes
Good-and surface free il Low energetic Organic solutions,
Garifalco energy systems polymers, arganic
approach pigments
Equation of surface free 1 universal Palymers,
State Theory energy aluminum, coating,
vanishes
Chibowski surface free il universal Polymers,
method energy aluminurn, coating,
vanishes
Jhu method surface free 1 universal Palyrmers,

enargy

aluminum, coating,
vanishas

2.2.2 Owens-Wendt Method[14]

Owens-Wendt Method Z P # % * »t2+ 5 B4 £ &

Pt ke g

14+ 4 (dispersion or non-polar force)¥2 #& 1+ 4 (non-dispersion or polar force) » 4-

Fowkes & 1135 ]88 2\ % 4 ¢

16
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F(2-8)c e H ABEAEIL L Ao FILT A A AT A G TR

2 FfE A E S AR B E R chiR M B 2 m P A d i o 4y (2-9) o
vi=v +r" (2-8)
Py s BGR)ZE G pd oy 2HGR)EG pd o 2bEEE sy

SHEGR)E G pod oA RIS o

7/SL:7/5+7L_2\/75d7Ld _2\/7/SP7LP (2'9)

morycos@) =y -yt (217 #

7, (1+cosf) = 2\/7/5d7/Ld + 2\/7/SP}/LP (2-10)
He y ZiMendapd w(Fa%E4) p 2 HMAG pd ierztis
By iEMEAG pd R y (AR EA G p P A 2 EEIE

SR A G pd R eRMEIE > O HR A w Fandfg & o

et £ @ﬁ;‘iﬁ a%-%‘/f?‘i'l *_g;‘ W 54_1]%_11 2T I A m:]v} o A ng;;?iﬁ =)

R R R BB ARAC(B] 2-7)47 7 0 S AR EWE G h

=
4y
)
(&
S
S
G

RF s 3B 4aipafi  BP -Mo kst ¥F-MAlaiaizyg o2y
i m R+~ AF g PR R R R AMERTHESR ZITY T 5 £

% 4 % w FHic(surface diffusion) 2 % & & 4% (surface migration) » — %4 £ %

HooOMBA G o - WA EE A BR AR LR R WHF A RS o R

17



BEBTPE  KeH A R BRI A AT S i £ AR 0 BB F R

FESG - PREAMAG 0 BREOET NGRS FW -

xHKigh T (RF - DF)
: LI
R

== |

2.3.1 wHy
KB R RER I A Y26 R+ 5 - L d v Pr
HRAHLG BT RFE =BG
. 2R 426 h3 2T E LA,
I s ftis f AR @3 gt anfdei i ikt 4 o (FEtrie g (2 #H47)
o fEe (o aa e - I EE)

. AL e 2 2FREHE WD AHEe 2 TFr e d o

18



Ja

D3
0
S
B = EOTER
B\ - REM
o 317 — {mEHK

] 2-8 w3 o dt o SR[4]

2.3.2 "% fre vk fr iR 45 (Pulsed DC Magnetron Sputtering)
® o R4E(DC sputtering) K4 8 Z 3 HREY o r 1 TF M0 - 5 E

e B LR B(L-5KV)IEe 1 (e EE) 0 A (B iRE)EE o R ALE

=

AAEA G ARG o Bt A SRR TR R TR

G ARSI ) DRSS 0 B BB AFIEREHTE
BRI R IESEEHRSF R RFEFIRFE LR L G T
LRI o - BER T Al EE G 2~30eV 0 # il 5 42 (thermal
evaporation) % & =+ it £ .4 0.1eV 3 » FIP BEMTE EWNORBEE RS
”“igﬁifi °
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|
il
>
O

O

il
H3
l

(5 Y|V 5 -
Rk (2 |
-

i
Ha
i

TBr&ES

B 2-9 B nids ki & W[4]

ﬁ%ﬁ@l 1

%Bﬁ
(Ar) = ARHEK 5 oo

fEATO l‘—"'

| mews
Bl 2-10 B éxsr i 127 & BI[4]

FlrEnBELEFRFUELEF AKBRIF LI T A
SRR A REMCSE A o @ PR FE SR 4% (pulsed DC magnetron
sputtering) (] 2-12) R ¥ f& 4+ it B 4L o "% e e JnmsdtiA4E ¢ = DC En g
B ® oo R R R X G H(IAHR)T R B RS - B ERT ReniEr T

20



FiRAMArH S ar R ED 0 bk (arcing)® 2 o P BT R R

N

«7

LT RTFAMH o AR RT AR ARG R g
I AMBES TL T UAG AT IARAE T fﬁiﬁ.ﬂlﬁ%ﬁﬁ% » Flet R

RET ARG S TR RS S ARRA L S o B iR

=t

BfRRAFES Aok 8D R SRS R E5 ¥ iEg o B
SRR E R R AL PR R RE R 0 TSR oI R

B WY LRSS R R LRSS § RDITR S ¢

%*F 20

” 15
Reaclive Gas .

27 Source

Inert Gas
s | S ”

7 Z s FIIIIIS A
24 Puise Pulse
ﬁ Controller L‘és Controller \;6

OC Power Supply ———— I

W] 2-11 B R4 R 2 5 1 ) B 2-12 % 6r 2 JRE g R4E R T2 T R W1[25]
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TN =

2.4 313 Hg T

I A I R F R R T B AR R = gLy

iR TR N

s ﬁtﬁs’/w‘)i P

I Tgger b it Bh(Sp) ™ o Tl 1 TFR RS

R SRR (bR 2 F FRIE) LB e

516

» RPIF A, o LR R T B

EEEEM o a Iy g F Al iEARY B o i

R AR AR R BAZY - g R F AR

- TALR R

*

e S = N B SR

o Bl 2-13 &2 2-14 4~ %] 5 B3y R R B2 B[ oF PR R o

Logyo Viscosity [Pa-s]

15 1 16
Strain point (AtP) 10**° Pa-s
13 1 Annealing point (AP) 10" Pa-s - 14 =
............................................................ g
11 - 128
1 <
g - 10 é
R WO N Softening point (SP) 10°"Fas _Lg 2
5 (5 &
w
3 N Working point 10°Pas [
1 1 1 1 1 1 2
400 600 800 1000 1200 1400 1600

Temperature [°C]

) 2-13 Soda-lime 333 48 B[3]

22
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FZF PR ZEMRAENE

-
=

ARIARAALTHRRE FRPDFHENA AT TR PR
BEMB2ZARRI &AL RREAPLTY P R ER Y hE RER

BonBBREAME AFHRFAEANELTHRBRB TP AT R

#
\\\Xr
=
n“_\t
Pt
,ﬁ
#5
5=
|
-
|l
ig;
14
%
\_.
o
fet.
R
=K

pd o LU ART
56;’ s %—'ﬂ 'bhaﬁ?i%—ﬁ& R «\!:'r} ’ ;EJ;—”E:% 1] E’ Y "’k”]“-?— i e g L 38

M %o

3.1 MK &

ARG AT BN A A REAPAL P SR ER Y E TR
KA AR 3T HA R eSS E R BREZRY CBFHRE TR
oAk BERERT IR B ES BRSO FRHE
ZRTHI10°Torr (6L @ R E T R~ HME 2 R T T

107Torr 2 % e BB o @ 4 FRARAMLEE A %0 3 B LK LF

BB A ARMARST 5 F] 5 BARMR TR T o P o3 i«’:bi?”f[ﬁiﬁfl‘ »

e

P b BOReng[ o ORISR LS 0 E MR R R R R R

Y

)

A
it
F_&
Ry
el
=y
¥y

BRB G AT REE S B D
BRI EORL o A A g o L ho(B 3-2)91F 0 d AR &

IR R EOTR L AR E R BT i > F1ME Y ST TS A
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REEREE S RSN RE CER Y N S

Turbo Pump

Heater

> Vacuum chamber

> Substrate
eun [ #%# Pump
F31 5 % 800R 7 LW
W 20X20mm Si

Holder

F32 At =pofsrLm

25
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311 FFHRLE T i

ARy oari e Si A9E R b B 20x20xImm o iR E AL A R U pp
(acetone)ixi# ¥ mAg § A et ge 10 ~ 480 &5 £ 2 B [ fE(isopropyl
alcohol) & & & mAgF b iFie i 10 248 0 Bofs 12 33 Kk s U §
FoeRFcie 0304 A 4w cnc 4 5 18x18x0.2mm o i * A 44k 5 HiAE eh
RFIGEABMBEFZVRIFE BASEBREEKS o7 Az ARET 1
P EREE B G FRAPBIEREY > F LR ARFHE G DA AT R
M Aea A baf e o H il Az s L2 2000 FLE) A e KA B Smin s £
120.1um 0% 4R pek 2w 0 GRS 2 e Si A GRS 2 - Koo

Si 1 {v 7 4% 4% 2L % 4o (B 3-3) 9777 °

Bl 3-3Si 247 (%) ~ 304 7 454w A4 (&)
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3.1.2 4RWCF B AR
AL AR A 3LL & R R o B TG TR S
AN o M S () 32l & A7 T4 2 B & o3 F L 1% SEM -

EDS £ % & Az bk & A 47 T4 58 engide o 0] 3-4 4 AR Sk ey A2 ) -

) ’ ‘ ey & 417
: !
SEM %" 47
E !
l EDS % 17
A 4 l

%0 R RER A 4T

B] 3-4 4ENCF B A E]

27



3.1.3 EMF B A BB/ ITRE
AF AL A A G P - & CrN & SIN &85> s p o4
BRF it o
GEVNCR B ik (TARR 5o
1L BEZ: F5PE »EZ%E BPEERA R £ AP I 3X10%Torr (5 £
BECE R F - %4 3 6x105Torr » 14 FE - & e B -
2. TR AN > g R IT R IR BAERRA FIFLL TR 8 R
CRLE RN k) SRR R Sar il MES TR S SR RER £ b (ML E

3. AR A F AR T AR B R -

4 BEZ: RBSEAE HMPLATR - HREB - FiU3HRF FU4
% § £ E R 7.6X10%Torr & o+ o

— CrN & SIN &5

— 304 7 44k HF

®) 3-5 CrN ¢ SiN /& %57 2 B

28



3.1.4 & H A 47
A G R s 47 € 4 B EENSE TR L d ST s
(SEM) ~EDS A 45 ~ 4 & fe k2 A 45 o $HE 8 b A 458 > B 1% g & 2
BEZEEW LG p AN o
&4 2 P e T
1. #f & 247 JZELA T ELSEFTRIRM AT R EOHMEL G &
oA R - Tend R Fid CCOfB-H e misiEimE P> A A5
TEPEAEDP IS EAMAG pd T o

2. Fh T HES(SEM): SEM &1 g+ E D - R 3 ko RS

Fill = i N g,;r@_ TR FRE B ST (8T L AR R e
WAL PG 8 AET R Fh AT 3 BB LE 1 RBEY
28T B2 &G AR -

3. EDS s #7: #m 3 # H B EDS # 47 > ¥ HarE Y e 2 (21U %
TR AL B o T G 2 (S AN S B T2 kPR e
4, Z o jekER A 170 AFE T MRS BB (AFM)¥ B e g ek

BEFAFT > ARBTZ LT AHMA pd L AT R EAGREKERT D

o
g
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3.2 I B 4
AT ORRBRE LI RETE2 G HAR e T B2 R
B S BRE R RS BREIEE 0 K 2 B4R 3-6) 41T

B B RGP LE T WARRPEIRRG S S AL AR RS

e

S M PF LRI o ORI E S T MM o £ iR R AT o 2 B
BRK KR ARG AN KR o REY B AR BRSNS

R 1S F BB o

r I

Nitrogen cylinder

= - | \
: | A Sl VVacuum gauge

Temperature '
control unit

e
L
—

Frequency
generator

B] 3-6 35 F R % & 7 & B3]
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Upper die——>

Ultrasonic
vibration device Vacuumed
= chamber
\

Heating
furnace

Quartz tube

—Infrared heater

Upper mold
Lower mold

00 Q

Heat insulator
Lower cooler

[N N|

N N

Compression - i (Isora:trj] cell
tester - S J 9
Lower die——» ﬁ W
e L SLeRLY T Do « - - Cooling water

Vacuu

m pumping

Bl 3-7 #JB @It R, B3]

4 3-2 WARE A A4 [3]

Maximum temperature
Temperature accuracy
Emboss speed
Displacement accuracy
Maximum load

Load accuracy

Degree of vacuum

Maximum molding area

700°C

+1°C

0.05 — 200 mm/min
S pm

10 kN

05N

4 torr

¢ 85 mm

31



321 FFHRLE D L

MR AL E g 48 CrN(2Y SiN) = 1 5 18x18x0.2mm 7304 7% 4% 4%
WERNBERBBRFFH > » Fokorie * s 5 Sumita 2 2 2 & A5
PSK-100 k3 i 38 7 > @ % 2~ 5 22 7mm 5 & 6mm 2 4z% > H L33
#4508 R 5 393°C > PSK-100 3 erz¥im F Al 4o £ 3-3 #7151 » H ¢k glic ] 3-8

S o MRS TR APIY 6 A LPH R B N F R R

i8] 3-8 PSK-100 *t gl

32



# 3-3 PSK-100 #3383/ 7 #2[3]

Glass name
Properties K-PSK100
Refractive index ng 1.592
Abbe number vq4 60.54
T4 (°C) 398
Thermal expansion -30~+70°C 95
o (10-7/C) +100~+300°C 114
Hardness (Hk) 384

3.2.2 EURF AR
18x18x0.2mm ¢ 304 7 44 A 27 H gy BPF % 035 9 B 4

AL 4R

\\\?{r

B BEP ERBAIRSEEGERT > 5d S

T

v

EahER i e pd a0 WEEER R pd BRI IEAZ Tl o B8

PUARE RREIATE LT § 8

@
|
T
DM
11-‘-
o)

R F B w42 B 4 B

-~

3-9 #75% o
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By & 2R

!

PIFERT &

£

¢

" H &

W

B 3-9 LI F R F % AL
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Bl 3-10 AP EGF % v & B

323 BEF i ivit i
PP 2 8RIHRLS - BUABFRAESAZERS 2P — SR
AL AHRRER RS RHAIEIEADR R o AR L0
P B BUR PR e E AR IR T o
PRI T 8 AR SRk (TS Ao
L BECRB R BASFIZ S - 2B E - FERERT L33~ BAR
R~ PRk A R K AE BT o
2. BB EG D PP EBF R SH T F WRIT I AR 0 B
EZARGFOINEFHIFBREB LSBT AoRTTR L FER o

35



3. AT

?Eﬁ ’é}a&@i FAT

I AT 2R R 1S R4 20min 1 pr g 38 2

TRIGEL G R R PET > FRS A RAIE L S Lo

CBRBEARF S FEAE D IR T2 RAE S IREFELmMIn B E L ATR

R BRI EHIE 2 S N

BRIETOCHBIEBFEEN By 3 ¥
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SRy T~ X by 2> 1 2
CH e S R

4.1CrN &gl ie

BT e g o R0 ERE RpiriReiE TF N s Bl i
§ ~ w1 SEM ~ EDS ~ AFM 3 2 473 i 97 Rl eniine 7447 0 de 4 £
EERALRRETE A P D o LB EFABRIT RUREET

BRI B eEAb e

4.1.1 JE i & P

\\\ﬁr

B S ke 4-L STm o S ST TG B £ 2 pRed 0T
AR 2R BT o s (T SEM B iRl %40 4-2 #77 » EDS % %

4o 4-3 B75F o

% 4-1 e S0k

Sample No. 1 ) 3 4 5 5
Parameters
Coating CrN CrN CrN CrN CrN CrN
Power(W) 200 200 200 200 200 200

Frequency (kHz) 100 100 100 100 | 100 | 100

Temperature(C) 200 25 25 25 25 25
Ar (sccm) 10 5 5 5 4 4

N (sccm) 2 5 10 15 16 20
Pressure (mtorr) 10 10 10 10 10 10
Time (min) 60 20 20 20 20 20
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% 4-2 CrN

Ar:N

Corss-Section

10:2

5:5

WD19/-Smm' = 50kV, %20k

WD15,-9mm  5/.0kV x60k

500nm

WD1'6#6mm 50 kAR

5:10
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5:15

WDL5-3mmi 'ST0kVAx60k '500nm! WD16/-8mm! H5EIOKVE x6 0k 500nm

4:16

WD13).1mm 50KV, %60k 500nm WDAI6/7mm) 5 OkVAx60K!  500nm:

4:20

WDAE 7 mmE S50k 60k 500nm!
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,‘,J—‘— ~ 2,
# 4-3 CrN &% EDS & P& %

Element |Weight% Atomic%
N K 11.79 33.16
CrK 88.21 66.84
Totals 100.00
Element |Weight% Atomic%
N K 25.19 45.49
Si K 43.76 39.41
CrK 31.05 15.10

0 1 2 3 4 5 £ 7 g
Totals 100.00 ull Scale 3340 cts Cursor 1.575 ke (68 ctz) ke
Element |Weight% Atomic%
N K 25.19 45.49
Si K 43.76 39.41
CrK 31.05 15.10

i 1 2 3 4 5 f 7 g
Totals 100.00 ull Scale 3340 cts Cursar: 1 578 ke (68 cts) ke

ol 2, . — .
' 5] Ar:N=5:10
Element [Weight% Atomic%
N K 26.40 47.65
SiK 39.99 36.00
CrK 33.61 16.35
Totals 100.00 o ! 2 3 * 3 B 7 5
Ul Scale 3208 cts Cursar: 1.578 ke (129 cis) ke
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Spectrum 1

Element |Weight% Atomic%

N K 25.19 45.49
SiK 43.76 3941
CrK 31.05 15.10

Totals 100.00

' 5] Ar: N=4:16

Spectrum 3
Element |Weight% Atomic% pEchim
N K 26.68 47.09
SiK 44.54 39.22
CrK 28.78 13.69
Totals 100.00 0 1 2 3 4 5 & 7 8
ull Scale 3209 otz Cursor: 1578 ke (65 cis) ket

d 4 427 300§ 4c 4 en CIN(L0:2) i s fa ke~ ] € BB se Bhent
HP g 4efhend) i 200nm o &4 F e ) 5 40nm o @ G e B oenda Ak S
iﬂj ’ m% zgnm:ws ]F]m ’ i’];m f«h#,g;\mgn‘ﬁm &4 _Jg,ri;%r.”u]?]
AjEnK o R EERE B TN Y S A B E e eh CrN TR
WEEBRF KRG L R 428 437wy &b CrN By (v ag
FEF Fantbld 5544 7] 420 pF o CIN @05 &~ St 485 R

DAk g o A E F F v Bl 4 > CIN S CEN L B € ABdRiT 10l o

CrN &3 enf B 4o@) 4-1 5757 > Cr: N 221t Gldo B 4-2 #77 o
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610

CrN 4R R &

e 546
510 AN
’g‘ 460 \ 424
= 410 \ 367 e
m\: e \_/ N34
= 310 \\ 271
260 o~
210
5:5 5:10 5:15 4:16 4:20
B K F (Ar:N)
] 4-1 CrN 3 555 B
CrNi& B2 = %8 5 ELA5)
60
58
56 —
o s \.\
PR
/\R » ——N
lm 48 » o
" / Cr
a4 —~— . /
42
40

T T
55 5110 5:15 4:16 4:20

AR = e (Ar:N)

Bl 4-2Cr: N =1t 5
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412CrN E i 422 45 p o i A 47
20 RECINEW hi G pd i > FRLQ Ei* A AT RIEHA B4
R AR R o B id N 2-103 B 18 KT o g TE R PR AR

R A w] Lok (water)fr= 7 ¢ % (diiodomethane) 5 3 * = @ 7 Yz ink Fla &

< H

N o

PAEMAH > T R REEEL G o a2 R I8 o CIN

gh‘i

flm
-

SR B R S oA 4-4 1T o

3 4-4 CrN &9y &

Ar:N Water Dii
CrN 5:5 105.54 43.83
CrN 5:10 44.21
CrN 5:15 109.26 40.72
|
|
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Angle = 104,04
Angle Left = 104.32

Angle Right = 103.77
Base Width = 1.5800

= 50.73 degrees l
Width = 2.6137mm

CrN 4:16 105.04 50.73

Angle = 105,32
Angle Left = 104.59
Angle Right = 106.04
Base Width = 1.5200

CrN 4:20 105.32

L

39.46

H % 2 A4 i o N(Q2-10)F B I E L G p d an < o B
% 4o[f) 4-3 17 o

i

A A @A dAE
45
40

35
30
725 B AE TR
LE SR

20
15
10

5

0

CrN 5:5 CrN 5:10 CrN 5:15 CrN 4:16 CrN 4:20
L Rt 0.078324845  0.281371614 = 0.462534135 = 0.000922826 = 0.143260167
mIEfGIEIE  37.64328278  37.43147036  39.24594678  33.86587192  39.88083217

R e 2 Ar/Neb 45 (Ar:N)

* @ 8 & A (mN/m)

B 4-3CrN JE5ndk w pod g
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413 ARBEFF =

F] 5 CIN(5:5)eiig B fide#h crde ZpI3R P © 7% 2718 e Bh (T L
o e HABREE P g4 bk FI S R A E v R kT
W o 1s R R nB TR S ho B 4-4 27 4-5 415 0 LB 45 b IR L
PR e BERE D 0 FIR BT R R AR BT et R

Bcho o 4-5 S o

% 45 BIREMT % 54

R R (C) 410
27 R (Torr) 2
R PR (min) 20
mEzEE (C) 80

B 4-4 CrN & w4 1§ 9 o

45



B 4-5 CrN & s i 7 o {2

Pt ES R IR T RS 0 F A AnN B4 w) & 5:10 - 4:16
P R enpLiEARE 0 A S BEA G p d S R KA G P

do SR iR FUERRE o B e R R B R R R i

F15ieA A S Rr il (T2 EHEE 4 - TenpubARE o T R AR S R
VIR G R AT 0 1L el ALY PF o LG RkER § HeTE A

2 ALY E G SRS R e - g g ey nd 6 ek 30 & 50nm =

T TR B e R B F e @ i SR e Gk R A W]

£_0.137nm 4= 0.128nm > 4[] 4-6 f= 4-7 #55%
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Roughness Analysis

Image Statistics

Img. Rms (Rq) 0.174 nm
Img. Ra 0.137 nm

Box Statistics

Rms (Rq)
Mean roughness (Ra)

crn3.000

Roughness Analysis

Image Statistics

Img. Rms (Rq) 0.160 rm
Img. Ra 0.128 nm

Box Statistics

Rms (R
Mean roughness (Ra)

crn5.000

nmit Off

B 4-7 CrN (Ar:N = 4:16)2_ % & e kR
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I R R B Y ¢ I ARN W A W] 4 5:10 27 4:16 0 CrN &5
B - qehfubabt o TS S TS Rl BT 7 e Rt
¥ K F U SRR W S B R ot i BRI R 0
S diche(4 4-6)47% o

% 4-6 CrN & % % #kc

Coating CrN CrN CrN CrN
Temperature C 25 25 400 400
Ar (sccm) 5 4 4 5
N (sccm) 10 16 16 10
Power (W) 200 200 200 200
Fequence (kHz) 100 100 100 100
Pressure (mtorr) 10 10 10 10
Time (min) 60 60 40 40

e SEM £ 1% R4 d 47 #557 » EDS A 455 % 4k 48 “15% o

% 4-7TCrN % SEM & Bl %

Samples Cross-Section

P e T A V’ r"

CrN 5:10
(60min)

Y.
Yo

e 1
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CrN 4:16
(60min)

WD13-9mm, 3L 0kV, x50k

CrN 5:10
(40min 400

C)

SU8000 10.0kV 7 5mm x60.0k SE(U) 500nm SUB8000 15.0kV 14 6mm x60.0k SE(U) 500nm

CrN 4:16
(40min 400

C)

SU8000 10.0kV 6.9mm x60.0k SE(U) 500nm SU8000 10.0kV 7.7mm x60.0k SE(U) 500nm
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# 4-8 CrN &5 EDS » 47 %% %

Element [Weight% Atomic%
N K 20.72 49.24
CrK 79.28 50.76
Totals  [100.00 R S R A A
ull Scale 466 cts Cursar: 0.354 ke (91 cts) ke
2 5] Ar: N =5:10 (60min)
Element |Weight%  Atomic%
N K 21.96 51.08
CrK 78.04 48.92
Totals  |100.00 R Y S S A A
ull Scale 331 cts Cursar: 0,334 ke (53 cts) ke
ol 2, . — . H
e 6] Ar: N =4:16 (60min)
Element |Weight%  Atomic%
N K 17.82 44.59
CrK 82.18 55.41
Totals 100.00 0 I 2 ‘Ii é 8 10 12 14
Full Scale 792 cts Cursor: 4529 (14 cis) ke’
4 7, - —_— . = O,
2 v B Ar N =5:10 (40min 400