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% % :Monolayer 779 E3tg foidete] £E4S &34 2L B4 24 sidlch YPF2E Yo &
A 7vA el 34 (water, formamide), Y343 (dilodomethane) £98-g o] 4-3te Teflon, Spin coating® FCH, 714%
¥ PFDA% FC% 9ol &3ttt Aluminum#lel S35 &3 fr]%ate] ol sl 130°71 de 714 & AHS 7
JEM R}, el airo) FaE {dbeke 70° njure) e & 7R 29dn}. Teflon 108°, Spin coating € 3
& 121°%2 F3HU. 15 FFY g ol & Lewis acid /base ©|& A& utete] RANIRE A4 Ax} Teflond
%%+ 18 dynes /cm, Spin coating ¥ #7192 8.4 dynes /cme] & oA gro] Ak ATk d2l 3 8t
229 frldae Jigoes H& 31~35 dynes /cmel e Jehlgou aluminum®le] S3HE stollAlE Lewis
base @o] & ¥+ WS e oA Bvt TyEHALt ol FgE FAE A A4 aluminum 9] F3E
718tetel F@ohizl = PFDAY) 13 dynes /em, FCIF 10 dynes /em ¢ et ol 58 F 43 AFM £33 o8 g9
e 2 A aluminum’del F71uehe) HlFE A% xE ] L ARV SIS & AUk

o so b 1

Abstract : Monolayer thick fluorocarbon films were characterized by the contact angle measurements. The
contact angles of three different liquids, water, formamide and diiodomethane were measured on spin coated,
vapar phased deposited films and Teflon surface., The highest contact angle over 130° was observed on
fluorocarbon films deposited on Al substrates while the lowest angles below 70° deposited on oxide. The surface
energies were calculated based on Lewis acid /base theory. The surface energies of Teflon and spin coated FC
films were calculated to have 18 and 8.4 dynes /cm, respectively. Higher energies of 31 to 35 dynes /cm were
calculated on vapor phase deposited films on silicon and oxide. However vapor phase deposited films on alumi-
num only showed a large Lewis base energy term. It might be explained by the surface roughness and hetero-
geneity as observed by dynamic contact angles and AFM measurements,
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o714 02 HEZLE JERN L, 7y, re, Foe 242}
A -71H), H]-7]A), mA)-GAH FEIF A7)9} 4
&& 71A= WEHZ Ad U & Yedo)

Young?| ¥4 A8 ksl (smooth) A 541
HEEHZ] ge o] dAd Ao f=d sog
shtel HY R HE7HS zret)h a8y HAEd
oA #¥H AA7|(surface roughness), swell-
ing @A, A T sletd BEFAA wio st
U o] HEzhg Jehd?,

HEAL A BHED FHF5402 YH o]
At AHELS duryow R A =HE 93
AHEE A F2 Sessile dropyy& o] &3}
Z23HAd. $¥&22 Wilhelmy plate method,
Captive drop method ¢} Tilting method& &%
®oh, Captive drop method®] ¢ AAE 7]
ol ol 3 uteg B3l dA G+ MM
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(induction forces) % 4t (dispersion) & 4
8= Lifshitz-van der Waals (LW) 43522 3
()3} A=} F7) /) A5 28 (electron do-
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od71A ¢* = Lewis acid parameter (electron

acceptor), »~ = Lewis base parameter (elec-
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oﬂ)
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2 old ¥ AFH 2R/ = HF st U
L2 FAE F Ak SFEE e (s ©
2o 2% dojd F el |y <0.05 < A
e 022 58 F g

Table 1. Surface tension parameters(in dynes/cm) of probe liquids used for experiments.
y YLW yAa '/. y
Water 72.8 21.8 51 25.5 255
Formamide 58 39 19 2.28 39.6
Diiodomethane 50.8 50.8 0
3 Algidry °F 5000A B = Sputterr] flolse F71vt

2159l bare p-type(100) A2l slo]=i e} e
o) 2bshahg 6000A 447 slol7, 22jm Al

2 ¥4 717 918 TRos Agedr. 84
28 f7luu o) ula HAE Sle) opEL
AR bulk Teflong AH&35TH &7]uet 2

e 22w
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2k Mol Si%t Si0E AFA AHL HS0.4
H,0,01 4:1 EFAol A 108 AZS & 2exE
FABI 0.5% HF & A 58 A8 3 N2
Az Al 2 73% H;PO, 4% HNO3, 3.
5% CH3COOH 18] 19.5%9] a4 &§Hel
A1 02T AAFE 2ol A & N2
Az

f71 gt AxE 443 89 FC 722 (solute)
9} FC 40 (solvent)& 3M ApollA A-zE A
PFDA (CFy(CF,){COOH)¥ Lancaster Syn-
thesis Inc. 2 %8 9 5}t #7191%4& Spin
Coatingd}”] 18 FC 722 9+ FC 40 € 1118 &
g3k & 3800 rpm oA 60 sec F< FAAZ &
02150l A 100°C, 1557t baking 3t A3 2
2o &5 % 100Ce 110CE 47 §A81EA 4.
5x10% Torrol A 100 mg2] PFDASH 1000w
FC 722 : FC 40 (1:5) ¢} £ & 30% 7} 408 Z
4t 3% & N, 247914 PFDAx 300 Torrei

Syringe
Light source

X,y,Z shifts

AgA - s

A} 20%, FC= 580 Torrol A 308 A 2349 7)
4 23 sgch,
Za9 23 fo1tote) AE2% ERoIAS

Aaretr) e 2R gN o2 Millipore Milli-Q
A" A g 18.2MQ-cme] DI Water (3
A y=72.8 dynes /cm) ¢} Sigma Chemical Co.
ZxE 713 formamide (CH,NO, =4, r=58
dynes /em) 2 diiodomethane (CH,I,, #3443, »
=50.8dynes /cm) o] o] £¥ A} H]ZA Ll
diiodomethane (CH,1,) & ¥ x=2717} 21 v|=A
0]7] W&ol FAoh}t T 7| F 5ol gt &
3 grtole] wke-& HA3 sHAM HEDL &2
< 871 sted AHEE U

A&z 2L Kruss AH9) G10 H&2 23
£ olg&td &4 st Fig 12 A7 &4

ingeE E3l) AJH Yo /‘1° :—% Fojealy CCD
camera® %3] E49-& o]v|A](image)7} com-

CCD camera

Fig. 1. Schematic diagram of Kruss G10 contact angle analysis system used to measure static and dynamic contact

angles.
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puter2 2o computero] WHEo]
programel| ols P& 43 FHE7 ) )
THEAE FHsbr] 98l Captive drop
method 7} 0] &5t A4 A4k At B34
whbel Hrlol] Qojr] =Fo = L& Solid
Teflone] FHAUZR] 7k3} 718 -3 g 71
= Lewis acid /base 29 vigro g2 FHAAA|
2 Ayt AFM (Park Scientific Instr-
uments, Autoprobe M5S) #HFE ZzF M5
dhake] FAA S ol ] Y34 SN /& 7}
A3 FYPHUTY, BHe HEE AE37] 93}
ZFAb WA AM R, (root-mean-square
ness)9}t R,,(peak to valley roughness) ko] &
st f7)aket F3 A, Fof v HrbE AT FAL

rough-

43

g7\ Z, = height at a point (X,Y), = mean
Z height. R,, 32 7H4 B2 43 718 @ A

S IE

Aolel ol (82 e,
Ry = Zp ~ Zo (8)
4. A3 Y DE
gHel 34 2 qUAE A Se 24
S g olgatel 714 H3E 7] el

RFo) 4 data point(N) %o thsted R,.= The 334%7+¢ Spin Coating® FC ®# Bulk
o] 2(7)ol o3 2=l olA ) Teflon ¥ 3 37 24319l Table 2& £3
Table 2. Static contact angles of liquids on various substrates
Spin Coating Vapor Phase deposited
Solid Teflon
FC(1:1) PFDA FC(1:5)

w F D w F D W F D W F D

Si 94 68 57 94 71 63

Sio, 108 86 80 121 100 100 70 54 65 74 57 61

Al 133 72 123 135 106 123

W : water, F : formamide, D : diiodomethane
g oIR8 s A8E54E HAF Atk &9 ERE N T 7+ 349t o)& CFy- = ¢t
g3 BPE7e )4 2AA7] FCwtete] Ao H e HS49] 42E 2 e Teflon 882 &
1 135°% Teflon (108°) ]y} Spin Coating A|Z! Azl FHukg 02 A3 HEZ ] FES v|X]A|
FCutet (121°) Bobe & s AT & U™ ASe AR ok A& 9ol si“" of F&
. Aol el 7] ERolN 2HHE BE2e ® 23hh7] et 9A] Teflon $lol A P& H&7t
AHgEE golo] gl av)e) vlawy, = ek A gole) TR 92} FAE 7
golo] gRFEo) EAY olUA R} F55 & g Veigch. 2eu SO SAE f71ure
B EBAlNA O 2 FEAS 2 "ok o © formamide® o§stel YT HHol
¥ E231871E2 bulk Teflon oA A€ =4 diiodomethane & o) &3t =45 HEAR} oF
Lol B3} formamide 28|31 B4 EH<Ql 3t FE S 7T

diiodomethane ¢} ¥ HE7t2 &89 W & Ale] ZA$E= 1 AE7F ¥ AX PFDAY 4%
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#HAHe] & formamide”} diiodomethane B th
A3 51° o] W@ APELSE =AFsHe o=
bulk Teflon EHoA 7zt JFz} 3 §Ho] 1o
FT R wide] AgE BoFa vk =4, v
=4 8L ol gt FE4E 24 47 SIO,
- Alf]el] 714 F3HE 9k Teflonol] Bl 4143
ErY e RS A=A ) Spin coating

Ry

e

A FCote] 3¢
o84 298 3

formamide 9} diiodomethaneoi
s

A5 fAH ke e,

A3 BFAHY 8HE o8 HEELG A
& B3 Lewis acid /base o] 2l 2ja] FH 9 o
UAE Attt zhzhe] oy x| akal At

H EA Jhdxr

to] Table 3]

Jept gk

4
u
Teflon U2 L& 2 HF98R1 7 =4

Table 3. Calculated surface free energies and their surface energy parameters based on Lewis acid/base theory

y L },.43 ,* v ’s
Solid Teflon 17.49 0.5926 0.4243 0.1932 18.09
Spin Coated FC(1:1)
On Si, Si02, Al 8.672 -0.2742 0.8494 -0.022 8.3978
PFDA on Si 30.3 1.247 0.4067 0.9567 31.55
FC(1:5) on Si 26.85 1.665 0.4460 1.554 28.51
PFDA on SiO, 25.70 10.19 2.057 12.62 35.89
FC(1:5) 0 SIO, 28.00 7.041 1.208 10.26 35.04
PFDA on Al 2.633 -50.20 31.01 -22.82 13.75
FC(1:5) on Al 2.633 -6.161 4.329 -2.16 10.51
gl P wo AN A vF4e 4AE N Es ¢ XS AlAbSE U,
3 FWeXx]E= ¢F 18 dynes /cmé] 3o g Al 99l Z39 PFDAY FC §7] utate o=
A= AT o]= Zismandl] 93] 2 H AdAEH F71g gz 24 y 7 2 ghe YR 4
A8 (yo) o ¥x8ke FAo|t)®, Spin coating H F 813 9o 2t AeE BoFm o) o=
FC(1:1) #71% =& S48F 9714 @<l 7k o} 23t folateto] M|S4 Bobe 54, 53] Lewis
F A2 Sgg YA o] AsE $54%S el 4AS 2 ZdolEle RS e Fu
A1 F 9=HY o= Teflon# o] spin coat- At o}7 o]g Moz AR = AW E S
ing ¥ FC (1:1)=t% %7) 7|%e] 5 293} ael yme B9 APH AR HFshs Zol it
Al v=Ae) HEE 2t THYR]E Teflon B Zjolt}, o] 23] AlelA o2 FHH 54 o]ej T
wo 8.6 dynes /cm# A 4HE vk Aio] o] f = ofF EHER PR ool Mg
A2 Asn o] 7| A=2E §7|ubute] A g xEAEo] ¢ & formamide’} diiodome-
£ Teflone]\} Spin Coating® &7]8rutzies ot thane® t}h 1] 22 FHEFS 2 ol 71
27 Lewis acid /basedlo] v|Z A8 B} 2 gt ghoh,
S A 2L FA A AR vy BTk A7) %) AREZ 24 dAavk 2 o Al 9ol g Z=F
Ay 7Y & g AU o= deEe ¥ FC uleto] HAfe] uibuto)a} AR F A=A
Avsherele] FabE #ahg7)ubete] 23 cover- W AR SYven wdd A A 4
ageWt 72 7}A)A) ¥atn bulk 7] OH- 1} 2 o] 7] W&l captive drop o &3 F3
TAATS 23 Lewis base A& 3L W+ %2 24e Tl A4 $14L Zt7e] 8™

ololz2 M2 g H 7P 33] 2] A6 A1z (1999)
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OW-adv OW-rec D—adv B D-rec

160 E’
140 HEE
120 [ f
100 r’
80 — P
60 7 ¥
w0 ;7
20 ;
0 . SRS S SEE TEEEC B
Si, Si02, Al Si Si02 Si Si02
~ g ~— Y~
Teflon FC(1:1) PFDA FC(1:5)

Fig. 2. Dynamic contact angles of each substrate; W-adv: water advancing angle, W-rec : water receding angle,
D-adv : diiodomethane advancing angle, D-rec : diiodomethane receding angle. Teflon FC(1:1) PFDA FC(1 :5)
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Teflon  FC(1:1) PFDA FC(1:5)

Fig. 3. Hysteresis of each substrate; W-H : water hysteresis, D-H : diiodomethane hysteresis.
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Fig. 4. 3D-AFM images (1X1,m?) of
deposited (b) PFDA(Rpy=9. 34A, R
substrate.
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(©)

(a) initial Si surface before the deposition (Rpy=11.0A, Ry

=087A), and

AR AEA % E

Ao HFA AR o8 FEFE BE v 0= &
wel AeAdat FAAAt o3 e

o Al9jol Z3¥ PFDA, FC
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1 22 sla Fig 49 5ol
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(c) FC (1:5) film (Rpy=90A, Rs=098A) on Si
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Fig. 5. 3D-AFM images (1x1m?)of (a) initial SiO; surface before the deposition (Rey=63.4A, Rms=77A), and VP
deposited  (b) PFDA (Rpy=123A, Rm=1.23A), (c) FC (1:5) film (Rpy=120A, R,=983A) on SiO;
substrate.

Atk o123 T ARV CFEAe] EdAT S APERs ST S HSAEe &Y
Z o] Al 99| f7ldtete] ThE vty T E R < ol 8% BHFA FHE T3 Lewis acid/
=] AR} & P& 7t hysteresisE zE ¥4 base o} & oJ3] EH Q] YA E ALELATE A
olg}al AT}, g2 Astetelel 7145FRE frdge] Ae
Teflono|v} Spin Coating® #71utetate= o2 4
5. 42 9 @of Lewis acid /based}o] ¥|3A4% B} & kg 7}
A, AN AZEA T Brke G7]AdE]
N7 2L Z3) Monolayer T79 £318 p7F 8§ 2 ez A=, Al o FEH
g 7utute] HrLE Sdaigch. 424 234 PFDAY FC §-7] wehd t 2 {7uteta o2 4
Al9)d] =29 §7)ubete] Teflone]t Spin coat- Y7 E #e &9yt & 5 2y
ing® e 22 AIEAE /AL AU Al 2 ASE HAF Uk ol Al 919] B3 &
o] PFDAE 74&23 A%, f93%e] & 7lubato] H)FA Wk 34, 53] Lewis 2H3 9
formamide~} diiodomethane®t} i 51° © % BAE e gdolge Ae vEY Fa
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(a) (b)

Fig. 6. 3D-AFM images (5x5um%) of (a) initial Al surface before the deposition (Rry=1670A, R =203A), and VP
deposited (b) PFDA (Rpy=1470A, R,s=194A), and (c) FC (1:5)(Rpy=985A, Rms=171A) film on Al

substrate
Az 23 Az 2 o Al 9o 714 =3 Al oA & hysteresis= EHo] 423 A3
© FC dheto] o] uintolztn AAA & YA & A A S AlALEIE . AFM &3 2 dHolu A
T ZREZ} FYnez FHd U et A A A, ol W9 AA7I% CF &2t =7
£ o]¥ 7] W29 captive drop WHHol| 9t FH A FZao 71Q0% Ao Aty HUC

&7t 248 B8 DAY £U7e 2t2te) Ew
dola I g BH Iy gA ZiAtel 2

B A7c Hs|sRe UPRARIE Fast
B & Aozt et del 3 Abstet Sjof 714 £ E48 U M 7|E JHL Al 74|
38 77] Bte AHO 2 olg Bolx) ¥ X|oj| o5 Z{ez oo ZAt=RILCE 2|2
ot 22 Al $jof S3€ {792t PFDA AFMEAME ST oY SEVISH O|FH YA
FC ¢} 3% 2% Az 7t $302 Atolo] & g 2} S ZALERILCh
ol BArh

vlol 22 A7 R 71 A) A6 Al1E (1999)
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