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ABSTRACT

An Investigation on Characteristics of Diamond-like
Carbon Thin Films Fabricated by PECVD and Their
Application to Dye-Sensitized Solar Cells

Jae-Sil Song
Advisor : Prof. Nam-Hoon Kim, Ph. D.
Department of Electrical Engineering

Graduate School of Chosun University

An radio frequency (RF) plasma-enhanced chemical vapor deposition
(PECVD) system was used to fabricate a diamond-like carbon (DLC) thin
film. Optical and structural properties were analyzed, and correlations
between properties were considered. In addition, structurally the most
similar to Si, the refractive index is between 1 and 2, and a proposal was
made to apply a DLC thin film capable of controlling light absorption
according to the doping concentration of hydrogen as an antireflection film
of a dye-sensitized solar cells (DSSCs). DLC anti-reflective coating (ARC)
applied DSSC electrical properties and various parameters were measured
and considered.

In this thesis, the thickness of the DLC thin film and the RF power for
manufacturing the thin film were set as variables as conditions for
manufacturing the DLC thin film wusing the RF PECVD system.
Tribological, optical, and structural -characteristics were considered
according to the thickness of the thin film produced by varying the film

production time.
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The characteristics of the DSSC manufactured according to the
thickness of the DLC thin film, the current density (Jsc) value did not
change much from 11.93mA/cr’ to 11.38mA/cr even when an anti-reflection
film was applied, but the measured Voc and FF values were different.
Also, it was confirmed that the photoelectric conversion efficiency
improved significantly from 4.929 to 5.35%. In particular, when the
thickness of the DLC anti-reflection film was 60 nm, the conversion
efficiency was improved by 8.73% over that of the DSSC basic cell. When
the DLC anti—reflection film manufactured according to various RF powers
was applied to the DSSC, the electrical characteristics of the DSSC solar
cell were evaluated. As a result, the current density (current density, Jsc)
When a DLC anti-reflection film manufactured at a RF power of 100 W
was applied, many changes were made from 11.37 mA/cr to 13.94 mA/cr,
and the measured Voc value also showed a large increase. The
photoelectric conversion efficiency improved significantly from 5.14% to
6.28%. These results are judged to be due to the increased photon amount
change entering the photoelectrode due to the DLC antireflection film. In
particular, in the case of DSSC, the increase in Jsc is related to the
increase in the amount of incident photons, and in the case of the 60nm
DLC anti-reflection film fabricated at 100W, the conversion efficiency was
improved by 22.196 than that of the DSSC basic cell.

In conclusion, after considering the properties of the DLC thin film
produced in this thesis, the application result as an ARC of the DSSCs
showed the possibility of improving the solar cell efficiency, especially in
the case of a DLC anti—reflection film produced according to RF power. It
was possible to secure excellent efficiency characteristics. Based on the
results obtained in this paper, it is judged that it is possible to implement
an efficient energy device capable of producing future energy in the future

if it 1s possible to proceed with a large area of a dye—sensitized solar cell.
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Table 1. Comparison of Graphite, Diamond, and DLC[7].

Graphite Diamond DLC
spitsp?
Bonding
comparison
. Essentially carbon Up to 50 at.%
Composition Pure carbon
(<1 at.% hydrogen) hydrogen
Sharp peak Sharp peak Broad humps at
Raman spectrum
at 1580 cm at 1332 cm 1330 & 1550 cm
Microstructure Crystalline Crystalline Amorphous
Electrical Conductor
o . . Insulator Insulator
conductivity (ab direction)
Atom-bonding 2 onl 3 onl sp?, sp’, sp!
sp” on sp” on
state P v b Y (variable ratio)
Stability Stable Stable Metastable

[e)
o
44 ©A(Hard Carbon), 1% ®ZA(Dense Carbon)® AF&-E il glom, =
L pt AFES NAE A AEA x99 v AE  EA(Tetrahedral

[e]
Aamorphous Carbon, ta-C) 9] olF% Alg5o{xa v, 29 13} o]
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Fig. 1. Ternary phase diagram of bonding in amorphous carbon
hydrogen alloys[13].
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Table 2. Comparison of major properties of amorphous carbons with those

of reference materials diamond, graphite, Cg, and polyethylene[14].

Diamond 100 0 3.515 55 100
Graphite 0 0 2,267 0 -
Ceo 0 0 - 1.6 -
Glassy C 0 0 1.3-1.55 0.01 3
Evaporated C 0 0 1.9 0.4-0.7 3
Sputtered C 5 0 2.2 0.5 -
ta-C 80-88 0 3.1 2.5 80
a-C:H hard 40 30-40 1.6-2.2 1.1-1.7 10-20
a-C:H soft 60 40-50 1.2-16 1.7-4 <10
ta-C:H 70 30 24 2.0-2.5 50
Polyethylene 100 67 0.92 6 0.01

rr

Edolth, 1efuh, 05~7 GPa A%9 #& F&E wid A= A
58 /A3 Yk ta-Ce g2 BEER 33 EYAR | sp’e F=
TA o] glo] thololE el SalE =o Awdl BAASE st gn o2
A glow, 74 eVel AL tlololE ol GAMSE a4

o]
oA AL 9t

gho] & = A (Tribology) W 59 HIEFA® FoflA 7HE B2 &80

i
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Table 3. Comparison of physical properties of carbon thin films
synthesized with various deposition methods, young modulus (E), bulk

modulus (B), shear modulus (S), hardness (H) and yield stress (Y).

E B S H Y
(GPa) (GPa) (GPa) (GPa) (GPa)
Diamond 1050 442 478 103 59
Si 130 97.8 50.9 10.4 5.0
a-Si'H 100 10.0 49
PD a-C:H (100V) 145 52 24 16 9.7
PD a-C:H (1kV) 55 23 31 6.3 3.1
a-C (sputtered) 140 15 8
a-C (MSIB) 20~110 12~65
Graphite 686
Glassy C (GC10) 29 125 3.0 1.0
Glassy C (GC20) 32 135 2.2 0.73

DLC ¥re Hx AFE 1950d ] Schmellenmeier S0 9@l A2 E 9o
H[44], EA4XA A= 19719 1A &4 AF3 ofa o] ¥l S o] &3 uf

oloEEel fAE A B

ol

2 ebh dhuks A=k Aisenberg ol 9

3l Al#E Ak DLCO A4S AA F+ 7HAR E78Y, LAY G405

[¢]

g o® &+ PVD(Physical Vapor Deposition) *#H ¥ WHg-7h~= &3}
T4 7k~E AFE$ CVD(Chemical Vapor Deposition) *Ho|tH48]. PVD
) 2~

el FA== DC(HEF)9 RF(LF3% ay) 59 ddS 29FH e

Collection @ chosun



e
2
e
,
o
2
ofo
ik
ol
filo
o
oo
e
ol
oL
il
o
%9,
Au)
N
o)
@)
<
-}
ol
)
o
=o R
rlr
r]I.
olo
~

H= &g 4 Ji RFY 4% dd o5 729 el wat &5F 2989
(Capacitive-Coupled Type)¥ +% 233 (Inductive-Coupled Type) o=
WEAXIT50]. o] DLC A% v 4 WHES 4749 AHes Ay
AR ezl A4 FAs Lo wekw Ax8 Ade] Belg ¥4 WS
ZAo] golatn, AAwS AT + Ue RF Hgp=vtE o] &3 PECVD

H

(]

| dEqow wed o5l oldd AN wWe §% A¥I RF
PECVD o2 a3 W abolo] 743 RF A9L <rtste] Zehzxnts
WAAA DLC whete] §4 Alel 2e oluA g 719 6% AT

LA

Cathode W2l o5 Fx FA T}

av)
<
)
T
o
!
o,
rfo
el
g
=
o)
@
Q
2
gt
oX,
o
i
rlo
!
—
o
()
(@)
<
lo
=2
°
N
il
N
N
X
rir
uf

Arc)et 717 &3t as ol ek 27FA WRle] Sl=dl, 1 gk aE A

_13_

Collection @ chosun



0

ol

™

R

¢

el

el

olgoH, oo oy el o]

o -2 o]

A7 A) (Precousor) 2]

-

.

AbE-5

o

fo13
=

'%1— A

A

o

] DLC

I3

of H]

=<

J 4 (Mean Free Path)

Z3 gy

O 3]

i

3+t A

]

Yz

o} o 29

il
ool

—~
o

0

=
=
=

=

. HESE A3 H

HEE 53 YA (Particle)e] oy

¥ E o (Spttering) HH O 2 Ar o]
Jen), 2vEe s

2
H& oz dAH(Sputtered Particle)

KR
T
_\*}]

i

]

o
L84

al

S
=

o

o
©

gl

T3kl

1

o

[e)
°H

2},
F7] ol

—
H

)

1

o

[

7

[c]

PVD A
=

=

SEER

o] ey A]
A]

ol

o]

4qr
~

wpube] 2

il vl stol DLC

3

¥ 8] A =(Sputter Yield)7} &< EbAl ]

H3AA, AW S4(B),

o2 WhE 72X EAACl wEH(CHy)olY o}

}

9
pul

?] o] A (Pulse Laser Depostion)

< oUuAE 71d ofefe]

o] ¥

3
= =

2]t}

AR R(CH) o= A7t

|

7 -
w2 o 2

Ly
a

77 e ol

=

2+

2]

A

CVD ol A

il
zel
!
il

17 ero}, 244 tholo}

33

719]

_14_

Collection @ chosun



substrate

glas
|

IWanode - 3
- Plasma separation magnet
substrate —p cathode = Udecell'____
— T J— Uaccell
RF "
ion source

(a) Capacitive—coupled RF PECVD (b) Ion deposition
(/_ \\ 20 ns pulse

MoS,-hBN
sintered pellet

5o g
ey
Nemm&uﬁ%@

Sputtersd
Fiim

Substrate
Holder

Mo, S, B, N, Mo*,
S*, B¥, N*¥, MoS,*, BN*

(c) Sputtering (d) Pulsed laser deposition
Fig. 2. Schematic of various deposition systems for DLC thin film[52].
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Eyz=e viadlyg vyolse] Seteld HHoel] B2 §&o] Ho| ghomn,
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Zat=wl 3587 4=2(PECVD)
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AR ow 7]1Ee] = das qJUA YR 6005 o]/ | 1141 9]
WSS o] & A HE AolW, PECVDE Zet=unls o] &34 o] oy
AE =0 AZoA wes A = Ak o]dd A4S Ad PECVDH
< B2 2RA Si0¢ SiNxs= THE F i 3= A (Compound

Semiconductor)9} Z2]¥ 7| AH-go] 7155
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Fig. 3. Mechanism of PECVD.

2. RF-PECVD #=]

i

Aol A AFEEo]R FA = RF(Radio Frequency)-PECVD #3|+=
DLC Hete]  AlzkS S8 7B @ol ARgHoA=  7lEolth
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Fig. 5. Picture of the RF-PECVD system.
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m. 23

A. DLC Az % 24 %4

DLC ®tehe 1356MHz RF-Z2tz=vwh 3}4817] 4529 (Plasme  Enhanced
Chemical Vapor Deposition, PECVD)E A}-&3lo] Al zslgd omn E =F o A
AH&® RF-PECVD Al2®le] FHRAE= 7 63 2

DLC Hute] 2 7|9 e 2= FE(Glass) 9t A8 71 %S AME3FA T
ks S d b g1¥e 2 EEES AZSH] fste] TEs 25
gt A2 7]} oA E, WErS DI waters ©]83to] AN, AAH F HF
GAE o] &ste] Zlwel Sl AA Abstere AASAH. 1 F Tl A4
= 7AxA7131 PECVD W 713 &9 g2arskdvk. e 7|93 #het 7k
g5 FEA717] 98 100scem Fa(H)E F

A Fepzvts BAAAA 2% F AA AT

Gas inlet

Anode

Pump out | Matching RF power
box 13.56 MHz

Fig. 6. Schematic diagrom of the RF-PECVD system.
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2x2cm 2719 7] 9o DLC "hehs AlAehr] 913 3 WAl 2024
W87t~ 2= 25scem®] WEHCHY) I 100scem@ F4(H,) 7F~E &85}
FasR e, ¥4 99 1Torr, 2e]a Eek=rkE ¥ RF 39 120W
2 uAEACE. veke] Z=2o A2 (Room Temperature)oll Al 3 als] o,

<Z Alzbel me} wtete] RS Ao, F7= 20nm FH 100nm7t

Table 4. Process condition #1 for DLC thin films by using PECVD.

Substrate Glass and p-type Si(100)
Working pressure 1 Torr
Pre—treatment H> (100 sccm)

. CoHy (25 scem)
Deposition gas

H, (100 sccm)
RF power 120 W
Substrate temp. No heating
Thickness Varied

4 k8L 1Torr, 1813 YAF F79 DLC

ek Al Ask7] sl RE 9k S 8OWH-E 140W= vheFabAl MshA|Z v

32
o

60nm T2 vrueke] Fze A2 (Room Temperature)ol 4] %3] 3}
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Table 5. Process condition #2 for DLC thin films by using PECVD.

Substrate

Glass and p-type Si(100)

Working pressure

1 Torr

Pre—treatment

H> (100 sccm)

Deposition gas

CoHy (25 scem)
H> (100 sccm)

RF power Varied
Substrate temp. No heating
Thickness 60 nm
frelet A2 713 9ol SFE o DLC whare] G274, 584, 33

A2 54 BAL fe) ted) 2o BAE

Ex

A
o,

ot
32

514 nm)< o] &3t ar, ¥

FAF A#F @w 4 (FESEM, Hitachi, S-4700), AFM(Atomic force microscope,
AFM, PSIA corp.,, XE-200)3} Surface Testing Platform(Anton, STeP6), 1}
= d@lE (Nano-indenter II, MTS) % Y= 23 % HAH 59 FXE o]

g3tol s w, WY Fraw, 2UE,

g % 5= A (S-2100, SCINCO) ¢}

S

S HESIAY. DLC e
2 gtk B33 (Jobin Yvon, LabRamHr, Excitation Wavelength of

aL, dbere] WS4, dEe gAAs 542 AA A=

AL F4AS 5 UV/Vis
A

Ellipsometry, 914 W2 dHALVEH)E ARSSto] gta SA A
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B. DSSC Az 3% 54 ¥4

Ada7syd HYEAA A Y HAF AFS E47F =HEH ozt
(FTO, Solaronix, A& 82/cm, 7 130nm, 1.5x2cm) Frglol TiO, Y=
ZH13nm, Solaronix)E ztE &S HEEdgo=H S o] &3] 0.25cm?2

A 24939l 28 F, TiO, =284 vetE Alzstz] fla 55

7]
2x10°Torre} 1Torr® AAsP oW, FAGHEL F£24 100scem™  HE
2bsceme Yokl fFASEATTE B S35 100sceme
o] Pre-treatmentE 25 A A|8+% 3, RF Fet=v} 114

7 gelste] wAbgA o R A 25 el o,

lo
+

DLC =2 Az 3 2 A=FS 03mM N719 Ru #HE 9 #(Solaronix,
cis-bis (isothiocyanato)bis(2,2’-bipyridyl-4,4" -dicarboxylato)-ruth-enium(ll)
bis-tetrabuty-Iammonium)ol] 2o 24A)7F FoF AHEldk & ez A
Wi Ny 7k2E o] &3ato] dxsnt Ao d=2 10mMe] @3t #Wa4t

(Chloroplatinic Acid) &< (Aldrich)¥} o|Ax=2d <4=ZF& =33k PtCly, 50ul
Z FTO g9 wolxdl & 3y~ (Furnace)= 50Col A 20%-7F

o:
=

i
)
ofo
ol
ol
£

87 FFE TIO, APYA=FH Aod=SES 60um T/ Surlyn
(Solaronix, SX 1170 Hot Melt)& AF&3tal, st F@o|E(Hot Plate)E ©]&
gto 100TC e 2kollA HAe o, diidsd &o 2 2709 4 =
sk Jhe] o] W3l E(AN-50; lodide based Low Viscosity Electrolyte
with Tri-iodide of 50mM in Acetonitrile)s F93ta, 1 +4& @A F
o} Surlyns o] &3t UEstAt

Az ol ARASY HFAA s Bobsh Ao AR-AG AL &
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2}Al & g o] Bl (Solar Simulator, Abet Technologies, 300W Xe #3x AMI15)E

gt

1. Cutting Glass

2. Ti0,, sintering

R

Thickness: 20-100 nm
Sheet resistance: 8 /]

Transmittance: 60 %
(in the visible range)

)
{\,
Spread on the FTO glass
by doctor blade technique
» Soft dry (100°C,10 min)
= Sintering (550°C, 60 min)

3. Dye adsorption

+ TiO, was immersed
in Dye (N719)
« Shower(ethanol)

4. Thermal decomposition

of PtCl,

> S D

5. Sealing & Fll

with electrolyte

_7piel,

« PCl, : HoPtCl,

+sopropyl alcohol

I Y

4

: Glass
Sealant
Cover Glass

Electrolyte
Sealant

Fig. 7. Fabrication process of DSSC device.
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A. F79d ot PECVD DLC u4% EX
1. DLC ®repe] A& =4

DLC shebe] A% 27 ofe] ®e} on] DLC Hhute] Edlo|2ax] 54
kel g SAL A e FAF A& AvP(FESEM, Hitachi, S-4700),
AFM(Atomic Force Microscope, PSIA corp, XE-200)% Surface Testing
Platform(Anton, STeP6), %9} A5 5442 v AulE (Nano-indenter II,

MTS) 2 the 2285 B8 5o 34F ol §ste] Z459w, wute] P57}

y 1 71

Table 6. Process condition for DLC thin films fabricated by using
PECVD with a change of film thickness.

Substrate Glass and p-type Si(100)
Working pressure 1 Torr
Pre—treatment H, (100 sccm)

CoHy (25 scem)

Deposition gas
P & H, (100 scem)

RF power 120 W
Substrate temp. No heating
Thickness 20, 40, 60, 80, 100 nm
— 30 -
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. 3 Tt | R L Yo L i Tl
10.0kV 9.8mm x 100k S500nm

(a) 20nm DLC

. N P o s | gy 1 e |
10,0k 9.4mm =100k 500nm

(b) 40nm DLC

Fig. 8. FESEM surface images of DLC films with the various film
thicknesses: (a) 20, (b) 40, (¢) 60, and (d) 80 nm.

_32_

Collection @ chosun



! o) . | 1 1 I 1 1 I J_ 1 I I
10.0kV 9.83mm =100k 500nm

(c) 60nm DLC

RN S U (|| O | S 1 g (00 (0 1
10.0kV 9.dmm =100k 500nm

(d) 80nm DLC

Fig. 8. FESEM surface images of DLC films with the various film
thicknesses: (a) 20, (b) 40, (c) 60, and (d) 80 nm. (continued)
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(2) gHARY] &4

a9 9= AFMel 9&] AT AR gkst FA4<9 DLC #e] RMS(Root
Mean Squares) %W AZ7] 3D o|n|x|¢} ¥H AR7] ko] WH3lE et

PECVD &A1& Ab&3ste] A% DLC 259 #W Fele= F=ga dd3

0.9}
0.8

0.7} @

0.6}

Rms surface roughness (nm)
©
o

05 1 N 1 N 1 N 1 N 1
20 40 60 80 100

Film thickness (nm)

Fig. 9. Rms surface roughness values of DLC films as a function of the

film thickness.
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X axismm) X axis(mm)

a0

(a) 20 nm DLC (b) 40 nm DLC

oz
¥ axis(mm)

06000

(c) 60 nm DLC (d) 80 nm DLC

Fig. 10. Surface images of DLC films with the various film thicknesses:
(a) 20, (b) 40, (c) 60, and (d) 80 nm.
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Film thickness (nm)

Fig. 11. The change of hardness value in DLC film as a function of the

film thickness.
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Fig. 12. The change of elastic modulus value in DLC film as a function
of the film thickness.
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whel 8ol A 8177k akskelny. uhuk ol A whte] %7k kel o}
B S a7l we Wsks dovXe etk oy A5 a7 da
2@ olfE e EHelA AFAL dehlEs o'dl v F7 gEY A
shar ghesolich AutH o DLC wheke] spl/sp’ W&ol wheh wiep wwe
-

Yot 2544 ehdath DLC uhee] 7bg 2 54 A4S tehiy] o

ol wpube] ¥ WESl Ab AAS 1% 2R A 1Y 15 A%
Hoxl DLC upe] 49 & 457 54 Uehiglon, £UR s A7} A

e -
(a) 20 nm DLC (86°+1°) ) 40 nm DLC (85°+ 1°)
(c) 60 nm DLC (85°+0.5°) ) 80 nm DLC (84°£1°)

Fig. 14. Contact angle images of DLC films with the various film
thicknesses: (a) 20, (b) 40, (¢) 60, and (d) 80 nm.
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film thickness.
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Fig. 16. The change of G peak position in DLC film as a function of

the film thickness.
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Fig. 17. The change of Ip/I; in DLC film as a function of the film

thickness.
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Fig. 19. The change of G peak intensity in DLC film as a function of

the film thickness.
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Fig. 20. Transmittance of DLC films with various film thicknesses.
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Fig. 21. Refractive index (n) of DLC films with various film thicknesses.
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B. RF 399 wZ PECVD DLC #2 EA

1. DLC %99 A& =34

==

DLC ujete] A& 27 & 83 20w, DLC wete] Evfo|22A] 54 % o
el g S4e WA WE R4 A4 @B(FESEM, Hitachi, S-4700)

AFM(Atomic Force Microscope, PSIA corp, XE-200)% Surface Testing
Platform(Anton, STeP6), %=} A 542 = QI%IE (Nano-indenter II,

MTS) ¥ Y= 23 "H2H 59 FX& o]&ste] A3, vhutke] {7t
EAS HE=ZF=A7)(Contact Angle Measurement, PHX-10) & o|&3lo] =43}
o] Z} A7 el IAE 1 EsIIT

Table 8. Process condition for DLC thin films fabricated by using PECVD

with a change of RF power.

Substrate Glass and p-type Si(100)
Working pressure 1 Torr
Pre—treatment H, (100 sccm)

C.H, (25 scem)

Deposition gas
b & H, (100 sccm)
RF power 80, 100, 120, 140 W
Substrate temp. No heating
Thickness 60 nm
—_ 47 —
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100KV 9.4mm =100k

(a) 80 W DLC

I 1 1 ] 1 1 I 1 1 ] I

10.0kV 9.4mm x 100k 500nm
(b) 100 W DLC

Fig. 23. FESEM surface images of DLC films with the various RF
powers: (a) 80, (b) 100, (¢) 120, and (d) 140 W.
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10.0kV 9.4mm x100k 500nm
(c) 120 W DLC

100V 9.4mm x 100k

(d) 140 W DLC

Fig. 23. FESEM surface images of DLC films with the various RF
powers: (a) 80, (b) 100, (c¢) 120, and (d) 140 W. (continued)

_50_

)Collection @ chosun



(2) gHARY] &4
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Hojzl RF o9 Z7] wWshe] o} Al ze DLC ¥9e] RMS (root mean
squares) ®W AZ7] 3D oln|xe} ®WH AV Fre] WHE yepdch oA
FESEMol| A 133l %o, PECVD FA& AH&3sto] Alztel DLC 259 #%
W e Fega 7#ds 39s 0891 12[9,10], RF #+¢17F S7hstel o
gt 2 A7 kel 1.41 nmoll A 0.67 nm= Ak 28 gl 5 gl

1% 259k o] RF #9j7h S7kekell weh dhete] 31 A-V]= vSY Fed
AA = As G 5 vk olgd 2352 RF 399 T7h= 713olA Self
DC BiasE @78t wo] 7]#e] mgso] SFEHAE o259 SlFE T7H

713l Fekzvl U] olyAE o] 2A435tE ol ol25e] &EAdo] STk 7%
FEHA Re-sputterinig E77F S7H 7] wiol] EHolAe] A 7]= HAagivkar
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Fig. 24. Rms surface roughness values of DLC films as a function of
the RF power.

Rms surface roughness (nm)
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(a) 80 W DLC (b) 100 W DLC

008
X axistmm)

01200

(c) 120 W DLC (d) 140 W DLC

Fig. 25. Surface images of DLC films for the various RF powers: (a) 80,
(b) 100, (c) 120, and (d) 140 W.
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Fig. 26. The change of hardness value in DLC film as a function of the
RF power.
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a a

(a) 84°+1° (80W DLC) (b) 86°+ 1° (100W DLC)
) 93°+£0.5° (120W DLC) (d) 96°+1° (140W DLC)

Fig. 29. Contact angle images of DLC films with the various RF
powers: (a) 80, (b) 100, (¢) 120, and (d) 140 W.
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Fig. 30. The change of contact%lflé?g n i;LQ! ?ilm as a function of the
RF power.
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Fig. 31. The change of G peak position in DLC film as a function of
the RF power.
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Fig. 32. The change of Ip/I; ratio in DLC film as a function of the RF
power.
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Fig. 33. The change of G peak width in DLC film as a function of the
RF power.
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Fig. 34. The change of G peak intensity in DLC film as a function of
the RF power.
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(b)

Fig. 38. Cell photographs of (a) the based DSSC and (b) DLC
anti-reflective DSSC.
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Fig. 39. The Cell characteristics (J-V curves) of dye-sensitized solar

cells with different DLC anti-reflection film thicknesses.

Table 8. Photoelectrochemical parameters of DSSCs using different DLC

anti—reflection film thicknesses.

CE(%) Voe(V) Jse(mA/cm?) FF(%)

0 nm 4.92 0.649 1193 63.58

20 nm 5.00 0.691 12.11 59.70

40 nm 5.21 0.698 1150 65.35

60 nm 5.35 0.719 11.38 64.99

80 nm 460 0.713 9.79 65.97
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(b)
Fig. 40. Cell photographs of (a) the based DSSC and (b) DLC

anti-reflective DSSC.
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Fig. 41. The Cell characteristics (J-V curves) of dye-sensitized solar

cells with different DLC films fabricated at various RF powers.

Table 9. Photoelectrochemical parameters of DSSCs using different DLC films

fabricated at various RF powers.

CE(%) Voe(V) Jse(mA/cm?) FF(%)

Base 5.14 0.708 11.37 63.38

80 W 5.76 0.707 1331 61.26

100 W 6.28 0.746 1394 60.44

120 W 4.93 0.722 10.92 62.61

140 W 465 0.715 10.33 62.92
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