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Abstract

In this paper, the elemental in-depth distribution, the layer structure and the optical properties of
the thermal-protective multilayer films on flexible PET substrates are explored by using the Time
of Flight Secondary Ion Mass Spectroscopy (ToF-SIMS) and the Radio-frequency Glow Discharge
Optical Emission Spectroscopy (Rf-GDOES) depth profiling techniques. The measured depth pro-
filing data are quantitatively analyzed by using the Mixing-Roughness-Information (MRI) model.
The results show that the investigated thermal-protective multilayer structure is composed as
Nb20s5 (~25 nm)/AZO (Ag) (~10 nm)/Nb205 (~50 nm)/AZO (Ag) (~10 nm)/ Nb20s (~25 nm) with
the total thickness of ~120nm. The roughness values at the first interface of the second Ag peak
are around 1.2 nm and 4.6 nm, respectively, for ToF-SIMS and Rf-GDOES depth profiling. By spec-
trophotometer, it shows that the transmittance of the investigated films increases by 11% for visi-
ble light and decreases by 66% for infrared light as compared with the PET substrate.
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WE T ot iR th® BIRFEBEHB TR KRS BERE R /34 8: Nb2Os (~25 nm)/AZO (Ag) (~10
nm)/Nb20s (~50 nm)/AZO (Ag) (~10 nm)/Nb.Os (~25 nm), ENEFEEFLH120 nm. FIFHFEEH
IR S RB GRS HPERERUHIR R, f5E H ToF-SIMSHIRE-GDOESTR B # #riksit 258 — A4
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1. 5|8

B 285 (R R AR IR IG5, BRI BOAE T H 283 A, ) 2 RHAET T RFE . BE
17l eI, WETESE b RERE R (B IRORRE, SR BEL R BH 6 5 1 S P B A SR B 52 31 56 . Bk
A B e E AR 200~2500 nm YOI, H AR AMNE B 200~370 nm. AT UGB 380~780 nm. 4L
AN B 780~2500 nm. 1K FHYGTE AR B R E A AMAELLINE B, IR B L0 AR S A R PH RS 2 i
R R RME AR R BB ARZ —[1]. BEGIRHIEM 20 tHh4D 70 ERMGE, KL T HARKIKE, 7
A CORAR” L QL. SRR, PR, 226 EE2] [3]. MRV B R AR BRI Y
B RN S T AN R b BB R 2 4] [5]. MBI — T 2 A — KR A4E Ag. NiCr.
AEW. Ti FEBIER; H—REOEESERAMLY. TIN FRNTBER6] [7]. #EA 21 HE)5, 7E9
KEARTE R AR I EEA F, GOR 0 BRI ZRR RSO BRRIE B H R . BT, 13 B 2 MR
B AT BB L2 2 SR P A T S B AR 1 45 (8], (ER SRS AT, WAL A ik BEEAT A58 107 FFL R R0 1 B A
ANz, G, BFFCH— RS AT WO EE, AR BERE, YRR IR M RR R RO AT I S A

XoF R R ) 4 1ok B2 0 R AR, DA KON o 5 K R SRR AR Rt R 1, IR IERIT R AR R B
HRTBZ —. ACHFIF ToF-SIMS Ml RE-GDOES {7 & #4758 84 M i 77k, ) 3k DA R A 22 Ve fg
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2. SEI§
2.1. HEMmiEE

MR VG FER K PET SRR IS, Sl b i Al PET A JIKHEAT R I = R VeALEE, R
TV Gt AR 28 SR 7= AR (5200 o TR 1% KQ2200DE AL HE A I BedL, A% iR PET 4o JiCUE — /N4
Ao Wl PIER RN BeAr, A IEBE 30 min, A5 PR 07K BT E 30 min [9].

2.2. RELHRIE

FH Dimension Icon iR E BB AFM)XHE YL G 1 VG FF 5 A1 PET Ao i 12 TH K H 2 st =4
i, FVEEDA 5 um x 5 um, AGEEE SN 256 x 256, SR 5 20T B R BRI AT R L A 2 T A

2.3. ToF-SIMS 1 Rf-GDOES R E-&#f

ToF-SIMS Fl Rf-GDOES ¥ %% il & f# & ION-ToF /A& ] ION-ToF SIMS 5 F1y%[E Horiba 2 & [
GD-Profiler2. ToF-SIMS UREEHINTI TAESHCH: 2keV O, AT B ¥, 30keVBi N IRETUH, Wi
FE79 30 nA, PR THIAA 400 pm x 400 pm, AT 100 pm x 100 pm, ESE TR FIE T AL-Ti
2 R IR ARAERE S, 153 ISR R 215 0.4 nm/s. RE-GDOES 7] HI - T-HF 78 A RL 2 1 2 ) L 1 Tek I EE I 7T
R oA, FOREE P HRREATE 1 om [10], REEHIFRAI TAESECON: BAE 4 mm HRAL, R
AR T 99.99%, JE5E 750 Pa. I% 20 W, A% 1000 Hz. (5 25H 0.0625. S I% 1.25 W,

ToF-SIMS HI Rf-GDOES ¥ FE FITH A 73 b5 J2= S5 M AR A A 8 F B, 19 B 45 3T LE RS
Wk, e E AW

1) RF-GDOES [ it BRSBTSV 8, A F1 SR AT, Jd e 6 75 08 U 5wl mT DA B 42 kAT =
ToF-SIMS ZER A5 AT 8, AR R AN NEREDERES, SR WtEBIRICEKE ), X
TUGAE ORI 5 IR T E 42 11]0

2) RE-GDOES fEMI &R S, Bl AR K (~) L+ mm?), 1ff ToF-SIMS &5 -FIlkS 1w fR e/
(~JLH nm®); Rf-GDOES N7 AR B M TAEMSE[12], IRSHER ] mik~pm/s, $HEEREILE
pm)fFIEJZ s T ToF-SIMS 75 228 B M e, R I Znmy/s,  JRSHARBE— /DT pme

2.4. BTRRFA

FIF Lambda950 7366 BE TR il BEAT R Ah- T WG -20ANE L R IGINE . el ff A S0 PRI B
FILE TR VG RE SR T Bt 2 (A SO AR OGS, AR5 OB VG FEROLIRG SR & IE
MAEABEIERES, AR VGl FiEd R, IABEEAMFK PET FHEIEATSEIN b, DU
X g I A A R
2.5. FRABRETI TR

BN TN B SRR, RAFE R ARLR I R, NER R, e SR AR
BN PET JBEONATR[13].  H A% 3 B FEAC TR W] 1 E P47 78 T 22 0 R THT 47N S S B vl A8 £ s ) 4
BT, R4 TRE N R, 8% (8] R Pt T DA b B ECR ) 1/(n + 1) [4]

PR, BB Ag J=. Ag Z RMINRABTE LB 1) AERR B BA B s i mr
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Figure 1. Topography of PET substrate (a) and VG1 sample (b)
B 1. PET #J&(a)5 VG1 #&(0b)MIRE R E

Kl 1 45t PET #1K(a)5 VGI FEa(b)MR IS, LERT U H PET BIRTTHEEE B B KT VG
FE il W EA3 2] PET A1 VG R i R THLRS B2 (AR 351E) 53 51 9 : Ra(PET) = 4.588 nm A1 Ra(VG1) = 1.08 nm.

3.2. RE-GDOES FEZIfT4&ER
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Figure 2. The measured Rf~-GDOES intensity-sputtering
time depth profiles of VG1 sample

2. R-GDOES REZIHTMER VGl HmPETE
5 BE AN ST BT (B9 5K &

K2 45t 1 RE-GDOES BWEHIFTX VGL it b A R I E 5 R . R, FEfh &0 AL Zn,
Ag. Nb E&JEIcR, FNIEHA H, O, CEESEILE. Al. Zn. Ag {50 HITER —K 4, =
WA EATRTER —Z; Nb MR B HE PET #fRKM: H FE TR 0055, JRE ARmH L TR
HEMNKIG BT, RERRTREE R ORGSR —HRF 2K CETEIN LTS
)M ) B B AT RIS BT, AR X N REEE R, e DUERT VG FERES IR RS
B2 (UL C 18 S ZEWNHHE)ND 5 O (B8 H)E/Zn, Al, Ag5 O (F/EM H)E/ND 5 0 (H/08K
H)Z/Zn, Al, Ag5 0 (&K H)E/Nb 5 O (F/EM H)Z/MHEK Zn, Al Ag5 O (&/0&M H,
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AL~ PET i _EAJER)Z/PET #E(C, H, O). SR RE-GDOES VA HIHT vl LU BERE S b & T &
HEAT DU AR &, H T T TE AR 0 % 6 i G R 1) (% 5 ) 38 I E R [ 15] [16], TR ML HfE
JZ BRSO 2 G5 K SRR A 22 o K B, T 78 0 R ) ToF-SIMS YA B H A ] DR KX BE B
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Figure 3. The measured ToF-SIMS intensity-sputtering time depth profiles (a), (c) and intensity-sputtered depth pro-
files (b), (d) of VG1 samples
[ 3. ToF-SIMS IREFIHTNER VG HRPEETRBE - BERTEIL (), (oFRE - REIE®D), (d)

3(a)45 1 1 ToF-SIMS R FEFIHTXT VG A it o 70 28 5 [ 0 S EsF B A8 A4 P 00 45 2R o e 0 & AL-Ti
Z JZ AR RE SRR IR S ~0.4 nm/s, WK P 3(a) (B0 — B A3 A% B s B - SRS, Wil 3(b) AR
NTERZUERTEIERE, ¥ Al Zn, Ag F&BEICRE S PMITHH K, HE 3()ME 3(d)7mmEnH
DR - B (AN R - PR RS .t 3 AR DIREMEE 2 I NbO'E 58 AlL Zn. Ag &JETTEN
FJZFTA . #HER] Nb,Os HA B AT 2. BARKI P WoER UK. FERAHUREMME, LU R
EERL AR R T, # Z NHTEEIREERE, FAE A CsTIRST 1) ToF-SIMS MRS (AR SCAR G ), W]
DAHEIT VG 5 1 2 B2 2 Nb,Oso X THAFHIRE, BT Zn'5 AlU'SE A E R —RE (L 3(d)),
M Ag T, ZEF] Zn0O 5 Al (B AZO)LER1)IE Y6 2 T HPE[17] [18], BT LN VG #E &b 1)k 2
Rl AZO 5 Ag HIRI A . B 3(c) B 3(d)iE—20 R Ag WA T AZO PG 2 8] (B ST 25 —
AN, RUEATCAHEN, AZO FFURIRST S, 'BiEE & Ag IS, M Ag MIIRSHE LIS, AZO {54k Skt
T — BT
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ST REFRIEN S, MENESWOC T EEE, kBN E s -w E g mae 12
AME AL AR R JC R BTG N2 RS . BT 21 NbyOs 1R FE I N~25 nm, H1[A]N~50 nm; % JZ(AZO
M Ag)EFJEFE N~10 nm, FEANEIEE LN 120 nm.  FREYH I 2 45 K05 BT R DL 0B B 1 1
E BT HTRS .

3.4. ToF-SIMS 5 Rf-GDOES Jl & FE & EE ST

e S TR ST 5 1) 5 B W T 0 P U — A5 5 BRI T (2) /10 T AR IR g FL S 1 I 5 TR T A A
X(2') 5 MNRES PR E(DRF) g(z-2') FBH, Bl

Horb, oz RIRSREE, 2 READZE, WRED RN g(z—2') BEAERERINT LR b T S BUOTSE L
SomRAERBERSMHEZE, FFHBEEHE—FM. 5 ORRED PR R, ARSI — e,
At AT AR (DA ESE B85 0 AT X(2) [19].

H A FH 5o 72 I8 S R B % 2 2 7 BT 458 /& Mixing-Roughness-Information (MR 4201, 7
MRI 8 H1, DRF 1 =#0 A8, A=A HENE TR EGKE w, HEE o, F8IRE 2)REAE:
2(z)=¢,9g,®g,

g.(z)= lexp(— i W) Z>—w
1 z?
g,(2)= eXp(——j 2)
1 z
g, (z):—exp(—j z<0

A A
o, w AR SBEFIRAGKE, o MFEMRIIHEEER, 2 kBNERESIERRE, X=1M
FESFOANGRAE 1 D& R BE IGO0 B =N R B 3R, HAEE nT DU I B0 5 Bl S a0l & 15 2.
MRI AR AT DAL F 3 58 & Pl 35 AT 3 1) 23 1% 2 R sy Sl PR 97 il R 216

1 HE ToF-SIMS 1] Nb,Os fl Ag IR E/E A MRI BB HLE X R, LA IS R 4(a)FIE 4(b)Fr
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Figure 4. Fits of the Nb,Os (a) and Ag (b) ToF-SIMS depth profiles by the MRI model
[ 4. ToF-SIMS # Nb,Os RE 1 ()1 Ag REIE(b)MRI B H&
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FIH LA ToF-SIMSAg SR1EZ45/ S5, XTI E R REEGDOES Ag 2R T4, 455
5 s . 5 4(b) ToF-SIMS & 45 R ELEL, SR ZE0Iat 2 T GDOES HilSi IbTiE &8, &
15 B APRURE 52 2 5050 25 DS BRF (] (R B8 RO 384 0 i DR 38 o R DL 3R A5 DR RS P2 S BB IR FE R R &R
AL B AE ToF-SIMS #1 Rf-GDOES JRFEEHIMTH, IS AR5 =4 Ag WEFTH)FIALRS, S
358 1.2 nm 1 4.6 nm. XHARRE T AMHATE GDOES IREHINT A, A Ag WEHI5RE# ToF-SIMS
N2 P & SR D TR R[S TP R IR o e SF 75 S HELRES P52 D8 AN AN 2 {of 73 T U g L FRAEG, 1) L5 5000 i VR 1
FE B, IRPE S PR K[ 15] [16].
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Figure 5. Fit of the Ag Rf-~GDOES depth profile by the MRI
model

5. Ag Rf-GDOES 58 - Rf[8)i% & MRI ER &
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Table 1. The composition and corresponding thickness values of VG1sample

= 1. VGl HmpREM S RENHEE(E

8 1 2 3 4 5 6 7 8 9
JLJ2 Gy Nb,Os AZO Ag AZO Nb,Os AZO Ag AZO Nb,Os
J5 7% (nm) 23.0 4.0 5.5 4.0 48.0 4.0 4.8 4.0 24.0

B Az0
M NbO,

Ag

Figure 6. Schematic of the VG1 layered structure
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FIH BT & 7 6 VE FE 7E 200~1800 nm [IEE R, [ 7 45 T 23 um-PET 4 & K& VG1
BESL T ML R R, 767 WOE(380~780 nm)TEE N, VG1 FESE PET HEm &g %, it
LIAMCHE R IIBERGTER . 72 2 45 H 7 23 um-PET 41 & VG1 FEFA7E T WG(550 nm), 484MN300 nm)
ZLAMN1400 nm)REE A AL BT R IZE L 28 . P H: 5 PET #FECAHEL, VG R 5 AT L6 A i 2638
T 11%, MAIMCHIELREIR T 66%. BRI CSMRTReESY, B, AT oG, LRI BL
BEBE I H 3% 44%. 53%, HILATFEAS] VG X KRS B AR HRE A 83.5% [21] [22], FFLL, &
SCHEFLI VG 2 2 WERE S, BERT UG &S v W%, SCREA 20 SEBUX R BHER S R HA 18R, @ik
5 P B P T B RS
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Figure 7. Transmittance of PET substrate and VG1 sample
Bl 7. PET #K R VG #REET E

Table 2. Transmittance of 23 um-PET substrate and VG1 sample
2 2.23 um-PET #EX VG #mAYEE R

FE Al WOEE R 2 (550 nm) (%) EAMHEIEL (300 nm) (%) ZLANEIEIL 2(1400 nm) (%)
23 um-PET 83.9 22 73.9
VGl 95.4 21.6 7.7
4. &g

FIH Rf-GDOES 1 ToF-SIMS SR EEHIBTHAR, X VG1 2 JZ S5 () T0 3 o o0 A« 5 S5
JE RIS THRDRS B 3047 1 8 PEAE B MERAE, 15 T VGI & —F il AZO. Nb,Os. Ag 7E PET #1)iK L&
IO e 22 205, Hedh Nb,Os ()8 FEAE I3 9~25 nm, 1A 9~50 nm; P4 EE I 2 (AZO Fil Ag)fJE
FE9~10 nm, %A~ VG1 EE 254 120 nme FH /G EETHIGAE T VG 2 2 IEFE 505 g # D e i,
o FL LI R A B 90% LA -, 1 ek A 4 S BB AR I B 80% LA |

B
T SCJR TS FLBILIT Dr. 1. Kovae XERE AT 1 ToF-SIMS V& FE T 70 k.
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