BAE HOW RS RTZIN Vol.41 No.9
2026 4E 9 A Chinese Journal of Liquid Crystals and Displays Sept. 2026

XEHS:1007-2780(2026)09-1213-10

REFTEl R BEC R EEE R TOF-SIMS
RESWHAE

ANET, R OB, EAAL R 8, HHEg”
(LLENB LI EAARF EREHEXENHFARE, K K 518055;
2. REARF W ITFk, X#Z 300350)

FE A0 TFT-LCD JRI 3 87 X3 5 Wk 7 e (1) T 1) J B 5 R AiF [0 f1, & Hh — i 56 %A T A IA] 9K 8 F 5% ( TOF -
STMS ) T B 43 M 14 5 &840 A Fe iE 5 v o SR TR A 8 85 1 A (GCIB) b 55 28 4T AN P I 1E 47 22 (o X S, 6 BT T O 3
JEARAE B F InO, W90 — A6 A5 5 58 I 1 T 5 5096 Hif X6k I 110 1066 S5 Hsf 6] oAy 8 J22 5 3 ) 4, 000 ko0 8 320 2% 17 > B X ) )R
Gy o LA B (SO ST 0 R S R R PR A Ay et MR 3 sk W S e T 5 TR 0 G T S R AT 98 UE A SO R T R R
14 R JEE e A R A T S o K AR SO N A RO TR UG 20 A 0 PR AR o TOF-SIMS W £ 43 B 7 i 3K 15
V18 7 G S5 1] 5 5 9 4300 Y T A B VR 1) 4% I 43 AT # o8 JE — B0, AR Spearman #H56 R0 0. 571~0. 963, 7E AL
T#EE 1 min RES A5 C 7630 2% X009 0 5 B 6] 5 (7 378 $.487 s, 4% i T H 4 1 X 114 S 24 Bsf 1] (249 180 ) 5 Tl TG e B I
[F] B i B 5 D 4 XSl 0 5 B IRD 5 38 50 (24 180 s) o AR 53k g A BT P 28 6 DX ot I8 8 4 A 1) R AR 4RI T — R 2801
A3 AT B, AT g WE SR T BN PYRC ) BT 25O Ak 5 28 3004 TR A i A g B A R S04

X B O RATER SR B F Rk R E A BB T e S B B R R AL vt B AT e

hESES 0436 XHEERIRA A doi:10.3724/CJLCD.2026-0131  CSTR:32172.14.CJLCD.2026-0131

Thickness characterization of inkjet-printed liquid crystal
alignment films using TOF-SIMS depth profiling

LIU Xiaoging, CHEN Pan', LI Linling', TENG Chao', REN Xiangkui’

(1. Institute of Critical Materials for Integrated Circuits, Shenzhen Polytechnic University,
Shenzhen 518055, China;
2. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China)

Abstract: To address the challenge of characterizing the thickness of polyimide (PI) alignment films in the
peripheral display area of TFT-1.CDs, a film thickness distribution characterization method based on time-of-

flight secondary ion mass spectrometry ( TOF-SIMS) depth analysis is proposed. An argon gas cluster ion
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beam(GCIB) was employed to sputter the inkjet-printed PI films at multiple micro-regions. The substrate-
derived InO, was selected as the characteristic ion, and the sputtering time corresponding to the 50%
midpoint of its normalized signal intensity was defined as the breakthrough sputtering time z. The
sputtering times across 17 micro-regions from the film edge to the central area were measured.
Independent step profiler measurements of sputter crater depths and original film thicknesses were used for
validation, together with a quantitative statistical analysis of the correlation between sputtering time and film
thickness. The method was applied to four PI film samples prepared under different pre-baking conditions.
The sputtering time obtained by the TOF-SIMS depth profiling method is highly consistent with the
spatial distribution trend of the original film thickness measured by stylus profilometry (overall Spearman
correlation coefficients of 0. 571~0. 963). Samples A and C, subjected to quiescent time, exhibited significant
thickness anomalies in the edge region, with the maximum sputter times reaching 378 s and 487 s
respectively, far exceeding the average of approximately 180 s. Samples B and D, without quiescent time,
maintained uniform sputter times (~180 s) across the entire measured area. This method provides an effective
analytical tool for the characterization of film uniformity across multiple microscopic regions, offering
technical support for inkjet-printed PI alignment film process optimization and narrow-bezel panel
manufacturing.

Key words: time-of-flight secondary ion mass spectrometry; depth profile; polyimide; liquid crystal alignment

film; film thickness characterization; inkjet printing
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Tab.1 Pre-baking conditions of four PI film samples
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Fig.1 TOF-SIMS mass spectra of the sample. (a) Surface layer; (b) Inner layer.
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Tab.2 Breakthrough sputtering time, sputtering depths, and film thickness at each micro-region for all samples

— Hefh A e B Hedh C R D

. Wesr Zinh WL PRzl WS WS 2l W W zinh i

Wt /s VREE/nm JEEE/nm BFE/s VREE/nm JEEE /nm BHE)/s R /nm JEEE /nm BEE/s BREE/nm B /nm

0.05 378 ——" 370.71 220 ——"  83.61 409 ——" 277.28 247 ==
0.25 410 112.41 135.43 209 66.10  62.60 487  185.90 200.64 231 83.54  68.38
0.45 279  247.64 108.30 218 71.28  65.53 437 190.39 206.83 202 79.23  68.41
0.65 292 88.49 102.75 202 64.68  70.86 313 136.11 151.56 233 84.12  78.89
0.85 277 91.53 105.85 176 52.11 68. 33 251 98.05 114.63 214 84. 84 67.27
1.05 243 79.21  98.36 158 45.43  59.40 220 78.80 101.24 222 86.90  83.69
1.25 230 69.98  90.91 159 54.03  61.84 204 67.45  85.80 186 81.19  64.26
1.55 202 81.69  94.72 160 70.49  62.37 182 79.69  78.37 179 71.68  69.58
1.85 190 77.03  77.43 164 70.66  65.04 172 74.68  70.57 167 68.03  55.41
2.15 180 71.50 76.37 169 70.61 73.22 171 69. 32 66. 04 179 68. 75 67.81
2.55 174 67.26  74.55 174 73.84  70.07 163 68.96  66.14 177 69.45  58.21
2.95 175 71.34  70.25 179 76.22  74.97 158 68.84  66.74 189 73.27  67.75
3.75 171 68.09  69.55 185 79.96  76.81 167 70.49  68.26 199 71.16  74.78
4.75 177 70.51  70.24 191 83.70  81.11 171 73.70  73.36 209 78.70  76.36
5.75 182 74.78 70. 86 195 86. 57 86. 35 182 76.87 79.96 216 81. 88 79.75
7.25 188 77.20  74.79 197 85.73 85.14 190 80.28  77.96 226 87.38  84.55
9.25 202 85.21  80.72 203 86.43  81.32 191 82.97  80.25 237 86.80  85.71
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PORERE . 25 ISR i 10 2% DY R B U B R K,
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Z 1 X, A (10~17, =2 mm) W3 5 75 76 30 2
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— 3 R R AR (h=Fr+b) R} 1-h 2 F #4740
B RAGH TS S8 B RE ZER
950 B XM LR BRSO MR 2
RMSE.

MR AH SC 1 23 B BOHhe L 45 B 0 T 4521

(DMNEBEBIER AR 5 a8
EAHK (p=0.571~0.963) . H ok A C 251
KE0.956 F10.963(p<<10 °), LB 15 A 55 [a]
A0 AR HE P B X _E R JE — 305 Pearson A 56 R 5L
4 0.509~0. 935, #AKAK T Spearman F £, W] ¢
5 O& F M B RS Sk o FE A D Oy T R R AL
FEUT, MRE A B A AR G &R B X B (o=
0.571), 3= % 5 A T H: 5 3y 25 9 1 4% 48 (59~
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86 nm ) , FH & Z2 H5O6F I £ vk v B RRK .

(2)TEMRE R % 1 X, H i A B Spearman
AH OGP i 2510 Pearson AHOCPE A 1 25 5 #F i C 1Y
Spearman A 5 14 Fll Pearson A1 3¢ ¥ ¥ g 2 1fij
FE G D I 3 2% X ) 3% B A Pearson i1 Br f 25 1M
Spearman AN i # (p=0. 139, n=8, Ki & T 54
), W% 1 liEI’Jz'ﬁ h R F IR L, H
TE/NREAS TR A MR S5 18 X 4t ik 0 B AURK

() FEFHRE R 2% 11 X, 4 FF & ) Spearman
5 Pearson ¥ 56 ¥ & % H 80{H # it (0 =0. 738~
0.976,r=0.816~0.957) , R LXK ¢ 5
hAETE B B 5 2R SR B

(4) ABER L2 11 IX A 2P 48 A B0 22 1
h-t eSS R . RE RER®:D (0.916)>
C (0.816)>B (0.773)>>A (0.666) , I FEH D
LV R BRI A X 555 . #1G 1 RMSE %78
2.1~2.6 nm *& % , & BT JH I S i ] 95 00 5 JE )
PR 22 4+ (2~3) nm.

R 23 [] 43 A S — Bk 7Ry Wk T
TOF-SIMS Uk 5 B 5] 32 2 1 552 43 A 1) ml 5
15 4% G IR JEE I 5 7 TR AR L, TOF-SIMS Ik 5 B[]
IREASCH N s TR B EHE (1)
TR L A B 45 AT AE — AR L R LR
AR A TIX A TR B T, 78 i DA % 3 s X Y

3 BFHEKKHEES A M LEEER Spearman 1l Pearson #8 X M 55 1+ 45

Tab.3 Statistical results of Spearman and Pearson correlations between 7 and £ of each sample

FE i X 45 FEASL/n Spearman o Spearman p Pearson r Pearson p A=p—r
A Rk 17 0.956 2.21e—09 0.709 2 1.43e—03 0.25
A k- 3| 9 0.917 5.07e—04 0.637 4 6. 48e—02 0.28
A bk 3| 8 0.738 3.66e—02 0.816 1 1.35e—02 —0.078
B LN 17 0.571 1. 66e—02 0.509 0 3.69e—02 0.062
B gl 9 0. 817 7.22e—03 0.6310 6. 84e—02 0.18
B B 3| 8 0.881 3.85¢—03 0.8790 4.04e—03 0.002
C LN 17 0.963 5. 74e—10 0.9348 3.90e—08 0.028
C gl 9 0.933 2.36e—04 0.900 2 9.38e—04 0.033
C N 8 0.809 1.49¢—02 0.903 3 2.10e—03 —0.094
D ELZE 16 0.759 6. 54e—04 0.8010 1.92e—04 —0.042
D 1 8 0.571 1.39e—01 0.7287 4.03e—02 —0.18
D bk 3| 8 0.976 3.31le—05 0.957 3 1.88e—04 0.019

Heihig T X% <2mm;ii gk 1 IX B2 = 2mm; Spearman o 5 Pearson 43 5| 3 F 2 A 45
IR A 5T, BEE TN p3p<<0. 05 FE B3 5p=>0. 05 HIE AN BE ;A=p— ri RPN ,A>0. 15 FR LR E

I S UL |
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Tab.4 Linear fitting results of 7 and A for each sample in

edge-1l region

e FERR A FESB O BERAC REMD
e 0.319  0.427  0.461  0.413
B 0 15.6 —1.09 —7.99 —9.8
R* 0.666  0.773  0.816  0.916
FIRTMHR  0.0934 0.1955 0.2422 0.2882
IR ER 0.5449 0.6582 0.6793 0.5372
RMSE/nm 2.1 2.6 2.5 2.5

R EBA AR =k, #3E 5 X ATE 95%C1
ETFRR.

SE B R JEE 43 A, R SC L 100 pm X 100 pm I 55 351X
R RFEFATT W] AE R P 75 A a5 8 A S RE 2
WA B AR R I Y R BR A (2) & X
14 TR B 1) T I AT ) A5 et AR )22 BT 4 S Ak
2 RUAF B, INAS SOWEE B 1 7 U4 43 R T e AR
G K ZJEH P, 38 AT X 43 AS R 21 43 1 5 T Ao
LKA UEL I . W LR A
T3 ¥ R B 4 B (I IR I 88 A GOK R0 5 B0 ) R
I R R R AR R B e A N
3.5 MMIZXNBEEESHBRIZM
SiaR1MIHL T 2505 R 20 R /31
Bl , AT LAy B TUAE T2 2 00T T v R B 43 AT
oz A, MM ASBECHD, X
WTHER B2 &%, 51 A Q-time 3425 T 801 3 (19 I
JELOR R, i H R e i k0 R S TR .
L E T Q-time R A 5 C, 8 @ WHLIR B T
Q-time 75| & iy 5 JEE I 2 O Wl 3 5 MR AL B 5 D AE
JC Q-time Z5 4T, WUME IR B2 09 52 ma A7 B . DA
Q-time 2 M H Z EIE AR B EF T Z2ZKRER .
— AT BB 19 4 FEAL I - 7E Q-time W ], PT Al 3K
RV AE SE AR b ATE AL TR IR A IR R RS 28 &
| A VR PN BB P [ 3 2 Y B 4 IK B, o P
LS EN TR ESRE SRR AN S SUE 3/ ISy N
M7 37 BV S00AE RT3 R0 44 R L 4 0T T B B

& £ X #:

[, 410 1) PR 9K AK [6] 341 2% (19 32 7%, AT 9858 Halo
RUORL o X — B ] A AR OK T B Q-time B
(4 0~90 s Y [l N 227K - it B ) BF 78 £ 47 Bl

BRI SR T —F 5L T TOF-SIMS
TR BE 43 A7 () PTG [) RS 52 43 A R AE 7 1k o i ik
G A FE B F R IR S S InO, BRAE B T 0 0 — 16 I
JE B TS 5 W, DA 2 T SR B[R] 2 1 Ay 5 I )
i, SCIL T PTG ) R 2 IX 35 22 1 X ) S )2 4 A
FAE . FELEBWT .

(1) TOF-SIMS il 5 if [6] v W A5 %50 36 1iF mg
SFTE) PTG ] A IR 73 Ao FERD A S Cih %k
X o 25 W S s 8] 2 B 1K 279~487 s, 24 Sk vl [X 45k
By 2~3 4%, BEZ I 5 PR 2% s #E  B 5 D & X ({8
AL -8 (158~247 s) , IS4 21 M4

(2) 5 B 4S8 57 ) g2 5 7R A i AR C 3l 2% X
K JEE 43 1) 3% 370 nm A1 280 nm, € &5 T H0 X
A B JEE s R i BRI D 4 X 5 4k 35 7F 55~87 nm
U, TC W NG IR 4

(3) e S B T] e 5 e % B 5 i s 2 3 i =
BAE 23 0] o3 A Fa B b 0 B — B0 7 A I E T AR
Ty ry Al SEVE . DS B[] 55 S B 8% K Spearman
AH 2K 0.571~0. 963, #E— K UF T TOF-
STMS W 5 B (1] 32 R A1F B2 JE2 2 A1 1) AT 4k

(OEBH T2, 5] A Q-time B FEA A 5
C BT & i il % 5 AR 1 R iR Q-time P FE
B 5 D &S 1 #5) . Q-time Sz 5 Wi J&] 3 TC 1]
R34 S Ve 0 2 TP E U IR EE X Halo JB
S 5 e A BR

HH B A% G0 R JRE I i 7 1, AR O ik BT R [
EAT S SN T e PSS
P RS TAE R HE—2 T I Q-time B B S50, If-4fE
J7 RS bR TFT-LCD i Al b B ) 5 Y J5 B I &
5 R XA AN BT
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