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Abstract: The exposure control of wafer motion imaging systems greatly affects image quality. Tradition-
al spatial domain-based algorithms are complex and overlook differences in die features, causing uneven ex-
posure. To solve this, we propose a method using frequency domain evaluation through image partition-
ing. This method uses a block-based dual-threshold segmentation algorithm to adaptively segment image
features. By combining high-pass filtering with a Gaussian pyramid algorithm, it efficiently extracts high-
frequency information. A region-weighted evaluation function is crafted to evaluate uniform exposure ef-
fects. Furthermore, a decision tree-based search algorithm with variable steps is introduced to quickly find
optimal exposure parameters. Experiments show this algorithm improves image quality by 1. 34% and re-
duces exposure adjustment time by 61. 3%, ensuring fast imaging quality in wafer motion imaging.
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Fig.1 Composition of wafer motion imaging system
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PAH AT 2D T EE PR ARSI BR R A B R 5
M EARFRAE , 4300 & : R (21) ,R,(20) ,R,(21)
down ,up

S S B PR R TR A 0948 &, DR R K
HECDLTT R0 52 2 W ' B () 38 om0 Jy 1 SRy OE B/
T, REK K3, mE K2, /MEKN L.
DA S U0 % R A7 20 Kb i, OF bk i i
14 35 U0 R AE & O 2 LI 2R 4 . Al Matlab H i
e HE I 5 vl BN 2 A T SRR o AR A P S A
Az B A K B R Y T A 1A 11 PR PR AR S
ik .

/I The exposure time is adjusted from small to large, so the search adjustment is
generally in the rising stage of the evaluation curve.
Initial settings: step=3;
If (down=0 && up=1)
If R3(21)=1 Then: step=2;
If R3(21)=0 Then:
If R3(20)=1 Then: step=3;
If R3(20)=0 Then:
If Ri(21)=1 Then:step=2; // Inthe slow rising stage.

/I'In the rising stage.
/I'In the rapid rising stage.

/I In the normal rising stage.

If Ri1(21)=0 Then: step=1; // In the stage of gentle rise near the peak

If (down=0 && up=0) Then: step=-1 /I Search point has just crossed the peak
point and needs to be returned

BT Rk pe e e b AU

Fig. 11 Pseudocode for step size selection program
6 EBIIEL H A

Ry B UE AR S B A ROHE TR B B A 1R 3R
AT i 5 G 0 18 48 627 AR 48 (AN AT 1) b R AR A ] g
G TA] T B AR B R, IR I X A (] Y AR PE A
ORI BRI S AR R OG S B R Ty Wk AT TR LSR5
s 52 A 0 35 % 119 i [ R BB R E O 10 mm /s,
AR 7 G SR BORE BE SR O 5 pum R4 (12) 7]
T8 e KRG R A 50 pso ARSCHERCT & 3
[ 3 Fofr i Y Ry [ R AT I, D 4R T R RSE
875X 765 pixel,
6.1 BEBRITMIER

0y B WPl R R K 1 25 1 L AR S
TE Tz N AT R BT PR AR AR L AT EAV R
BORE UK BE 5 25, 43 SN VP A S ORL L I SRR AR
B RE RS ARV BT R o AN BT X RORLE AL £
SUHRFAE I R A AS SCHE— 2D R T TR R
H4E B (Gray Level Co-occurence Matrix, GL-
CM)" B MR PE 7 i, B A 4 T VA dfoR 19 £
FLAFAE . GLCM BY G FE 2 b, 336 J5 22 (Inverse
Variance, 1V)J& — M EZ S50, B R AT R0 HL %
Ml [ A% 23 3L 1) 3 I R0 R e . BRIl L Y K]
G SC B M LR R HL 5 TR R A, 30 218
E R Rz A R S 2R L TE B O L
LT ZEAE BN o B 35 2% 4R BR AR VR AR
i BL ] 1 B ' Ak L B A Y X A
M

EAV g 8B PE 6 b i 3R A X
XY syl

I =
EAV M-N

(18)
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N Toay J2 EAV GUBLE f8 15, IR G231 B R 16 b5 FVF i #E F 3T 5 45 B A9 1845 R 8 B X

JE LA EE T OB JEE 5 ML N Sy PR K R 5 T T
MR R S df (2)/da AR R MR AR R AU 8 4 I
D5 1] b R AR AR

WRPET7 22V HR AR A AR

2 [g(ey)—g]

M+N ’

P o S R0 K B 7 2465455 g (0, y ) B %
15 2 15 R B A 5 g 2 AR I 1 24 J B 11

W7 Z WM R bR TR A K

o2 Pig)
LeGg)
KA Iy Ry 246 4% L2 Tk 8 K 2 A
W0 K B 9, X TR BE B R — M E L L=8;
P(d,j) Dot 515 50 0 PGOR B 6 A A B . 454
i [ SO AEAE 22 07 0] B 8 AR SO TR R s
8 &R I PN AN [m] 1 5 1) K B I AR B L OF gt
J7 22 W F B 0E ¥ B AE b e &y iy 22 0

FEAT o
6.2 BE®RTEM3TLL LI

BT FIREMG BT PE dE AR, AR SO 2%
SCHR B B Y K B B )7 B3k (Grayscale Histo-
gram, GH) ™ il £ JK £ i 2% 75 (Weighted D-
valve of Gray Entropy, WDGE) "™ Fl B # 4% 5% 48
vk (DCT) 3R bR K5 A SCHE H 119 DX 3l
KA 2 8 AR IF A R %k (Weighted DFT,
WDFT) #4714t B R TP s 801 TR 3 b 3
ROk B R BT = PR L A5 B B U ek ARt 2 dn
K12 fiR .

D8 75 00 DA ek ERth 2 07 5 A B0 R M 4K
KA 6 . INE 12 AT DL, i i 5
2 B ORL Y 25 T OO A ith 26 A L, 34 A AR Il
S U (R S BRE I AR RE R 5 O i I R
B K BE E 7 R O A R RO A AR
L, PEAY R AL, AR SCIE A pR B A U (B SRR
BRSO TG 5 W I R R R R L
4 W L ™ B O 5 vk o BRI, N W 1
A A SCER R Y DF M ok 8O AR B Y
PEFIUEAE 2 P o O 1 — 20 0 b 45 Tl DF f o £
1 VERE R & A A9 B 0 e A O I 3 AT I

(19)

ISMIJ

Iy = (20)

etz 2 s .
M 20T LA A b H AT bR, AR SR
B DB pR BOEE BT s 1R A B R B AT

o —#

Normalized evaluation value
(=)
19,

[——GH ——WDGE
[ ——DCT —+—WDFT

20 25 30 35
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(a) Evaluation curves of circuit/lead type under different methods
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(b) Evaluation curves of chip substrate type die under different methods
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(c) Evaluation curves of circuit type die under different methods
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Fig. 12 Different evaluation curves for three types of dies
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K TR

o532 %

T2 [E B GH, WDGE A ek 80 #E I H
R A% o S PR S BR B9 WDGE 3T bR 507 21
—ERRE R TR E  (EAT) A RE R IE AE £k 2
AR o 2T A EUR ST ) DCT R80T
e ) L B I, HOoR % 1 R A AiE , HHE B 1R A
Frdl o 2 2 T A F A 3 Bl 7 vk, AR 3C
T3 95 B 5K ) R S 25 3 g 5 8] DR S /), B vfE
B R . GUiF SRR A R AT, M TR
KA SCT7 B 5, B A 1 B 9 %0 D0 4 3 Ao o 4k 4

FrAr AR 325 7 1.38%,1.31%,1.33%.
I, S SCVE f bR BIOME 1D R T o 48 A O AR T
1.34% o A1 XoF Tl 34 HY A AR HE IX o A ik Mg X sk,
B 13 JE R T FAR SO i R A Jr 245 31 /9 Bt
AR, W R A A SRR R R i
P45 BB R T B B 2 A0 S0 B RCR
B R LRT IR, AR SCHE B P M bR TR DR IR
WEH R AT T, A 800 8 & T I RCR AE
i

F2 TRBEGENFEBINRERLERIER

Tab.2 Best exposure image indicators obtained by different evaluation methods

Circuit/lead type die

Chip substrate type die

Circuit type die

Meth-
od Consuming Consuming Consuming
IEAV ISMD v . IEAV ISMD IIV . IEAV ISMD IIV .
time/ms time/ms time/ms
GH 33.012 3604 613273 51 55.532 804 503287 43 66.439 1979 510202 44

WDGE 33.012 3604 613273 56

62.252 1784

510 660 50 67.425 2226 508 301 52

DCT 33.012 3604 613273 52 61.437 1762 503031 47 68.219 2256 516729 48
WDFT 33.552 3652 620573 19 62.252 1784 510660 17 68.219 2256 516729 17
Our method Suboptimal method 6.3 REBXBEREZRAEIILIE

() AR STRIRA 77 7 R IR X A AR SR R X b

(a) Underexposed areas images with different methods

Our method

L L
Suboptimal method
OO

(b) SRR TT 12 1o M DX 33 R S SR A L

(b) Overexposed areas images with different methods

P13 ASTR] Jr B A A [] DX 4 B 6 CR X L
Fig. 13 Comparison of exposure effects of different meth-

ods in different regions

A 3¢ M 1 % (Hill Climbing Search,
HCS) .Fibonacci # % (Fibonacci Search , FBS) |
W43 #1938 &R (Golden Search, GDS) . il &
(Curve Fitting, CF)"/ 54 SC48 H A9 3 T 2 58 B
1948 45 K #4 2 (Decision Tree Search, DTS) X
3T 3 fhORL I R AT A R VAR L S 1
B A48 R EEFR AR AN 3 R .

FH S 56 45 S W] A1, Fibonacci 48 2 fl 8 45 43 %1
42 Ty 1 o P ) A X ] AT DA AE A D
HRRBNELIN R RME AR AR
ABIRAME s AR A B RR B &, AEE
oL CAA Y T . € Ll ROAK e E T R RS S
125 K AR B R AR OGAE (A T i W RIS
KM EFEL B, HILZ T AR
R TR TR 5D 118 R UBCT $% 3 B A g
JeAH o Geit 3R 3148 R AFERT AT 1, AH B oE A R A
1o I TC L3 SR FH ok SR AR 1) 78 20 4 48 R SR W ] o3
B D BB 63.2%4,62.5%,57. 9% . Kk,
IS B B ]S 0 61,3 %6
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Tab.3 Indicators for different search methods
Circuit/lead type die Chip substrate type die Circuit type die
Meth- Max Bestim- Isit  Con- Max Bestim-  Isit Con- Max Bestim-  Isit Con-

od  search ageevalu- opti- suming search

times ation value mal time/s times ation value mal

age evalu- opti- suming search

age evalu- opti- suming

time/s  times ation value mal time/s

HCS 27 122,194 Yes 117 46 165.512  Yes 196 31 191.649  Yes 133
FBS 11 122,194 Yes 47 11 164.95  No 47 11 191.649  Yes 47
GDS 7 122.194 Yes 30 7 164.418  No 30 7 191.295  No 30

CF 71 122.194 Yes 306 56 164.95  No 241 66 191.649  Yes 284
DTS 10 122.194 Yes 43 17 165.512  Yes 73 13 191.649  Yes 56
7 % B SR A5 AR 8 AR ST R AR AR Y de AR B O 1A
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) L, AR 5 4 T — i 3 R A3 X0 2 3
M (0 SR T 5 1 T 48 5 I O B IR0 ) 1 £ 9
O R A SHE OTSU [ 5 43 5 81 X
BHR 1 R R AT R 4l A 431, DL S 22109 43 X 0 0F
Mo AP 4R AR R B R AE A B B T
A I B 0 AT R g, PEA R EORT L
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