®50% F28/2023F 1 A/HREE,

W 5 A1 1 280 T 35 20 0 R e U AR 5

EEBY, TRE, 3%, K, BAn
R B AR G LB BRSO TR T A R T 500 4 4 K 1300335
“SRERRE B, AE3 100049

TE T ISR A 2056 IR IR Sl i Y6 BE L T R T PR DR R A I T T — e e AR A ik o
155 230 18 [ 20 SR A2 Ab B B T 48 10 T 38 T o DG BEAR B ) DT R R 2 MR L vl DUA I SR A6 2D R 8K B
WG A AR RS B R B Y . L T R B LG I 2R Gt A 5 H 4 AT DU e PR AR T % A AR G 0
B ARG R 5 R AR 2 A8 SR BE A% DL B VA 3 B A5 DR 2R R ) A T T OGS R 2 M R BIIE A T sl e et g
W R 22 A SR AT TR B A s B A 4 T 0 T T B RS WK G A 5 1 2230 3 ) A0 w0 R A e s B S
HET ST A, ok ek B EAT I . SEIRAE R WK, T YRR 25 AR A 2 AR 22K 0. 0042, B K 4 X
WK 0. 0092 mm, 2 % 15 2% 19 F- {8 79 0. 0034 mm ; 5 i 22 A3 A L, P T R 25 AR A 1 1 B O AR
PR 25 F R X 15 2 R4 o] 5 25 1 T BB 4 AR T 83. 0696 .85. 28% 1 83.50% . FHI MY RIREAMLE
B IR ZE AR M L, LA W A DI R S AT R T OB 0 ARG 0 LA D B Y6 B 57 A G A R

2T W A SR TL g e T A S R TG vk A G G T Y ) R
K M LM ERN; BORASLZDEIR,; s EEHEE KM COMOEL; MR &

hESES TN215 XHARERG A

1 gl G

W 554 (EUV) S ZI B AR (1 H 3045 28 3 4R 7=l 1
AT HWWE T A2 s Hak s mal & . N H A ar
FEKFE DM A Pk v = HEZ0R CO, bR &
Sn #J2 38 BUR BB EUV G IR A4 B 08 7 i, BNOE
SEEFIR(LPP)H AR . TEMREIEZDEE R 5
H, CO, WG IE & F 4R35 P K (MOPA) £ AR K i
JEFTHE B T R ER Y gt R R G, Ot
JEHAE ] 25 A2 B P 0 RO A OR S R, A
TR 7% 2 18] 6 [ v ) 6 TR N R SO T R R &
N EE R R NSNS O S NI R
Hlk K HAE I8 A7 2 B v i v H R B s R B R
TR PR R T AT, i 20 EUV 1§
B, I, ERCERAMDEZDEIR R G b, R T 2 —
FE M EUV 5 0% dE 47 56 A48 1) o e 1 F 9T 2 a0
BT

6 A F 1) e P B O T OO R o
A HFE R DG 2 RGOK O R S R
I8 6 0w - AR BORBEA & A5 B, 0 5 286 5 il
ARG R AT . RN R, B

DOI: 10.3788/CJL220686

ARG K BE R e T O R ) PR RE L D
AN R SO 6 BE A B RS I 2R 4k S RO BE A
BRI FERR BT R, B B B PR B H AT
A (CCD) A & HUBEE I 2% (PSD) A4 4 B #8
W5 (4-QD) o 55 JH Al 93 Fh 2000 25 AH EE , D0 52 BR300 2%
LA 07 R PR Ay R R R R B Ak
PR B S5 00 A, BB DL KHz (350 HE AT 908 oK 9 1 B I 4
EHTEREEROLNE RS, T EREF, A
SCHE T T O 4 BRI R A SO O BE A R T &R
Gt , [ B8 06 BE A B A RN BRI R I R T A S AT
I8, R R T 2 T 5 A0 6 2056 VR 3K B 0 X SRS )
ROEMEMT R, Bar, E WA TG BN B AT 5k
B AF 5T 8 B O e Qe E — 25 i R A ORS BE , X R BE A7
N R o 27 N S 1 e e M = e e S
(10 kHz 2% ) % ik (10 ns 2% ) CO, 4K 2 38 ' v 1 18 1
Wi JO7 A 155 B0, ol () B S BT S BE A2 A B L
S 1 R AR 2 AR 400 R T R L A R A A% 0 ) R
550 55,

AL S AT T U S BRI AR A BE A
K 22 45 00 kA I 52, SRR R I T — R T
o T 6 BEASE Y B U PR R 25 Ak N gk AT

W B 2022-03-21; f&E HH: 2022-04-16; RA B 2022-06-22; MKE L. 2022-07-03
HEE&WB.: EREAM AT (2018YFE0203200) . [E 5 H X FF £ 4: (62104223)

EIEMEE . *yudeyang830@163. com

0204002-1



TOFE M s Bt 1 0B R 4% 2 B A 5 A R
Rk PR, 2 BT %) DO g BR PR D % e AR S 60 A
PR G BE f 5 5 T OB AL B AR R S, X
et 9 ' B A7 B A A E AT T SR B K o A .
G5 R RO Bk AN N Nk S 2R 1 B [ I
TG BE A AR I T 4R e T O BE A AT
KL

front-end core

#5505 F28/2023 451 A/HEE

2 FET DU G R BRI s 0O BE AL B R
ARG
FEF DU G BRI 2% 1Y 06 BEA BSR4l =3
A3 2H R, T v A G R G, B0 R U G R R I 7%, I
HHL R G B AR S AP RS KT R G S5 R
WmE 1R, i DSP M EUFAE S A B AR A B.C.D
Sk AT A YA 2 BR

: -------------------------- |
: i
—IEH E
i i
i G DSP i

1 acquisition
iy !
ﬁ—i% i
i i
B e e e o e e e e e e 1

back-end

P EBEAL EAG I AR S 45 M 7R TR

Fig. 1 Structural diagram of spot position detection system

e REM RS EHRSE EMAL LR
TR ARG I E: R G0 ] DL Y R &5 A S
WO BES B, 2T e D' AL B A I Y s A LR
TR DA KA

DU R FR AR 45 7 Tt o 2 A O AR AR e 20
JCAR 5 et Dy B A5 5 IR SR US89 — FfOL AL SR I 4%
HEEACKS DU J5L R A P 2 B, DR O 20 B R TE 1 R
JLAR R 2 ot — B HOEHOE ] 2 o A G RR

incident beam coupling lens

P2 DGR BR PRI A8 4 46 0 i 2

Fig. 2 Detection principle of four quadrant detector

YOl BE A BRI g C R A S 4% 4 IR
G BERE & 2 & AR AR A, DTS 30 L0 ' L 3 AR A
N B S Ak, PRI ' BE B0 A6 T AR 4R A% 4 BRI Y
SEREVEAT I . SGBEA B A b e T ER U — kR 22 4y
R S
(I, +1,)— (I, + 1)
L+ I+ 1.+1,
(LA L) (Ie+ 1)

L+ I, +1.+1,

oxr =

(1)

Ao (8, 8y ) B I — L G BE B0 B L 0<<dx <1,
0<<dy<< 1, I AR EBE O A SEBR L B 5 1L 1L, I
Iy, J2 DU G RPN 25 25 G BRI L Ui

Ji v 3 AL A H B R G A A P R S AR AR
W25 A5 5 AR R AR AR B 4 L R A 3 AT
55 o Horb v I 2R G0 A A B BRI O F B Dk R DN 5 SR
B F B AT 0 D0 P B SRR e P B A L I B
AT T b B S DRI A A S v e SR R O B
fHFE .
3 BT EIE mEOCHA R Y R

e 25 AR

VU G B PR DN % 12 Wi 2 B AL B A RS, ] AR 4l
PR 25 422 WSe 1) 7 B8 A5 S Ak B S DG R B0 1) S B o ' A
WFFE R RO 0], SEEEA B 00 4 Al L RE i R G B 7E
PRI 5 06 o b 0y az 3l i 3, S0 BE B0 19 52 bR AL S TG
PLARAR DRI B o i A SR RO B B0 6 B AE B
AT s e v s Ji ok

B AT, H AT 55 A B 0GB B BB
Composite 5 B 1k bR ifE IE 25405 R AR LS5
T S figp S A R R — U 9 R PN PR R v 1 G U A
FEARRE A RER N E Zn R BoH A ik
THE BT B, O A SR A L A R o D HR A 1) 4 A
F G0 G A 5 R ) BOR B BB OG5
i SRR T A AR I 2 e S g B . DR, AR SR
TR T R R e 0 O SRR R B ek Ol B i O
=R/

JGBERE 5 04 & 4 A A (2, y )T 2

0204002-2



E50%5 £ 28/2023 £ 1 B/HEHE
(0, y0) Ja 6 BE JFT 0> B0 52 B A 8 5 o0 K 15 307 D6 B 19
; N
5 T O BE A S 5 0 52 B P U R I B B
)RR AR R, BE X GEE S d, WA SRR O
oA (2, y) HOCHE OO E BT B, R BE MR R, TN

h(z,y)=—/ exp| —
Tw

9F, 2[(Ixo)z+(yy<ﬂ‘
(

Do

JRE—

I, J:RZJJ dyJ:h(x,y )dx — JO

JR = y?

szyJ:/Zh(x,y)dx*J:’,,Zdyjo Wz, y)dx

i :Jxﬁdyj() h(z,y)dx — JVRLI‘) dyjid/zh(x,y )da — Jj//zdyji {2 h(z,y)dx

0 R 0 —JRP =yt

o (3)
0 0 0 0 0 —d/2
I :J,MLIB dyjiRh(x,y )dx — Ji\mdyjﬂmh(x,y )dx — Jimdyji 'ﬁh(l’y Ydx
0 0 0 d/2 0 JRP = y?
Inzjﬂﬁdyj Rh(x,y)dxfjﬂﬁdyjo h(I,y)dI*JﬂmdyJO h(z,y)dx
B ORAX (D, T4
oxr =
VR =2t R d/2 VR —a2?
2. d h(z,y)dr — d h(x, y)d
|:J\’r<ff2 me’z e J—d/z sz/z oY I} .
VR —2? R d/2 d/2 N d/2 1/2 VR* — :
dy| Alx,y)dxe—+| dy| Alx,y)dx— dy| Alx,y)de—| d h(x,y)d
J*\/RZ*.I") yJ*R (x y) * Jﬂz/z yj—z//z (z y) ! JfJﬁ yjfd/z (x y) * J—(//2 yJﬂRZ—f L y) *
(4)
3 (4) J AL R g8 2B A2 5RO B Ay ol e A
A S A > =] ; =} s 48 B K n B i
Eﬁ‘ Lfﬁﬁﬁ@”*ﬁﬁio it(4)75ﬁﬁﬁﬁ7f£,%/z§1?§u@ﬁ 1‘o:ao+2a1{erf 1(8.I ):| , (8)
i=1

() f A At AB T LUE Ry 8o = f (20, w, R, d ), T ATT % H:
HEAT AL 53 i 45 3
f(xo, 0, R, d)=f(R,d)f (x5, w)s (5)
g5 4 (2)  FRATAT LAAS B 0 GBS R A6 B
J > S B 7 A

w
20=7F "(R,d)——-serf ' (dx), (6)
! vz

Arrerf (0 ) b R 2Z KB, W E(6) KB,
6B I3 0 55 R AL B g 1 78 Ak e $ E HR lOGBE AL
WG 0 VLSE 1Y 5/ (R, d) & 5 3R 25 1 42 FJE IX.
T AR O A R, 6 O B B0 S B 6 S B a5 25 AR
BIVEF , BR hi 25 A BRVB G B E AR o TEAR SCHE A 1Y
P R ge b, e [ — A E A, T G BE TG
S PR A 5 )b R ) R A B AR A, AT
CIRPREE:
xo=mneerl ' (dz), (7)
R R EWMEN T p=w-2 " f (R,d). 2T
JEEE PR R AR AR BB X 9E B X B 5 S PR Ay
FA) 2 W)
T Ao /N T T AL R AR 2 R Ao S 50 4R
1 T AL (a0, 0 ) BUHE 22 6] 1 5 /DN ok 2, 30 1 A4 3] 3%
T 2 W AU G Y 5 22 A A2 5 0O B T 0 R

Kb LG B s n LA Bk & K1E a0 HILE
Bk R O B B R B o W AU B IR Ry B 8 R 4K

Z I XA A Tk BAR AR 4R S LA IR AR BR
W) 22 5 T P PR R 00 RS R (R & 4 R TR I R 2
PR ATX B iR 22 fMETIE AT T 05 0 i, 45 21
B3R o Hod BRI ES 02K S8 2 mm, YA 38 B8 R
70.01 mm, @& HEEEEAE R T mm), 6 BE O 78 K
RS, BN —0. 8 mm=<r<<0.8 mm.

MAF B G5 n] LA W, o 1R 25 R B R
BE AE — 2 DX JE] P PR R B4 0 R RS R L (B 7ROk
BEB XA X5, iR 2ZZF W K. T W
i E SR Y PR e A RS B RR S kR
2 AN DU IE R R 2% L PR s . AR
SCUETE DA R A 3 0 1R 25 R £ 0R Y i GRS i AT
B IE -

x.= kdx, (9)
A oA B, BT DL O S0 50 B s LA A5 2

TADHE E B R HAT TR . IWE 3T LA
W, R R 2 A A 5 08 AR X S B A T i O
25 HL 0 4 00 R 25 A AR I FR AT AT DL B DL
D7 R 1R 2 A SR i I S L R AT R ol it
J& W 6B T 00 A3 ] 3R R Ab

0204002-3



#5505 F28/2023 451 A/HEE

---baseline
ool second-order error compensation algorithm
E : correction algorithm
E 0.05f
Bl
) 0 T T s T
2 L
5—0.05
-0.10f
_0. 15 1 1 1 1 1 1 1
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
o /mm

B3 i 22 T 08 L B A R B X e 22

Fig. 3 Absolute errors of solution results of second-order error compensation algorithm and correction algorithm
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Fig. 4 Absolute errors of solution results of improved algorithm and second-order error compensation algorithm

4 UG BRI 4% 22 AR A 22 R AR Ab

HLAE R BT

R 0 5 LA 5 1 K0 L 1 R R [
A R o DA e B o o 05 5, 45 R B o
510 R AN ) A 0 RS 9 PR DA
ARSCRET T 23 [ R A T T i
{5575 1 SR AL SR S 555 1 M 15 52 1

o5 T8 AT 155 253 3 ) A SR 4 Ak B o
B AR 5 T T U
48 46T o A A T O B o £
79, PRIE WO A% K b (5 5 1 o o B S

P VUG R RN 7% 22 38 T8 7] A5 2R 4 A B A A 4 J5 B
HE AN & 5 B, Hirp Vo~ Vi BB A 5 S,
Vo~ Vo 2 70 i B0 AR 5 o 81 6 K ) B 00 %
K E 5 2@ 1A R 2P R AR A S B A L R . TR
PR R 0 2% 22 % [A] 25 15 5 o 48 Ah B 2ok 2 Sy < DO 42 R
i PN G ) DU 1 LIRS L B 45 4 BRI )
E’Ji;‘%ﬁw“ﬁ 5T T AR AT AR R LR AR S, %Uﬁﬁ%iﬁ
1B 38 B K A8 % & B 5 AT OR R R S B S
ﬁ?%’im I 55 b A A B R 1) PR R (L LA ?”‘FI%'J
ity K6 00 32 O 3 R 0 A 5 1 BB el R (A a1 B M
S o Wk Rz N R B A5 E T Ik o R A R B O LR PR R K
WE SRS H 4G DU 3 3R] 2B B B (DA B T IR

0204002-4



#5505 F28/2023 451 A/0E#

conversion finish

> Vi“I Voutl > detection i Vi'\l Voutl
>V, v - ) >V, v

" id detection " 2| 16 bit data bus
AD AD <

T Vins Vous "] detection ™ Vi Vous
>V \%

conversion start

S 5y 15 s 5 s .
3 5| 3 5 (45 (25
R
—

4-QD

Vin4 VoutA o dete ction ind outd
hold control T

adder

\J
external interface
zone 0
+
comparator >
DSP
DA <t b bl dashus » external interface
zone 6

FIS PUR BRI A 5 (7] 2 SR A b T Ay B 11 5 B AE 4]

Fig. 5 Hardware principle block diagram of signal synchronous acquisition and processing of four quadrant detector
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Abstract

Objective Currently, the laser induced plasma (LLPP) technology is the best method to obtain high quality extreme
ultraviolet (EUV) light source, whereby a high-power, high-frequency, short-pulse CO, laser under the main oscillation
power amplification technology is used to bombard a droplet tin target to obtain high-quality extreme ultraviolet signals. In
an EUV lithography light source system, the laser beam direction is significantly affected by the cascade when the laser
beam passes through the four-stage amplification system. During the amplification process, the optical components in the
optical path between the amplifiers feature different thermal distortions under different laser powers; all the four-stage
amplifiers used are high-power laser amplifiers, and the vibrations caused by the cooling device during operation are
unavoidable. These factors cause the center of the laser beam to deviate from the optical axis and affect the EUV
conversion efficiency. Therefore, for EUV lithography light source systems, the further research on beam pointing
stability is necessary to achieve a certain EUV conversion efficiency. At present, four-quadrant detectors are widely used
in high-precision laser measurements owing to their fast response, high position resolution, high measurement accuracy,
and simple data processing. However, a high-precision spot location algorithm based on a four-quadrant detector is
generally complex. Thus, during high-repetition-frequency pulse signal detection, the real-time requirements of spot
location calculations cannot be met. Therefore, it is necessary to develop a new algorithm that considers the accuracy of

spot location detection and its real-time performance.

Methods In this study, we first obtain the four-quadrant detector output signal under the Gaussian distribution model for
spot energy distribution and subsequently calculate the initial solution for the spot position under the influence of the
detector radius and dead zone using the normalization and difference algorithm. The initial spot position solution is a
transcendental equation, and its analytical solution cannot be derived using a mathematical method. The expression for the
actual position of the spot centroid is then obtained using the approximate decomposition method, which compensates for
the influence of the spot radius, detector radius, and dead zone width on the actual position of the spot centroid. Finally,

to improve the solution accuracy, a correction factor is established, and the error characteristics of the correction factor are
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used to correct the actual position of the spot. This can help improve the spot position detection accuracy and detection
range, without increasing the complexity of the algorithm. According to the detection principle of the four-quadrant
detector, electrical signals from the four quadrants of the detector should be obtained simultaneously; if the acquisition of
the electrical signals from each quadrant is not synchronized, the accuracy of the spot position solution is affected.
Therefore, a multi-channel synchronous acquisition and processing circuit is designed for the acquisition of detector output

signals, to ensure the accuracy and real-time acquisition of the signals.

Results and Discussions According to the analysis of the simulation results, the root mean square error of the second-
order error compensation algorithm is 0. 0115; after improvement, the root mean square error is reduced to 0. 003, which
is 73.91% lower. The maximum error of the second-order error compensation algorithm is 0.0372 mm; after
improvement, the maximum error is reduced to 0. 0076 mm, which is 79. 56 % lower, and the absolute error is less than
0.005 mm. The detection range of the spot position is expanded from —0.12 mm<xr<<0. 12 mm to —0.59 mm<a<<
0.59 mm, which is approximately five times larger. The average absolute error value in the absolute error range of less
than 0.005 mm is reduced from 0.0025 mm to 0.0019 mm, which is approximately 24% lower (Fig. 4). The spot
position detection results are analyzed. It is shown that the root mean square error of the second-order error compensation
algorithm is 0.0248, and the root mean square error of the second-order extended error compensation algorithm is
0.0042, i. e., areduction of 83.06%. The maximum absolute error of the second-order error compensation algorithm is
0.0625 mm, and the maximum absolute error of the second-order extended error compensation algorithm is 0. 0092 mm,
i. e., a reduction of 85.28%. The average absolute error of the second-order error compensation algorithm is 0. 0206 mm,
and the average absolute error of the second-order extended error compensation algorithm is 0. 0034 mm, a reduction of
approximately 83.50%. Notably, the spot position detection accuracy is better than 19 prad in the detection range of
—0.5 mm=<2<0. 5 mm (Fig. 8).

Conclusions The simulation analysis and experimental results reveal that the detection range of the second-order
extended error compensation algorithm is considerably larger than that of the second-order error compensation algorithm
under the same detection accuracy. Compared with the traditional polynomial algorithm, the second-order extended error
compensation algorithm offers clear advantages and practicability, significantly improving the detection accuracy of the
spot position over a wide detection range. Based on the abovementioned discussion, the results of this work are expected
to help realize the wide-range, real-time, and high-precision detection of the spot position for an ultraviolet lithography

source driven by a high-repetition-frequency narrow-pulse CO, laser.
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