Al B8 Hr ot Vol. 41, No. 8
2014 48 8 H CHINESE JOURNAL OF LASERS August, 2014

a2 B Zh R AR R RO i X
D0 AS I R 456
fOE BE RAE I OB AR A #

(1 w2 B L T O SR LRI T BT, B 2018oo>
PEZEGORB L, JEaT 100190

WE NS F R Ty AR WX B 20 (F 2D X TC vk R Vg e nl BE M . RS 6 I8 & 2% DL M R %
BARSEG S R T A TR ESLZI B REN R REUE R T MBI RS, FFUANH T RENIR
RGBT LI T vk DA R 22 A B A . MR T A R A I A5 B 1 SR ARk AT AHIROS A R AT R E RS R
B AR DL BB R 1 KU/ o TR I AT A b et e A A P PR A R o P P B S (PZT) SRAT ATLAA o 38 3k T4 ML A 52 30
el R T WS AR AR S0 n] DA 7 0 W R AR TR] BE 5 BT W P ) A DG R L A R R T R ) U,
HCR AT MR RE ORI R G 8. SEE UM L%y W RS ME R A DI R A R £ i, R G EORT B2 AT G5 100 nm,
AR R AT 3K 20 Hz, RN IR 20 pm, 1) HAE— & M0 A B R AR ] B 5 = [ B AR R I mA C R,
KR W EOLE R B R R S R A I 5 R AR PR IR B

hESES TN249 XERFRISAS A doi: 10.3788/CJL201441.0808003

High Sensitivity Pneumatic Micro-Distance Measurement System
for Lithography Autofocus
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Abstract In order to overcome the shortcoming of the conventional optical focusing method, such as unable to
detect on the patterned area, photoetching material’s potential exposure, complicated laser path and low sensitivity,
method of using high sensitivity pneumatic micro-distance measurement system for lithography autofocus is
investigated. The principle, design, method and error analysis are introduced. The pneumatic micro-distance sensor
can detect the varity of air flow to determine the defocusing amount. The varity of air flow is transfered into voltage
for piezoelectric translator, and the piezoelectric ceramics will be drived to move to the focus range. Because the air
pressure in nozzle flapper is related with detection distance, and the air flow is more sensitive than pressure, hotwire
probe is used to detect the varity of air flow. The result shows that the accuracy of the measurement system can
reach 100 nm, frequency response can come to 20 Hz, the measuring range can be 20 pm. Within a certain range,
the detection distance has quite good linear relation with the varity of air flow.
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Fig. 1 Schematic of high sensitivity pneumatic micro-distance lithography autofocus system
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Table 3 Measurement results of air flow sensor measurement system
Pressure Voltage Voltage Voltage Measurement Measurement Correlation
P./psig input /V output /V noise /mV range /pm accuracy /nm coefficient
0.7 (0.2,1.25) (0.30,7.06) 25 10.5 38 0.992
0.5 (0.2.,1.55) (0.22,7.15) 25 13.5 48 0.983
0.3 (0.2,2.05) (0.12,7.10) 25 18.5 66 0.972
6 Vien _i/l:\J WL VLR . WO = M0 A R B AR N BT ], XS
H 124, 1994, 15(4) : 400—404.
ﬁ]éélﬂf\?pj T mﬁﬁ?{%ﬁ%%zu E ij%m‘ E"] %iﬁﬁ 5 Chen Lin. The 3-dimension measuring system based on the laser
angi . ical Instruments, 2002, 24(2): 7—12.
ﬂ” m EX ¥ 2N ranging[ J]. Optica s . :
Bk ARLES A 0 AR S S S O 0 A G X Mr o Bk ST HOBIRE A = A bR R R G )], e AR,
%1’?@%&&%&@”%%3’]1‘%@%%&1& Tt 2002, 24(2); 7—12.
RVI“Q /%%E‘J }Ei/t\;ﬁﬁ/lﬂ%xrj‘ tt*%\/n %%‘:Z Eﬁ , _Lz 6 1 Sherrington, E Smith. Modern measurement techniques in

T 2R G AL B 2R I R AR T 0L e %) A
SIRERG., SEEROLERET ML T &
AR R AR AN Y B 3 R A R G AT LA L
fifp PRl R AR T IR I AR O B %) 20 XU %
R | T e MO AT BT L AR GOt B A2 % WA BOR BHURE B
RAE BT . TE A R0 ) G D) B 35 B0 05 b 2 i 42
T ET R R R N A SR ER
Ge AT AR G 1 D0 ORS00 X)L B e o A5 R
DR A BOE 6 20 07 T BAT 5 ) R B SR 3R

Z % x #t

1 Gao Shiyou, Ma Lei, Zhang Runsheng. Method of monitoring
cutting point state in laser cutting plank process based on vision
[J]. Chinese J Lasers, 2012, 39(2): 0203007.

A, T . KIS TR OE U E R AR DI E R W
Jr1]. FEEOE. 2012, 39(2): 0203007,
2 Xi Mingzhe, Gao Shiyou. Microstructures and mechanism of

cracks forming of rene 80 high-temperature alloy fabricated by
laser rapid forming process[J]. Chinese J Lasers. 2012, 39(8):
0803008.

JERAE, . WOt R E Rene 80 @il & 4 4 K HBIE
RAHLELI]. HEEOE, 2012, 39(8): 0803008.

3 Chen Hong, Wu Shikai, Zhang Zhengwei, et al.. The effect of

laser beam characteristics on laser processing [ J ]. Optical
Technique, 2006, 32(6);: 834—837.
l‘ﬁ‘ i, SRAEEL. IKIEMS, .m0t R O i T

834—837.

The laser triangulation measuring

R[], JesHR, 2006, 32(6):
4 Dai Liming, Jiang Tongjun.
sensor for accurate displacement measurment[J]. Chinese Journal

of Science Instrument, 1994, 15(4) . 400—404.

surface metrology: part II; optical instruments[J]. Wear, 1988,
125(3): 289—308.
7 Yan Wei, Liang Yiyong, Yang Guoguang. Analysis of dynamic

characteri stics of focusing system based on PZT micro-actuator

[J1. Optical Instruments, 2006, 28(2): 56—60.
=, REBE. BEDE. ET PZT MUK O EE M sh i

RGN BRI AT Sb2 X4 . 2006, 28(2): 56—60.
8 Zhou Hao, Wang Xuanze, Zhai Zhongsheng, et al.. Research on

fringe shape recognition methods based on circular four-quadrant

photoelectric detector [ J ]. Chinese J Lasers, 2012, 39 (7).
0708002.
JOwE . ERERE, B, L ST U S R f IR # 1 AR AL

RPN Tr ik Wr R (T ], P EBEOE. 2012, 39(7) .
9 Zheng Chunyang, Li Yongxin, Li Shengli.

0708002.

An automatic focusing
control system for acquisition of CCD image[ J]. Measurement and
Control Technology, 2004, 23(5): 51—53.

HARIH, 2708, A T CCD T%%%E’J B 3 R R
gt 0], MFEE A, 2004, 23(5); 51—5

10 Thomas T, Hamaker C, Martyniuk J, e al..
autofocus air gauge[ J]. Precision Engineering, 1998, 22 (4):
233—242.

11 Allen P C, Buck P D. Resolution performance of a 0. 60-NA,
364-nm laser direct writer[C]. SPIE, 1990, 1264, 454—465.

12 Kawashima K, Kato T, Sawamoto K, e al..

Nanometer-level

Realization of
virtual sub chamber on active controlled pneumatic isolation table
with pressure differentiator[ J]. Precision Engineering, 2007, 31
(2). 139—145.

13 Stoyanov B, Beyazov ], Peichev V. Static Characteristics of a
Fluid “Flapper-and-Nozzle” Sensor[ OL]. www. cit. iit. bas. bg/
CIT_01/2-01/86-92. pdf. [2014-04-25].

14 Bokov V B. Focus system sensor characterisation by mechanistic-
empirical modelling [J]. Int J Production Research, 2009, 47

(11): 2995—3011.

EBERE AT 4

0808003-8



