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Abstract: A displacement measurement method for microcantilevers based on integrated dual gratings
and a CCD image measurement system were presented. The displacement detection range was extend-
ed by using two gratings with a phase shift about n/2. The sensor chips were fabricated by surface
sacrificial process. Grooves with the depth about 1/8 of the incident laser wavelength were etched on
the glass substrate and two adjacent gratings patterned inside and outside of the groove and the reflec-
tive undersurface of a cantilever formed two phase sensitive integrated gratings, respectively. The in-
tegrated grating units formed an image on the CCD sensing surface through the 1st order diffraction
light, and the gray value change of the light spot was related to the displacement change of the corre-
sponding cantilever. Experimental results show that although the phase difference between the grat-
ings deviates from /2 caused by the depth errors of the etched grooves, the integrated dual gratings

extend the range of displacement detection to multi periods. The insensitive areas at peaks and valleys
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for sinusoidal variation signal of interferometric displacement detection method are avoided by using

alternately intensity signals from the two gratings. In the experiment, the measured displacement

change of the cantilever is 650 nm.

Key words: displacement measurement;integrated dual grating interferometry; image measurement;

microcantilever; extended range
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Fig. 1 Schematic of interferometric displacement
measurement method based on integrated

dual gratings
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Fig. 2 Variation of normalized intensity with displacement

2 AN OG- T B B VA — AR 5 43 3l AT
TRA

-1 [@J L1 4Tr(h+ho)]
A 2COS A s Ip 2COS 2 .

g 2 th R 2% DR DX 23 B 2 i e A
— P B AT A R O T il e 0 B B L 2 SR O

(D

SR T A I AT 53 9 R h
Im = | In | |1A1:1Bl s I = | Ia | |1A1:7IBl , (2

000 X1 PAY £ e e A e AR R AEORE 23 531 0

27
— X
Smdx —_— )\
) ) i (3)
Spin = T min —A" 1—41311,7“ 1—4 1%

S B v i O SER K BE AR T i R sk AT
H—feAb 2,

I— (L +1v)/2
|IP_IV| ’

s T, F Ty 23530 S o g i 5 DX e 45 {1

€Y

I\Iormalized -

3 Yh&itEMmL

AT R FH 2 AT A 2 T2 AR 4R OB M
B RS AE SR AN B TR R i e r
BN 2 AL E N /2 B, BOHREBEREK
600 pm, % 100 pm, J& 2.5 pm; G5 K 40 pm,
F& 4 pm, [AIBL 4 pm, SO R R SF R 44 pm X 40
pms K R 635 nm IL0YEAE R O G IR L %
TR 79 nm. &R HIAE T2 AR 418l 3 Ca) fir
Re B, EBBER EWIEZ M 79 nm 1
5 B RS OG0 0 S L 0B R 200 nm SR B4R
SEMERES s Y2 5 e JBE 1 56 220 A 4 )2 5 ik
4 2.5 pm EAES BB ALY UM FR A 5 e il
i Tk LB ZI BT 2 B R K . B 3(b)
S oin T AR B R R A 1 4 L BE (SEMD R
F S BRI T A R MR R 88 nm, i T
220 11.4%.,

(a) (b)

3 (BN T T2 B (b) B 51 SEM B
Fig.3 (a) Fabrication process flow, and (b) SEM

of microcantilever array
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Fig.4 Schematic of displacement measurement setup with CCD imaging system for integrated dual grating microcantilevers

P 5 B 7 g i A BOBOG A S A3 78 [l 52 3 e
1 GRATT SR OERS LB 2 A S BRE B4 KR L B R 1] )
A . 15 M2 # CREXT N Mg B 2 4l
JEHE . MR FRECOR B ] LU VI Z iR
RIS, (0] 52 ) 300 07 A% A Ak o AR b, R T
CCD M R FEJR 2R 25 frame/s. #0 %A #ic s F
PN LA s 2 DB e S A = i L R e
P2 1% 2R W88 [ A2 B2 % 5 W A (LA S /D Y
A B 3 f T T 2R SR A R i 1) AR B2 (]
R R VAR TR YIS o GO F T S
NS LT B SRR S B B il 2 A I A
(E B A WA 22 1) 1 3 B A8 A IR 1/4, 1D
159 nm. B 2 #OEERER S — g O ST 4R Y
ot 58 A 2 CO S AT I — A Ak B, 45 21 &L 6 i

2500
2000+
1500

1000 B |

Average gray value/Gray

500 +

12 16 20 24 28 32 36
t/s

5 ARSI R Y 2 A4 3 L BE Y MR 1
Gy e
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spots corresponding to an integrated dual

grating cantilever
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