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Design of a hano-measurement system based on dual
Fabry-Perot interferometer

Chen Benyong, Zhu Ruogu®, Wu Zhaotong
(Dept. of Mechanica Engineering ,Zhdiang Universty , Hangzhou ,310027)
(°Dept. of Metrology & Measurement , China Ingitute of Metrology , Hangzhou ,310034)

Abgtract : A new nano- measuremght ,$ystem with laser , dual Fabry- Perot interferometers (DFPI) ,
tapping stylus, flexure hinge stage and digita PID red-time computer control system is systematically
desgned. The theoretical bass of the nano-measurement system, usng the measurement of amplitude
difference or equad amplitude time intervad of DFPI transmisson wave, isproposed. The method of de-
tection of tgpping stylus vibration is theoreticadly anadyzed. The finite dement andyss method of small
distance stage based on flexure hinge structure is proposed. The digitd PID cosed loop control system
with the feedback sgna of capacitance podtion senr is goplied, the system nonlinear influence caused
by piezodectricity dement was lved. Findly, system error is anayzed.
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FP, , (2 :
0d; = d® ay/ a ddy = dP ai/ ag (3)
,d1, a1 do, a2 FP. ,FP, 0 ar P
Vgoos[ Awy - Wy) t+6 - dn], t=1t1,t20 =
8.9, D Qwo- W) (t- t2) +6, -6, =0
) (Vo Wm  @m) )
: 80 =6;,-0, = wWn(ty- t2) -Awe(ty - t)
Awg(ty- tp) , , 1 00 ZEwn(ty- ty)

0 =4td/A, 00 =40 d/A, At=t;- to, 0 d=AMAY(2T) (4)
od FPy FP, ;T=aT1/ Wy it to FPy FP,
B3 4 DFPI

2.2 -
2 'K ; C
m s Fa(t) , F1(t) = Fosinwt; F2(t)
, Van Der Wads )
Fa, Fa2(t) = Fq , Fi(t)  Fa(t)
F1(t) Z1(t) , F2(t)
K c Z>(1) ,- .
mZ; + CZ; + KZy = Fodnwt
Ry n IZ mZ, + CZ, + KZ, = 0
ROT ) :
Fg.2 Smplified modd Z(t) = Zi(t) + Zo(t) = A9nwt + A,Snw,t
of smdl car ) < < it
lever vibration VAL = Fol (K- w?m) , A, = F/ (n,) , F :J'to Fadt
w W, , dW=W,- W, :
Z(t) = Adn(wt +PB) (5)

A= JAZ+ AZ+2A,A,008 WL, B=tg *(A9@Wt)/ (A1 + Ac08 Wt) (6)

5 (6 A B F Bo

(PSD)



2000 12

PID

| Ni| = K{[(H1- 2) Hi/m]? + [0/ 2 +arcin(l - Hy)

+ (1- Hy) (2H; - HHYZm

=Ke(1 + ,é H/ VolTt)

N1 = arctg{ Hi(Hy - 2)/ [/ 2 +arcsn(l- Hy) + (1- Hi) (2Hy - H)Y?]}
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Fig.3 The drawing of finite andyss - ),
cdl of 1/ 4 flexure hinge
iteration times: 4; cel nunr Fg.4 Schemetic diagram of deformed
ber: 16 stage forced at point A
) Table 1 Force (1N) at point A
iteration cdl di gplacement
- -A (x ) times number  of point A (nm)
1 1 , 1 1 2.62
( 4 ,16) , A 2 4 2.69
3 9 2.75
( ) 4
4 16 2.78
( ! ) 5 25 2.79
6 36 2.79
4
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Fg.5 Block diagram of digitd PID cosed loop control of the nano-measurement system
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,Ka=2/ F- lg- (A1) /A - Ko+ Ky, Ky
: O F 0 Ig oA 0 K.
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