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1 � Introduction

� � U sing Micro_Electro_M echanical System

( MEM S ) technology , many devices and systems

can be miniaturized. M icro pressure sensors and

micro accelerometers( air_bag sensor ) are examples

that are w idely commercialized. In the case of opt i�
cal system, some opt ical components need to be

combined to implement the function desired for op�
t ical processing. A micro_opt ical bench based on a

Si surface and bulk micromachining has been pro�
posed in order to integ rate opt ical components on a

Si substrate.

In this paper, our recent w ork on micro_fabri�
cat ion of opt ical components and system ( switch,

scanner etc. ) is presented[ 1�2] . New types of sen�
sors are also included[ 3] . In the fabricat ion of

three_dimensional structures, deep reactive ion

etching and resist spray coat ing are used. Tw o ex�
amples of opt ical systems are described below .

2 � Integrated laser beam scanner

� � Figure 1 shows the structure of an integrated

optical scanner[ 2] . A laser diode ( LD) is mounted

on a terrace fabricated by anisotropic etching. A

laser beam em it ted from the LD is ref lected by the

micro mirror f ixed at the end of the cant ilever_like

thermal actuator. The actuator vibrates by feeding

a current to a heater of the actuator. The light re�
f lected from the object is monitored by the photodi�
ode on a Si subst rate.

Fig . 1 � 3D integrated optical scanner.

Figure 2 shows the fabricated Si structure for

the m icro scanner. As show n in Fig . 2, two V_

shaped m icro actuators w ith mirrors are fabricated

in f ront of the terrace for the LD. The cant ilevers

are about 300 �m long . The depth of the terrace is

designed to adjust the height of the laser emission

point. The scan angle reaches 30 degrees around

100mW power.

Fig . 2 � Fabricated Si structure for micro scanner.
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3 � Optical encoder using Si grating

� � Figure 3 show s the schematic diagram of the

encoder using grating imaging [ 3] . The proposed

encoder consists of the two grat ings. ( Although

three gratings are needed in an encoder using a

g rat ing imaging, the first grat ing is simultaneously

used as the third grating in a reflection configura�
t ion. ) F igure 4 shows the schemat ic diag ram of the

integrated sensor ( index grating part ) . The light

source is a polychromat ic incoherent light source.

Fig . 3 � Encoder using tr ansmission silicon g rating .

F ig. 4� I ntegrated encoder sensor.

( LED) . The index grating is fabricated from a sili�
con w afer and consists of the transmission grating.

On each grat ing line, w hich is a thin silicon beam,

tw o line photodiodes are installed. Therefore, the

scale grat ing is irradiated through the t ransmission

index grating , on w hich the photodiodes are fabri�
cated.

Fig. 5 � Index g rating wit h line photodiodes.

Figure 5 show s the opt ical m icrograph of the

fabricated index grating ( 80mm pitch) . The silicon

substrate is etched through, so as to see the charac�
ters on the paper as show n in Fig. 5. T he photodi�
ode sensit ivity is 21mA/W. Using the fabricated

index grating , the displacement signal can be ex�
amined. The signal varied sinusoidally as a funct ion

of the lateral displacement , w hich is convenient for

obtaining a displacement smaller than a single peri�
od by interpolat ion. The period of the signal w as e�
qual to are half of the grat ing pitch. The fabricated

index g rat ings consist of the tw o phase shif ted

grat ings. The tw o signals can be used for dist in�
guishing directon of movement and for interpolat�
ing displacement smaller than a single period.
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