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(57) ABSTRACT 

A GALVANO-rnicrornirror includes a ?rst substrate having 
a light-re?ective rnirror face on one surface thereof and a 
?rst electrode on one or both surface(s) thereof; and a second 
substrate including a frame-form base, a second electrode 
located opposedly to the ?rst electrode, a joint holder section 
located under the mirror face for holding the ?rst substrate, 
and a torsion bar section located under the mirror face for 
connecting the frame-form base to the joint holder section 
and supporting the joint holder section pivotally Within a 
range of angles, Wherein a part of a surface of the ?rst 
substrate on Which the mirror face is not formed is joined to 
the joint holder section of the second substrate. 
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GALVANO-MICROMIRROR AND ITS 
MANUFACTURE PROCESS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to Japanese Patent 
Application No. 2000-059268 ?led on Mar. 3, 2000, Whose 
priority is claimed under 35 USC §119, the disclosure of 
Which is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1.Field of the Invention 

[0003] The present invention relates to a GALVANO 
micromirror, particularly a GALVANO-micromirror of an 
electrostatic actuation type to be used to control a position 
irradiated by a light beam in an optical disk driving device, 
and its manufacture process. 

[0004] 2. Description of Related Art 

[0005] A currently available usual GALVANO-micromir 
ror of the electrostatic actuation type is disclosed, for 
example, by Silicon Torsional Scanning Mirror (IBM J. Res. 
and DEVELOP, Vol. 24, No. 5, Sep. 1980. This GAL 
VAN O-micromirror is provided With an electrode substrate 
100 and a mirror substrate 102 situated thereon, as shoWn in 
FIGS. 16 and 17. 

[0006] The mirror substrate 102 includes a frame-form 
base 104, a mirror section 106 having a mirror face 106a 
formed on one main surface thereof, torsion bar sections 108 
connecting the base section 104 to the mirror section 106 
and supporting the mirror section 106 pivotally. On the other 
main surface of the mirror section 106, there is formed a ?rst 
electrode composed of a pair of electrode plates 110a and 
110b. On the electrode substrate 100, there is formed a 
second electrode composed of a pair of electrode plates 112a 
and 112b opposing the electrode plates 110a and 110b of the 
?rst electrode. On the electrode substrate 100, a linear 
projection 100a is integrally formed Which abuts the mirror 
section 106 and has a mountain-like cross section. The ridge 
of the projection 100a eXtends along the aXis of the torsion 
bar sections 108. 

[0007] In this GALVANO-micromirror, When voltage is 
applied across one electrode plate 110a of the ?rst electrode 
and one electrode plate 112a of the second electrode, the 
mirror section 106 pivots by electrostatic attraction in an 
anti-clockWise direction in FIG. 17. When voltage is applied 
across the other electrode plate 110b of the ?rst electrode 
and the other electrode plate 112b of the second electrode, 
the mirror section 106 pivots by electrostatic attraction in a 
clockWise direction in FIG. 17. Since such electrostatic 
attraction is proportional to the area of the electrodes, the 
?rst electrode comprised of the electrode plates 110a and 
110b is formed almost all over the other main surface of the 
mirror section 106, for alloWing actuation by a loWer volt 
age. The siZe of the electrode plates 112aand 112b of the 
second electrode is determined according to the siZe of the 
electrode plates 110a and 110b of the ?rst electrode. 

[0008] A GALVANO-micromirror used in an optical disk 
driving device is disclosed by Japanese Unexamined Patent 
Publication No. HEI 9(1997)-146034. This GALVANO 
micromirror also has the function of oscillating a mirror 
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substrate by electrostatic attraction betWeen an electrode 
mounted on the mirror substrate and an electrode mounted 
on the surface of an electrode substrate opposedly to the 
electrode on the mirror substrate When voltage is applied 
across the electrodes, like the GALVANO-micromirror 
shoWn in FIG. 16. 

[0009] Micromirrors used in optical disk driving devices 
are required to have high-performance electric-mechanic 
operation characteristics and also required in particular to 
have an eXcellent ?atness and a reduced siZe in outWard 
form for thinning the optical disk driving devices. For 
eXample, a ?atness of 0.05 )L (7» is Wavelength of a light 
source used) is demanded. For siZe reduction, the length in 
a direction de?ned by linking tWo torsion bars (a longitu 
dinal direction in FIG. 16) needs to be shortened. 

[0010] Japanese Unexamined Patent Publication No. HEI 
7(1995)-287177 discloses a micromirror in Which a torsion 
bar is mounted under a mirror. This structure is formed using 
a so-called surface micromachining technique by Which thin 
?lms are laminated on a substrate While being patterned in 
desired con?guration sequentially by utiliZing formation, 
patterning and removal of sacri?cial layers. 

[0011] HoWever, the current surface micromachining tech 
nique can form thin-?lm mirror structures of several 
micrometers or more thickness. If a mirror face having a 
?atness acceptable for the optical disk driving devices is 
intended to be realiZed, it is only possible to produce a 
mirror face of about several hundreds of micrometers in siZe 
at the largest. 

[0012] Generally, the micromirrors used for optical disk 
driving devices are in the shape of a square or an ellipse of 
several millimeters and have a primary resonant frequency 
as loW as about 100 to several hundreds HZ. If a micromirror 
of such siZe is produced by the surface micromachining 
technique, there occur curves and distortions in the resulting 
thin ?lm because of residual stress generated during the 
production process. Also since the micromirror is a thin-?lm 
mirror, distortions occur during operation and the mirror 
face cannot have a required ?atness. 

[0013] For example, for maintaining a necessary optical 
?atness sufficiently high With a mirror face of several 
millimeters square having a metal ?lm of high re?ectance or 
a multi-layered ?lm of dielectric, it is presumed by experi 
ence that the thickness of the mirror needs to be about 150 
pm at the minimum. Therefore, it is hard to produce a 
micromirror having a loW resonance frequency and a high 
?atness Which can be used for optical disk devices, by the 
surface micromachining technique using the step of lami 
nating thin ?lms and sacri?cial ?lms. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a GALVANO-mi 
cromirror and its production process Which realiZe a min 
iaturiZed micromirror having suf?cient performance for 
being used for optical disk driving devices. 

[0015] The present invention provides a GALVANO-mi 
cromirror including a ?rst substrate having a light-re?ective 
mirror face on one surface thereof and a ?rst electrode on 

one or both surface(s) thereof; and a second substrate 
including a frame-form base, a second electrode located 
opposedly to the ?rst electrode, a joint holder section located 
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under the mirror face for holding the ?rst substrate, and a 
torsion bar section located under the mirror face for con 
necting the frame-form base to the joint holder section and 
supporting the joint holder section pivotally Within a range 
of angles, Wherein a part of a surface of the ?rst substrate on 
Which the mirror face is not formed is joined to the joint 
holder section of the second substrate. 

[0016] With this construction, the GALVANO-micromir 
ror can be reduced in siZe While maintaining performance 
required for being used in optical disk driving devices. 

[0017] These and other objects of the present application 
Will become more readily apparent from the detailed 
description given hereinafter. HoWever, it should be under 
stood that the detailed description and speci?c examples, 
While indicating preferred embodiments of the invention, are 
given by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1(a) and 1(b) are perspective vieWs of a ?rst 
substrate of a GALVANO-micromirror in accordance With 
an embodiment of the present invention; 

[0019] FIG. 2 is a sectional vieW of the ?rst substrate of 
FIG. 1 taken along line A-B in FIG. 1; 

[0020] FIGS. 3(a) and 3(b) are perspective vieWs of a 
second substrate of a GALVANO-micromirror in accor 
dance With an embodiment of the present invention; 

[0021] FIG. 4 is a sectional vieW of the second substrate 
of FIG. 3 taken along line C-D in FIG. 3; 

[0022] FIGS. 5(a) and 5(b) illustrate the joining of a ?rst 
substrate and a second substrate of a GALVANO-micromir 
ror in accordance With the present invention; 

[0023] FIG. 6 is a sectional vieW taken along line E-F in 
FIG. 5(b); 

[0024] FIGS. 7(a) and 7(b) are sectional vieWs taken along 
line E-F in FIG. 5(b) illustrating a process of separating a 
peripheral frame after the ?rst and second substrates are 
joined in accordance With the present invention; 

[0025] FIG. 8 is a perspective vieW of a completed 
GALVANO-micromirror in accordance With an embodiment 
of the present invention; 

[0026] FIGS. 9(a) to 9(}‘) illustrate a process of manufac 
turing a ?rst substrate of a GALVANO-micromirror in 
accordance With the present invention; 

[0027] FIGS. 10(g) to 10(l) illustrate a process of manu 
facturing the ?rst substrate of the GALVANO-micromirror 
in accordance With the present invention; 

[0028] FIGS. 11(a) to 110‘) illustrate a process of manu 
facturing a second substrate of a GALVANO-micromirror in 
accordance With the present invention; 

[0029] FIGS. 12(g) to 12(l) illustrate a process of manu 
facturing the second substrate of the GALVANO-micromir 
ror in accordance With the present invention; 
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[0030] FIGS. 13(a) and 13(b) illustrate the construction of 
a GALVANO-micromirror in accordance With another 
embodiment of the present invention; 

[0031] FIGS. 14(a) to 140‘) illustrate a process of manu 
facturing the GALVANO-micromirror of the present inven 
tion shoWn in FIGS. 13(a) and 13(b); 

[0032] FIGS. 15(g) to 15(k) illustrate a process of manu 
facturing the GALVANO-micromirror of the present inven 
tion shoWn in FIGS. 13(a) and 13(b); 

[0033] FIG. 16 is a plan vieW of a conventional typical 
GALVANO-micromirror; and 

[0034] FIG. 17 is a sectional vieW of the conventional 
typical GALVANO-micromirror. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] The present invention also provides a process for 
manufacturing a GALVANO-micromirror including the 
steps of: forming a mirror face of a light-re?ective ?lm on 
one surface of a ?rst substrate made of a semiconductor bulk 
substrate, a ?rst electrode of a metal thin ?lm on one surface 
or ?rst electrodes of thin metal ?lms on both surfaces of the 
?rst substrate, and a joint section in a protrusive form on a 
surface on Which the mirror face is not formed; forming, on 
one surface of a second substrate made of a semiconductor 
bulk substrate, a second electrode opposed to the ?rst 
electrode(s), a joint holder section in a protrusive form for 
holding the ?rst substrate, and a torsion bar section for 
pivotally supporting the joint holder section Within a range 
of angles;; and joining the ?rst and second substrates so that 
the joint section of the ?rst substrate contacts the joint holder 
section of the second substrate. Here, components including 
the mirror face, electrodes and the like can be formed on the 
surface of the semiconductor bulk substrate using a bulk 
micromachining technique. With this construction, it is 
possible to produce a micromirror having a thick mirror 
substrate by the bulk micromachining technique, and con 
sequently to provide a micromirror having good ?atness. 

[0036] In the present invention, the bulk micromachining 
technique means a method of forming a desired con?gura 
tion on a semiconductor bulk substrate by etching the 
substrate several times. The technique also includes the 
formation and patterning of thin ?lms necessary for forming 
the electrodes and mirror face in addition to etching. The 
currently used surface micromachining technique is a 
method of forming a desired structure by sequentially form 
ing and patterning thin ?lms and sacri?cial layers on a 
semiconductor substrate. On the other hand, the bulk micro 
machining technique does not include the step of forming 
sacri?cial layers but forms thin ?lms and patterns them in a 
desired con?guration on the bulk substrate through etching 
the bulk substrate. While the substrate is not patterned by the 
surface micromachining technique, the substrate itself is 
patterned by the bulk micromachining technique. 

[0037] For eXample, in order to form a protrusion of 
predetermined con?guration on a bulk substrate, a resist ?lm 
is formed on a region to be the protrusion and the bulk 
substrate in other region Where the resist ?lm is not formed 
is etched in a predetermined etch amount under predeter 
mined conditions. Thus, the GALVANO-micromirror of the 
















