
IN UW HAN AT MAN KAN DU AN AO A TU NA HATA KAMATI US 20180120681A1 
( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No . : US 2018 / 0120681 A1 
HANAOKA ( 43 ) Pub . Date : May 3 , 2018 

( 54 ) ELECTRO - OPTICAL DEVICE , METHOD OF 
MANUFACTURING ELECTRO - OPTICAL 
DEVICE , AND ELECTRONIC APPARATUS 

( 71 ) Applicant : SEIKO EPSON CORPORATION , 
Tokyo ( JP ) 

Publication Classification 
( 51 ) Int . Ci . 

GO3B 21 / 16 ( 2006 . 01 ) 
B81B 3 / 00 ( 2006 . 01 ) 
GO2B 26 / 08 ( 2006 . 01 ) 
GO3B 21 / 00 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
??? GOBB 21 / 16 ( 2013 . 01 ) ; B81B 3 / 00 

( 2013 . 01 ) ; GOBB 21 / 008 ( 2013 . 01 ) ; G02B 
26 / 0833 ( 2013 . 01 ) ; GO2B 26 / 0841 ( 2013 . 01 ) 

( 72 ) Inventor : Terunao HANAOKA , Suwa - shi ( JP ) 
( 73 ) Assignee : SEIKO EPSON CORPORATION , 

Tokyo ( JP ) 

( 21 ) Appl . No . : 15 / 856 , 675 ( 57 ) ABSTRACT 
( 22 ) Filed : Dec . 28 , 2017 

( 60 ) 
Related U . S . Application Data 

Continuation of application No . 15 / 259 , 937 , filed on 
Sep . 8 , 2016 , now Pat . No . 9 , 885 , 945 , which is a 
division of application No . 15 / 017 , 746 , filed on Feb . 
8 , 2016 , now Pat . No . 9 , 465 , 210 . 

In an electro - optical device , a light - transmitting cover is 
disposed in mirrors , and when light is applied toward the 
mirrors through the light - transmitting cover , the temperature 
of the light - transmitting cover tires to increase due to the 
applied light . Here , in the electro - optical device , first metal 
portions that are in contact with the light - transmitting cover 
and the element substrate are formed . For this reason , it is 
possible to release the heat of the light - transmitting cover to 
a substrate through the first metal portions and the element 
substrate . 

( 30 ) Foreign Application Priority Data 
Mar . 27 , 2015 ( JP ) . . . . . . . . . . . . . . . . . . . . . . . . . . 2015 - 065935 

101 
ctttt 

* * 17 " 83 viime 
* * * * * * * en * in * * * * . . . 252 Anh 

* * * * * * * * * * * * * * * * 
, ???????? + + ????????? , - ?? * * sistent and cinisanisidricimit , 

* * * * i * titinititi * 

* * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * hoministerensial wirin * * * * * * * ttk 
it , 
* 

??????????????????? . ????? 
wanwyn tyything going " Wireisidiistittiin 

bir ? ????????????????????????????????????????????????????? incon stewige 

* * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * 

* * * * * * * * meisin returitius 
nyt 23 - 258 og V Hasta 

• * * * * * 1 
* * * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * 

tutto 
+ 1 Hittiin White 99 
941876 1 + 1 

????? ind 
u mi 

* * * 

minimimer * * * 
???? L v 

NY iyinienne up 
Y . is . N bone 90 

IN ! 
ire crimen tirnir w 

a 
. . 

r . , 
* 

audi ! 

t cu wat in 
web . . . ) 



_ US 2018 / 0120681A1 Patent Application Publication _ lay 3 , 2018 Sheet10f15 

] 0 . 

?????????????? ?? { f ' 
: : ?????????? 

???? ? 
- www ???????? ???????? ??????????????????????????????????????? ???????????? 

???? . 

- www - rc - s 

? ; 

wwwwax ?????? * ????????? ????? wxwww ???????????? ??????????? ?????????????????????????? ???? ???? 
???? * * * 

??????????? ?????? : ' . ; 

? ?????????????????????????? wdywww 
? ??????? ??????????????????? 

?????????????????????????????? ????????????????????????????????? : ?????????????????????????????????????????? . ? 
? ? ???????????????????????????????? ? ??? 

??????????????? * = * * * 
xcrrr ??????????????????? ? ?????????? ??????????????? ? 

????????????????????? ??? ??? ??? ? ? ???? ? ? ???? ?? ? ? ??? * * * ????? ? ?? ? . ?? 
* * * 

f ' 

f ? ? ?????????? : : : : ? ????????? 
y 

. . : : : . » 

» 

. 

. ?? 30 » 

. 

» 

+ + + 

. . 

+ 

+ . 

+ 

. + ???? ? ? { ; { + 

; ; t£ - : * + 

. 

?????? ?????? ? ? + 

. . 

+ 

. 

? . , ? ? ? ? ??? ? ? ? . ? . ?? ; ? ? ? ?? ?? ? ? ? : ??? . ? 
+ n / 

IG , 1 



_ US 2018 / 0120681A1 Patent Application Publication _ lay 3 , 2018 Sheet 2 0f15 

2224 ? 

??? 

??? 
???? ??? ? ?????????????????????? 

???????? - - ????????????????? 

w 

wwwxf ??????????????????? - k ???? v ?? ? ???? ? ??? 

???? ????????????????????? triq ????????????????????????????????????????????????? vxv 
eri iw 

' 1 ; « ; 

?? ??? sw . ' . 
» ???? 

? ???????????? . 81 ? ?????? ???????? ???????? 

: ????????? ? g 

? - ??????????????????????? ??? 

???????????????????????? ??????????????????????????????????????????????? ?????????????????????????????????????????? ?????????????? ?????????????????????????????????? ? 

' JJ£ : i ' - ???????????????? ??????????????? ????????????????????????? FIG 2B 
QUUP ?????????? ; . 

? ? xf 

. ?????????????????? ?? ? ? ? ? * 

? ? _ ; S . - . ?????? . ? 
? ? ? 

??????????????? 
. . ? 

???? ??? ? 3 corr ? ??? 
? 

? 

? ????????? 
? ? ? ? 
38 ??? ? 372 ? ? 

???? 
? : ; ??? ? 

??????? ? 
* ; ????????? ?????????????? Fw 

??????????????? 3 

?????????? , f 
; ???????????? ? 

. € ? ? ? : " 
? : : 

??? ?? ?? ?????? 
: ??????????????????? ?? 

??? ??????????????????????????????? ? ????????????????????????????????? 
. ? 

3 ??? ?? ?????????????? ixi ? 

???????????? 

???????????????????????????? ???? ???????????????????? 



Patent Application Publication May3 , 2018 Sheet 3 of15 US 2018 / 0120681A1 

?? 3 ? 3 ?? 
??? ; ?? 

??????? ? 1005 ??? + - + ?? , 

f 

??????s ??? - { 3 } , j » ? + + + + ith , 

??? ? ?????? ?????????????????????????? ???????????????? ?????????? » ?• i????? 
| ; ??????????????? ????????? 
+ f ; , : ???? 
- - 

?? : / t4ft . 

? , y 
i 32 . 3 ) “ ?????????????? ? 

32 * ? ??????????????????????? 
; 

fr4 ; trif 
?????????????????? ??????????????????????????? ????????????????? ?????? ? 
- 4 

' ' - • 

» J??? • • , ?? 

? 

??????????s : us ????? ; ? ; ; ?A??????? ????? ???????????? ??????? 

- 3 
? ??? 

???? 

???? ???? gfy????? 
???? ??????????????????? ??????????? ? ? ? ??? ????? 

??????????? 
???? ???????????????????? ??? ????? ?????????????? ????????????????????????? ?? 

?s 
??fyi 

?? ??????? ??? } } ???????? ?? dav » 5 , - ????? ???? 33 , 3 3 . ?????????? ??? 
??? ?? ?????????? ?? 

??? ?? ? ??? ????????????? ? ??? , ???????????? ?? ? ? ????????????????? ? ???? th? ??? ? ???????????????????? 
? 

?????? ' ' 

+ + + + + + h???????st??????? ??? ???????????????? ? ???? ???????????????????? ?? 

1• 

? 



?????? 
2 

_ US 2018 / 0120681A1 

?????????????????????????? ; . . 
. ????????????????????? 

??????????????????????????????? 
??????????????????????????? : ri ? . ?????????????????????? 

f ??????????????????? ! ? * ' ??? 

???????????????? ???????? ? ??? * - ?????????????????????? 

?? 

??????????????????????? ? 
, ???????????????????????????????????????? otion ' i 

» 

ris ????? : rruiiro ?????? 

t 

fervitii48 ?????????????? ? 

?? 442 

8 . 8 

- 25 , 282 
? f138 

? r ? 

??????????????????????????? ; xx 

???????????? 

??????????????? ???? 

???? ? ??????? 

8 

?????????????????? dixia ?????????????????? . 

????? 

. ??????????????????????? : : 

, 

???????????????????????????????????????????????????????????????????????????????????? ? 
?????????????? 

? 

. ??????????????????????? 

? 

; . 

? 

??????????????? 

? 

: " ; ? ! ? 

- ; tq ? 

?? ? 

????? ! ytrr ?? 

? 

?? ??? 

? ? 

? 

? ? 

? . ? 

? 

? 

?? ?? ??? ??? ? 

? 

??? ? - ?? ? 

? 

? 

? 

* 

* * 

? 

?? 

? ? ? ? 

k - ??? - inxitxq ??????????? ?? 

? 

: : F : : ?? 

??????????????????????????? ? 

? : ? 

?? ? ? 

??? 

- - - - 

? 

* 

? 

??? ??? ?? ?? cq ? ? ? ? ? ? ? ? ? ? ? * ? ! ? 

; 

w 

- 

" 

wwwras ??? . www / ; - - - * * ??? - wwwr 

- 

www ?????? ? . nt 

- 

wr - 
ww 

? ? 
???? : ? 

? 

? 

?? 

* 

?? . ???? 

88 ? 

?? ?????? r ???? ?????????? ??? 

? 

? : , : f ? ? 

? 

????? 

?? 
. _ 

s 
" 

? 

' 

? 

? ??????????????????? ? . ? : ? 

? ? 

?? ? . ?? 
; ?? 

? ?? . 
? * ? ' ' 

? 

? ' 

??? ?? 

? 

?????? ; ; ? ? 
? f ? ???? 

. ????? : 

? 

? 

?? ? 

? 

1 - 

? 

? 

?????????????????? 

; * ; 
? 

??? 

r 

? 

? 

? 
? 

? 98 ? 8 
430 

? 

??? . ' 

??? ? www ? 

?? ? 

? 

? 

? 

? ???????????? ; ; ; 

? 

' ' A ? 

? ?? 

? 

?? . 
? ? 
. 

? 

ff 

? 

? 

? ? ??? 

; ; 

? 

? ?? 

??? 
? 

?? ? 

? 

??????????? ??????????????????? ??????????????????? 

?? ? ? 

? . . ? . ? . . ? 
???????????????????? 

? ?? ??? ? ?? ?? ? 

? ?? 

? 

? 

?? . 

? 

. 

????? 

? 

???? 
???? 

?? ?? 

?? 

' 

? 

??????? ? ????? ? ? ??????????? ; : rf ? 

? ?? . ? ?? ? 

• • • 

• 

• 

• 

• 

• v 

• crv 

vv 

• 

Prev 

?? ??? 

???????????????????????? tnr ! ! ! 

1 

??????????????????????????????????????????????? 
; 

* « ? ? ?? ? 

* 

? 

? 

? 

? 

? 

?? 

? 

?? 

?? 

? 

?? 

? 

' ?? 

?? ? 

?? 

? 

? 

? 

?? 

?? 

?? 

v 

?? 

? 

? 

? ? 

yv ? ? * 

? 

Patent Application Publication _ lay 3 , 2018 Sheet 4 0f15 

? 

? 

. 

? 

?? ?? 

?? . " v 

? 

, 

- n 

? 

?? 

? 

? 

?? 

; ? 

n 

1 n un ?? 

?? v 

? 

? . 

?? 

v ; 

? tu 

* 

* 

* 

????????????? 

! ! 

. ???????????? 
??????????????????????? > i : 111ii ?? 

????? & & & & workiyiiicntii ??? 

?? ' r * " 

* - * * - ??? * - ???????????? 

? 

??????????? 

?????? ???????????????????????????????????????????????????????? ; i ' 
??????????????? : ici ?? ? » ! » ??? ? ?????? 

????????????????? , ??? ; . - ; - - - - - - n ??????????? . ww ??????? ? ???? . . . ? ??????? . ; ????? . ? ????? 

?? " ; www 
- 

w ??? 

???????? { : * ? ??? : fiinxix ??? ? ?????? 

* * * ; * * 441 tffrmi ! ftioni ; 
f ???????? . ????? 

???? 

s 

???????????????????? 

??????????????????????????????? ? 
r 
- 

www ????????? ????? 

, wrirway ? 

FIG : AB 

38 ??? 



Patent Application Publication May 3 , 2018 Sheet 5 of 15 US 2018 / 0120681 A1 

FIG . 5A 
21 22 21 22 21 
* * 

wwwww w wwwwww 
. t inti nxoek Julia namun . 

vesna dansania SY ?? 20 $ Social o 
ISLAS 

11 11 501 
71 71 

FIG . 5B 
21 22 y 

! ! 

ssskinn w www . wand 

r 

! 

1 a 

17 1 widdenin 50 1 50 
71 71 

FIG . 5C 25 21 25 21 
yeye 22 . 

?????????? wwwwxsus mo ( 1 ) 
. 

mennes you 17 1750 
71 

17 50 6 
71 

100s 100s 100 
* * * Voodoo 25 21 

8 1 2 5 21 KAKO 

Peratura O27201110 . * * * * * dem 

16 11 1950 
71 

17 
71 



US 2018 / 0120681 A1 

racite starretório 
sitterretto ? ! 

rrrrrrr 

* * 

* * * 

* * 

w 

w 

w 

01115 

: 

: D 
D : 

basinstatimini 
ni 

YYYYYY 

wwwwwww 
. . . . . . . . . . . . 

. . . . . 

. 

May 3 , 2018 Sheet 6 of 15 

uz 

: D 
D : 

FIG . 6 

" FAP 

?????????????????????? 99 ??????????? 999 ?????????????? # ????? 

* * * * * 

?????????????? ?????? ? 

permervespegar 
COD 

Syiiim112 

: D 
D : 

* * 

* * 

* 

* 
* * * 

sett 

* * * 

??????????? 

Weppe 

* * * 

* * * litsei seisownia 

wiwe ? 

Patent Application Publication 



_ US 2018 / 0120681A1 _ May 3 , 2018 Sheet 7 0f15 Patellt Application Publication 

252 ; ? ? 744 . G ? 
?????????? ; : 

4 

? ???????????????????? 888 ?????????? 
? ????? 

??????? ????? 
. ? 

? $ dy ? 

. * ; nxit . ? 

34 ? . A ???? 
??? ????????????? 

???????? ? 8 ??? ? . . . 

?? 

xx ? 

? ? F 8 1 _ $ ? gg f . _ 8fus _ 88 

1 252 P { G . TB . 

??? 
? ? 
2 

; - ?? . 
; 

??? ? ???? . ???? 948 ???????????????? ftimmt ?????? 
fe ???????? ? ? 33 : ? 1 www E [ ?? ? ? 

/ 

? 

? ? ' “ _ 25 s | 98 °95 _ _ ; 8346 _ - 8 
98 ' 9 88 ? 

FIG . 70 _ 8 , 86 880 
?? ?????? ?? ???????????? 

???????????? ?????????? ??? : ? ? * « « » : ?? ??? ? * ; xis ini ????????????????????????????????????? ????????????????????????????? ?????????????????????? : ; ????? ?????????????????????? ????? ; ; ?????? ????????????????????????????? ????????? ? 

??? ??????? fifiiiitiixiit % ???????????????????????????????? ! ? ??? ????????????????????????????????????????????? ? 
8 ?? ? 

?????????????????????????? - ? 

www 
- 

- 
- 
- 
x 

- 

www 
- 

f 

? ? - * * * - * : ? ? : 1 - « i ' - ??? ; . 

?????????????????????? ??????? ; : « ?? : « : ait ??????? ? ; : 

?????????? ????????????? 44 ? 878 94 ???? 

????????????????????????? ? ???????????? - ri ?????????? i - ? ??????????????????????????? : ? tu ???????????????????????????????????????????? ?? lxiitiiiiftiminioiii ? ) , : fr ?? ???? : ? fyin . ????????????????????????????????????? ; qvipxu ??????????????????????? 
?????????? iiiii ??????? ] , . . ? 

?????????????????????????????? ; ; ? ???????????? ? ? 4 . ??????????????????????????????? ? 
y 

- ???? 
?? : ! - ????? ? fix 

????????? : : : : 

; ] ? ? www 
- 

?? ? ?????????? ?? ????? 

??? " rdi ???????? ? ; ; ; ? ? ? ??? ?????? 

????? 6 ' _ 96 8 . 4 



Patent Application Publication May 3 , 2018 Sheet 8 of 15 US 2018 / 0120681 A1 

102 258 i 
26 860 . 40 

29825721 252 251 272 / tin 1925 ????????? . . Mapapan 86 
my tinin . . . . 13 14 

. . . * * WAS Minh 
* * vrimmans 64141ATHINE * * * iinisisitrije 

A 

* * * * * * * * * * * * 

huisjes 2017 * * * * * 

Yering ! 
W tertipps 

- - - - in 

? 

17 25t erden . im 

' 91 got on ) 256 

FIG . 8 



Patent Application Publication May 3 , 2018 Sheet 9 of 15 US 2018 / 0120681 A1 

FIG . 9A 21 22 a 21 22 W 21 
, w ingine DARU ' 

. 

niin www . és w 

?????????? . ? . ???? - pwwwi ???????? Swis w convertit inieceiving www 

hos 16 56 / 17 wad wa 

FIG . 9B 21 ?? 22 21 22 21 
Wigwyw ?????? - 

28 os pirmini 130 
WWW insie 1 Os 17 1750 1750 

72 72 

FIG . 9C 25 21 25 21 69 a 27 news 
944 

Wwwwwww ma ? ( ) 
105 17 17 50 17 50 

72 72 
100s 100 % 100 % 100S 1005 

FIG . 9D 25 21 2 
y 

your Sari o Meyrin wi 

1S rivnicektir liquorenom carmesteren 1 1 ind 50 
72 72 



US 2018 / 0120681 A1 May 3 , 2018 Sheet 10 of 15 Patent Application Publication 

? ??? 3 FG10A 21 ???? 
??? 

?? 

???? . ???? . ?? ? . ?? 
??? 

???? ???? ??? 

???? ???? ? 

???? ??????????? ?????????? ???? 
?? ?? 

??? ??? ?? ??? ? ? 

???? ? 
?????????? . . 

ira ? ?? ???? ? ??? ? . 
??? ? ???? ???? ?? ??? . . ???? 

: ?????????? ? * * ?? 

3 26 23 ? 27 | 
? 

??? ???? ???? . ??? ? 5 21 . 103 
?? ??? 25 ? ??? . ??? ????? ?? ???? * * : , ? ? ? 72 . ? ?? : 

? 

??? ?? ?? ?? ?? ???? ???? ?? ???? ??? ?? ?? 
? ??? ? ?? 

. . ????? 
?? ? ?? ????? ?? ??? ?? ? ????? ? 

???? . ?? ?? ?????? ?????????? ?? ?? 

? ? 

??? ?? ???? ???? ?? ?? ??? ???? ???? xxxxxx ?????????????????????????? ? ? 

?? ????? ?? ???? ?? ?? ???? ???? ????????? 

??? ?? ???? ??? ????? ???? * * * * * ??????????? ????? 
???? ???? ??? ?? ???? ?? 4 ?? ?? 

g | 
4 . 

3 10 ? ???? { 5 
??? . ?? ??? " ???? 38 11449 : : 

?? ?? 252 2 ???? ??? ???? ?? ??? ? ?? 
??? ????? . ??? 

???? 111 ????? teenara 
? 

?????????? 
? ??? ? ?? ?? ? ????? ? ??? ? ?? ?? ????? 

????? ???? ?? ??? 5 
??? ? ??? ? ? . . . ??? ????? 

??????????????????? ??? ?? ??? ????? 3 ???? ??? ????? ?? 
?? : ? ?? ?? 

??? : ? ?? ??? ?? ? ! ?? 
??? ?? ? ?? ??? ???? ?? ?? ?? ?? ??? 

????????? + ?? + * + ?? ttt? 

? ? 
?? 

: 

? ???????????????? * ?? ???? ?? ???? ??? ???? - ?? 

? ? 

???? ???? ???? ?? 
- - ?? ???? ?? 

? 

???? ? ?? ??? 
? ?? 

? 

???? ?? ?? ????? ????? ??? ? ? ?? ?? ???? 

?? ????? ? ? ? 
?? ? ??????? ?? ?? 

??? ???? ???? ??? = = ???? 
?? ??? 

??? ?? 47 27 ?????? ?? . ? ?? ??? ?? + 

. 

? ?? 2 ?? ? | 113 



Patent Application Publication May 3 , 2018 Sheet 11 of 15 US 2018 / 0120681 A1 

FIG . 11A 72 72 21 22 21 22 21 
ATTES ) Wenn 

???? vuun 

ht 
10 $ 17 17 5017 

FIG . 11B 72 72 
1 21 

160 
21 g 22 

G 
3 pripremšming mga taong pu 

??????????? kad 
21 22 
R Won posmannaminister scow 

Vet 

* * 

17 17 50 17 50 

FIG . 110 25 21 
257 Y ATAAS 257 important 

. 

ederim Arn point prin 
. niidenkin w ) ; mazi v 

? arriverannomene 17 50 17 50 
72 

100s TOOS 100S 

FIG . 11D 25 21 100 2521 A www yev 

ve him male thelying t he horny portal internetist 
ri Is 

1t 17 1 0 Worth 501 
72 72 



Patent Application Publication May 3 , 2018 Sheet 12 of 15 US 2018 / 0120681 A1 

FIG . 12 Down 25 ( 252 ) 
860 miria 81 , 85 

21 404 5786 * * * * * 25756 oorwinningungen quanghyun harus Missisille mutih 
www the saisi no AWASILITEITA * * * * * * * * * * * birerererererer FITTESTAT bintana 90 historisatsitituttet ! rinnar isteeriumi maniarittspo rt 942 Artisins inistrasses 870 müminyak 

PNwY . importa 90 m beraberite Vir 11 60 TL 27 irrari 
wwwins * * * ????? 

22 www 
1 * * * prawy 735 17 OK 

96 90s * * 97 901 1 det og 

FIG . 13A 
Windonesia - in - - una 

tipi 
32 wwwwwww ww mimi ??????????????????????????????????????????????????????????? ( 1 ) w 

17 1750 17 50 

FIG . 13B 
w wanini : W D 444444 Haririnin retor 

W9 ht 
- isegi pererti 2000 

1946 1750 17 1 50 ???? * * * 

73 73 



Patent Application Publication May3 , 2018 Sheet 13 of 15 US 2018 / 0120681 A1 

4 ???? ? 
i 

, 

A : * ??• * * ttt•? 
????????????????? ? 

, 

- 

???? ?? 
? 

?? . . . - 29 
? 

?????????????????? ????? ? ? ???? 
3 , 9 { } 

y ? byt . 

[ . 46 
?? : 

* * 

????????? . h tt?•t , 
? •???? : 

r taatar •????????? 
? . 

???????????s 

????? ??• , 
- ? / 

?? 
???? ???????????• 

y , ? ? ? 
; 

? ? 
2 

? gt 

- IG . 4 ?? ? ? ????? , 9 
• ? - - ? 

?s * * * * ? ? 

* 
? » » iiitii ? * st , ???????? ?4 : •il ; 

?? + + + ????????4 : y ??? : ??? 
?? 

firit• ?? t???? ???? + ??? * ?•? 
5•J13i ; * , 3 44 ; 

????? : ?? ??•?titit????? ???? ? ? ?? ? 
????? 

+ + ????? ?????? ??????????? ? ??????????????????? 
?? 

??????????????????????? 
, 

£ ??? ? ? % 
ys ; 



US 2018 / 0120681 A1 May 3 , 2018 Sheet 14 of 15 Patent Application Publication _ Patent Application Publicatio 

- 132 - ? 
??? 

???????? = ? = FIG , 15 . 
: " ?? ?? . 

??????????????????????? ?????? . . ?? 

?? 5 

- - - 

: ?? e > * * * * * * * * 3 = ?? ?? 
* * 84 + & * * . ? . 

* ea 
" * : 

" : : 

???????????????? ???????????? ????????????????? ? ???? : ???? a * * ? . ???? * ?? ?? * * * * ??? - ??? 

. 2 

* * ' ?? 
* 

* •? 

* . ?? 3 
* * 
* * 

?? 6 4 10 4 4 ?? 
?? ta - ???? ?????? - - - - - - - - - - - ??? 

?? 

- ?? ? + & ????? ?? 

* * * * * * * * * * * * * * * + + sci * 
: : : 
. 

?? ???? 

* * * * * * * * * * * * * * * [ ? 

? . * 
= ?????????? * ??? * * ?? - ????? 

?????????????? ????????????????? ° * * * * ??????? . - - * * 

. . . 2 

? 

FIC 16 
8 4A 

? ww4 ; re ????? 
. ???? . ? ???? 

i 2 
???? . ??????????? ?? ~ ~ 2 

???? ZZZZ4 / 5555555 ; : 26 ?? 4 ????????????? 2 
7 ?? A ??????? 2 * * * - - 

? 

8 ???????? . ???????????? 

8844 ?????????????? = = ????????? 

. + + + + + ?? nita 

* k = = = = = * * * * * * z2 a * * * : 
? 

23 ????????? * * * ? . ? 5 - . 

. ?????? ????? 
? 

# * 

44 ????? ??????????? . . ????? . ? ?????????????? . . 3 
????? - 

. ???? 

97 95 = ???????? % 88 ? * ???? ???? 96 
~ * * ?????? , 4 ? 

_ f = 4 ! ! ?? : . ???? . { g 99 71 9 { s 1 g 96 
* * " . ???? 



Patent Application Publication May3 , 2018 Sheet 15 of 15 US 2018 / 0120681 A1 

F - IG , 17 
3 3 

? 25 ??? ??? 25? ? j2 - - si + ? ??? ?? ?? 
, * , ??????? ?????????? ???? •r - f???? : • : ? ???????????????? 

??v•v = ???????????? ????????? 9 ) 
• ? 

? : + ?? * * Y ???? * ??? ? ???? 
96 / – ?? 

???? 

? 

1? ???????r * 

; ? ??????? + 

: 

+ + + + 

?????????????? 92 
?????????????????????????? 93 ? + + + l ? . . ?????????? ) * * * * ??????ts??? ??????????????????????????????????? ?????????? 

fy???????????? + + 

* * * * ? 

1 - 2561 ?????????? ? ???????????????????? ???? , ? , 4 : 55 : : • + + + ?• 



US 2018 / 0120681 A1 May 3 , 2018 

cover 29 is increased by the configuration shown in FIG . 18 , 
since the transmission efficiency of the sealing resin 98 is 
low , there is a problem that it is difficult to sufficiently 
suppress the temperature rise of the element substrate 1 . 

ELECTRO - OPTICAL DEVICE , METHOD OF 
MANUFACTURING ELECTRO - OPTICAL 
DEVICE , AND ELECTRONIC APPARATUS 

0001 ] This application is a continuation application of 
U . S . application Ser . No . 15 / 259 , 937 filed Sep . 8 , 2016 , 
which is a divisional application of application Ser . No . 
15 / 017 , 748 filed Feb . 8 , 2016 , which claims priority to JP 
2015 - 065935 filed Mar . 27 , 2015 , the disclosures of which 
are hereby incorporated by reference herein in their entirety . 

SUMMARY 

BACKGROUND 

1 . Technical Field 
10002 ] The present invention relates to a method of manu 
facturing an electro - optical device including a mirror , an 
electro - optical device , and an electronic apparatus . 

2 . Related Art 
[ 0003 ] As an electronic apparatus , there has been known , 
for example , a projective display apparatus that displays an 
image on a screen by modulating light emitted from a light 
source by a plurality of mirrors ( micromirrors ) of an electro 
optical device called a digital mirror device ( DMD ) and then 
enlargedly projecting the modulated light by a projection 
optical system . For example , the electro - optical device used 
in the projective display apparatus includes an element 
substrate 1 provided with mirrors 50 on one surface 1s , 
spacers 28 adhering to the one surface 1s of the element 
substrate 1 so as to surround the mirrors 50 in planar view , 
and a plate - shaped light - transmitting cover 29 that is sup 
ported by ends of the spacer 28 opposite to the element 
substrate 1 , as shown in FIG . 18 . For example , the electro 
optical device includes a sealing substrate 90 on which a 
concave - shaped substrate mounting portion 93 surrounded 
by a sidewall 92 is formed , and the element substrate 1 is 
fixed to the bottom of the substrate mounting portion 93 by 
an adhesive layer 97 , and is sealed by a sealing resin 98 such 
as an epoxy - based material provided in the substrate mount 
ing portion 93 . 
[ 00041 In the electro - optical device having the aforemen 
tioned configuration , light transmits through the light - trans 
mitting cover 29 , and is incident on the mirrors 50 . Light 
reflected from the mirrors 50 transmits through the light 
transmitting cover 29 , and is emitted . For this reason , the 
temperature of the light - transmitting cover 29 is increased 
due to the applied light . Since such a temperature rise leads 
to the temperature rise of the electro - optical device , there is 
a concern that the malfunction or the life reduction of the 
electro - optical device occurs . 
[ 0005 ] Meanwhile , as a method of increasing the thermal 
radiation properties of a device mounted on a substrate , it is 
conceivable to provide a technology of widening the contact 
area of the device and the sealing resin ( see U . S . Pat . No . 
7 , 898 , 724 B2 ) . For example , as shown in FIG . 18 , the front 
surface of the sealing resin 98 is in contact with the 
light - transmitting cover 29 in a position higher than a 
position where the front surface of the sealing resin 98 is in 
contact with the sidewall 92 of the sealing substrate 90 . In 
such a configuration , it is possible to increase the transmis 
sion efficiency of heat to the sealing resin 98 from the 
light - transmitting cover 29 . 
10006 ] However , even though the transmission efficiency 
of the heat to the sealing resin 98 from the light - transmitting 

[ 0007 ] An advantage of some aspects of the invention is to 
provide an electro - optical device , a method of manufactur 
ing an electro - optical device , and an electronic apparatus 
which are capable of more efficiently releasing the heat of a 
light - transmitting cover disposed on a side on which light is 
applied to mirrors . 
[ 0008 ] An electro - optical device according to an aspect of 
the invention includes : a substrate ; an element substrate that 
is mounted on the substrate ; a mirror that is provided on a 
first surface of the element substrate ; a drive element that is 
provided on the first surface of the element substrate to drive 
the mirrors ; a light - transmitting cover that has light trans 
mitting properties , and is provided such that the mirror is 
positioned between the light - transmitting cover and the 
element substrate ; and a first metal portion that is in contact 
with the element substrate and the light - transmitting cover . 
[ 0009 ] In the aspect of the invention , a case where one 
member is “ in contact with ” another member is not limited 
to a case where the members are directly in contact with 
each other , but includes a case where the members are in 
contact with each other through a layer such as an adhesive 
layer capable of being substantially ignored in view of 
thermal conduction . 
[ 0010 ] In the electro - optical device according to the inven 
tion , the light transmits through the light - transmitting cover , 
and is incident on the mirror . Light reflected from the 
mirrors transmits through the light - transmitting cover , and is 
emitted . For this reason , the temperature of the light - trans 
mitting cover tries to increase due to the applied light . 
Meanwhile , in the electro - optical device according to the 
invention , since the first metal portion in contact with the 
light - transmitting cover and the element substrate are 
formed , it is possible to more efficiently release the heat of 
the light - transmitting cover through the first metal portion , 
the element substrate and the substrate . Accordingly , since 
the temperature rise of the electro - optical device can be 
suppressed , it is possible to suppress the malfunction or the 
life reduction of the electro - optical device . 
[ 0011 ] In the aspect of the invention , it is preferable that 
the first metal portion is formed in a frame shape that 
surrounds the periphery of the mirrors in planar view . In 
such a configuration , it is possible to more efficiently release 
the heat of the light - transmitting cover through the first 
metal portion , the element substrate and the substrate . 
[ 0012 ] In the aspect of the invention , it is preferable that 
the electro - optical device further includes a second metal 
portion that is in contact with the substrate and the light 
transmitting cover . In such a configuration , it is possible to 
more efficiently release the heat of the light - transmitting 
cover to the substrate through the second metal portion . 
Accordingly , since the temperature rise of the electro - optical 
device can be suppressed , it is possible to suppress the 
malfunction or the life reduction of the electro - optical 
device . 
[ 0013 ] The aspect of the invention may adopt a configu 
ration in which the second metal portion is a metal frame 
that is fixed to the light - transmitting cover and the substrate . 
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[ 0014 ] In the aspect of the invention , it is preferable that 
the second metal portion is further in contact with the first 
metal portion . In such a configuration , it is possible to 
release the heat to the second metal portion from the first 
metal portion , and it is possible to release the heat to the first 
metal portions from the second metal portion . 
[ 0015 ] The aspect of the invention may adopt a configu 
ration in which the first metal portion is in contact with an 
end of the light - transmitting cover close to the element 
substrate and the first metal portion is in contact with the 
element substrate . 
[ 0016 ] The aspect of the invention may adopt a configu 
ration in which the first metal portion is in contact with a 
lateral surface of the light - transmitting cover and the first 
metal portion is in contact with the element substrate . 
[ 0017 ] The aspect of the invention may adopt a configu 
ration in which the first metal portion is a metal layer that 
surrounds a resin portion protruding from the first surface of 
the element substrate . 
[ 0018 ] The aspect of the invention may adopt a configu 
ration in which the electro - optical device further includes a 
sealing resin that is in contact with a lateral surface of the 
element substrate and a lateral surface of the light - transmit 
ting cover between the second metal portion and the sub 
strate . In such a configuration , it is possible to release the 
heat of the light - transmitting cover or the element substrate 
through the sealing resin . It is possible to prevent moisture 
from infiltrating into a portion where the mirror is provided 
by using the sealing resin . 
[ 0019 ] The aspect of the invention may adopt a configu 
ration in which the electro - optical device further includes a 
sealing resin that is in contact with a lateral surface of the 
element substrate and a lateral surface of the light - transmit 
ting cover , and a light - transmitting inorganic material layer 
that is laminated on a surface of the light - transmitting cover 
opposite to a surface of the light - transmitting cover facing 
the mirror and a surface of the sealing resin opposite to a 
surface of the sealing resin facing the substrate , and is in 
contact with the substrate . In such a configuration , it is 
possible to release the heat of the light - transmitting cover or 
the element substrate through the sealing resin and the 
inorganic material layer . It is possible to prevent moisture 
from infiltrating by using the inorganic material layer and 
the sealing resin . 
[ 0020 ] A method of manufacturing an electro - optical 
device according to an aspect of the invention includes 
providing a light - transmitting cover having light transmit 
ting properties on an element substrate that includes a mirror 
and a drive element which drives the mirrors on a first 
surface , the mirror being positioned between the light 
transmitting cover and the element substrate , and the light 
transmitting cover being provided such that a first metal 
portion is in contact with the light - transmitting cover and the 
element substrate ; and mounting the element substrate on a 
substrate . 
[ 0021 ] The method of manufacturing an electro - optical 
device according to the aspect of the invention may adopt a 
configuration in which the first metal portion is formed on 
the element substrate before the providing of the light 
transmitting cover on the element substrate , and in the 
providing of the light - transmitting cover on the element 
substrate , when the light - transmitting cover is provided , the 
light - transmitting cover may be in contact with the first 
metal portion . 

[ 0022 ] The method of manufacturing an electro - optical 
device according to the aspect of the invention may adopt a 
configuration in which the first metal portion is formed on 
the light - transmitting cover before the providing of the 
light - transmitting cover on the element substrate , and in the 
providing of the light - transmitting cover on the element 
substrate , when the light - transmitting cover is provided , the 
element substrate may be in contact with the first metal 
portion . 
[ 0023 ] In the method of manufacturing an electro - optical 
device according to the aspect of the invention , it is pref 
erable that the method further includes bringing a second 
metal portion into contact with the light - transmitting cover 
and the substrate . 
[ 0024 ] In the method of manufacturing an electro - optical 
device according to the aspect of the invention , a second 
metal portion may be formed on the light - transmitting cover 
before the providing of the light - transmitting cover on the 
element substrate , and in the providing of the light - trans 
mitting cover on the element substrate , when the light 
transmitting cover is provided , the substrate may be in 
contact with the second metal portion . 
[ 0025 ] . In the aspect of the invention , it is preferable that 
when the substrate is in contact with the second metal 
portion , the first metal portion is in contact with the second 
metal portion . 
10026 ] The electro - optical device to which the invention is 
applied can be used in various electronic apparatuses , and in 
this case , a light source unit that applies light - source light to 
the mirror is provided in the electronic apparatus . When a 
projective display apparatus is used as the electronic appa 
ratus , a projection optical system that projects light modu 
lated by the mirror is further provided in the electronic 
apparatus . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0027 ] The invention will be described with reference to 
the accompanying drawings , wherein like numbers refer 
ence like elements . 
10028 ] FIG . 1 is a schematic diagram showing an optical 
system of a projective display apparatus as an electronic 
apparatus to which the invention is applied . 
[ 0029 ] FIGS . 2A and 2B are schematic explanatory dia 
grams showing a basic configuration of an electro - optical 
device to which the invention is applied . 
[ 0030 ] FIGS . 3A and 3B are schematic explanatory dia 
grams showing an A - A ' section of a major part of the 
electro - optical device to which the invention is applied . 
[ 0031 ] FIGS . 4A and 4B are explanatory diagrams show 
ing an electro - optical device according to Embodiment 1 of 
the invention . 
[ 0032 ] FIGS . 5A to 5D are process sectional views show 
ing a method of manufacturing the electro - optical device 
according to Embodiment 1 of the invention . 
10033 ] FIG . 6 is a plan view of a first wafer used in 
manufacturing the electro - optical device according to 
Embodiment 1 of the invention . 
[ 0034 ] FIGS . 7A to 7C are process sectional views show 
ing a process of mounting an element substrate on a sub 
strate in the method of manufacturing the electro - optical 
device according to Embodiment 1 of the invention . 
[ 0035 ] FIG . 8 is a sectional view of an electro - optical 
device according to Embodiment 2 of the invention . 
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to image information , and a projection optical system 1004 
that projects light modulated in the electro - optical device 
100 as a projection image onto a projected object 1100 such 
as a screen . The light source unit 1002 includes a light 
source 1020 , and a color filter 1030 . The light source 1020 
emits white light , the color filter 1030 emits color light 
beams with rotation , and the electro - optical device 100 
modules incident light at a timing synchronized with the 
rotation of the color filter 1030 . Instead of the color filter 
1030 , a fluorescent substrate that converts the light emitted 
from the light source 1020 into color light beams may be 
used . The light source unit 1002 and the electro - optical 
device 100 may be provided for each color light beam . 

[ 0036 ] FIGS . 9A to 9D are process sectional views show 
ing a method of manufacturing the electro - optical device 
according to Embodiment 2 of the invention . 
[ 0037 ] FIGS . 10A to 10C are process sectional views 
showing a process of mounting an element substrate on a 
substrate in the method of manufacturing the electro - optical 
device according to Embodiment 2 of the invention . 
[ 0038 ] FIGS . 11A to 11D are process sectional views 
showing another method of manufacturing the electro - opti 
cal device according to Embodiment 2 of the invention . 
[ 0039 ] FIG . 12 is a sectional view of an electro - optical 
device according to Embodiment 3 of the invention . 
[ 0040 ] FIGS . 13A and 13B are process sectional views 
showing a method of manufacturing the electro - optical 
device according to Embodiment 3 of the invention . 
[ 0041 ] FIGS . 14A to 14C are process sectional views 
showing a process of mounting an element substrate on a 
substrate in the electro - optical device according to Embodi 
ment 3 of the invention . 
0042 ] FIG . 15 is a sectional view showing another con 
figuration example of a first metal portion used in the 
electro - optical device according to Embodiment 3 of the 
invention . 
[ 0043 ] FIG . 16 is a sectional view of an electro - optical 
device according to Embodiment 4 of the invention . 
[ 0044 ] FIG . 17 is a sectional view of an electro - optical 
device according to Embodiment 5 of the invention . 
[ 0045 ] FIG . 18 is a sectional view of an electro - optical 
device according to a reference example of the invention . 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[ 0046 ] Embodiments of the invention will be described 
with reference to the drawings . In the following description , 
a projective display apparatus will be described as an 
electronic apparatus to which the invention is applied . In the 
drawings referred to in the following description , the respec 
tive layers or the respective members are illustrated so as to 
have the size capable of being recognized in the drawings , 
and thus , different scales are applied to each layer and each 
member . The number of mirrors shown in the drawings is set 
such that the mirrors are illustrated so as to have the size 
capable of being recognized in the drawings , but more 
mirrors than the number of mirrors shown in the drawings 
may be provided . In the following embodiments , it is 
assumed that a case where it is described that a member is 
" arranged close to a first surface ” may include a case where 
the member is arranged so as to be in contact with the first 
surface , a case where the member is arranged on the first 
surface through another component , a case where the mem 
ber is partially in contact with the first surface , and a case 
where the member is partially arranged through another 
component . 

Basic Configuration of Electro - Optical Device 100 
[ 0048 ] FIGS . 2A and 2B are schematic explanatory dia 
grams showing a basic configuration of the electro - optical 
device 100 to which the invention is applied , and FIGS . 2A 
and 2B are an explanatory diagram showing a major part of 
the electro - optical device 100 and an exploded perspective 
view of the major part of the electro - optical device 100 , 
respectively . FIGS . 3A and 3B are schematic explanatory 
diagrams showing an A - A ' section of the major part of the 
electro - optical device 100 to which the invention is applied , 
and FIGS . 3A and 3B are a schematic explanatory diagram 
showing a state where a mirror tilts to one side and a 
schematic explanatory diagram showing a state where the 
mirror tilts to the other side , respectively . 
10049 ] As shown in FIGS . 2 A to 3B , in the electro - optical 
device 100 , a plurality of mirrors 50 is arranged close to one 
surface 1s ( a first surface ) of an element substrate 1 in the 
form of matrix , and the mirrors 50 are separated from the 
element substrate 1 . The element substrate is , for example , 
a silicon substrate . The mirror 50 is a micromirror having a 
plane size of which one side has a length of , for example , 10 
to 30 um . The mirrors 50 are arranged in , for example , an 
array of 800x600 to 1028x1024 , and one mirror 50 corre 
sponds to one pixel of an image . 
10050 ] The front surface of the mirror 50 is a reflection 
surface made of a metal reflection film such as aluminum . 
The electro - optical device 100 includes a first layer portion 
100a that includes a substrate - side bias electrode 11 and 
substrate - side address electrodes 12 and 13 formed on the 
one surface is of the element substrate 1 , a second layer 
portion 100b that includes overhead address electrodes 32 
and 33 and a hinge 35 , and a third layer portion 100c that 
includes the mirrors 50 . In the first layer portion 100a , an 
address designation circuit 14 is formed on the element 
substrate 1 . The address designation circuit 14 includes 
memory cells for selectively controlling the operations of 
the mirrors 50 , word lines , and interconnections 15 such as 
bit lines , and includes a circuit configuration similar to a 
random access memory ( RAM ) including a CMOS circuit 
16 . 
[ 0051 ] The second layer portion 100b includes the over 
head address electrodes 32 and 33 , the hinge 35 , and a mirror 
post 51 . The overhead address electrodes 32 and 33 are 
electrically conducted to the substrate - side address elec 
trodes 12 and 13 through electrode posts 321 and 331 , and 
are supported by the substrate - side address electrodes 12 and 
13 . Hinge arms 36 and 37 extend from both ends of the hinge 
35 . The hinge arms 36 and 37 are electrically conducted to 
the substrate - side bias electrode 11 through an arm post 39 , 
and are supported by the substrate - side bias electrode 11 . 

Embodiment 1 
Projective Display Apparatus as Electronic Apparatus 
[ 0047 ] FIG . 1 is a schematic diagram showing an optical 
system of a projective display apparatus as an electronic 
apparatus to which the invention is applied . A projective 
display apparatus 1000 shown in FIG . 1 includes a light 
source unit 1002 , an electro - optical device 100 that modu 
lates light emitted from the light source unit 1002 according 
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The mirrors 50 are electrically conducted to the hinge 35 
through the mirror post 51 , and are supported by the hinge 
35 . Accordingly , the mirrors 50 are electrically conducted to 
the substrate - side bias electrode 11 through the mirror post 
51 , the hinge 35 , the hinge arms 36 and 37 , and the arm post 
39 , and a bias voltage is applied to the mirrors from the 
substrate - side bias electrode 11 . Stoppers 361 , 362 , 371 and 
372 that abut onto the mirrors when the mirrors 50 tilt to 
prevent the mirrors 50 from being in contact with the 
overhead address electrodes 32 and 33 are formed at leading 
ends of the hinge arms 36 and 37 . 
10052 ] . The overhead address electrodes 32 and 33 serve as 
drive elements 30 that generate an electrostatic force 
between the mirror 50 and the drive element 30 to drive the 
mirror 50 to tilt . The substrate - side address electrodes 12 
and 13 may be configured to generate an electrostatic force 
between the mirror 50 and the substrate - side address elec 
trodes to drive the mirror 50 to tilt in some cases , and in this 
case , the drive elements 30 are the overhead address elec 
trodes 32 and 33 and the substrate - side address electrodes 12 
and 13 . The hinge 35 is twisted when a drive voltage is 
applied to the overhead address electrodes 32 and 33 and the 
mirror 50 tilts so as to draw to the overhead address 
electrode 32 or the overhead address electrode 33 as shown 
in FIGS . 3A and 3B , and exerts a force for returning the 
mirror 50 to a posture parallel to the element substrate 1 
when the applying of the drive voltage to the overhead 
address electrodes 32 and 33 is stopped and an attractive 
force for the mirror 50 is cancelled . 
[ 0053 ] For example , when the mirror 50 tilts to one 
overhead address electrode 32 as shown in FIG . 3A , the 
electro - optical device 100 is in a turn - on state in which the 
light emitted from the light source unit 1002 is reflected 
toward the projection optical system 1004 by the mirror 50 . 
By contrast , when the mirror 50 tilts to the other overhead 
address electrode 33 as shown in FIG . 3B , the electro - optical 
device is in a turn - off state in which the light emitted from 
the light source unit 1002 is reflected toward a light absorp 
tion device 1005 by the mirror 50 , and in such a turn - off 
state , the light is not reflected toward the projection optical 
system 1004 . Since such driving is performed in the plurality 
of mirrors 50 , the light beams emitted from the light source 
unit 1002 are modulated into image light beams by the 
plurality of mirrors 50 and are projected from the projection 
optical system 1004 , so that the image is displayed . 
[ 0054 ] A plate - shaped yoke facing the substrate - side 
address electrodes 12 and 13 is integrally formed with the 
hinge 35 , and drives the mirror 50 by using an electrostatic 
force acting between the substrate - side address electrodes 12 
and 13 and the yoke in addition to the electrostatic force 
generated between the overhead address electrodes 32 and 
33 and the mirror 50 . 

on a mounting surface 90s of a substrate 90 made from a 
ceramic substrate through an adhesive layer 97 made of a 
silver paste after the one surface 1s is sealed by a light 
transmitting cover 25 . Specifically , the other surface 1t 
which is a side opposite to the one surface 1s of the element 
substrate 1 adheres to the mounting surface 90s of the 
substrate 90 by using the adhesive layer 97 . Since the silver 
paste has high thermal conductivity , thermal transfer prop 
erties to the substrate 90 from the element substrate 1 are 
excellent . 
[ 0057 ] A plurality of terminals 17 is formed at an end of 
the one surface 1s of the element substrate 1 , which does not 
overlap with the mirror 50 in planar view . In the present 
embodiment , the terminals 17 are arranged in two rows so 
as to sandwich the mirror 50 . Some of the plurality of 
terminals 17 are electrically connected to the overhead 
address electrodes 32 and 33 ( the drive elements 30 ) through 
the address designation circuit 14 or the substrate - side 
address electrodes 12 and 13 described with reference to 
FIGS . 2A to 3B . Some of the plurality of terminals 17 are 
electrically connected to the mirror 50 through the address 
designation circuit 14 , the substrate - side bias electrode 11 
and the hinge 35 described with reference to FIGS . 2A to 3B . 
Some of the plurality of terminals 17 are electrically con 
nected to a drive circuit provided at a front stage of the 
address designation circuit 14 described with reference to 
FIGS . 2A to 3B . 
[ 0058 ] The terminals 17 are electrically connected to 
internal electrodes 94 formed inside the mounting surface 
90s of the substrate 90 through wires 99 for wire bonding . 
The substrate 90 is a multilayer interconnection substrate , 
and the internal electrodes 94 are electrically conducted to 
external electrodes 96 formed on the surface 90t opposite to 
the mounting surface 90s through multilayer interconnection 
portions 95 including through holes or interconnections . 

Configuration of Light - Transmitting Cover 25 

[ 0059 ] The light - transmitting cover 25 having light trans 
mitting properties includes a frame portion 251 ( a spacer ) 
that surrounds the periphery of the mirrors 50 and the drive 
elements ( see FIGS . 2A to 3B ) in planar view ( for example , 
planar view when the element substrate 1 is viewed from the 
one surface 1s ) , and a flat plate portion 252 , and a portion of 
the light - transmitting cover 25 where the mirror 50 is 
disposed is a concave portion 21 . The flat plate portion 252 
faces the mirror 50 on a side opposite to the element 
substrate 1 . In other words , the flat plate portion 252 is 
provided such that the mirror 50 is positioned between the 
flat plate portion 252 and the element substrate 1 . In the 
light - transmitting cover 25 , ends 256 of the frame portion 
251 close to the element substrate 1 are fixed to the element 
substrate 1 through first metal portion 71 , to be described 
below . In such a state , the flat plate portion 252 faces the 
front surface of the mirror 50 in a position separated from 
the mirror 50 by a predetermined distance on the opposite 
side of the element substrate 1 . 
[ 0060 ] In the present embodiment , the light - transmitting 
cover 25 is made from a light - transmitting member in which 
the frame portion 251 and the flat plate portion 252 are 
integrally formed . For example , the light - transmitting cover 
25 is made of light - transmitting glass in which the frame 
portion 251 and the flat plate portion 252 are integrally 
formed . For this reason , the frame portion 251 and the flat 

Entire Structure of Electro - Optical Device 100 
[ 0055 ] FIGS . 4A and 4B are exemplary diagrams of the 
electro - optical device 100 according to Embodiment 1 of the 
invention , and FIGS . 4A and 4b are a plan view of the 
electro - optical device 100 and a sectional view taken along 
line A1 - A1 ' , respectively . 
[ 0056 ] As shown in FIGS . 4A and 4B , in the electro 
optical device 100 according to the present embodiment , the 
element substrate 1 in which the plurality of mirrors 50 and 
the plurality of drive elements 30 described with reference 
to FIGS . 2 and 3 are formed on the one surface 1s is mounted 
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plate portion 252 are continuously connected , and there is no 
interface between the frame portion 251 and the flat plate 
portion 252 . 
[ 0061 ] In the electro - optical device 100 having the afore 
mentioned configuration , after the emitted light transmits 
through the flat plate portion 252 and is incident on the 
mirror 50 , the light is reflected from the mirror 50 , and the 
light transmits through the flat plate portion 252 and is 
output . In the present embodiment , air may be present within 
the light - transmitting cover 25 , or instead of air the inside of 
the light - transmitting cover may be filled with an inert gas , 
or the inside of the light - transmitting cover may be in a 
vacuum state . 

[ 0065 ] An opening 860 is formed in a position of the end 
plate portion 86 which overlaps with the light - transmitting 
cover 25 in planar view . For this reason , an end of the end 
plate portion 86 close to the opening 860 adheres to the end 
of the light - transmitting cover 25 through the adhesive layer 
101 . Accordingly , the light - transmitting cover 25 is exposed 
through the opening 860 of the end plate portion 86 . The end 
plate portion 86 is in contact with the light - transmitting 
cover 25 through the adhesive layer 101 over the entire 
circumference which surrounds the opening 860 . For 
example , a silver paste is used as the adhesive layer 101 . 

Configuration of First Metal Portion 71 
[ 0062 ] In the electro - optical device 100 of the present 
embodiment , the ends 256 of the frame portion 251 close to 
the element substrate 1 are fixed to the element substrate 1 
through the first metal portion 71 between the terminals 17 
and the mirror 50 . Accordingly , the first metal portion 71 is 
in contact with the light - transmitting cover 25 and the 
element substrate 1 . The first metal portion 71 is formed in 
a frame shape over the entire circumference along the ends 
256 of the frame portion 251 , and surround the periphery of 
a region 55 where the mirrors 50 are arranged in planar view 
( for example , planar view when the element substrate 1 is 
viewed from the one surface 1s ) . For this reason , the first 
metal portion 71 is in contact with the element substrate 1 
and the ends 256 of the frame portion 251 over the entire 
circumference . The outer periphery of the region 55 shown 
in FIG . 4A refers to the outer periphery of the region where 
the plurality of mirrors 50 is formed , and the mirrors 50 may 
not be formed in a part of the region 55 . 
[ 0063 ] The first metal portion 71 is , for example , metal 
portion formed on the element substrate 1 , and in this case , 
the ends 256 of the frame portion 251 adhere to the first 
metal portion 71 through the adhesive layer . The first metal 
portion 71 may be metal portions formed at the ends 256 of 
the frame portion 251 in some cases , and in this case , the 
element substrate 1 adheres to the first metal portion 71 
through the adhesive layer . In the present embodiment , the 
first metal portion 71 is metal portions formed on the 
element substrate 1 . For example , a silver paste is used as the 
adhesive layer . 

Major Effects of Present Embodiment 
[ 0066 ] As described above , in the electro - optical device 
100 of the present embodiment , the light - transmitting cover 
25 is disposed close to the mirrors 50 to which light is 
applied , and when light is applied toward the mirrors 50 
through the light - transmitting cover 25 , the temperature of 
the light - transmitting cover 25 tries to increase due to the 
applied light . Meanwhile , in the electro - optical device 100 
of the present embodiment , the first metal portion 71 in 
contact with the light - transmitting cover 25 and the element 
substrate 1 is provided . For this reason , it is possible to more 
efficiently release the heat of the light - transmitting cover 25 
through the first metal portion 71 , the element substrate 1 
and the substrate 90 . In the electro - optical device 100 , the 
second metal portion 81 in contact with the substrate 90 and 
the light - transmitting cover 25 is formed . For this reason , it 
is possible to more efficiently release the heat of the light 
transmitting cover 25 to the substrate 90 through the second 
metal portion 81 . Accordingly , since the temperature rise of 
the electro - optical device 100 can be suppressed , it is 
possible to suppress the malfunction or the life reduction of 
the electro - optical device 100 . 
10067 ] The first metal portion 71 is in contact with the 
element substrate 1 and the ends 256 of the frame portion 
251 over the entire circumference . For this reason , it is 
possible to more efficiently release the heat of the light 
transmitting cover 25 through the first metal portion 71 . 
Since the mirrors 50 are sealed by the light - transmitting 
cover 25 , the first metal portion 71 and the element substrate 
1 , moisture is hard to infiltrate into a space where the mirrors 
50 are arranged . Thus , when the mirrors 50 are driven , such 
a failure that the mirrors 50 are adsorbed onto surrounding 
members while tilting by water drops , and the mirrors are 
not moved does not easily occur . 
[ 0068 ] The second metal portion 81 is the metal frame 85 
adhering to the light - transmitting cover 25 and the substrate 
90 over the entire circumference so as to be in contact with 
the light - transmitting cover and the substrate . For this rea 
son , it is possible to seal the inside of the metal frame 85 . 
Accordingly , moisture is hard to infiltrate into the space 
where the mirrors 50 are arranged . In the light - transmitting 
cover 25 , the frame portion 251 that surrounds the periphery 
of the region where the mirrors 50 are arranged and the flat 
plate portion 252 facing the mirrors 50 are integrally formed . 
For this reason , a situation in which moisture infiltrates 
through a gap between the frame portion 251 and the flat 
plate portion 252 does not occur . 

Configuration of Second Metal Portion 81 
[ 0064 ] A second metal portion 81 in contact with the 
substrate 90 and the light - transmitting cover 25 is formed in 
the electro - optical device 100 of the present embodiment . In 
the present embodiment , the second metal portion 81 is a 
metal frame 85 fixed onto a surface 252s ( a front surface ) 
opposite to a surface of the flat plate portion 252 of the 
light - transmitting cover 25 facing the mirror 50 by an 
adhesive layer 101 . The metal frame 85 includes an end plate 
portion 86 facing the substrate 90 , and a square body portion 
87 protruding toward the substrate 90 from the outer periph 
ery of the end plate portion 86 , and an end 876 of the body 
portion 87 close to the substrate 90 adheres to the substrate 
90 by an adhesive layer . Accordingly , the second metal 
portion 81 ( the metal frame 85 ) adheres to the substrate 90 . 
For example , a silver paste is used as the adhesive layer . The 
metal frame 85 is made of Kovar or copper . 

Method of Manufacturing Electro - Optical Device 100 
[ 0069 ] A method of manufacturing the electro - optical 
device 100 according to Embodiment 1 of the invention will 
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be described with reference to FIGS . 5A to 7C . FIGS . 5A to 
5D are process sectional views showing the manufacturing 
the electro - optical device 100 according to Embodiment 1 of 
the invention . FIG . 6 is a plan view of a first wafer 10 used 
to manufacture the electro - optical device 100 according to 
Embodiment 1 of the invention . FIGS . 7A to 7D are process 
sectional views showing a process of mounting the element 
substrate 1 on the substrate 90 in the method of manufac 
turing the electro - optical device 100 according to Embodi 
ment 1 of the invention . In FIGS . 5A to 5D , the drive 
elements 30 are not illustrated , and a case where the number 
of mirrors 50 is less than that in FIG . 4B and two mirrors 50 
are formed on one element substrate 1 . 
[ 0070 ] As shown in FIG . 5A and FIG . 6 , in order to 
manufacture the electro - optical device 100 of the present 
embodiment , in a first wafer preparing process , a large - sized 
first wafer 10 is prepared . The mirrors 50 and the terminals 
17 are formed on one surface 10s ( a first surface ) of the first 
wafer 10 ( a silicon wafer ) from which a plurality of element 
substrates 1 can be obtained for each region where the 
element substrates 1 are divided and the drive elements 30 
( see FIGS . 2A to 3B ) that drive the mirror 50 are formed in 
the positions where the drive elements overlap with the 
mirrors 50 in planar view . In the present embodiment , the 
first metal portion 71 including metal convex portions is 
formed on the one surface 10s of the first wafer 10 in a frame 
shape for each region where the element substrates 1 are 
divided . For example , as shown in FIG . 5A and FIG . 6 , the 
mirrors 50 and the terminals 17 are formed on the one 
surface 10s ( the first surface of the first large - sized wafer 10 
( the silicon wafer ) from which the plurality of substrates 1 
can be obtained for each region where the element substrates 
1 are divided , and the drive elements 30 ( see FIGS . 2A to 
3B ) that drive the mirrors 50 in the positions where the drive 
elements overlap with the mirrors 50 in the planar view . The 
first metal portion 71 including the metal convex portions is 
formed on the one surface 10s of the first wafer 10 in the 
frame shape for each region where the element substrates 1 
are divided . For example , a copper paste is coated in order 
to form the first metal portion 71 . 
[ 0071 ] As shown in FIG . 5A , in a second wafer forming 
process , concave portions 21 are formed on one surface 20s 
of a second large - sized light - transmitting wafer 20 ( a glass 
wafer ) from which a plurality of light - transmitting covers 25 
can be obtained for each region where the light - transmitting 
cover 25 is divided . A groove 22 is formed between the 
neighboring concave portions 21 . In order to form the 
concave portions 21 and the grooves 22 , dry etching or wet 
etching using a potassium hydroxide solution is performed 
while a resist mask is formed on the one surface 20s of the 
second wafer 20 . 
[ 0072 ] Subsequently , in an adhering process shown in 
FIG . 5B , the one surface 10s of the first wafer 10 and the one 
surface 20s of the second wafer 20 overlap with each other 
such that the concave portions 21 overlap with the mirrors 
50 in planar view ( for example , planar view when the first 
wafer 10 is viewed from the one surface 10s ) , and adhere to 
each other using a silver paste . More specifically , the one 
surface 10s of the first wafer 10 adheres to the first metal 
portion 71 formed on the second wafer 20 such that the 
concave portions 21 overlap with the mirrors 50 in the planar 
view ( for example , the first wafer 10 is viewed from the one 
surface 10s ) . As a result , the first metal portion 71 is in 
contact with the first wafer 10 ( the element substrate 1 ) and 

the second wafer 20 ( the light - transmitting cover 25 ) . The 
mirrors 50 are positioned between the first wafer 10 ( the 
element substrate 1 ) and the second wafer 20 ( the light 
transmitting cover 25 ) ( an arranging process ) . 
[ 0073 ] Thereafter , in a dividing process shown in FIGS . 
5C and 5D , unit - sized laminated bodies 100s are obtained by 
dividing a laminated body 130 of the first wafer 10 and the 
second wafer 20 and fixing the light - transmitting cover 25 to 
the element substrate 1 including the mirrors 50 so as to 
overlap with the element substrate . 
[ 0074 ] In the dividing process , the second wafer 20 is 
divided by allowing a dicing blade ( not shown ) to enter the 
second wafer 20 until the dicing glade arrives at the grooves 
22 from a side opposite to the first wafer 10 in a second 
wafer dicing process . Subsequently , in the dividing process , 
the first wafer 10 is cut by allowing a dicing blade ( not 
shown ) to enter the first wafer 10 from the second wafer 20 
through cut portions of the second wafer 20 in a first wafer 
dicing process . As a result , a plurality of laminated bodies 
100s in which the one surface 1s of the element surface 1 
provided with the plurality of mirrors 50 is sealed by the 
light - transmitting cover 25 is manufactured 
0075 Next , processes shown in FIGS . 7A to 7C are 
performed . Initially , as shown in FIG . 7A , the element 
substrate 1 is fixed to the substrate 90 by the adhesive layer 
97 made of a silver paste ( a mounting process ) . Subse 
quently , as shown in FIG . 7B , the terminals 17 of the 
element substrate 1 and the internal electrodes 94 within the 
substrate 90 are electrically connected by the wires 99 for 
wire bonding . 
[ 0076 ] In the subsequent process , as shown in FIG . 7C , the 
substrate 90 is covered with the metal frame 85 of the second 
metal portion 81 , and the ends 876 of the body portion 87 of 
the metal frame 85 and the substrate 90 adhere to each other 
by the adhesive layer made of a silver paste as shown in 
FIGS . 4A and 4B . The periphery of the opening 860 of the 
end plate portion 86 of the light - transmitting cover 25 
adheres to the end of the light - transmitting cover 25 by the 
adhesive layer 101 made of a silver paste . As a result , the 
electro - optical device 100 is finished by bringing the second 
metal portion 81 ( the metal frame 85 ) into contact with the 
substrate 90 and the light - transmitting cover 25 . 

Embodiment 2 
[ 0077 ] FIG . 8 is a sectional view of an electro - optical 
device 100 according to Embodiment 2 of the invention . 
FIGS . 9A to 9D are process sectional views showing a 
method of manufacturing the electro - optical device 100 
according to Embodiment 2 of the invention . FIGS . 10 A to 
10C are process sectional views showing a process of 
mounting an element substrate 1 on a substrate 90 in the 
method of manufacturing the electro - optical device 100 
according to Embodiment 2 of the invention . Since a basic 
configuration of the present embodiment is the same as that 
of Embodiment 1 , common portions will be assigned the 
same reference numerals , and thus , the description thereof 
will be omitted . 
[ 0078 ] Similarly to Embodiment 1 , as shown in FIG . 8 , in 
the electro - optical device 100 of the present embodiment , 
the element substrate 1 in which a plurality of mirrors 50 is 
formed on one surface 1s is mounted on a mounting surface 
90s of the substrate 90 made from a ceramic substrate 
through an adhesive layer 97 made of a silver paste after the 
one surface 1s is sealed by a light - transmitting cover 25 . In 
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the light - transmitting cover 25 , a frame portion 251 and a 
flat plate portion 252 are integrally formed . 
[ 0079 ] In the electro - optical device 100 having the afore 
mentioned configuration , ends 256 of the frame portion 251 
of the light - transmitting cover 25 adhere to the element 
substrate 1 . In the present embodiment , first metal portion 72 
formed along lateral surfaces 257 ( in other words , the lateral 
surfaces 257 that connect a surface 25t of the light - trans 
mitting cover 25 facing the element surface 1 to a surface 
25s opposite to the surface ) positioned on a side of the 
light - transmitting cover 25 opposite to the mirrors 50 are 
formed between terminals 17 and the frame portion 251 of 
the light - transmitting cover 25 . The first metal portion 72 is 
in contact with a lateral surface of the frame portion 251 
among the lateral surface 257 of the light - transmitting cover 
25 , and are contact with the one surface 1s of the element 
substrate 1 . Here , the first metal portion 72 is formed in a 
frame shape over the entire circumference along the lateral 
surfaces 257 of the light - transmitting cover 25 , and surround 
the periphery of the region where the mirrors 50 are 
arranged . For this reason , the first metal portion 72 is in 
contact with the ends 256 of the frame portion 251 and the 
lateral surfaces 257 of the light - transmitting cover 25 and 
the element substrate 1 over the entire circumference . 
[ 0080 ] The first metal portion 72 is , for example , metal 
portions formed on the element surface 1 , and in this case , 
an adhesive layer 102 is formed between the first metal 
portion 72 and the lateral surfaces 257 of the light - trans 
mitting cover 25 . For example , a silver paste may be used as 
the adhesive layer 102 . As will be described with reference 
to FIGS . 11A to 11Dd , the first metal portion 72 may be 
metal portions formed on the light - transmitting cover 25 in 
some cases , and in this case , the element substrate 1 adheres 
to the first metal portion 72 by an adhesive layer . In this case , 
when there are gaps between the first metal portion 72 and 
the lateral surfaces 257 of the light - transmitting cover 25 , 
the adhesive layer 102 is formed in the gap . In the present 
embodiment , the first metal portion 72 is metal portions 
formed on the element substrate 1 . 
[ 0081 ] In the electro - optical device 100 of the present 
embodiment , a second metal portion 81 in contact with the 
substrate 90 and the light - transmitting cover 25 is formed . 
Similarly to Embodiment 1 , in the present embodiment , the 
second metal portion 81 is a metal frame 85 , and ends 876 
of a body portion 87 close to the substrate 90 adhere to the 
substrate 90 by an adhesive layer . Accordingly , the second 
metal portion 81 ( the metal frame 85 ) is in contact with the 
substrate 90 . For example , a silver paste may be used as the 
adhesive layer . 
[ 0082 ] Here , the flat plate portion 252 of the light - trans 
mitting cover 25 is fitted to the opening 860 of the end plate 
portion 86 , and a lateral surface of the flat plate portion 252 
among the lateral surfaces 257 of the light - transmitting 
cover 25 adheres to the inner surface of the opening 860 by 
the adhesive layer 102 made of a silver paste . Accordingly , 
the second metal portion 81 ( the metal frame 85 ) is in 
contact with the light - transmitting cover 25 . 
[ 0083 ] End 725 of the first metal portion 72 opposite to the 
element substrate 1 adheres to the periphery of the opening 
860 of the end plate portion 86 through the adhesive layer 
102 , and the second metal portion 81 ( the metal frame 85 ) 
is also in contact with the first metal portion 72 . 
[ 0084 ] In the electro - optical device 100 having the afore 
mentioned configuration , since the first metal portion 72 in 

contact with the light - transmitting cover 25 and the element 
substrate 1 are formed , it is possible to more efficiently 
release the heat of the light - transmitting cover 25 through 
the first metal portion 72 , the element substrate 1 and the 
substrate 90 . Since the second metal portion 81 in contact 
with the substrate 90 and the light - transmitting cover 25 is 
formed in the electro - optical device 100 , it is possible to 
more efficiently release the heat of the light - transmitting 
cover 25 to the substrate 90 through the second metal portion 
81 . Since the second metal portion 81 ( the metal frame 85 ) 
is also in contact with the first metal portion 72 , it is possible 
to release the heat to the second metal portion 81 from the 
first metal portion 72 , and it is possible to release the heat to 
the first metal portion 72 from the second metal portion 81 . 
Accordingly , since the temperature rise of the electro - optical 
device 100 can be suppressed , it is possible to suppress the 
malfunction or the life reduction of the electro - optical 
device 100 . 
10085 ) The mirrors 50 are sealed by the light - transmitting 
cover 25 and the element substrate 1 . The metal frame 85 
seals the inside . In the light - transmitting cover 25 , the frame 
portion 251 and the flat plate portion 252 are integrally 
formed . For this reason , it is possible to prevent moisture 
from infiltrating into the space where the mirrors 50 are 
arranged . 
[ 0086 ] In order to manufacture the electro - optical device 
100 having the aforementioned configuration , as shown in 
FIG . 9A , in a first wafer preparing process , the mirrors 50 
and the terminals 17 are formed on one surface 10s of a first 
large - sized wafer 10 ( the silicon wafer ) from which a 
plurality of element substrates 1 can be obtained for each 
region where the element substrates 1 are divided . In the 
present embodiment , the first metal portion 72 is formed on 
the one surface 10s of the first wafer 10 in the frame shape 
between the terminals 17 and the mirrors 50 . For example , 
a copper paste is coated in order to form the first metal 
portion 72 . 
[ 0087 ] As shown in FIG . 9A , in a second wafer forming 
process , concave portions 21 and grooves 22 are formed on 
one surface 20s of a second large - sized light - transmitting 
wafer 20 ( a glass wafer ) from which a plurality of light 
transmitting covers 25 can be obtained . 
10088 ] Subsequently , in an adhering process shown in 
FIG . 9B , the one surface 10s of the first wafer 10 and the one 
surface 20s of the second wafer 20 overlap with each other 
and adhere to each other such that the concave portions 21 
overlap with the mirrors 50 in planar view ( for example , 
planar view when the first wafer 10 is viewed from the one 
surface 1s ) . In this case , the first metal portion 72 and the 
lateral surfaces of the grooves 22 of the first wafer 10 adhere 
to each other through the adhesive layer 102 . As a result , the 
first metal portion 72 is in contact with the first wafer 10 ( the 
element substrate 1 ) and the second wafer 20 ( the light 
transmitting cover 25 ) ( an arranging process ) . 
0089 Thereafter , in a dividing process shown in FIGS . 
9C and 9D , unit - sized laminated bodies 100s are obtained by 
dividing a laminated body 130 of the first wafer 10 and the 
second wafer 20 and fixing the light - transmitting cover 25 to 
the element substrate 1 including the mirrors 50 so as to 
overlap with the element substrate . 
0090 ] Subsequently , as shown in FIG . 10A , the element 
substrate 1 is fixed to the substrate 90 by an adhesive layer 
97 made of a silver paste ( a mounting process ) . Thereafter , 
as shown in FIG . 10B , the terminals 17 of the element 
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substrate 1 and internal electrodes 94 within the substrate 90 
are electrically connected by wires 99 for wire bonding . 
[ 0091 ] In the subsequent process , as shown in FIG . 10C , 
the metal frame 85 of the second metal portion 81 covers the 
substrate 90 , and the ends 876 of the body portion 87 of the 
metal frame 85 and the substrate 90 adhere by an adhesive 
layer made of a silver paste as shown in FIG . 8 . The inner 
surface of the opening 860 of the end plate portion 86 of the 
metal frame 85 adheres to the lateral surfaces 257 of the 
light - transmitting cover 25 by the adhesive layer 102 made 
of a silver paste . In this case , the end plate portion 86 of the 
metal frame 85 and the end 725 of the first metal portion 72 
opposite to the element substrate 1 adhere by the adhesive 
layer 102 . Accordingly , when the substrate 90 is in contact 
with the second metal portion 81 , the first metal portion 72 
is in contact with the second metal portion 81 . As a result , 
the electro - optical device 100 is finished by bringing the 
second metal portion 81 ( the metal frame 85 ) into contact 
with the substrate 90 , the light - transmitting cover 25 and the 
first metal portion 72 . 

Another Method of Manufacturing Electro - Optical Device 
100 

[ 0092 ] FIGS . 11A to 11D are process sectional views 
showing another method of manufacturing the electro - opti 
cal device 100 according to Embodiment 2 of the invention . 
Although it has been described in Embodiment 2 that the 
first metal portion 72 is formed on the first wafer 10 ( the 
element substrate 1 ) , the first metal portion 72 may be 
formed on the second wafer 20 ( the light - transmitting cover 
25 ) . More specifically , as shown in FIG . 11A , in a first wafer 
preparing process , mirrors 50 and terminals 17 are formed 
on one surface 10s of a first large - sized wafer 10 ( the 
element substrate 1 ) from which a plurality of element 
substrates 1 can be obtained for each region where the 
element substrates 1 are divided . 
[ 0093 ] As shown in FIG . 11A , in a second wafer forming 
process , concave portions 21 and grooves 22 are formed on 
one surface 20s of a second large - sized light - transmitting 
wafer ( the light - transmitting cover 25 ) from which a light 
transmitting covers 25 can be obtained . In the present 
embodiment , the first metal portion 72 is formed on the inner 
surface of the grooves 22 of the second wafer 20 in the frame 
shape . For example , a copper paste is coated in order to form 
the first metal portion 72 . 
[ 0094 ] Subsequently , after the one surface 10s of the first 
wafer 10 and the one surface 20s of the second wafer 20 
overlap with each other and adhere to each other such that 
the concave portions 21 overlap with the mirrors 50 in the 
planar view in an adhering process shown in FIG . 11B , 
unit - sized laminated bodies 100s are obtained by dividing 
the laminated body 130 of the first wafer 10 and the second 
wafer 20 and fixing the light - transmitting cover 25 to the 
element substrate 1 including the mirrors 50 so as to overlap 
with the element substrate in a dividing process shown in 
FIG . 11C and FIG . 11D . If the processes shown in FIG . 10A 
to 10C are equally performed in the subsequent processes , it 
is possible to obtain the electro - optical device 100 . How 
ever , in the present embodiment , the first metal portion 72 is 
formed close to the second wafer 20 ( the light - transmitting 
cover 25 ) , the first metal portion 72 and the element sub 
strate 1 adhere to each other by the adhesive layer such as 
a silver paste in the adhering process . 

Embodiment 3 
[ 0095 ] FIG . 12 is a sectional view of an electro - optical 
device 100 according to Embodiment 3 of the invention . 
FIGS . 13A and 13B are process sectional views showing a 
method of manufacturing the electro - optical device 100 
according to Embodiment 3 of the invention . FIGS . 14A to 
14C are process sectional views showing a process of 
mounting an element substrate 1 on a substrate 90 in the 
electro - optical device 100 according to Embodiment 3 of the 
invention . Since a basic configuration of the present embodi 
ment is the same as that of Embodiment 1 , common portions 
will be assigned the same reference numerals , and thus , the 
description thereof will be omitted . 
10096 ] Similarly to Embodiment 1 , as shown in FIG . 12 , 
in the electro - optical device 100 of the present embodiment , 
one surface 1s of the element substrate 1 in which a plurality 
of mirrors 50 is formed on one surface 1s is sealed by a 
light - transmitting cover 25 . The element substrate 1 is 
mounted on a mounting surface 90s of the substrate 90 made 
from a ceramic substrate through an adhesive layer 97 made 
of a silver paste . 
10097 ] In the electro - optical device 100 having the afore 
mentioned configuration , the light - transmitting cover 25 has 
a plate shape , and includes only a flat plate portion 252 . In 
the present embodiment , first frame - shaped metal portion 73 
is formed on one surface 1s of the element substrate 1 
between the mirrors 50 and terminals 17 so as to surround 
the periphery of a region where the mirrors 50 are provided 
in planar view ( for example , planar view when the element 
substrate 1 is viewed from the one surface 1s ) . In the present 
embodiment , an end 735 of the first metal portion 73 
opposite to the element substrate 1 adheres to the light 
transmitting cover 25 by an adhesive layer 104 made of a 
silver paste , and the first metal portions function as spacers 
which hold the light - transmitting cover 25 in positions 
separated from the element substrate 1 . For this reason , the 
first metal portion 73 is in contact with the light - transmitting 
cover 25 and the element substrate 1 over the entire circum 
ference . 
[ 0098 ] In the electro - optical device 100 of the present 
embodiment , a second metal portion 81 in contact with the 
substrate 90 and the light - transmitting cover 25 is formed . 
Similarly to Embodiment 1 , in the present embodiment , the 
second metal portion 81 is a metal frame 85 . Ends 876 of a 
body portion 87 of the metal frame 85 close to the substrate 
90 adhere to the substrate 90 through an adhesive layer . 
Accordingly , the metal frame 85 is in contact with the 
substrate 90 . For example , a silver paste may be used as the 
adhesive layer . 
[ 0099 ] Here , the light - transmitting cover 25 is fitted to an 
opening 860 of an end plate portion 86 , and lateral surfaces 
257 of the light - transmitting cover 25 adhere to the inner 
surfaces of the opening 860 by an adhesive layer 103 made 
of a silver paste . Accordingly , the second metal portion 81 
( the metal frame 85 ) is in contact with the light - transmitting 
cover 25 . 
[ 0100 ] End 735 of the first metal portion 73 opposite to the 
element substrate 1 adheres to the periphery of the opening 
860 of the end plate portion 86 through the adhesive layer 
104 , and the second metal portion 81 ( the metal frame 85 ) 
is in contact with the first metal portion 73 . 
[ 0101 ] In the electro - optical device 100 having the afore 
mentioned configuration , since the first metal portion 73 in 
contact with the light - transmitting cover 25 and the element 
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Another Configuration Example of First Metal Portion 73 
[ 0107 ] FIG . 15 is a sectional view showing another con 
figuration example of the first metal portion 73 used in the 
electro - optical device 100 according to Embodiment 3 of the 
invention . Although it has been described in Embodiment 3 
that the first metal portion 73 is formed by coating the 
copper paste , the first metal portion 73 may be formed using 
a metal layer 732 surrounding a resin portion 731 protruding 
from the one surface 1s of the element substrate 1 , as shown 
in FIG . 15 . Such a configuration can be realized in such a 
manner that the resin portion 731 is formed , the metal layer 
732 is plated , and the metal layer 732 is formed . 
0108 ] The configuration shown in FIG . 15 is not limited 
to the first metal portion 73 described in Embodiment 3 , but 
may use the first metal portions 71 and 72 described in 
Embodiments 1 and 2 . 

Embodiment 4 

substrate 1 is formed , it is possible to more efficiently release 
the heat of the light - transmitting cover 25 through the first 
metal portion 73 , the element substrate 1 and the substrate 
90 . In the electro - optical device 100 , since the second metal 
portion 81 in contact with the substrate 90 and the light 
transmitting cover 25 are formed , it is possible to more 
efficiently release the heat of the light - transmitting cover 25 
to the substrate 90 through the second metal portion 81 . 
Since the second metal portion 81 ( the metal frame 85 ) is in 
contact with the first metal portion 73 , it is possible to 
release the heat to the second metal portion 81 from the first 
metal portion 73 , and it is possible to release the heat to the 
first metal portion 73 from the second metal portion 81 . 
Accordingly , since the temperature rise of the electro - optical 
device 100 can be suppressed , it is possible to suppress the 
malfunction or the life reduction of the electro - optical 
device 100 . 
[ 0102 ] The mirrors 50 are sealed by the light - transmitting 
cover 25 , the first metal portion 73 and the element substrate 
1 . The metal frame 85 seals the inside . For this reason , it is 
possible to prevent moisture from infiltrating into a space 
where the mirrors 50 are arranged . 
[ 0103 ] In order to manufacture the electro - optical device 
100 having the aforementioned configuration , as shown in 
FIG . 13A , in a first wafer preparing process , mirrors 50 and 
terminals 17 are formed on one surface 10s of a first 
large - sized wafer 10 ( a silicon wafer ) from which a plurality 
of element substrates 1 can be obtained for each region 
where the element substrates 1 are divided . In the present 
embodiment , first metal portion 73 is formed on one surface 
10s of the first wafer 10 between the terminals 17 and the 
mirrors 50 in a frame shape . For example , a copper paste is 
formed in order to form the first metal portion 73 . 
[ 0104 ] Subsequently , as shown in FIG . 13B , the first wafer 
10 is divided into unit - sized element substrates 1 by a dicing 
blade ( not shown ) . 
[ 0105 ] Thereafter , as shown in FIG . 14A , the element 
substrate 1 is fixed to the substrate 90 by an adhesive layer 
97 made of a silver paste . Subsequently , as shown in FIG . 
14B , the terminals 17 of the element substrate 1 and the 
inner electrodes 94 of the substrate 90 are electrically 
connected by the wires 99 for wire bonding ( a mounting 
process ) . 
[ 0106 ] Subsequently , the light - transmitting cover 25 
which is integrally formed with the second metal portion 81 
( the metal frame 85 ) covers the substrate 90 by the adhesive 
layer 103 as shown in FIG . 14C , and the substrate 90 and the 
ends 876 of the body portion 87 of the metal frame 85 adhere 
to each other by the adhesive layer made of a silver paste as 
shown in FIG . 12 . The light - transmitting cover 25 and the 
end 735 of the first metal portion 73 opposite to the element 
substrate 1 adhere to each other by the adhesive layer 104 
( an arranging process ) . In this case , the periphery of the 
opening 860 of the end plate portion 86 of the metal frame 
85 and the end 735 of the first metal portion 73 opposite to 
the element substrate 1 adheres to each other by the adhesive 
layer 104 . Accordingly , when the substrate 90 is in contact 
with the second metal portion 81 , the first metal portion 73 
and the second metal portion 81 are in contact with each 
other . As a result , the electro - optical device 100 is finished 
by bringing the second metal portion 81 ( the metal frame 85 ) 
into contact with the substrate 90 , the light - transmitting 
cover 25 and the first metal portion 73 . 

[ 0109 ] FIG . 16 is a sectional view of an electro - optical 
device 100 according to Embodiment 4 of the invention . 
Since a basic configuration of the invention is the same as 
that of Embodiment 1 , common portions will be assigned the 
same reference numerals , and thus , the description thereof 
will be omitted . Similarly to Embodiment 1 , in the present 
embodiment , as shown in FIG . 16 , first metal portion 71 and 
a second metal portion 81 ( a metal frame 85 ) are formed . 
Here , the metal frame 85 is a flat plate shape , and is fixed to 
a sidewall 92 protruding from a bottom plate 91 of a 
substrate 90 by an adhesive layer . Accordingly , the second 
metal portion 81 ( the metal frame 85 ) is in contact with the 
sidewall 92 of the substrate 90 . In the present embodiment , 
a sealing resin 98 is provided between the bottom plate 91 
of the substrate 90 and the metal frame 85 . The sealing resin 
98 surrounds the periphery of the light - transmitting cover 25 
and the element substrate 1 , and is in contact with the lateral 
surfaces of the element substrate 1 and the lateral surfaces of 
the light - transmitting cover 25 . Accordingly , in the present 
embodiment , it is possible to release the heat of the light 
transmitting cover 25 to the substrate 90 through the sealing 
resin 98 , and it is possible to prevent moisture from infil 
trating into a space where the mirrors 50 are arranged by the 
sealing resin 98 . Although it has been described in the 
present embodiment that the sealing resin 98 is added to 
Embodiment 1 , the sealing resin may be added to Embodi 
ment 2 or 3 . 

Embodiment 5 
[ 0110 ] FIG . 17 is a sectional view of an electro - optical 
device 100 according to Embodiment 5 of the invention . 
Since a basic configuration of the present embodiment is the 
same as that of Embodiment 1 , common portions will be 
assigned the same reference numerals , and thus , the descrip 
tion thereof will be omitted . Similarly to Embodiment 1 , as 
shown in FIG . 17 , in the present embodiment , an element 
substrate 1 is mounted on a substrate 90 , and is provided 
with first metal portion 71 . Here , a sealing resin 98 in contact 
with the lateral surfaces of the element substrate 1 and the 
lateral surfaces of a light - transmitting cover 25 is provided 
in the inside of a sidewall 92 of the substrate 90 , and a 
light - transmitting inorganic material layer 88 in contact with 
the sidewall 92 of the substrate 90 is laminated on a surface 
252s of the light - transmitting cover 25 opposite to a surface 
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facing the mirrors 50 and a surface of the sealing resin 98 
opposite to a surface facing the substrate 90 . 
[ 0111 ] Here , the light - transmitting inorganic material layer 
88 is a metal oxide film such as a silicon oxide film or an ITO 
film , and has thermal conductivity higher than the sealing 
resin 98 . Accordingly , it is possible to release the heat of the 
light - transmitting cover 25 to the substrate 90 through the 
sealing resin 98 , and it is possible to radiate the heat through 
the inorganic material layer 88 . 

Another Embodiment 
[ 0112 ] It has been described in Embodiments 1 , 2 , 3 and 
4 that the metal frame 85 is used as the second metal portion 
81 . However , for example , a metal film in contact with the 
sidewall 92 of the substrate 90 and the lateral surfaces of the 
light - transmitting cover 25 may be laminated on a surface of 
the sealing resin 98 opposite to the substrate 90 , and the 
second metal portion 81 may be formed using the metal film , 
as in Embodiment 5 . 
[ 0113 ] Although it has been described in the aforemen 
tioned embodiments that the first metal portions 71 , 72 and 
73 are made of copper , the first metal portions may be made 
of aluminum . Although it has been described in the afore 
mentioned embodiments that the ceramic substrate is used as 
the substrate 90 , a substrate made of an alloy such as 42 
alloy obtained by mixing nickel with iron may be used . 
[ 0114 ] Although it has been described in Embodiments 1 
and 2 that the frame portion 251 and the flat plate portion 
252 of the light - transmitting cover 25 are integrally formed , 
the invention may be applied to a case where the frame 
portion 251 and the flat plate portion 252 are separately 
formed . 

1 - 16 . ( canceled ) 
17 . An electro - optical device comprising : 
a substrate ; 
an element substrate that is mounted on the substrate ; 
a mirror that is provided on a first surface of the element 

substrate ; 
a drive element that is provided on the first surface of the 

element substrate to drive the mirror ; 
a light - transmitting cover that has light transmitting prop 

erties , and is provided such that the mirror is positioned 
between the light - transmitting cover and the element 
substrate ; and 

a metal portion that is in contact with the substrate and the 
light - transmitting cover . 

18 . The electro - optical device according to claim 17 , 
wherein the metal portion is a metal frame that is fixed to 

the light - transmitting cover and the substrate . 
19 . The electro - optical device according to claim 17 , 

further comprising : 
a sealing resin that is in contact with a lateral surface of 

the element substrate and a lateral surface of the 
light - transmitting cover between the metal portion and 
the substrate . 

20 . An electro - optical device comprising : 
a substrate ; 
an element substrate that is mounted on the substrate ; 
a mirror that is provided on a first surface of the element 

substrate ; 
a drive element that is provided on the first surface of the 

element substrate to drive the mirror ; 
a light - transmitting cover that has light transmitting prop 

erties , and is provided such that the mirror is positioned 
between the light - transmitting cover and the element 
substrate ; 

a sealing resin that is in contact with a lateral surface of 
the element substrate and a lateral surface of the 
light - transmitting cover ; and 

a light - transmitting inorganic material layer that is lami 
nated on at least a part of a surface of the light 
transmitting cover opposite to a surface of the light 
transmitting cover facing the mirror and a surface of the 
sealing resin opposite to a surface of the sealing resin 
facing the substrate , and is in contact with the substrate . 

21 . An electronic apparatus including the electro - optical 
device according to claim 17 , the device comprising : 

a light source unit that applies light - source light to the 
mirror . 

22 . A method of manufacturing an electro - optical device , 
the method comprising : 

providing a light - transmitting cover having light trans 
mitting properties on an element substrate that includes 
a mirror and a drive element which drives the mirror on 
a first surface , the mirror being positioned between the 
light - transmitting cover and the element substrate , and 
the light - transmitting cover being provided ; 

mounting the element substrate on a substrate ; and 
forming a metal portion into contact with the light 

transmitting cover and the substrate . 
* * * * 


