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The Fabrication of SiOB by using Bulk Micromachining Process for the

Application of Slim Pickup

HARE, GHE, A"
Seog-Moon Choi, Sung-Jun Park, and Woong-Lin Hwang

Abstract

SiOB is an essential part of slim optical pickup, where the silicon mirror, LD stand, silicon PD are integrated
and LD is flip chip bonded. SiOB is fabricated with bulk micromachining. Especially the fabrication of silicon
wafer with stepped concave areas has many extraordinary difficulties. As a matter of fact, experiences and
knowledges are rare in the fabrication of the highly stepped silicon wafer. The difficulties occurring in the
integration of PD and SiOB, and highly stepped patterning, and silicon mirror roughness and how-to-solve will be

discussed.
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Fig. 1 Schematic diagram of SiOB
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Table 1 Specifications of SiOB

category item specification
sensitivity >0.25A/W at 405nm
Silicon PD  |bandwidth >150MHz
dark current <10nA up to 5V
accuracy <+0.3°
Si(111) mirror R(peak-to-valley)
roughness <50nm in 140um
LD circuit  |resistance <5Q from bump to
pad
Flip chip x, y shift <+3.5um
bonding tilt angle <t°
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Fig. 2 SiOB fabrication process
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Fig. 3 Photograph of LD stand (KOH wet etching)
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(a) spot size 0.5 ¢ (a) spot size 0.1 (m

Fig. 5 SEM images of Si mirror plane
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Fig. 7 Cross sectional view of SiOB mirror side
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Fig.10 Cross sectional view of SiOB mirror side

Table 2 Measured characteristics of Si pin PD

Item Value
Dark current InA
Capacity(PD) 2pF
Cutoff frequency(PD) 1.6GHz
Capacity (monitor PD) 2.5pF
Cutoff frequency(monitor PD) 1.27GHz

EA|7} A g

AZ1512 PR & Agdlo] 2Xde] ZHE §A
7AAde] PR Y& HIALES 2 A o|FoR
EXE dox el @ =¥HA G AE
gl sl

dubrlo g AxYPo] IS FTJ[HA e PR
S AdA =223 F= EeR ASHR 9
|, ¥ A7 Ao ALsrs st 1
o] f#E 70~150 pm & FA}7} e GGl PR
A} N 7ho] 7]|H FEwHoAe] A A7) A7)
W Eo] AFANA GAY FL A IHo] ¢
H 2Aqde] PR ©] HojA Ul o Foldt
58~100um FAZ F®H 3= u]F Futurrex A}9)
nega PR(NR5-8000, 8000P)Z A% 78S H & A3}
BAE & IYste FAoE gdH9d. 18y
o] PR 9 AWEE AF louym 4 ¥ SiOB &
WA 927 10 pm 2 £2.5um 9 AWEE 873
7] W Eell A48 5 9

B =RoA Agd 143} AEY FHLE 5
B3 Fol] Al wjde] A& SEM o2 #4937
AFAE Fig. 10 o) Jehigd BAREoE Al
Féol 2 23 gl AT ¥ 5 U Al E52
2.5um F7 2 e-beam 22 F A}l EEsi=
¢} LD 2"HE g)e] M= = 71e] Al A M
o] ¢ 2~3Q °] AojFic}

HEXFHAN st s=2X/M 13 H2%.20054 128

4. Silicon PD | %}

pin F3&2] AYZ PD & nAYE Ho]HE A
£33 p-implantation F3 & o] 83t A s
A2 E PD dd#Holg: AFs=d QoA oHE
AL 8 ¥8 PD o AF PD Aol HFo] 10um
2 vl$ ZolA PD Apo]e] A7|H oz t}go] A
ojubxl =% = Aojrt FE 7)&elx] &
o AL Ao X PD Alo]e] wito] dojnd
. E & EAE 405mm 5F YHoA 9 Ax
5 025A/W 7} b A 3= R0 wj$ ot} o
pr-£3 3ol Mg F47t AX FEAle] Ay
oje}1-2].
=5 A= implantation T & o] 4319 A
A}, 30V 8 AR E 227 deo] i
A G AL A8 p+-FolA F&A
Z0°]7] §1st] ¥ =FeA = ] F implantation
F4E T34 p+ 39 FAE W FA sl
Table 2 ol A2 A E pD 549 A7t
velsiel. AFE sv GASteA FA4% gheld
Cutoff frequency & A 8Fo 2 R¥ o33 Zo)
o

ivig. 11 e gAY w& 8 pDY 2YEH PD
o] AA 4] TS RoJFEr) Fig. 12 = A
g 258 343 Ao} AR coating & Si;N, 2

Sk ek rfe i o

tloox 2 £ Y

4.0E-12

— PD

L 3.06112 —1/4PD
© =—2/4PD
g 2 0B-12 == |  3/4PD
.§ - = e 4/4 PD
8 ==
© 1.0e-12

0.0E+00

0 5 10

Reverse voltage [V]

Fig.11 PD capacitance according to reverse voltage

0.25
= y
% ~— Direct bonding
(o]
v
0 i 1 i
0 0.5 1 1.5 2 2.5

Reverse bias [V]

Fig.12 Responsibility of Silicon PD according to reverse bias

179



43 olo|I20{AlY 7|EE 018 WE YHAE SiOB M

3380 el 3 Ae) 3, directing bonding & I
Ag AYE o)t AXFY nAAYE do}H
E AP Fo 2AF e dridl A
gl BEolA FTHEFE s AT Aot
ZEE 024W A= dolFr}. Directing bonding X
vl & &

5. LD €8 & 249

A LD 9 A% A7 = Fig. 13 3 2o Ccw
2 FEFAC 3omw 9 FEYe 23, FA 4B
£ 405+5nm, TEAF 0mA, FFAY 45v, F
A e F9RFoR 65-15°, PAFFLE 2l-
31°9) z+& zZred. Astole] st $jell Al
Ao FF3 &F F AFel BF 71¥9) ¥4
We] A= St dHolA WE pAFo A+
9l o4 etdPg e oA Hrh LD 2HUE 9
9] £ AJFoE Awsn 9] TR o] FojA &4
WE Zo] 4 2pm o4 FAH Atk Au 2}
Sn o] 2:8 9] B &= ANEF] A FFAc}
Z9A 2949 AFPLEE 280°C oI} Fig. 14 &
LD 7} £33 9= Ut EHFE RojEt
SiOB 9]¢ 2w =9} pPCB 8] ==& g}o]o]
Boj 2lste] ArjH oz A st PCB &
S5t ) FelA AFE FYEAS 9 LD oA
U Fo] AT (111) PARL F3o Rz
ZASE = 245S Fig 140014 # & et

6. & 8

W3 AE wejaz A J1EE o4
9.74°-tilted A 2)2(100) 7]1¥& o] &3t} 45° mirror,
LD 2W= A Z pin PD & LAY R A# s}
3. Blu-ray LD & flip chip bonding 3 ¥}3 344§
SioB & A&ttt

7oz e dAE ZE LD AF F
Az LD 2N =2 R 7% Ed7AA 140um A}
g 7= A 3L Adsgen, A2 PD &
W3 upo]aR wAY 71EFHe] §7 A A=
EAd 2 si vl AFel dHA 1EHgen
s 2xere A EGct

AEl=

=

H#nEd
[1] Takeshi Yoshida, Yusuke Ohtomo, Masakazu
Shimaya, 1988, "A Novel p-i-n Photodetector

Fabricated on SIMOX for 1 GHz 2V CMOS OEICs,"
1IEDM-98, pp.29-32.

[2] S.Holland and H. Spieler, 1990, "A Monolithically
Integrated Detector-Preamplifier on High-resistivity
Silicon,” 1EEE Transactions on Nuclear Science, Vol.
37, No.2, pp.463-468

180

n- metal

Fig.13 Schematics of blue ray LD

| .- Blu-ray LD

- Si mirror

(b) Light emitting LD on SiOB

Fig.14 Photographs of packaged SiOB and light
emitting LD

[3] Akio Yoshikawa, Hideyuki Nakanishi, Kunio Itoh,
Takeshi Yamazaki, Tetsuo Komino, and Toru Musha,
1995, ‘"Laser-Detector-Hologram Unit for Thin
Optical Pick-up Head of a CD Player," IEEE
Transactions on Components, Packaging, and
Manufacturing Technology-Part B, Vol.18, No2,
Pp-245-249.

[41 S. Tjima, H. Nakanishi, S. Takasuka, T. Takayama, A.
Yoshikawa et al., 1999, " A novel highly Integrated
red LDH(laser/detector/hologram) unit for high-
density magneto-optical disk system, CLEO'99.

HEXEAAHSS=2X /M1 3 2352005 12€



i
&
Ao
1z
ox
M

[5] S. kimura, T. shimano, M. Tokuda, K. Ishikawa and
H. Sano, 2002, "A Module of a Blue-violet Laser
diode and Photodiodes for Adaptive Compensatioln of
spherical-Aberration," IEEE 2002, pp.25-27.

[6] H. Ishiguro, S. Kamimura, T. Higashii, M. hirose, A.
Ueno, et al., 1996, "A Laser-Detector-Hologram Unit
with IV Amplifiers and Built-in Micro-Mirror,” Digest
of Technical Papers, pp.330-332.

[7] G. Ensell, 1996, “Alignment of mask patterns to
crystal orientation”, Sensors and actuators A 53,
pp-345-348.

FEMFAMN HHS=RE/M1E M2%. 2005 128 181



