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Fabrication of Microlens Integrated Silicon Structure
for Optical Interconnects
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Abstract

We have fabricated a microlens integrated silicon (Si) structure for optical interconnects. To
form microlenses, the Si wafer was wet—etched with SiNy mask in a HF:HNO3:C,H,4O4 solution
and then the holes were filled with a AZ9260 photoresist. The focal length of microlens increased
in proportional to its radius of curvature (ROC). For the ROC of 100—161 um, the focal lengths
were obtained approximately between 160 um and 310 pm, in an agreement with the simulated

values using a ray tracing method.

1A

A2 ARFANYY Wit AHY AR £ FEE FhE A% A e Taxe FE
FEEAY] AT FEHAS AR J1EY V18 APRE #AE Reth ol YAAS doly
AEA At elh el i, We WERS e, e dgiame we AfEAd
Ao o /4 AF AFlde WRALS FEI 5 Q¢ FYF gow grHw g
st FAdel AL Zm ATl AFH/ AL £ IC JlEt A AR Su
FaAe WA 71&e] Bestth mebd 242 WA A e el

=4
Ay QupPV @ B gL y&Er 37
Al 71Fd AAste] FAd FHES TS ¢
AL S A= sk)

2. 24 7= g AR
I8 1 2 #FQ &

Ads 9l VCSEL 3 PD = 4% viola=zd=r A" A 2935
el =, ol &3 Ags 7xvF e gdd AHs JAE 7 s B ofye, mpolaxd=vt
HAA o] Q7] W] FAY ZES ol #H7IA FI8 HHes 24 5 du Od" 2 &
vlo| g 2A =7 AAA AgE xo A Wy AZE %o SEM  (scanning  electron
microscope) ARA-E yEbdth WA g & 7]Fe SiNg & LPCVD (low pressure chemical vapor
deposition) § 2.2 Z&35to] JE Y3 T o|F mask Z st AEE 719E HNA (HF:HNO;:C,H,0,)
el ol F2 2Z%thk. HNA £ magnetic stirring o &8 wwtetdA s34 22hg g8 d=
ks 945 7 ok olw A7 Aty wRb IHEEE EToEN st FEHE (09
ol AR W =g A2 4 Qltk. FAHH W=e A= wE W A7t [AAE ¢ Si0, 5 PECVD
(plasma enhanced chemical vapor deposition)¥ o2 Z=Zsty, FwHo] AZ9260 photoresist =
Lx%th Back side aligner & ARE3to] A= opgy] Fito] TR FAEV J4E F UEF
el S ol 1 F AZ9260 photoresist & wFAAIE 3o DRIE (deep reactive ion etching) o &
A Zy AAFA A A Zkete] FAEE s rA T o ® AZ9260 photoresist & E3Es] F4
2A7td =g AgozA dA=E dst

491



23] 20009 % SASEDS =B (2009. 2. 12~13)

3. 2447 9 ¥A
500 rpm ©= WREE= HNA(9:60:5) &ofo A= 2 #3F F24 478t rlolazd=s
At SiNg mask ¢ =7 wat thekst Ew
A2 npo]gZ A =2 geometry & 3D profiler @1 Nano Focus & 433t 18 3 & 5349
Akt A A= ZAL (Spherical lens assumption) 2 E3 fitting 3 T EE wlo] A Z A =9
FERE S 100-161 um & YERI L, fitting @53 & A= AS A & 5 vk
A AL pAE] mlolaza=t AAY Auz £z 24ADE =459t 980 nm o)A

=49 2878 r= 100 pm o4 170.3 um ©] 3, r= 161 pm °14 293.5 pm 7} Lol Hh 19 4 =
AzE wlo]m R M= FEWAY wE 2PAYE debdth @29 @A E= FERFG
AgAoz vHEs & 5 Uk g FFgrF RS o] gste] Fde w, W= A7), FENH,
Zaw T/ 55 st AAsta, AZ9260 photoreist & ZE&S 1.67 & AAso] 2HAYES
ANEYolAEAT. I8 4 oA HEo] mlolmrdlxrt HAR AYE 7z =AY @AY
Algdolde] 93] doAd =8AE gEol AY IAETS & & Ut
4. A

VCSEL ¥ PD = 4% A& 7¥e Jdd ZIPES Y3 vlojazd=rt Jd9 A2
T2E A AZE A oA volazd = FEWES 100 um 9 161 um oA

S

A
170.3 um ¢ 293.5 pm & % *ﬂﬂﬂ =453, AHEE polymer & Z2%, SiN, mask ¥ 7],
AZE AIZE e WIAA vekst d=E AFRE & Qv & Vles ol&ste] il Txrr AdE
735 vy Fuid Ertoi et Jal WA E F subassembly, 115 THZA 279 74 VH o=
YA AFEE 5 Qo] B ARl AA 71oiE8 Ao® Z|gE

Reference

1. H. Wong, V. Filip, C.K. Wong, P.S. Chung, 47, 1-10 (2007).

2. N. Izhaky et. al., IEEE J. Sel. Topics Quantum Electron. 12, 1688—1698 (2006).
3. B. Jalai and S. Fathporu, J. Lightwave Tech. 24, 4600—4615 (2006).

b ™o

1. SiNx patterning 2. HNA wet etching

e ] e

3.5i0; Deposition 4. DRIE etching
&PR | patterning

Polymer

DriverIC VCSEL/ED ReceiverIC

5. Polymer fabrication
I¥ 1. AeE 7Nk Fdd EHE a9 2. vhelaRd = AAd A 29 AR
W2 SEM AR

0.0 T T T T T T T T T
051 e ROC=161pum ] 300 | m Measured
¢ ROC =141 pum —— Simulated
10k e ROC =120 pm i
e ROC =100 pm g 250 1
— 15} 8 S
g =
t. 20+ i 4?200 -
<
2 .25} - 2
[} = 150 -
<
T
-3.0F T 8
g
35} i 100 ¥ 4
1 1 1 1 1 1 1 1 1 1 1 1 1 1
30 20 -10 0 10 20 30 60 80 100 120 140 160 180
Width [pm] Radius of curvature [pm]

-|-’

a9 3. AFE vpelaR=e] S8 9 4. AEE vpola R =9 RENA ] e 234,

492



