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Silicon photonic devices are available for the industrial applications of ultra-short distance
optical communication. The purpose of this research is to fabricate silicon photonic devices
operating in different optical communication wavelength bands on a single chip using the
same device design. To this end, it is necessary to control the thickness of the silicon
substrate in accordance with the operation wavelengths. We have developed the chemical
process with a position accuracy of 100 x m and a thinning accuracy of sub-nanometer by
using an inkjet printer and a film thickness monitor. Thereby, it is possible to integrate the
photonic devices operating in the 1310 /1480 /1550 nm bands on one silicon chip. We
demonstrate the photonic crystal, silicon Raman lasers operating in the 1310/1550 nm bands
fabricated on one chip.
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Fig.1 a) Three-dimensional view of the dual
thickness SOI substrate. b) 3D view of
the chip that integrates the 1.31 and
1.55 4 m photonic crystal cavities.
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Fig.2 a) Schematic for the chemical etching of the substrate with aid of spectroscopic reflectometry. b)
Spectra of the reflected light for the SOI in air and submerged in the etching solution. ¢) Temporal
change of the thickness of the top Si layer.
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(A) SOI substrate (B) Coat mask (C) Wet etching (D) Remove mask

Fig.4 Process steps for fabrication of the dual thickness SOI substrate.
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Fig.6 (a) Line profile fot top Si layer of the three thickness SOI substrate. Insertion is a shot of the
fabricated substrate. (b) Two-dimensional map of the substrate.

3.2 WMMhFrvTDER
KRFETEOREOMNE X v THEE W REDRR, H7@ICRT LIS 4 ¥
Vv NOBAFNEEZTHLD, HERD T 4 VIEE 200 um FEE RN TH - 720
M X o TR, REPERIRICZ S Wnwr — 2B RSN, FEAROFILE, FmHIKREZ
ETHRELZBIL L — T ALFEZ v F U 2703, 7 MIRT LI, 100 um LI
DWUNFE v v T THEBHI O —I2TH) T TE, —E8, FHTHRVWEZ AL, Fv
v TN E7-TIZWELTCLES7272DTH 5,



NSG Found. Mat. Sci. Eng. Rep.

266um l
Il o

:

Fig.7 (a) Microscope image of the substrate coated with the epoxy resin. (b) The line profile for the top
Si layer.

205.0 \

Si thickness (nm)
3
=]

185.0 \
180.0 5 /

0.00.10.20304050.60.708091.01.11.21.31.4151.61.71.8192.0
X (mm)

3.3 1.31 um%&E/1.55 umEBTEMET S VA F2 2 L—FD1F v TEiA

W, BERENY PR L L 200 ) 2y 5< v L—FOHEBERZ RS, ¥
NVarys<y =¥ RO L =372, ZE L CEREHREIET AME—n ) a
YU—HELTHOLNG, FAI1E 20134, & Q) / iRk ZH T, BE1uW D Z
XYLV —FRBIIHD L Tn5 2, CONREFIEIT) Ay T+ M= ADO %0 THIEREE
DEODEHNTNA ZAD1DOTH b,

B8, Ta7 VEREMET A8 Qi / WIRSFOMER T O A F v — b E2IRT,2D
DIEH % FD SOL FHMIZ, BV HMME(EB)L YA M2 ALY Y a— M THEAT S5, RKIZ,
EBIZX %74 b=y 7Sy — Vil %2 2 OO LTITH. BIEL T8y —>
ERR L7, TIARZyF 7LD T b 2y -2 by TV arvE
WCHEE T 5. EBL YA MDOBEZRBERICL L7 T v LEITVY Y TP REERT 5,

CZTHEHIREEF, EBETIARIyF U 73 1 HTOLPTbRVWETH L, B
EEFOMMICH LTHEB L YA MNIHICHBAATE . T2, BABIERZRFOIEMN
WK LT, A= N—Z o F VMR T IARI Y F VIR 572, Zhid, [EA
PNS W OBEILDOEEI/NE DT, Ty F V7 L= B FDB57:0THb, X8
(b), (¢)®SEM 1%L, 4 XDEL2Z 200G ICBVTRIFHZBEILNNY — 08
R ENTWSE Z EPMHRTE 5,

-(a) -

(E) Coat EB resist (F) Draw PC pattern
(G) Pattern transfer (H) Remove EB resist

Fig.8 a) Process steps for fabrication of the O- and C-band Si Raman lasers on a dual thickness SOI
substrate. b) Cross-sectional SEM image and top view image of the air holes for the O band and ¢)
for the C band.
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Fig.9 a) 3D view of the nanocavity-based Raman Si laser device operating at the O band and C band. ¢)
Laser output power for both lasers as a function of the excitation power coupled into nanocavity.
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