Keio University

P2-138 Si0, clad active and passive photonic crystal

nanocavity devices fabricated with photolithography
Nurul Ashikin Binti Daud, Yuta Ooka, Tomohisa Tabata,

Tomohiro Tetsumoto and Takasumi Tanabe

Department of Electronics and Electrical Engineering, Faculty of Science and Technology,
Keio University, Japan

Abstract

We describe the fabrication and a demonstration of passive and active photonic crystal nanocavity devices, namely an
electro-optic modulator, an all-silicon photodetector and a DeMUX filter. This is the first demonstration of active and passive
photonic crystal nanocavity devices fabricated with a photolithographic process that may lead to future mass production.

Background Silica-clad photonic crystal nanocavity
PhC nanocavity Device structure HEE Oogozoo Transmission spectrum
: Low energY :25p) High Q factor Q / V/ TP = 17
Response time : “450 ps |, gma| mode volume, V N e S

V.R. Almeida, et a Nature 431, 1081 (2004) ‘

wi

input output

Conversion E = O Ene_rgy-effucnent qptlcal

c
o
2]
B
a=420nm, r=256nm, g
C
©
=
'—

; signal processing Srsese .. q\ .
* pn dope region 00020 Ly t=210nm, w=8.9um,
-{:'- . %—Ww:l'(ss“m' wi=2.9um 1587.56 1687,
- * Speed: 12.5 Gbit/s

1E-4 elength (nm;
Al
Q. Xu, et al Opt"Exp 15, 430 (2007) W
avelength (nm
Problems gth (nm)

. * High Q factor
1. EB-lithography +  Stable and robust
2. Air-bridge structure

o
o o
S o
=2 =
Transmission (a.u)
2 °
=
B
2
S138
S

. 1600
Solution

1. Photolithography
fabrication w/ silica

clad At resonance Y. Ooka, et al., Sci. Rep. 5, 11312 (2015)
—
Electro-optic modulator Active devices Photo-receiver
: Transmission-current at resonance Photo-responsivitY
—_10 ‘ ‘ ‘ ‘ ] | a5 wavelength 205 10° I 1] n_y
=" . - " " - ™
c 0.5 GHz modulation based on I Transmission &
50.8 . . j 1 ’§3 0 Current <10® e
S carrier plasma dispersion effect. e q200_ = & |1
= 0.6 | e < =
T 1925 L L1074 0@//
sq_) 0.4 1 3 1 195% § 13.4 mAIW—T7
= £ 20 E S10t >
0021 on resonance 1 2] 8 S
o —b=—0,01nm I ® 19.0 o
0.0 - . 1= 15 10°
0 T ) 8 10 1 o 99 93 SRy
IMe (1S . . . . I 1.0 18.5 10°  10* 107 10% 10° 10* 10°
Mach—Zems Si PhC nanocavity F_Sl PhC mmcn:mutp_f_1 | 1593.0 15932 15934 15936 1593.8 Input power (W)
Modulator" w/p-i-nz’ (this work) ! | Wavelength (nm) b Si PhC nanocavity  Si PhC nanocavity
A LSPCW Phase Shifler perme-Opie tms 7 i 3 R - N —
Ll it oz r f i | Ge on Si W/ pei-n® (this work) .
o 1 Footprint 10pm> 10pm 10pmx5pm 10pm=5pm
|
| Structure Deposition Ge EB lithography Photolithography
1 on Si Air-bridge SiO, cladding
[:arjr_ic_a(_ic;n ______ l’_h_ot-oiil-h:);r_a;l:y_ _____ I:ZIS Tit;'l;g—ra-pL; T Photolithography : Bias voltage 4V -3V -3V
process (easy) (complicated) (easy) |
bbb et it Bl ettty - Responsivity 3.2 (A/W) 0.016 (A/W) 0.013 (A/W)
Structure Silica clad Air-bridge Silica clad 1
-------------------------------------------------------- - ! Quantum >300 % 9.7% 0.89 %
Size 400um > 500pm 10pm X Spm 10pm > Spm 1 efficiency
Sweed o WGHz 100GHz & 100GHz P et ad 15 pA 12pA
Voltage 5V 2V 2v 1 Coupled w/ fiber - -12dB -1.6 dB i
e e b T e L CroupIV s 657 206 EE 15 o) Cofrnen 016 v EEE, g 2031 (0 === === ===

1) T Yin, et al. Group IV Photosies (GFP), 2016 IEEE 13® lntemational Conferenee on. 2016 Aug, IEEE, pp. 2021 (2016)
5 23 3505 (o

Passive device : Demultiplexer (DeMUX)

i

Af = 267 GHz
o0 =45 GHz
=4x104
1580 1585 1590 1595
Wavelength (nm)

Summary

1. We demonstrated the active and passive devices fabricated
using photolithographic SiO, clad PhC nanocavity devices.

2. We showed that 0.5 GHz modulation is possible with a p-i-n
integrated PhC nanocavity.

3. We also obtained 13.4 mA/W responsivity for the
photodetector at input powers of less than 10 uW and low dark
current.
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