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Data traffic estimation (mobile and data center)

> Mobile data traffic estimation > Data traffic estimation in data center
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Shortening distance of optical telecom

J. Bautista, “The Potential Benefits of Photonics in the Computing Platform”, Optoelectronic Integrated Circuits
VIl (SPIE, San Jose, CA, USA), pp. 1-8, 2005.
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Trend and next—generation technology of Si photonics

» Si photonics devices » Communication standard in DC

https://www.finisar.com/sites/default/files/resources/si_photonic_wdm_in_the_datacenter_20
15.pdf?_ga=2.85209625.1695949495.1520763822-568920199.152056 1408

Bit Flber Baud Bits
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1GbE-LR, SR 1G Serial
10GBE-LR, = 445 1 1 10G 1 Serial
SR
40GbE-SR4 40G 4 1 10G 1 Parallel
40GbE-LR4 40G 1 @ 10G 1 WDM
100GbE-SR4 100G 4 1 25G 1 Parallel
100GbE-LR4,
CWDMA4, CL4 100G 1 @ 25G 1 WDM
100G PSM4 100G 4 1 25G 1 Parallel

From the Finisar corp.’s website A. Alduino, Intel, 2013

» Electric wiring vs. Optical wiring (Ultra short distance)

Electric wiring Optical wiring Wiring for short distance transmission
Wiring Cu ~100 nm Si: ~um R W | ch |
width+pitch Co ~100 nm (400 nm width e need several channels to
width CNT < 100 nm + >1 um pitch) . utilize advantages of optical
Bandwidth <3 GHz > 10 GHz/ch wiring

Capacity / 1um ~ 10 GHz <10GHzcn ) Ultra compact DeMUX

wiring width
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Characteristics of various DeMUX

PLC (silica) Si - PhC

DeMUX devices

Y. Hida, et. a/, OSA TOPS Vol. Stanley Cheung, et.al, IEEE,
54 Washington DC (2001) Vol. 20, (2014)

Y. Takahashi, et al, Opt. Exp. 22,
4692 (2014)

Fabrication method Photolithography Photolithography EB lithography

Number of channel 400 512 32
Channel spacing

(GHz2) 25 25 100
Device size (um?/ch) 2.0x107 7.6x104 1.0x102
Productivity O A X
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Objective (Required properties of DeMUX)

|. Size : 100 um? order

Ultra small size is ideal in terms of on-chip integration
—PhC or plasmonic circuits

ll. Number of channel: ~10 ch (@ ~10 Gb/s per. ch.)
Around 10 ch would be needed to utilize optical wiring’s advantages

lIl. Crosstalk: —10dB ~ —20 dB

Our target is ultra-short distance and do not need EDFA
Around -20 dB would be enough

V. Total loss: —10 dB

Micro strip line’s transmission loss: ~ - 3 dB/cm
— Around -10 dB loss@electrical@distance: ~cm
Optical wiring’s loss: - 0.2 dB/cm — inputloss is bigger

V. Others: Mass production(Photolithography)-Stability(SiO, cladding-heaters)
PhC DeMUX made by photolithography
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CMOS compatible high Q PhC cavity

» High Q cavity Y. Ooka, et.al Sci. Rep. 5, 11312 (2015).

eeeee000nd

OOQQ--J- N NN e | ,
®00We oo Q* ®® o | .Q=22x10°
e 10't3
00 rN000000
a | 5|

'2 1 e i
10 [ 1619.15 1619.20 1619.25
I Wavelength (nm)
1

1600 1605 1610 1615 1620
Wavelength (nm)
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Design of DeMUX consisting of PhC cavity

Y. Ooka, et al. Opt. Express 25, 1521 (2017).

» Design / upper view > FDTD simulation
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Fabrication of CMOS compatible DeMUX

Y. Ooka, et al. Opt. Express 25, 1521 (2017).

» Fabrication » Spectrum
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Objective (Required properties of DeMUX)

. Size:100 ym*order [
@Itra small size is ideal in terms of on-chip integra % _50
—PhC or plasmonic circuits g
@nber of channel: ~10 ch (@ ~10 Gb/s per. ch % 60,
{__JAround 10 ch would be needed to utilize optical wi =
lll. Crosstalk: —10dB ~ —20 dB ~70 um
Our target is ultra-short distance and do not need/ 4§ ¢ 199 W;ii?ength(‘fﬁf o7
Around -20 dB would be enough “ Fluctuation (-16 dB)
V. Total loss: —10 dB Big loss(- 30 dB)
Micro strip line’s transmission loss: ~ - 3 dB/cm "

— Around -10 dB loss@electrical@distance: "
Optical wiring’s loss: - 0.2 dB/cm — input loss is bigger

@ers: Mass production(Photolithography)- Stability(SiO, cladding-heaters)
= PhC DeMUX made by photolithography
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Cause of crosstalk

» Undesirable crosstalk » Influence of mode edge
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Optimization of output waveguides’ position

> Position of output WG Y » Basic strategy for optimization
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Suppress the undesirable peak
caused by mode edge
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Improved crosstalk and transmittance

>( i ) Crosstalk (Simulation)
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>(ii ) Transmittance (Simulation)
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Y.Ooka, Master thesis, 2017
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Measured spectrum

Before improvement (0,0) After improvement (3,0)
= 10° L . AT —————— 3 10° L
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1550 1555 1560 1565 1570 L L
Y.Ooka, Master thesis, 2017 Wavelength (nm) Wavelength (nm)
Before improvement After improvement
Position : (0,0) Position : (3,0)
Total loss (dB) 35~40 15~20
Crosstalk (dB) —8.36 —29.3
Fluctuation (dB) 16.2 5.5
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Objective (Required properties of DeMUX)

|. Size : 100 um? order I

ltra small size is ideal in terms of on-chip integration
—PhC or plasmonic circuits

' 00 mber of channel: ~10 ch (@ ~10 Gb/s per. chEERIRCEN AL RN EE P2
{__JAround 10 ch would be needed to utilize optical w 100 ym? order?

How about influence of adjacent heaters ?

lIl. Crosstalk: —10dB ~ —20 dB

Our target is ultra-short distance and do not need E 00
Around -20 dB would be enough O/

T

V. Total loss: —10 dB L~

Micro strip line’s transmission loss: ~ - 3 dB/cm @
— Around -10 dB loss@celectrical@distances m

Optical wiring’s loss: - 0.2 dB/cm — input loss is bigger
@ers: Mass production(Photolithography)- Stability(SiO, cladding-heaters)
\

PhC DeMUX made by photolithography
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Optimization of device size (heater interval)

>Heat-flux simulation (COMSOL)
Power : 40 mW

chl ch2 ch3

g 300.5 + i ‘:’
© 3000} i /\
- (K) 5 S I S
305 @ 2995f ’ / i \ '
o
304 g_ 2990+ /0 o\
O 2085 ¢ C
303 -9 °-q
20800+ b b
15 -10 -5 0 5 10 15
302
X (um)
301
300 _ _
v’ Optimum heater interval
299
9.5 um
298 . .
0 v Optimum size
110 um?2/ch

(Mm) (um)

Copyright © Keio University | 16



Photonic Structure Group, Keio University

Conclusion

Region
Y. Hida, et. af, OSA TOPS Vol.  Stanley Cheung, eta/ IEEE, Y. Takahashi, ef. &/, Opt. Exp. 22,
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Fabrication : Photolithography : EB lithography Photolithography = Photolithography

1 [
method 1 1

1 [
Number of channel} 8 132 212 400

! !
Channel spacing : 240 E 100 25 25
(GHz) g :
Device size i 110 '100 76000 20000000
(um?2/ch) : :

1

Crosstalk (dB) | —29 I — —4 —20

. J

» We achieve crosstalk of —29.3 dB
» we could improve total loss form 35 dB to 15 dB

> We optimize the device size to 110 um?/ch through heat-flux
simulation
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