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Today, many researchers are studying for Si ring
modulators (Si-RM) to apply to optical interconnect
system, because of its high bandwidth, small footprint,
and easy integration with electronic circuits. We
optimized Si-RM with specific conditions along several
data rates of input signal.

M2-CI-5: 1815

£2 2 2018 71l J2HH0| HYUE 34 S0
Gl 4212 ASR SN2 MaJjo| 0j2H oip
MXIZ, *2IAUNIST)

We theoretically investigate the graphene-inserted
metal-slot-loaded silicon strip waveguide modulator.
The modulation depth is 1.28 dB/um at the wavelength
of 1550 nm when the chemical potential of graphene is
changed from 0.2 eV to 0.6 V. The coupling loss of the
modulator is investigated as 0.375 dB.
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The information balance among communication parties
is essential for multiparty cryptographic communication.
However, conventional multiparty quantum communi-
cation, where multipartite entanglement generation or
measurement is performed by one party, is informa-
tionally imbalanced. Here, we propose an informa-
tionally balanced multiparty quantum communication |
where multipartite entanglement generation/measure- |
ment is performed by all the communication parties. We 1
also present the proof-of-principle experimental result.
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Design Optimization Of Depletion—Type Silicon Ring Modulators
Depending on Data Rates
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Si ring modulator (Si-RM)& 2F2 A4k 77|, ¥ WX bandwidth, =2 olyx] a&3 A=z}
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13 1. Depletion—Type Si-RM¢] +%&
o] Ao AlgEHE Si-RM9 %= 19 13 7o) reverse-bias voltageE £3| ringol] A&
H = doping FEE vlro] WM ZA|7]E= depletion-type Si-RMo|t}. Si-RM 2] #Fstd EAJL o}
o] Fo7A coupled-mode theory 7|9 A1E2 2d = & Q) [2].

%a(t):(ja)r_l)a(t)_j\/inn(t) <o (D), Eout(t):Ein(t)_j\/za(t) = ()
T T Te

o714 at)= AZFell WE ring W52 energy amplitudeE YEFHY, @ resonance angular
frequency, = ringolA ¥WAS}+= total time constant®|T}. 7= ring W59 propagation loss®ll
93k time constant‘”] rl 18] directional coupler region® coupling®] 23t time constant?l
o9 Aol 9, 1= + 4 AR S Zhen o] W, g2 ring®] WA Eel wet depAY, o,
coupling gapell W}E‘r r/‘f?i‘rx =3 81 RMe] &4lE Rde 2 (l)ﬂr (2)s APA o2 FAbsto] Fof
W & s—domainel A & & =, 1 A oS 7‘5}
4 on oDlz, S+2/T|
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av D241/ s +(2/7)s+D“+1/r

D+ input 39 angular frequency o9} resonance angular frequency .2 *}o]E LERH,
1/V3t7F 5" WZ A] Optical Modulation Amplitude (OMA)E Hdlgsl= 58S 7HA 3 Atk
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response°l A peaking®] @ASIA )l o]+= 28 2(0)9 eye diagram* ¥ B 9ke] SIS T
A7 B2, olE WAEY] A8l <7t HESF SiRMS AAg= Ao] upghz s,

dubx o 2 Si PIC foundry QJAI7F Al&stes 4 24 AalA dov=z B Ao E [HP
7t AEEE FA ZAL 7Wre®E S RM Fdd H Q3 Si waveguide width® 450 nm, SOI
7= 220 nm, 123 doping %= P= 7x10Y cm™®, N= 3x10'® cm™@e]g} A}, w3k Si-RM
NRZ T+ $3F bias voltaget: -1V, driving voltage:® 2 V,,9 A& &-&3kt} F712, O-
band §&& HRE St} ojef 2 A ool FoJ% data rateel W} 249 bandwidth
°F OMAE Zt& SiRMO Fx5 ZAAsE Ao ¥ A9 Hixo|th

5 [ps]
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a9 3. Bandwidth$} OMAE &3t Y2 79 ¢ W& Figure of Merit

a9 3& OMAZE AU stslz] 9l D= 14312 AA3 T Si-RM9| bias voltage7} -2 V &
el 0V 4 we Si-RME E38t= 99 power xo]S o] &3ato] el OMAS bandwidth®]
TS Odd .9 g @l gl ¥ AaE BoFrh o] W, o>, 9 A9e GA A olf =
A 2] 3tk NRZ signalg WZ3sl7] 918l data rate®] 70%%E bandwidth® 7} WZE7]7F &g
stobs ARAS gy dy A ok [3]. weEbA 20 Gbps$t 40 Gbps®] NRZ signals Wx317] €3]
Y7} 14 GHz$F 28 GHz9] bandwidth7} Z8.3td], o] & UElll= 2AES FAdo= 18 Y.
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2% 4. PRBS 27-1¢] gt 2 3¢9 7 X AAA 9 eye diagram

a4 4@t (b= 20-Gbps NRZ signale] A-&%AS of, Z12jar 19 4(0)¢ (d)= 40-Gbps
NRZ signale] A&=HAS wf, 2l(De} (2)& FAHo=Z Fol 3 19 39 7} AH eye
diagramo|t}. AA "I BAHY eye diagram= HlxE w], AX]He] OMAZF ¢ I 2= AA]F9]
20-Gbps NRZ signalE ®x3st7] ¥ Agst A do] dr), F332 WA o=z CAHIG DAHY eye
diagram= v|wslEH, CAAY OMAZF B 222 CA Aol 40-Gbps NRZ signalZE W =x3s}7] 9l
o Agst A He] "k AXHEAA S 72 35.36 ps, 7, = 37.80 psol™, °]= 12-um radius®}
245-nm coupling gapS %t Si-RMo2 +d= 4 o}, 3k CAFA A9 2 16.97 ps, 7,.©
19.33 ps°l™, ©]+ 8-um radius®} 210-nm coupling gap= & Si-RMOZ F3E 4= Ut}
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