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Abstract

Abstract

The vigorous development of 5G, UHD video, Big Data and other applications
has promoted the exponential growth of global data traffic. From 2011 to 2021, the
data traffic of mobile network has increased nearly 300 times, and will increase
rapidly at an average annual growth rate of about 50% in the future. Optical fiber
communication carries more than 95% of the global data traffic. The rapid growth of
data traffic puts forward higher requirements for the capacity of optical fiber
communication. As the hardware foundation of optical fiber communication,
photoelectric transceiver system is developing towards higher speed under the
pressure of increasing transmission capacity. This paper studies and compares the
technical routes of different photoelectric transmitters, discusses the research value
of silicon-based micro ring modulator (MRM) because of its advantages of small
size, low power consumption and high speed, and focuses on the simulation design
of MRM and the implementation of photoelectric transmitter based on MRM. The
main contents of this paper can be summarized as follows;

(1) Through literature research, the technical routes of photoelectric transmitters
are compared, including directly modulated laser (DML), electrical absorption
modulator (EAM), lithium niobate (LN) modulator, silicon-based photoelectric
Mach Zehnder modulator (MZM) and MRM, and the technical advantages and
research value of MRM are clarified.

(2) Aiming at the problem that the variation law of bandwidth and modulation
efficiency in MRM design is not clear, combined with theory and simulation, this
paper studies the variation relationship between bandwidth and modulation
efficiency of MRM with doping mode, modulation length and Q wvalue, and
summarizes the simulation design process of MRM.

(3) Various schemes of MRM resonant wavelength stabilization are studied, and a
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micro ring modulator with in resonator photoconductive heater is innovatively
proposed. Combined with the corresponding hardware and algorithm, IRPH MRM
can stabilize the MRM resonant wavelength with simpler process and fewer devices,
and the condition that the average transmission spectrum of MRM has double peaks
is studied, A double peak criterion (DP criterion) is proposed, which provides a
theoretical basis for the application of IRPH MRM.

(4) According to the development trend of wavelength division and multiplexing
(WDM) transmitter (TX) towards more channels and higher rate, a transmitter with
12 wavelength channels is designed in this paper, CTP TX can complete the
modulation of single channel 15 Gbps NRZ signal. At the same time, a 4-channel
and each channel conveying 56 Gbps PAM4 receiver is designed and manufactured,
and a complete opto-electronic transceiver system is constructed.

Key Words: Microing Modulator, Optical Transceiver, WDM Transmitter, Silicon

Photonics.
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Figure 1.4 Growth trend of optical fiber system capacity
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Figure 1.21 Basic structure of MRM
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Figure 1.23 Dual MRM differential drive structure
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Figure 1.25 Three types of modulators (a) carrier accumulation modulator (b)
carrier injection modulator (c) carrier depletion modulator
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Figure 1.26 Frequency transfer function and 3dB bandwidth
2 RSB SRR 5
RESHLIR T 8 [ R4 12 FLAUR R BT B2 0 S — b xf B, K
SERLE B8 2/ TR 08, KDY IS S A A S DL ) 2 B A AT i LTS
S AEARRE, T DA AL B8 52 358 2 iy i R i 4t o S [ R 351,

1 1 1
— =t — . (1.3)

R
oo o1 fu D9 4R BIARTE RS HLAS BE o 45 98 AR 220 55
BRSO AS S B A5 2, IR M AE (LR, (5 R S 1
R, BellohL 25 MR P IR e, MRS IR L5 8 9 RAE b, LAE R
PR Sb AL 75 T B A 5, — BRSO 5 K INPE R 2 B R 1 0.5~0.7 &
131,
3 AR

16



F1E ik

MRYEAR R e, PRI 538 Hh AE A% fan i) B K Bt R Ca T 2P
C,=Blog,2M . (14)

Hr B N EEW T, M NENFSEERRIIELRE XTT PAM4 118 i #
X, M=2, L} Co=4B, KIFHLATREAL H I E s R 57 58 i 1E b o
4 tLEFRE

LA HERE E AU AL 400 07 FUARF R ZH FE RO RE RS-
1 ~yv2

VAR B R R IR, CARFRMRIA A . —BRIEHL T, THH RSB,
W C R Ny 7 AR RS PO BEREA R T IR, SIS E KRR Hirid
) 10£)/bit LL 231,

5.

R ER PG 5 PR — A E 2 S T7 . s 1.27 fos, IRER 4
HOHE FAR A M S I R TE R A b, d i AR AT DL T AR (5 5 1 iR

=N

Ho

Voltage /mV

0 10 20 30 40 50 60 70 80

Time /ps

127 BRE
Figure 1.27 Eye diagram
6.1 1l R T
WHIR AR TR XG1E 5 B S BE /8RN RALE SR AT
k. (Extinction Ratio, ER) F1% i #|iEE (Optical Modulation Amplitude, OMA )

17



ARG L i A SO UIUR REERITE T

PR BLNRZ A5 59461, LA 508 Pus PGS 540K “17 AT <07,
UEEE

ER=11 .. (1.6)
PL
OMA=P,-P, . (17)

XFT SR S, AR R R ] RE

1.5 ANHEEUNFHARETLLH

ARSI F HEHT AT

1. AESTL S507E, HFA T MRM KI5 50 55 R B &7 K. i
M L Q MR R, QUFHSEH T —BhEEE MRM BT .

2. AL T BATRIH I IRPH MRM, 45 & A0 B IO 5 500, 32
T H B MRM BRI KA E T R

3. FRHIFUEEH T MRM P38 48 4 i B A S E IR 78 7 2 AF

4. AW T RS (TEC) Hut R (PIC) % CTP Tx, CTP
Tx HA QIR E SR 454, RescIl liE 15Gbps HIEHIEZR .

5. ARG T4 38IE . FIEIEE 56 Gbps [ Rx, HA 4 MLl
¢S E 28 Gbaud ) NRZ. PAMA4 {5 S UK.

ARSI B 2T

1 31 mEIR T OGBS R R DIFR AR s R e i s, 2 )5 456 Uik i
IR TG H R LR R R B 2k, 181 T DML, EAM. LN &5, fEk
MZM FI MRM % H BRI H LA R 24, 5 T MRM FIHFFEAME .

2. 2 TE LA T SCHERH MRM BEUH VA PUIR, ARHE MRM @A

REBE BT S AR A R R I, 3T MRM [ 96 FE f) RCR B 45 2% U7

A QELAAHHC B AR, 24 T MRM R RAR BT .

3. 3 FEELMIR T MRM FIAT 5 SRR s (R R, B8 S T T e
MRM R KA T 5%, 2 Hasitha Jayatilleka 25 5% F IRPH T/EHI G &,

an)

18



#it 7 IRPH MRM, UL R IRPH MRM 28L& $R I K A 5 BT /5 B2 1 Rk 28
58 T R B BUEE-F B4 15 1) IRPH MRM 74 BEFE IS R I (7 B
WA EETEGLE, AR FESRHIFUER T MRM HAT XU P44 46 ik i 78
I3 At

4. 4 ZELHEET MRM ) WDM B SHLIG 5 SR I B et o T
F£T MRM ] WDM KPR IR, W15 7 WDM RS HLI R % . )5
Wil T TEC 5 PIC J:E251 CTP Tx, AT TR S5vHe. AT ReE—A
FERPPDERBUR RS, WITHIE T 43818, FIRIEEZ 56 Gb/s HIHUHL, If
XFERISHLEAT 1 MR

5. B S FAL T A TAR, e TIEASC TAEMEAIZ b, AT DA —

ST AR o

19






52 B OIS S H R kit

£ 2 E RMARSRSSRNERT

N T AE MRM RE S35 2 N 37 SO0 Ba e . AR B S5 0 T (25K, 7R
Z0 MRM (755 58« R RCR SRR REREAT Bt ARE ESLIAWT 1 S AT T AR
15T MRM 777, B AT MRM BOTERERES 2% . R AL Q (B 55 1%
TS RIS IEMT, 1 MRM [V RER BT S50 14 & 2% (1 52
KF, —DRIFSEEmEZ MERE, —MERZZ DS EEE . N T RR
MRM Bt 2 S HARAL I, 138547 — BPER MRM S5k, AE4S
EHWHHEHA T R0 MRM 7 5 AR SRR R 3 N EESH, 5Bk
JrEG AR L BT Q. 182 T MRM aff 58 AR R BE B H 24U
A, 4R T MRM BT .

2.1 HENEHIRR T A A AR

2005 4F, Xu Qianfan ZE4RiE 75—~ MRM AHIZE8, i 2.1 o, %
MRM H—EA& 12um R TER S —R B S48, B SEEE 200nm,
BRI ERE 250nm. HE S 450nm. TAR S FE SOnm (HF RS . RS
P53 145 22 10Y9em 1) p AN n 780 2 SR S5 2 A Fi LA 9 5 5 v
WA, Q fH°4 39350, fE 6.9Vpp KM HEIE T EESEM 1.5Gbps ) RZ 15 51
o 7ESCE PHER RA R O S B AE R, MRM S H0 H
“5th. 2018 4F, Intel B ] MRM SEIL T S0GHz HIHGH %, 2 E MR
FF PAM4 1% 2 128Gbps HIAFEF K MRMB, fEC#EY, (FEEERERTH
U AR L BYZER ) PN 25, WKl 2.2 P, &5 Re A R8I PN 548X X 5
BB AMES I, HRWHEIREE, FINAEE ST S2ET % MRM 19
AR LAER QMH. 2.mIKESB L UL ICHAR P, (FAEF AU E
FEBETE MRM A ReAS 2R Q M, LA 3%l B BEL AN T B 45 AR BE AR Ak o A
ff), Y12 2T MRM 3033 A U MRM M B8 ] B 15 1S 40m 42
o DRk, BFC MRM BPEREAN(TBE BTS00k, IR LA B MRM (1111

21



TR B ] 4 KO SO R GERIIT 7

THEHRAMEE S

| ) | Output T
| Si0, Si |
1

I
WS s e Waveguide

Ring

Input T

B 2.1 20054, XuQianfan ZHH] K55 —A MRM #2308
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Figure 2.3 Relationships in MRM design
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Figure 2.4 MRM waveguide studied in this chapter
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Figure 2.13 Q as a function of L, d;=d>=0.3 pm
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Figure 3.2 Common stabilization mechanism of MRM resonant wavelength
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Figure 3.3 MRM resonant wavelength stabilization scheme proposed by Hao Li from
Intel
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low bandwidth PD is the average of the 2 transmission spectrum under 2 phase voltages
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A ewnm I, G1E 3.15 FioR, 78 Vo SIRIG AL, ¥ Vo 2R B A
ATV BHE T B R Teoupling KN30 Ta A1 Te, MY (Average) &
ZREUMZE X RIE D SRR 0.5% (TatTe) o« BT Vi Vo I PRIE ] [E K
T EEE T hewinms  HAE AL Teoupting K/NHE/N T 0.5Ta, XIS Average HiZE | C
MBI T 0.5Ta, BT C RMENT D 51, 7E D, C W il 8] b IRAFAE
SHONGER E s N A S FECN 0. B AISHONIE, ALl D SSH0N
IEME, ATCAHEFRHAE Dy E ZARAETE— D FHON 0 KM S F, AR e
TRREI XS BRI, Average HIZE E AP AE 5 — MRKIE AL G, Average HiZk 47 2
MRRAESFN T MRM P B DG B DR E, ER 8.
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- -
< Vi
\m Vz
£ [
E Average
h&l

Wavelength /nm

B 3.15 AVE T rwam B, FAMTHERE Vie V2 BRI 28 DL R HP i e it
Figure 3.15  When A}, equals Arwin, resonant peak curves at two phase voltages V1
and V2, and their average transmission spectra
DP 45 i S 75 220 2 sUH 254, TIESEPRT, MRM HL s ) B R A
% MRM 3 B E0R TIRE R AR, S IFER UL, SRR ISR 1) =
oA AR AR, SRR 2, (HAETREN TS, HsEhrEi 5K
fi B AE — e Ja IS, S DP IR AT A B A R

3.5 ARENE

REWCE T BA IR OGS MM R A H 28 JRPH MRMD , BLK
e R K TR A 5500, 2 G0 H T IRPH MRM FEHDGEE, JF04r
T AP S B SR P PR, 2 P R o 1 B i
fEI, 4 HE IR KRR E ARG AL, TRPH MRM B H54E TAEAE—AN
THGERPIRZS . R ASCHES T IRPH VL4061 B OUEAE 1 78 4 414
ED DP H#, 4 IRPH MRM [¥18 F$2 4k 7 38 S0 4% .
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£ 48 SBEWRHHREITRARMR

JGHSUR ML SEBIDG T 85 AR A, BIF 5 e Bt e 10 6 SO LI
AT ARt O BILR T R TR i R AP S R SR B
S A E SR T T MRM B WDM R SRR IR, 2 G 4NN 48 T TEC
550 B e 3 R B (Co-packaged of TEC and PIC Transmitter, CTP Tx) Al
4 BIE . FIEIEE R 56Gbps PAMA LR Bt Feamid Mt Tx Al Rx
P REREAT T RAE, 5 XSS kAT T it

4.1 ETFHIMERIZRE S E R LSRRI

2019 4, Minkyu 5878 T 4 X25Gbps IR GFHLOS, R 8 A4 it 77 2%
¥ IRz HL R AT 2 BV ELE R — 30 B b, HBT T B BOR 23 g F2 it 4.5Vpp
2200 L R P2, DtiE I e A A kS A, 4 A MRM JFEE, i FSR N
12nm, {5iE[A]RE 3nm, JFEEEEGNE 4.1 Fros. Miltiadis 25T 2020 F4RIE | 4X
50Gbps 16 RIS BEERIY, SR L E 3 (Co-packaged optics, CPO) HIJE
X, BSOS . SiGe IRENEG ) (driver) 1 TIA &4, Wi
4.2 fizn. FEEDEE TR AE 1) MRM 4228 7.5um, FSR A 9nm, 15 IE[A][E
2nm, Q {HTE 5000 245, REFHLAEFEN 2pI/bit, 4 X 50Gbps Tl 5256 #1714 ER
4 3.17dB. 2020 4F, Stelios Pitris 5544 Tx Al Rx SERE [ — R0ty b, W] T
8 X 50Gbps ] WDM J't -AHSCA a5 U, i 4.3 pros, HEeRA T 8 MK,
MK K EL 50Gbps (R A, I FH S IR 25 10 U8 K08 R 1 oA S IR
WDM, Zi/N T8 AR, O TAUA 7.4%3.7mm?, 2021 4E, Jahnavi 25 T
4X 112Gbps IR SFHLY, & 4.4 frox, PIC Al EIC i@t fd & £6i% 4%, EIC |k
A5 MRM (15K 50 B 3% R SR I LG, REAE 10°C B B AR A0 R R S ALY
TDCEQ #§/m#&/N T 0.1dB.
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WDM Transmitter
i using Photonic BICMOS

Bl 4.1 4X25Gbps WDM K& 541 JE 2 (681

Figure 4.1 Schematic diagram of 4X25Gbps WDM transmitter

(@) ™ TR70 FF connector (b)Tx RF Traces' Jj(€) ' w= ="t L =]
 DRic[ O | o8 ] ow | o
in2 Q) [ Q) [ w0 [ muQ
in3 VAN heatervter : = 2 o
R - 3 . .hh RM Array. 1!
out uble- q 3 ;‘;g
ring MUX & ‘. : =
- 7 |
in
‘double-
ring DEMU
Ge-Si P1
SiPho IC
TaIC[ cha | cn3 ch2 cht (s
bl TR70 HF connector Rx RF Traces "

G

4.2 4X50Gbps J&ELW R AEBRI!

Figure 4.2 4X50Gbps Photoelectric transceiver module

RMS5-RM8

DC pads

8¢h DEMUX

PPN

7400 pm - -

Bl 4.3 8X50Gbps WDM Yt R & 238 170

Figure 4.3 8X50Gbps Photoelectric transceiver chip

IS 28 GHz global [juq

Heater control on PCB [E —

Bl 4.4 4X112 Gbps CPO K EHHLI

Figure 4.4 4X112 Gbps CPO transmitter
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N MRM /R SRS TS0l WDM 4 &, 36F MRM ] WDM & 5f
Fl—EHRF MR, £ 41 84 7 EHF AL CTP Tx £ N K ET MRM )
WDM  Tx, A[BLIAY, 2T MRM [¥) WDM KRG WK i 352 m 5 58 2 0%
KA., R EEE R AR,

# 41 XT MRM fJ WDM Tx

Table 4.1 WDM Tx base on MRM

SCHER N DR DV ER E ID
[68] 4 25 4 8 Y
[69] 4 50 2 3.17 2 N
711 4 112 2 2.7 5.8 Y
(701 8 50 2.15 4.5 1.04 N
721 8 100 32 5 225 Y
73] 11 5 12 6.5 0.17 Y
AL 12 15 25 2.5 14.0 N

N 03 WDM Tx (K $; DR AR FIMIEHIEER (Data Rate) , H47 Gbps; DV fCRIKS) &
(Driving Voltage), H.47 V; ER Ny, 547 dB; E N EUHRERCER, BAL pl/bit; ID Jy4E RUIKEN A5 (Integrated
Driver) , Y {8 i% WDM Tx [f) MRM 5 IRENFRAELAE R —E 7, NARIKSIZ A LG -

42 B, BB R %R

AR Tx BB R FE S & 4.5 B i) PIC #E47 %11, 7E PIC H1, 12 4~ MRM
HBETF A — X3S, MRM &it2E42N 6.5um, -1V i & KR, % 7 30GHz
PAE. Juilid PIC — M s & @2 PIC.

51



ARG L i A SO UIUR REERITE T

0000 O Mrm

@ @} mmm Waveguide
q ‘@) -
@ PIC Q Silicon
O o
O o)

light in light out

45 PIC tEEHRERE
Figure 4.5 Optical structure of PIC

Tx F13X# MRM [ HLE /i (Electrical Integrated Circuit, EIC) S MACOM
A& TH MAOM-38051, 3 E40 75 I 4 15 £ 45 ¥k 5 (Clock and Data Recovery,
CDR) H#uHkzh#% (Output Driver) , TG HEE 4 NMElE, A IHIER
i tH i = 28Gbaud/s [ NRZ B PAM4 {5 5, HL7ES % RS B RS 55 PIC AHILAC.

Rx FRAsE FH G0 v s AR 24 =) AR 7 (R D648 M 5 285 Fr (photo detector, PD),
Wk 4.7 fos, HAE 4 M8IE, SRR 28 Gbaud/s 1EHE IR

4.7 Rx BRWUBSH
Figure 4.7 RxPD
Rx FiLH 2] T MACOM A " A= I B % (TIAD & MATA-03819
A1 CDR 5 fT MASC-38040B. TIA &5 7 BEWKE PD HIOE R o IB0OK e B H
G5, FIhEEEE W 4.8 Fi7R. CDRGHEUOKH TIA K55,
FERS AT AR, D/ INME G O B TP B R R R (S SR, IR HEAT 4
He
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4.3 MEHNS SR SHE IR LG
431 KSR

MRM 2 i BE UL 84, IR ERESCE 1°C, IR K RBUER 0.1nm,
£ Hao Li 55T MRM RS HLI TAE 7, HAF 5 IR B AR TR 208 24°C I 58
A, Bk, AT MRM RSB M, EART Tx JHewit
BN T R HIA R (TEC) Mydtds, TEC RIS AN AT i 4% il
28 TEC (1 By R AT 42 TEC IFAEEH . A M 78 AR B2 TEC 56
L R ML (Co-packaged of TEC and PIC Transmitter, CTP Tx) ¥ it
& 5 I

N1 ARAIE TEC K TAE AR 2 M LA L5 Tx s (8] R 4 i FAAE#e, TEC
TREAE S, H TEC 568 A FR 2 34 R4 M B AE e A it CTP Tx
R 3B TP T 1 DA B 3 L B 2l i ] 4,10 B 411 B Aot a4
.76 (Fiber Array Unit, FAU) &R frober, 5 PIC 47 i A%
4. PIC i@t 5] £64# & (Wire Bonding, WB) {77 s B 7E M & e i b b, &
4.12 (b) MW 2 A B AR AR ] o P 22 P S Al 1 BR MR 31 (Ball Grid Array, BGA)
HHAE PCB |, K 4.12 (a) Bl CTPTx () PCB ik fWE (Bias) HLEGE
$7 BGA 5 EIC, EIC @it WB 177 & 244E PCB .

N T AEY TEC HiB 34k, PCB MUTHEALEE. TEC T Ty & AR 1T
75 JEILAIRE (copper-pillar) HRK55]4ki%EH: % PCB, f#1A MCU 4T TEC 1)
Pt o A5 P P e AR BB (AR ) T Cheat-sink) DL K S5 3 BT S 38 454

& 4.10 CTPTx HEFHEE
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Figure 4.10 Planar graph of the CTP Tx package

nnnnn
uuunn;..{
500.0 %
MeL
ne 117.50-

0
o e
]

K411 CTPTx HEEHEHRMWHE

Figure 4.11 CTP Tx hermetic package

(a) (b)
B 4.12 JREWIT: (a) PCBHIRE: (b) W& B iR &

Figure 4.12 Layout design: (a) PCB layout; (b) Ceramic circuit board layout
MRM ) B HLER BT U] 4.13 Fros. fli B S A LA . RS HXE
His SRR, R sl A B S S A B B R #R N R MRM

54



%4 F G RBUR LR B B S L RN

CE e . - 2.

DC-Source

B N |
-

-l

/1

|

MRM_Model -

K 4.13 1w E BB E

Figure 4.13 Bias circuit diagram

EIC #i A5 5 1) 10%~90% L FHi 8] Trse A 14ps, IRIE(E 5 _EFAFE] 5155

A R 55 BW AL 24 3R61;

BW

350 (GHz-ps)

T

rise

A EIC #iHE 51 BW 218 25GHz. HRIEHBEZS . BHERKEITAR:

ZC = . 1
ioC,

Z, =iol,

(3.10)

. (3.11)

. (3.12)

Horh oy HERESE AR, CivLi 70 AR i A (E A BB - 24 HL GiLi2) 34 100nF
A 10pH B, %F 25GHz $FA5 5 1) Zo Al Zu 43 518 5.6 X 105QA1 1.6 X 10°Q, fE

i AR 2t S I v 5 P BB (Y AT E

fi B HLER RN PCB 1 —Bef&dmak, th EIC fath (K15 57 22 13X B At
%, MTESEERILR, H BW /N, BW N 558 5

31,
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Lot
BWL B T

.. (3.13)

BWin NI NERLHIE S BB RO 58, BWou NMAERIL S 1015 5 A 20
B, fr AR T . o BURTTRER, UCME STES AR R K.

fro BB L 1K UL ST — B O, R R R B K,
TR L AP PLERFE — B T . BRI PCB R 5 KT
HA 100QFH#TH) PCB 7E 2k (trace) 1% &, fEEAAL E ALK FHHTH /N T 100Q,
TEZAL B A R AAE SRS, R RSP R B A o0

Zu—Z

0
.. (3.14
Z +7Z 314

pad T Z0
Zpnd~ Zo 73 BN RAC I BHATAE L WIBAST, Zo HIWTHE A 100Q, R/ 2
TEA PR SRR 5 225 P I Z R RS, ik Zpeo REHEIT 100Q, 15 fro
RATRem . K 4.14 zAmA 07 58, BG4 I\ EIC ZETT4R 1) trace.
HLZY . HUR DL % BGA AL trace. & 4.15 AL JE1EHIZE Sa S5 H45
R, Sa1 9 3dB IS XS R ASRAR BN fro, D5 E A frois 3] 21GHz.

414 fERLGEER

Figure 4.14 Simulation model of transmission line
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s, /dB

_4 1 1 L 1 1 1 1 1 1
6 8 10 12 14 16 18 20 22 24
Frequence /GHz

B 4.15 EFRL SHuSHNGEE R, fro 88 21GHz

Figure 4.15 Simulation results of S2; parameters, f11 is about 21 GHz

4R CTP Tx MBI BEL5 MV T WK 4.16 PSSR, A3 ey
K 4.17 i,

,/ | LB 4 N
[2 MRS HR . [
S.PCBH Y 1] # {TH
3.0 ¥ A 6 S TECH T4 l
AT TECHIT I, [l it -
AR A A [ 6.peBist il g -4 42

T

pcBiiz

PSR TEC, ALUTALTE B
| 7L S PCBIR A

BT HTER
ot SRAUR AL |
B 4.16 CTP Tx #HEHRERIT

Figure 4.16 Packaging process design
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E 417 CTPTx YL

Figure 4.17 Photo of CTP Tx

432 MA5iTie
4.2.3.1. heater MREMIX . MRM fEHIEIEMIA

AT FEEMA T CTP Tx ¥ heater ERE. MRM AE500 % o i 5E % 40 14
4.18 Tz, WK AT O %8 (Tunable Laser) % H i 5 (%8 i B DG 4F SMF
HEAN Tx, /)5t 2614 (Optical Spectrum Analyzer, OSA) , H] i HLEJH
A Tx H 1 heater A4 B HLEE HE AL HL I

Tunable Voltage Source

Cable |

Tx

Optical Specrum Analyzer SMF Tunable Laser

B 4.18 MRM 4&%i 6 #miR
Figure 4.18 Measurement setup for MRM transmission spectrum

heater J& PIC LI MRM F)— B¢ TiN HERH, 385 o248 i e A s Hoin
#IpA . Kl 4.19 SR T ANE heater Th# T ¥ CTP Tx MMEHGIE, 3K heater
%, MRM SR K KR KT, B 4.20 5 MRM &3 KB heater
Th 274 R IR B B P DA R LR G T 28, heater D)3 484K ImW, MRM
IR K855 0.770m. B 4.21 N4 heater 1A% )5 Tx MIfEHEIE, 12 4
T TE () IR IE BRI IR KT8 0.9nm F{SIE K%, FSR N 10.9nm. CTP Tx [ IL
N 18.4dB.
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-30

Insert loss /dB

-35 | v
1/1549.8nm

40

1547.20m7" 1548 1nm.# | 1549.0nm~"
1 n 1 L

1546.0 1546.5 1547.0 1547.5 1548.0 1548.5 1549.0 15495 1550.0

Wavelength /nm

& 4.19 ANF heater THE T ) CTP Tx &5 6%

Figure 4.19 Transmission spectrum of CTP Tx at different heater powers

® Exexperimental data
Linear fit

1550.0

1549.5

1549.0 -

1548.5 -

‘Wavelength /nm

1548.0 |-

15475

1547.0 |

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Power /mW

Bl 4.20 MRM EHREAKFE heater ThFAR L ANIRLIE SR EM &
Figure 4.20 The experimental data and linear fitting of the resonant wavelength with

power applied on heater.
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T
L
PRSI

K 4.21 heater %5 K CTP Tx KI{EHI NI

Figure 4.21 The transmission spectrum of the CTP Tx under adjustment of heater.

4.2.3.2. MRM E#ZSFHIL58

MRM #2  fil] 5L 56 15 A2 MHAAS [F] 0 B T~ MRM IS HRIG )AL &, 1551
MRM IR HIRR, 12 ] Rl A B s R I R B O R R

fiw B FHs B AR AT L R e AR ER N AE H MRM E.
F MRM & 8 7 FER BLPAGIA, g 1 I AE S i H R R o i
&AM, K422 (a) BoR JAEANFEWE BT 1550nm T s gREs &
BEE S M LR IR, IR I KK T IR 3. 1] 4.22 (b) UG T I IR I
Kl B R AR O 1, 72 OV~-2V Z (8], MRM 8308 2178 20pm/V; 18
-2V~-4V [, MRM IR L A 10pm/V, BEF S R IR, )R
BT EAK o

nt wavelength /nm

Optical power /dBm

L | 1 L L
1550.3 1550.4 1550.5 1550.6 1550.7
Wavelength /nm
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954 T OUHRBCR ML R BT R 4R

(a) (b
B 422 (a) ARAMERET MRM KiERIE (b) MRM W3R W E kR
ISR SR E
Figure 4.22 (a) Resonance peak of MRM under different bias voltages (b) Test data

and linear fitting of MRM resonant wavelength with bias voltage

4233, EHFHNHETMR RS EE L

AN SE CTP Tx A HZEERERIT, KN T PCB AL 4 4 1 FHA7U AT
Sy ZH. CTP Tx W HOGAT %8 LA A CTP Tx KTl HE K .

AR 2R 1) BELF70 R FH B 328 52 561 (Time Domain Reflectometer, TDR) 47 il
W, B 4.23 BRIt MNRSE R, 45 R SR AL 4 BBt s AR AL B by
64.05Q, VIHITESIEBA B AL, FHFTIRMRAL, WA, 2O BRI F
B AERHET 2909 22%, BRI TR BRI A F e 5 fr, FESENA RS BILIR) 5

Kl 4.24 HAFEAE 2. BGA LU % HLBE ARAE N ¥ B EIC % PIC B 5
s CRFEEEZ) 1 Sa ZERE R, fr 48 12.2GHz. % & 51
B2k 1dB oA e, BEADBRR G £ MO 2dB W98, 7E 7.7 GHz
A

fle Edt View Setup Utlities Applications Help [Triggersd [ Tekronp | x|

S| 8| £ || nf| & | BURISIER] acaMode [Averace =] Tiifimemal Cock v [o0oiz =] Ao | A2
" [Futee =] [fersitue =] 1 nna] o | [ v | ] 5= e e Bt
3 ; : : M1 100084k

l F3 10,000 iy

| 10030
| v 352000

.||M1-

B 4.23 fFRWZEINRE R, HIIREALELR 64.05Q

Figure 4.23 Transmission line impedance test results, the lowest impedance position

is 64.05 Q
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2p
T

db( 8ij)
0 : Frequency = 12. 218
[ ———]
"“.\ —— 5[D2,D1] = -3.103 db
P s e
h \

|
=]

17

W

AR R A R AR
0  5et09 le+101.5e+102e+102. 5e+103e+103. 5e+104e+10

K 4.24 R SuSEHNRE R, 3dB HRLIA 12.2GHz

\
e}
=

I
]
B

Figure 4.24 Test results of S; parameters, 3dB bandwidth is about 12.2 GHz
Kl 4.25 74 CTP Tx BIRDEH SEMIRES R, HAs 58 fr v 7.5GHz, 1M 1 il 45 i
MAE 30GHz VL L, CTP Tx A RAARE BEHIBR 1] 1 A B 7 98 o

35
-0
45|

-50

Sz /dB

=55
-60

&5
L 5 10 15 20

Frequence /GHz
Kl 4.25 CTPTx BBLHRENRE R, WAHRE fr 7 7.5GHz
Figure 4.25 Electro-optic bandwidth test results of CTP Tx, showing a bandwidth of

7.5 GHz

WA ) SO BE S AN K] 4.26 B, ETSAR A4S (Pattern Generator) FoA=

WG S, W EEASHBY (Cable) FAZR Tx, TL %ithotiEs SMF #A
Tx, & Tx WH GG TSI HURES (Fiber Optical Amplifier, FOA) JUK
JaHI NG KRR %% (Optical Sampling Scope) , JHIT A TL By, MKk
MK 12 MRAFIE
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Tunable Voltage Source

Cabl
Pattern Generator e Tx

Optical Sampling Scope FOA  SMF Tunable Laser

B 4.26 CTP Tx iffi #1256 IR %

Figure 4.26 The experimental setup for the data modulation experiment.

Kl 4.27 Jy CTP Tx KETHUEHEEZF S 15Gbps (AR, 7T LA 20 35 48 7k

FFo K 4.28 4 CTP Tx K I HLEHEH %N 17Gbps MIHRE, LT 15Gbps HIHR

<], 17Gbps [17HR ] B G AR FSHASOR . AR 23 22 ke e 48, 17Gbps (&l i 2

DAL T 58 7.5GHz RHHLIO T IR AL 4R A, A4t 72 Aok HH B0 B & 1Y
AL ) F-AE06), A5 IR P& P 5

80 Waveforms Tektronix  _ | X|

& & B & ] [P [RuniStop )] Trig [Direct «| AcqMode [sample +| 000wy I [£]

Bl - scoouwsdv @:| <ca2uw @I M| -| 200000ps/div @B 190070 @D [ Zh]| s42pme11/2018

2+ Histogram || Measurement | Waveform
[ |off i1 ExdB T ]e SNR B & |[5 AoPd B |8 Exds 25 | [ sooouw/div |
| B ;1.37651dl3_§\- 7.606868 |l -4.602855d8m| 1137651d8) =——————

|8l wimps3  EI|

7 BitR B @
(B 14.91940Gbps

2 ACPd m  |4BiR BE
| iaozssguem‘. 14.91940Gbps

K 4.27 CTPTx IRE, WiXEZ 15Gbps

Figure 4.27 Eye diagram of CTP Tx, at a data rate of 15 Gbps
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up Utilities  Applications Help 101 Waveforms

Run/Stop & J\ Trlg‘DlrE(t - A.:qMode Sample - 6000uV

']
L4 1 i . A ;
B | sooouwsdiv @S| 1161w @S (M| ~| 200000ps/div G S 19.007ns \jﬂ 6:18 PM 6/11/2018
=} e N - - = - -
= Hlstogram H Measurement | ‘ Waveform . |
S [1 ExdB ] ”3 SNR 5 5 |[5A0Pd E |8Eds =5 | [ sooouwsdiv |
m m -4.960501dB 22 )
| B L L il | |H wimpB3 &
[ 2 AOPd |4 B-m B 3@ |[78itR FT]
| 4950501dgm >

& 4.28 CTPTx IRE, WRHEZ 17Gbps
Figure 4.28 Eye diagram of CTP Tx, at a data rate of 17 Gbps
DL SE KB, CTP Tx REfESLI HLIEIE 15Gbps MAMIER . [FIN L
®KW), £ GHz BRHImHHT, BIERCLMN 7 Tx i 5 i) — > 32 PR A
%, BEHlE B ERN Tx, ST ER RS A B, A RS K
Hoke DLBRAR UGS 5 e SR 98

44 41BE. BRIE 56 Gb/s FUYTHL
441 EPEIHRKIT

56Gbps PAM4 15 5 75 53 %y 28Gbaud/s, ¥ 1.3 T A4, Rx iy
% T B 4F 14GHz~20GHz 2 [f], & 4.31 ;y Rx MEH &, HE5L PD # N
HE 5 5 E N TIA #1 CDR, CDR %ir 1) HA5 538 5 e 2% BT Rx S8 RO LS
e

CDR & /7 PEH R R E TIA MESHHMTEIRIKE, BG5S i,
TR Rx i B RS 5 & . B TIA %t {555 EIC 5 5 B R
25GHz ARG 58, N T R TIA %t (915 5 7E1X 2 CDR % N\ S i 38 1 K
IR, 5% CDR WA NSRS 5 1 BW 2/0E 5T 14GHz, K4 28 Gbaud/s
(R A AT B R 14GHz. 1R ¥ A, TIA $| CDR X B BHEE & & 1E N
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LR ERAT I fro M AE 17GHz B E

TIA 5 CDR Z [ [k A an s 4.29 s, A% PCB trace LA &
H%%, trace KH GSSG (Ground-Signal-Signal-Ground) fI%5#y, trace [)Z%F
[ i FLRE S (Via Array) A8 RAFHEM,  38F S R 208 3 BUR MR A7 FE
EHRANMEL, FFEFERNESSHPHNES, fFHREYS trace IFHHTIL
B, RALJEI Su 80 B4 RUNE 430 iR, fio N 44GHz.

& 429 TIA 5 CDR 2 |6 [{{5HiB R

Figure 4.29 Transmission line model between TIA and CDR

S, /dB

0 10 20 30 40 50
Frequence /GHz

Kl 430 TIA 5 CDR Z[AIHERIKHI S SERER, fr N 44GHz
Figure 4.30 Sz parameter simulation results of transmission line between TIA and
CDR, showing a frL of 44 GHz
K1 4.32 7y Rx HJ PCB Jix &, PD Ky thdin 5 TIA B Admidid WB 8%,
TIA % %5 PCB trace i WB %42, CDR @it FC (Flip Chip) 45
PCB trace 8. 58 EE G 1 Rx W&l 4.33 Fiso
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& 431 Rx #HEi&T+

Figure 4.31 Rx package design

& 432 Rx PCB RE

Figure 4.32 Rx PCB layout
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K433 RxEZWEA

Figure 4.33 Photo of Rx

442 MHSL

Rx WA RS H B2 PERE R IT, P T H TIA %) CDR 2[R H 2k (147 58 |
PR B 58 LA BRSO HR 1

Kl 4.34 4 TIA ¥ CDR Z A4 2 1) So S8 EE R, Bos s
25.1GHz, B07 FAEMMAR 43%, Ui B3 07 FA RT3 SR T34 . &1 4.35 O Rx Y
Jer A IR LER, | REIE SN, 2. 3 5% BE S AN,
Saiv S3t AR Rx HGHIATTE, Saav Sas R ARG SLE 2.0 3 I I RS
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