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Abstract

Abstract

At present, applications such as big data, cloud computing, 5G communication
and artificial intelligence are developing rapidly. The amount of global
communication data is growing rapidly, and the pressure on the communication
system is also increasing greatly. Optical interconnection is widely used between
servers because of its advantages such as broadband, anti-electromagnetic
interference, low transmission loss and low delay, gradually replacing electrical
interconnection. With the continuous growth of Internet traffic, the development of
high-speed transmission system is becoming more and more urgent. Four pulse
amplitude modulation (PAM-4) is considered as a promising and economical
solution to replace the on-off keying (OOK) to realize short-range high-speed optical
communication. Silicon photonics is a well-suited technology, both because of the
mature manufacturing process of complementary metal oxide semiconductors
(CMOS) and because of its potential for high-density integration with electrons. In
this paper, silicon-based PAM-4 modulator of the electrical domain and optical
domain is studied, and the package design and manufacture of the 4x50 Gbps
PAM-4 optical transceiver module based on the electrical domain’s silicon-based
PAM-4 modulator is completed, and the simulation and design of the optical
domain’s silicon-based PAM-4 modulator is completed. Its main contents include:

(1) The photoelectric co-design is realized in the optical transceiver module
with  the electrical domain’s silicon based PAM-4 modulator as a transmitter.
Through the simulation of optoelectronic link system, the influence of the length of
the active region of the modulator on the optoelectronic system is studied, and the
optimal length of the active region of the modulator is determined.The link bit error
rate simulation results have verified the impact of the optical device performance

indicators such as laser optical power, photodetector responsivity, and bias voltage

I
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of modulator on the performance of the integrated link, and verified that the existing
device composition system can meet the system requirements.

(2) In terms of system integration, the packaging design of the optoelectronic
transceiver module is mainly proposed. A low power consumption, simple assembly
process of the optoelectronic transceiver package is proposed, and the influence of
the electrical performance of the package structure on the integrated module is
studied. It is verified from the system level that the package structure can meet the
system indicators.

(3) In the aspect of optical domain silicon based PAM-4 modulator design, the
modulation principle of the light modulator is studied and analyzed firstly, and a
new structure modulator named AP-TWMZM is proposed. Then the PN junction of
the modulator is simulated and optimized, including the optimal design of refractive
index, optical absorption coefficient and intrinsic bandwidth. Secondly, the traveling
wave electrode of the modulator is simulated and designed. Finally, a PAM4
SE-MZM with 12 segment electrodes is designed, based on segment structure.

Key Words : PAM-4, Optical Modulation, Optical Transceiver Module, Link

Simulation, Eye Map
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FR ARSI, ARG BN PAM-4 UGS, S EINERE S,
i I S R A Y PAM-4 D615 T . IRATKE XA PAM-4 FiL(5 5 3 1 1 i) 45 5 e
Ji% PAM-4 Y65 5 177 RIT N IR vE . B30 R, A PAM-4 655
()5 &= SN PAM-4 S 5 E S S, HT PAM-4 HLE 5 2[R T 45
TG AR I 58 LA S DAC R4S . i ZZ A ol B, 330 PAM-4
HUE S E R E . DIFERIE B SR AR, [E9ME K. Fik, 7k
S PAM-4 615 5 O TS

TESBI R, S AN T B 5 9 1) DAC 8038 ThER A e A4 il PAM-4 HU(E 511,
A DL I AR R ) 5% 4 A B R ARG K AN NRZ HUE = I B PAM-4 D615
5, HET B = RR ] A
1) AT9 Sk 48 /R %] 28 (Traveling wave MZM, TWMZM)

i 1.8, ERNFIE ALK NRZAS S N2 6|28 B FPE, 807> NRZ
55 I I HE AT R R AE eI A B PAM-4 (5 521, X Fh o5 sUEAT B &
R FABURERI RS BN A, HAS SRR, #IERR. 54, X
PR IS 5 1% G005 NRZ 16 S S AR R w28 450 — 80 — @R ERRR T
JA, I HR R LR R

BES-1
i G o Terminator
~S B S
G
CW light e PAM-4 optical
S - signal
+ G
BES-2_TI LI

& 1.8 TWMZM %4

Figure 1.8 Structure of TWMZM



fiEdE PAM-4 U fill &% X HLORBEBOAR BT 7T

(2) WU R # %% (Dual parallel MZM, DPMZM)

& 1.3(a), DPMZM A ET AN ERATHESR (SPP) S5 M I Bk 1 /K 1 )
FIFERA R, S5EGM 2 WIRTT ZAHLL, SPP S5 FAIC T RO iise, e
VR R HH D ZRA RS SRR AN SC AR AL 22, AR 5 A
W, 54b, 5 TWMZM #tt, DPMZM fili& T2, & RSFECOR, AR
FEROR,  BERE RS d R LU R A, MELLE S R 1) PAMA4 {55 .

(3) 2y B e s R A H %% (Segmented Mach-Zehnder, SEMZM)

SEMZM Wi R & e il A /NBR R, AN75 22 VT T R B
R ) 2 R BE W] LA AR ZE, B 2 ANRALK) NRZ {5 5 0830 o i U i 45 21
AU DX A P AR 4 L3R By L 04 048 St 5 VB K ) H, s 0 U R 45 L R 1) 245
PRAA VR X KB A2 77 2, P2 AR A AE S AT & i PAM-4 (55 . SR
B r] LLSEILEE s i B, (H SEMZM 5 EAMEAGE S,  H7R 25 R — B i
E A, A SEMZM (3RS Lt Fr B 75 B e Ak s

2016 4, [ G H7 & RE TR T ST Pedro Rito FIRABLTT 1 16 BX
3 B e b AR PR, QB U IR i THAE SEMZM W 2 (8], SEIHLiE
FERJERAERPY, W 1.9 Fros, 1E8 5 B s R T R o AR,
Pk APRE AN A DURC A TR 3, SRR SISO R THR A 1B L .

optical

thermal
tuning

B 1.9 SEMZM K58 5 vk B

Figure 1.9 SEMZM layout in transmitter chip

1.2.2 PAM4 [ESRETMN IR

IEEE 802.3bs 1 802.3cd 165 AL bRl 55 7 OGS 51 % S T
], BUBCHORIBEE S PCB MU [AI4R 4045, Horp 48 1 b B 25125
PAM-4 [IPF 8 FR 20 A6 AN 7 [« PAM-4 Y615 5 ISR 645 32 22 e 1A 1



F1E ik

SREZ (OMA) . WG (ER) KB & YA (TDECQ) . PAM-4
HLE 5 BB Fe b 5 IR /= (EW6) « BR%E (EH6) . {5tk (SNDR)
FESEBRECEL (RLMD o 8] PAM-4 {55 ZLRVEE IR 1.1 fios.

£ 1.1 —ERHARY PAMA FS5ERTEHE

7 2 JAR PR 1)V

OMA -3~-0.8dBm<OMA<2.8~5.7dBm

ER >3.5dB

TDECQ <3.1~3.4dB

FE 2 22 PAR PR 1)V

T ] >9.5ps

EW6 >0.2~0.35U1

EH6 >30~105mV

SNDR >31~31.5dB

RLM >0.75~0.95
gyl N SR T

(1) OMA F1ER
PAM-4 Y15 5 1) OMA (optical modulation amplitude) 8 & # I\ N2 A
HR IR e i R BRI ZE S, BRARYE “40 IRIE DI PN, RonN
OMA =P3-P0 (1.1
1 P3. PO 43 HIFRIR PAM-4 J46(5 5 (1 5 K E A R /IME T
ER Cextinction ratio ) A& K-V ¥R AR /N FH R, £RA

P3 .. St A AL = otk B T
ER = 101gE o XS YR P AR AR .
(2) TDECQ

TDECQ ( Transmitter and Dispersion Eye Closure for PAM4) , & & PAM-4
MBS RN EZES 4. TDECQ & & 14X PAM-4 15 5 I35 47 N2 H
THE I RAE R S, AHLCERAE 5 A 2/ DM AR SN EE, RN LH
FRIAE I Z29% B (SER)  (— Mk Eisk SER<4.8E-4) , UL dB H#¥fi. TDECQ 2
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W 2 H AR SER B ¥ N 2 HEARE 5 1 75 55 2 H AR SER B IN 2 B S2E 5 1
FE B, #EE 5 e RS ARG 7R I 28 2 i I 5 o

5%

OMA 1
6 Q

TDECQ = 10lg( ) (12)

R

t

R =0 +0] (1.3)
Hrbog SR AT e 7S, Q HEUE Y 3.414, IXAMYE H s SER 15
HiE ). TDECQ [FIFE I8 I Ry 25 M1 o
HL 2 P A

(1) HR %8 FOHR

B 1.10 PAM-4 FL AR &

Figure 1.10 PAM-4 eye diagram

i 1.10, RS 1E-6 b, =4~ “IR” 73704 EH6 (IRwE) F1 EW6
CHRBE) o 30 H I = AN IR (B o AR e/ BRI = AN R 96 5 o 1) B /DN B SR R ALE
PAM-4 IR ff) EH6 #1 EW6. ZEHNIIM G, RIFLBRRAH, KPR GE
X% EW6=0.2 UL, EH6=30mV.

(2) SNDR

BRI RIBE T 5 A B ML fH. SNDR BRR LR & LBk
/IN, SNDR i#k/INE 7R 52 S (10 P SR AR o SNDR 2 383 A0 A 5 Bk v ey 1 s
TR AT 5] U, #E %> —> PRBS13 (Quanternary Pseudo Random Binary
Sequence) I y(k) M7 REE . HA k M1 BIGAFS IR AL S MR E E
KRR . KAERE /DN 12, QPRBS13 MR KA 8192, 4R J& I FH Bk
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e R (k)T H ST fK) RIS o 15 5 50 A kb i 87 (14 45 KAE , pmax
=max{p(k)}. SNDR F£/RN:

pmax’

2 2
o, +0,

SNDR =201g (1.4)

Hrp, oo RMARZEMRMEZE, oo & FRHEEMBTRRZE . ERXZH
& F, SNDR #%ZikT 31 dB.
(3) RLM

HLSF 3 B8 2 B L (RLMDZRAE PAM-4 HL (5 5 (1) 3 B 2R M o 2 M B X6 PAM-4
EEAEWEE, R DURIERE S & i = . RLM BR$EE 1,
PAM-4 15 5 2k BEBR AT o ARIEA R AR, AR 50K RLM BRI EE Rk
EAE 0.75 3 0.95 2 [A], IEEE802.3bs ELR ML #2 11 RLM>0.92, & unF

3min(V3-V2,V2-V1,V1-V0)
V3-¥0

VO. V1. V2. V3 7357 MBI H YA AR

RIM = (1.5

1.3 AEXMEETIERBIFIS
13.1 IXXHEETE

8 5 AR PO RS SN BRI AT R R, PR RR THERL 2 IR B %
B RN 2 R (N BRI, AR SRR G (00KD) « dRIFZY
(NRZ) 2 A RBET L M ER . PAM-4 T 0 1 56 280% . K
AL ERE SAR AR mt, H 22 RV EAL, KB — R 200G/400G JE 1S
ARG ETHEA A SCLARESE PAM-4 Ty o6 18 18 1) 2% K LSS AR A 7 0t
%, #H T 50 Gbps [ HIAEIK PAM-4 #8313, FF BT Bl PAM-4
WHIAE TR, BT 4X50 Gbps PAM-4 HENIUK — PRI H:, g — B HiE
LEPERE SR r D R B BRI LR G, 0 VPG T SIS A TR XK B L R
BRI NLRE WO ER T AR AN GBI AN IR B AR A5 HAR R A B
RGN HERERZ I

ARSI 4 X 50 Gbps PAM-4 i JGWUR BR 21 1.3 m 64T (ki 1E#%
S i {2 7~ HH I I (4 PAM-4 BRI, BEANSCR R I R Th AN 6.85 W X1
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PAM-4 il &%, ASCWAT T PRI B SRS, — BT AL AP-TWMZM i i
FEAN—A> 12 BEHIAR IR 73 B S W AR A 2% . RSO RN L L5 WK

B, EENENEDCEORIIBTE 5 R PAM-4 18 i & FI B ST H0IR
ST ) Pb R EE . R O EOR IR T S KRR UL SO
R fikdE PAM-4 1 il 2% 1) e DR AN 4324 DL R A [5] 18 1] 25 ) A6 55 A0 R BR
PAM-4 {55 [ BT EVE FE 47 -

W, FEPN RO T I PAM-4 VA H1 3% O RE R R GE R A A5 1
THS RO, P B A BT, DL AR B S A S N 1) 07 S
R, VG T RGBS G IR K ORI BRI N )
SRS B R0 RGEVERR R, PP T R AE e AR D IR G
ARG IR .

B, EEABRNITRE 4x50 Gbps PAM-4 T 5 skt 2 ¢ 1)l A it
Foo HAEFEDCREGIERE I, IaCBAR A BRI Ot i R G IR L U
B BLUEBEANSCR R DFENA .

W0, FENFAMAGE PAM-4 EOGRK 203 B, M8 T
il AR R 2 E AR HIREE I AP-TWMZM, B4
VA28 I R FR > M AR VBRI PN S5 505 B, VA RS AT i A
50 R, A R SRS RO SR 0 . T B BT R B
AP-TWMZM HPERE. F34k, Bt 7 —A 12 Bel ik 2 2% SE-MZM.

B, agi5RE, KR  Hr TIERESS, DURERRT R AT 1)
TS TR

12



F1E ik

132 BXHEELFHS

COWSCHEH — R G L R BT 73 o o B e BB B % R G IR AT R,
f e T RS A IR XK BE R, I BT T IOG 3 T3 BRI 2R
LR YA E A A0 B E R AR S5 FRLAR A (1 R e A e e e RE PR R
[ 23 A7 e S5 M L SO0 RGN MERE IR . P AT, R AR, G
ARG R ER . FAh, XPPEERR (7 8 vT DL SR A7 S 1) 35 R M R

(2D IR T —Fh &5 Fyfa 5 (R4 . 43 T2 H 1) 200 Gbps PAM-4
R ORI R M) . LR P vt IR FR B AR 5 01685 SR F 5 e 5 3
B, SRR 5 L8 4R Flip-Chip fIE2EE 0, S 5060 AR 5
BEMASOEREIHAR, BEMBE SR T BRI

(3) WA T — PRI AR ORI R G e . FAAAE 5 )l 5 e
200 Gbps XU A1 15 H 3 400 Gbps 1L T LA DIHA 6.85 W, P4 RIEEHEIL 1
bit 245 I ThFEN 17.125 P,

(4) WL T — B B G PAM-4 ] 28 ——AP-TWMZM. BAkF
FATE AL G2 1) - ¥ R A 2% 10 6 Rt B, S N BUR OB LE ARSI 1: 124
N4 1, AHI SR EAA R HIT R, A i AIFEIC. OB
MR RE R oM B i A R R

(5) WICHE 5 B 5k o 48 7K o i 28 I B Al b, vk T 12 Bes iR
SE-MZM, 7E 1 il 4 107 I8 X K FZ iy BB NRZ {5 5 i U6 2 AR 45 1 2% A4
TR, HH PAM-4 655 SIS R A ma e, IR AR

A AR

13



FEE PAM-4 I 4% J OB AR FT

14



02 B ECRGHE R SEER L

£ 2 F SBARGHREIT SHREMNL

AR 5 ) F Rk B0 EAR A . ANSY'S HFSS #C1F B FL R 1 35 2 30UAE
Lumerical Interconnect %X {1 HF XA ' B 2R G0 (1 14 B EAT 0 ELARAL L TT o B 2/
TR R G AT B B A5 R VT o R 5 AR 8 25 4 g il e e 7 LAY
WL FERR T H R A MR OMA, W, EO WSS, B—oihiis
B R Hh I TR R S A U XA B WOREROGTI AR RN e B L RS0
i B RAE S0 AR R0 BE R RAIPERE N . 5 T T B R A (1
FELAA 1 BB RE I R TR RE IR o B I BE S BT FRES R AR S 2 4
FIE A RO RGEFENA,  SEBDOG R I R it

2.1 Hig PAM-4 iBFISR NG R

Hit PAM-4 SR I T S /2 75 4% PAM-4 15 58, B 40K PAM-4 55
BMAE AR 2% 1, K80 PAM-4 A5 5 R PAM-4 655, BI{ERIRE
B2 L PAM-4 BLAE S, DGR OUK G SR OUE S, AXURIEAL. H L
() e, PAM-4 %1 254 2 FhIREN 7. WK 2.1(a) TR, — X PAM-4 2055
Sy ARSI ERRE, X7 S5 S NRZ 6135 3x3h 77 L.
2.1(b), VAHI#S LB N PAM-4 ES, BN B, X A
J7 S EFERT LUK PAM-4 HL(E S 3 o5 5

PAM-4 (Vpp/2) PAM-4 (Vpp)
PAM—4 (Vpp/2) DC
(a) (b)

& 2.1 B, PAM-4 BHIER B R: (2)Z 5 W,3); (b)HRimIKsh

Figure 2.1 Drive mode of electric PAM-4 modulator:(a) differential form;(b)

single-ended form
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EEXTIX AR B PAM-4 I 2R OKEN 77 58, FEAR I HI B SR L HokAs
THE ., P FHFE. MERFEETE -SSR N IHMTRERR 07 6T I, R K
o R A R 1) I ELAE S e R VI (5 Vpp. OGRS I
hEN 13 mW i, K 2.2(a) 8 Z 0 3 N RJIRE, RoRiRE7E 8.5 mW M,
K] 2.2(b) N IR FIHR K], BoRHR &R ZIAE 3.5 mW Ffti. 249 PAM-4 H
5 RSN T A5 B 1O IR S B PAM-4 FL A5 5 (R 0K Eh 15 21 1 R E AR EE, OMA
HRER, FFH=A “IR” Ehngs, XEMTFRERRENES. B, &
TERBIHS T P AR Sk F B PAM-4 TR 2 05 5 (0 B HEAT R

0.00754
0008+

= 0008 SN N e

T T T T 00045 T T T T T 1
16011 2611 3ebn 4ebn sebl eebn 7ebnl sebn 16011 26011 3011 de0ll 56011 o0eDll 7edll  Bedll
time(s) time(s)

(@) (b)

B 2.2 ARIESFT R TR ERE: (Z50830; (b)HimIKs)

Figure 2.2 Simulation eye diagram of different driving modes:(a) differential form;(b)

single-ended form

2.2 R

AR BRI R G SR FIOR — R st SR $aliE 50 Gbps
PAM-4 {5 5 A&40, B 4 Ml RL, SEBLER A (5 #3200 Gbps XU [a) il
B2 400 Gbps. BRI AR A G IE I B 7 A B AT Bk Bt i g AT IR
AR, N RS B IREN A A (Driver) « B BHEUHE N (CDR, Clock
Data Recover) . ESPHECA#SE 7 (TIA, Trans-Impedance Amplifier) %%, it
FELFE T v AR %% (MZM, Mach-Zehnder Modulator)  #£ill%% (PD) .
St EEa A
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4 AR R TSR s ol ko

Bl 2.3 SRR ETHE A

Figure 2.3 Block diagram of the transceiver module

BB RGHE R 2.3 PR, BEAMELHCR H IS PAM-4 15287 =,
AR b — 15 (3547, R Driver 58 i) 38 2 8] R FH iy o 22 o AR S 2 1EAT TLO%
FERRHR R 1%, AMES PAM-4 iS5 A SMA 2 U A BE il A=, &
i CDR X} i# PAM-4 15 5 BTN P AR KR, #2581 Driver K H e 45 il i
H PR PT 5 Z R R R IRENE 5, 1% PAM-4 W FL RS 5 ELER SR %, ¥
O PAM-4 B {5 5 i 1o 18 ] 2% O ) 2 5 — K 1550 nm OBAE S B, A
PAM-4 Jtif5 5 , PAM-4 65 Tl G2 AL 4 BIPR M 4%, D6 4F B 4irE 208 1.3 m;
FERHR B, PD BOGL ) PAM-4 Y65 SHALEL PAM-4 UGS S, B
W TIA O H B8 PAM-4 RS 5 IR80K,  [RINH7EB20om thil ik CDR
BEAT I BB, e ANER I SMA Kt

ZA G5 Driver {0 AT TIA 5 R & @ B AF U AS 5ok, HAMET TIA
O R (5| R s A T DA RS 423U (R FRAE 5 9855, TIA 5 FHAE 4 kQ:; CDR
O A TIA GO 7 BT 12C 845 W% F R E ORIz « & i& S5 Driver i
3B 1) 2 10 25 405 S IR I B FE 0-3 Vippd 2 18], JEIL AN IR E BLIf{S 5 Vbias
kBB Driver O i tH I Z 405 S W CEDRMAZE SIS EmE) , Bl
it TIA 0 H A 22 43 WA A i RAE 450 mVpp, CDR #HTH %G 2015 5
U e 2 FIT LAS 3 fe KB 0.8 Vpp, X AT LUE i 8 5 AN A0 it IR AE 4% ] o T 1) 2%
LK PD (5 58 #57E 20 GHz LA L, 76-1 V X Al B HUE T, PD i B FEAE 0.8 A/W
BT, W& 5 nA. JufE S OUM RS NS, 6 FEES DA S
SEMBEFEAT B G . Ah, TEREBHR OB MM E LN o
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fiEdE PAM-4 U fill &% X HLORBEBOAR BT 7T

pirtas iy
ikt 1) =
Jpp—— / p \
s N~ \
/ - CDR (" Drive\ | MZM |

\ A
N\
/ /
\\\ // \\__/
(a)
St HFHS
//' ﬁ'ﬁf‘{\ - ‘\\\\

/ N o
/ pp | TIA CDR N
l | )
\ - /
\ /éﬂ \\ //
AN / \\ //

~_ - ~ -
(b)

2.4 BORBRIGBIGR G54 (a) RETEIREEM; ()W &1

Figure 2.4 Package structure of the transceiver module:(a)transmission module

structure; (b) receiving module structure

Bl 2.4(a) FT ] 2.4(b) =2 YUK — 1A A5 dab 2 445 ) 1) R S SRR USRS B 1) /s 3
B, A b BRSO B AL R )

ey YELF . HEH (modulator. PD) FEHFEELH . Bk,
JGEF AT THE A AR T R SR, B 1k PCB AR R 77 5 i 415
o, MR G R I Fi4h, B BT s B e, KA
750 um, HLASHEELE 150 um FHT, PCB AR 1S A 786 um. KRGS
BEAE PCB MBS b, B & A, OGS A TEME THE T, &
JEZEPEHITE 100 um PAPY, — 7R T REHDFRARIT 2RI S0 B2, D/ MT R K,
Yok N RS S R R, 5 O T A TS R, DR A PR A,
TRAUFTERS & IR PR AN S Z RN 4T 2k

H 22 AE A HLIEMR . Bt A (Driver. TIA. CDR) . L¥E#1F. SMA i#
AR . RN R E A R, HRA B L, BURH A
R R R P S A . HURS H Drriver/TIA 23 1) SHER (16 K 3% (TX) Pl
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52 ' R RGHFE VO SHRIL

Yo (RXD HBIFXFRL, 73 5 62438 73 H K] modulator/PD 5 A& . HA CDR
7& BGA #4%, MERER G AP EIE; Tl A DL m i A s ARl
SMT AR REAE G HLEEAN ;. SMA B 3258 i W8 22 12 15 26 FLEEAR L.

BB, RS T HUN L. e AE 2L (Copper base) 4
JE, SR S R A 26 E PCB AL &, RS A TIA & 4
$e 3 PCB AR MIAE R4 5% E . PCB AR _EAEHAl F s A7 B AR T 1 #4441 (Thermal
vias) , FLE Y AR AR B AT LS AL bRd A% SR R o o AR AT B
RIMHERATA HIHAEL (Thermal interface material) , A LUK #vE s A4 5
BFISNE, RAREMANEEINGE. B, NARMBEORE, ZEREWE LA
o BOOMHAE BARALE, JETCIRER M SMT WA e A ML AR, Lk
Kok 22 3% PCB ARSI, JF ARG & B € A HLEEAR, FRREFL S0 Fr s i
FrARREMEAEAR S B PCB AR b, 55 EATOL Fr o B . PCB AR (8] )
Y. R RRSFIAT YRS, HEHTC G . BRI, R
FHECHMS S LR rhid B AS TR G TS E AR B T PP A, T8 4
R AT I 7 A ) e R S AR B R

2.3 HERHERE

-1
¥ (- < D>
A M §+Vbias
Driver
cDR O
waN i
FRE - COR ~ TA PD -—o))-

Bl 2.5 e RER T K RS R A

Figure 2.5 Schematic diagram of optoelectronic integrated link simulation system
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AR T R R A AR, S T 2.5 R RS RGiE
O FRE AR, AEASHUR I I, OGRS 1550 nm (ROGE IR G I 1l
R 53k N 1) 4 A\ 3, Drriver A5 1y it ) PAM-4 5580122 7 i i A 5 3@ 1 A
fii . Vbias i DB B L NFE, 68— A5 5 0T DU Skl 2
7= A2 PAM-4 J645 5 i H s ARG o DB ThER TR R IR A A
ASCAT LU SRR 1) I (615 B RO . BR P DA S A S 2%, A B 3@ it 1
HIES ) OMA. ER %5 E EDEH S H M b3S ML R . TERLHEE NG, 18Ik
LA EAE 54 PD AL SR IS BN BIRME S, T4 TIA AL RIS
HUEAR S, LS i DLR RO B i 420 CDR BB )5 1) A5 5 IR
B, TR HOTERE . RADSCRE S Y A 5 S RN B A S AT R A
SR BERR ARG . WL BE R 07 5 AT DUSH S PR I B R, SEBDG A
LR G BB, A HEROLEE . MZM. PD. Driver 5/ TIA .
CDR & W m B &5 ae i ds, SEODGE R AL BeTh . BRBI%AFI
TR LA K 3 2 L2 S MU pRAG
2.4 FFHERBE
2.4.1 FHIFBREXKE

AR ER G T I BRI R S AR K AR R R 1R H A S B A 2 (1
TEILR A VR DX AR R T PR X 7 R ot 25 S 5 DA R D' A ) 45 1 P52
261, Z57E Lumerical Interconnect # {1 HH @ 37 4 BLEERK , TE IR TT MR PN 45
AT AR L b, W B R A VR . i E AR, R AR AR R A
AR, A SCR RIS A IR X MK E . BB RN ST % N 13 mW, PD 1
Wi N2 524 0.8 A/W, BE HLIAL 5 nA, TIA HIESFH A 4 kohm, {554 50 Gbps PAM-4.
RS MR G HURE . JCLFARIBURE . F R LI B2 RE, 1 IR B A Il 28 11
PAM-4 25355 (UG IEE FEL IR N 1000 mV, T4 B R E R 5 K g 2,
PR HIAEAL=40 um PRI, FRAEFE AEAL 2 m2. W 2.6(2)Fn, B 4%
HIRXKZ R0, OMA Z#iH K, 2200 um FUz BIE & AAE G RSN, 1
it 2 i VR o) 3 U XA R A D S S s/ JE R s %, E 2500 um BHEH
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02 B ECRGHE R SEER L

Be/ME . A #A PR IX KRN 2500 um B, RS RAET 1E-6, 4 OIF-CEI 4.0
HOIRID R R, OMA L E] 6.6 mW. W1l 2.6(b), TG HLEHAE 25 A IR IX
KB RINIm3G oK, B T2, WHEA EIX K KT 2000 um B, JH %
FERT 3.5 dB (MR HTR R . IR, WHI2E KR 2500 um, AHI2E
R RGVERE AL, IRIDER /N, OMA TR, ML &
JAERR, BT AT 8 148 1A JR X A E 2500 um.

1E-4 10 -
~— ——ER
94 —
\\ _ P
= —
g g
1I \->< \\
/ 7
N N
s \ B 2 64
g
o / =
= IE-€ / R
= \ = 54
/
/ A e 1
J e g
/ .
I / 3 P
Vi k0. 0054 "
L 2 —
—— BER[ 15 el
= OMA 1
I T T 0. 0050 T T T T T T T T T
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(€)) (b)

2.6 BHIBARERXKEGE: (RAFIHREFERXKES OMA fl BER XA HLZ; (b)AEH
REFEXKEE ER KRL

Figure 2.6 Modulator active region length simulation:(a) relationship between length of
modulator active region and OMA and BER;(b) relationship between length of modulator

active region and ER
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242 HIREAINE

1E-01
1802 ] g TV —— BER
1E-03
1E-04 +
1E-05 o
1E-06 3
1E-07
1E-08 o
1E-09 4
1E-10 1
1E-11 o
1E-12 o
1E-13
1E-14
1E-15 T T T T T T T T

2 4 6 8 10 12 14 16 18 20

Optical Power (mW)

BER

B 2.7 BOLRRBANTHR SRR R R ML

Figure 2.7 Relation curve between power of laser and BER of link

BOGRRIIZREE R, 25 OMA K, R¥E E— A%, OMA M K G
DR, BILEOGE M R DR S KRG RISREA K. FN, FEEROLE
JeThEIN, RSMI{EMELL (SNR, Signal-Noise Ratio) Kk, RAZGHITEREIRTTH
27, {HZ AR — R IO R R, ALK, REdE, 2%
BOCMHE G AL LI IR, MR E RR . AT E RO 6 Th 3
B R GRS IR

VB AR A0 S B2 0.8 A/W, G HLIR 5 nA, TIA KI5 FH N 4 kohm, PRBS
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Figure 2.16 Block diagram of package structure of silicon optical transceiver module
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BRI TER, CDR U5 5 I KT 400 mV, KT CDR ZER (¥ /MU 1)
AR, BT LRI RS R, MR AL f 2 26 B AT LA /2 4x50 Gbps
FEAFH MR R
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Figure 3.4 Longest transmission line from CDR to Driver on test board: (a) test of S21

curve; (b) test of S11 curve

CDR % Driver [ KA M 45 R a0 &l 3.4 frs, CDR IR 5
Driver & F PR AL AN ESEEE M O A 7 A AL BE,  EAELL SR b i) 22 57
BHFL4ERE#E 100 ohm, H i CDR £ Driver {5 F 2 8] (w254, Hrhik
BRI R A2 6 mm K, X SHULMZIIFER/D, B 3.4(a) iRl
gE RNl UE ARSI 2 1) 3 dB 7 9l 40 GHz, £ 25 GHz I {36 NARFEN N
-1.2dB. [FIBEHFEWE 3.4(0b)F7s, 7E 0-40 GHz YUl N /N T-15 dB, &
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B 3.5 WA L TIA 2| CDR BB KAERLR: (2)S21 WXBHLR; (b)S11 WA EhLR

Figure 3.5 Longest transmission line from TIA to CDR on test board: (a) test of S21 curve;

(b) test of S11 curve

TIA | CDR [ K AL G AL R an &l 3.5 fizn, CDR BI2EIEA AL #
E A TIA SR R B AL AR AR O T IRAGAL B, AT R 4R AN i s:
EERIAE I 22 5y FEALE 100 B, el BELR R, mKM—0 Z 0% KEY
10 mm, X GHALRLRIRFERDN, B 3.5()Fiaa ke B n] LB B AL 3
dB 5 5E7E 39 GHz Fffift, 7E 25 GHz B AFRFEACA-1.3 dB. [R5 #E i ]
3.5(b)ffi7n, TE 0-40 GHz JE N )/NF-15 dB, REFE/N.

g barn, R IEAR ) ol A v BE R LT, P LA 2 4x50 Gbps Y6l
R R G R
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3.2 RN

(@) (b)

&l 3.6 JtMEA FA BRAEE: (a))tilt; (b)FA
Figure 3.6 Microscopic images of grating and FA :(a) Grating; (b)FA

P 3.6(a) A1 3.6(b) A2 S A N Ak 60 A w8 1) 28 14 S A 3 3 AL TR AT Y
LFREF (FAD IOORAREE, AHABGH A R BE R FA FJEIE IFRY 127 um. Jeil
BEFIIEA 14 A0ME SEMES RSN (1R 14 383E) HEEE S
eI, R HRAHER), HSRFIBOCL SO B RS PR . AR
WORASSHCR FH MBI 6UE, 25 R EDEIEECR IR S, Bt — SRS v B
JEIRE R B T, G A A I 4 R A RS AN G ST H A L 4 1 oy
AENTE 4 ASHIES, 4 SR RE]E G 4 A H . Helisbe sy 4
Ao s 4 AN RIS FIZE

ez 7
ERSE [ «— LIS ]
CEGHASR

HEHE

B 3.7 M 5L R e SR E
Figure 3.7 Coupling diagram of grating and optical fiber
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BER 87 fA, Wil 3.7 Fiun, FA 5B E 7Rl 8°, FA RARIIGL R &
FOROGIER B AR, 5 MR F1 B0 R DGR, ZE GBS i i, 4%
JeUE M — RN, 8 ELE S, A . A I RER A A3
AT &, MACTIRE N 0 dBm, 383 H 3 Th = 0 W ISk 1 WAk 4 1) i
. HG, KREUFA, 8 EHEEEAAENLIEI FA oA E WK 3.6(b), W
KHEM X Y Z HfE FA W R 2K 581 S ass A HL PR b
Fr B SeABE B A B AN 3.6(a); B K FA (R H O AL B S 6 A1 (1 0
fEENE, HIE X Yy Z BEET LA T um NG, SR B TR
B ALE, FIAME Z A EE EEAT L 10° AL, 573 FA A
MHEEZACE 55, i oG DI 3R R R B s RS LE MR o B AL 56
AMBE, BA 0.1 um A BALEAT = AN Aebs 7 ) R4 4t DR & B O AELIS FH 56
Bk 2%, XFHECHIH NG RFE N 4.6 dB, IR A2 336 i AN A ) A S
MO IFERN 2.3 dB, MG RCRENE . Rk 5 H 1 GRS G o B A T L
%, MO G B K,

3.3 ERARGMN

I THT PR I3 S B 220 S S0 BOE LRI R IRAR SRR MERAE, X T4 I
HLEAE R E S YRR R, — MR A IREARID R . SRR #8 ol LAl & — B
I 18] AR ST I BB S 0, TRt o] DAY e i b A a1 B B2 i AU 5
WIS, S0JE R EG SN RRE, SRS . Rt RGsEER T
el R ATEE , BT BT R O R R, AR R 2R, Rl
K AR BER A3 M7 AL SR [ R 3t (IST,  Inter-Symbol Interference) « 155
Bk s, MR SEST R MERERIRE T, BEAh, iR 3 (BER, Bit Error Rate) H]
DAFISRVEA AR R ST PR RS, 15 22 (1 IR M B 2 5 B0AE B 10 e T B A7 B0 3 T
RE, WIRKRAWILHWEERGHFIN, oG pinhd, % 4 mit e
B, RAD R

T VARG L AE A e R, 8 RAD AN I R A L R ZH Rl i &
Gio HIRIGA=ENBENETIVE 5B RGF, FHER i E RS
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MRS ACT LR 45 5 5 UG5 SEXT B, I RS . IRAS R 245
Hor R Gul T RS S P da S A L, P R i B Al A e I
6] N B AL R B VE IO FR AR, RGBSR, RGeS, X PAM-4
AR GE, — RS HEE SR RS IR ISR /N T 1E-6.

3.3.1 MRS
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=3
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3.8 JulrR BRI BAE &
Figure 3.8 Test block diagram of optical transceiver module

TR P E AL i R e AR A — A s B RS HARRW
BUR LN 3.8 FivR, SEREIIAEE R G S — MCR IR B . RED A
ANEEE S B OGRS AL ImPRIEMI B RA  WI  Hi a
FOEHFENE AL, RIEEOCARETIE . SO & R LA I i 4% B SR At D
BRSO ETh 2R, CRIEBANFERR OGRS e 47 . B %%, TESMIA CDR.
TIA. Driver & Ffitdy, BB 12C £ XS #7305, ARIES T B
1% TAF HERE ety Fok, RIS RS AY A A 4 77 A 25 Gbaud 1 27-1 )y
BEHLAL T 51 PAM-4 {55, JLIGIWEE N 1 Vpp, BL2E4 Tt i g0 B 2R
M bRk ) SMA s, BE— AR5 B AR L CDR Bk, o #i g AT
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Y S FRIE, S-S I 5K T LU H 2.4 V, iZ0EE AT LU R
ISR . Driver Hi H S 5 &8G28 5600 A (0 U i) 28 AH 7 Sk IR 3l
TAE o A 7 PR H A R 3R A5 5 ST ) PAM-4 DGR E, 28 1.3 m KD
LAt 5 12T O R E, eSSl PD #HONHES, R TIA
O OO RS 5, SRJ5 B CDR (O BT S5 PR IE s & 4t il
W) SMA R 5 G AL I B A s i T, HEAT HE S R K
PR (1 A 5t T DB BRSO, Ko i (0 HAE 5 5 81 H iR
MU = A S 5 P AT A L, A3 RGMERII IR0 R, HT =tz
E6F PAM-4 3BT (7R 3%, SRR s 25 SR F 28 50 (R SR RE R Uk 3, B3k
FO kA B IR B3O AR R RIRE. HERDGICRBEIN & 45
W 3.9 fic. BAMRAL S N 4 Bl LIRS 4 BEER, KH RGBS
MR b A0 SMA FEHAS i He, MR AR B s R 32 38 43 B WSO e 2 7] i
1.3 m HJ RO LT A % iﬂ%@ﬁmMMmﬂmMM%mmmﬁﬁﬁxﬁ%%

B 3.9 SEHCRRHRINAAE B

Figure 3.9 Test block diagram of optical transceiver module

3.3.2 ERER

AR SE R HOEAE IR R G, AT AT LR B B . SR
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U8 A s i [ e AR N AE S, WA R A AH T % 25.78125 Gbaud PAM-4 {5
7, BRI A A IR B A ] 3,10 o, EOR Z B Y 240 mV, 570
N 388 ps, $IEIN20ps, HRIELIN 18 ps, =4 “HR” At s], LI,
B IR B IR EIEOR, X T AE S5 PAM-4 Y5 015 5 B & AR | ey s |
LA BFESEA O MK id RGP ATA BG4 6.85 W, F
53 LRI DIFELE 20 PT LA, SR T BEER MR T AE AL i -

& 3.10 PAM-4 JUli B AR &

Figure 3.10 Electric eye diagram of PAM-4 test

3.4 REING

AR EFFEHAT T 4X50 Gbps PAM-4 S AR 78 . 1 Je MBS
R R 2 B, G P R R AR S AL a2 (R IR S SRR S 28, AR
PRBIT T 1 G AT b B ARSI B Jim R e DG LUK RGEEAT 1L,
GRS IR RS54 X 50 Gbps PAM-4 IR REAE 1.3 m K JEAE 4R
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£ 4 F ARSFt

o5 T B R IR A%, E IR PAM-4 5 SR b R A AR B R,
A RSB B R A LK PAM-4 Ot HL(E 5 i #0)7 S0 PAM-4 HifS
T HEE R PAM-4 655 (IR « B NRZ BUE S i@ s 257
WA PAM-4 06155 OGEITSR) « AU ZBt 1 2 fifsles, —
il A X BR 06 58 09 AT B AR A4S R R ) 2% ( Asymmetric Power TWMZM,
AP-TWMZM) , —METHEX KL 1 2 M55 00 7 Bk 0 75 8 i) 2%
(SE-MZM) . A 20 i 4% (0 8 ) S BRI AR 0 B ' 5 3 0 bE B BT HEE S
AR PR i) 45 A A 4 L AT i AR BT, D AT T I R R R
JeHR Y IR ES
4.1 EHIER T RIE
4.1.1FHIHNE

i o) e R BT AL = Fh: HDGRR. BOBRN . 55 TR
RN o

(1) HGRLN

RGBSR M RHE B M R R BB & ) e eI S, Sl
SAEMRHAT S 2 R AR A . ) SR IR n RO R AT

n=n,+aE+bE>- (4.1
vl o SN A BB RSN T B WU 4w 1228 7] 1 i SR RS l s v AU
A,
An=n-n,+aE+bE’>-- (4.2)

A An AR R AR, R An 5 aE B REHER R, OB
BUNECE Pockels BB, HLGRURIASE dl AR A RHIT S 26 10 i e e BT 7 Rl PR
7 T R G I S I L P IR F AR AR (Rl T R R AR 2 R R 0 R
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TONARIT, R EASEAT —Br &N BT, X TP BRI AN A0 S I8
SRR AR, — BN RE HOG RN, S B R R il T, H SR A
AR B ] R IA N

An=m0§ (4.3)

FuH r N Pockels 2% 3\ (4.2) FAn HoFE? R IR R R, BONTIR
HHL GRS B Kerr 08, FERE /RSS9 10 IR EEBRON, B 5] R i3 i &
B AR N

2

An =sn,— (4.4)
2

X s N Kerr R3L

(2) BOERIN

POGCRNL R 48 24 fn A K A B JIINE, B2 T 9 R A AR A IR,
SRR KIHT 56 26 5 00 5 2 R AR O FR o R AR AR TR HT S SR R B A Ak T AR Ak,
PriFF 2 SR AR B R R

f@u:L86x104/K
dT

(4.5)

RELE 1550 nm AbFIHOE RELN 1.86 X3.4/K, K412 LiNbO3 ] 2 f5, /&
SiO2 1 15 %, HHPOCRBOELF, WHIRCR S, HRHGRUN i 75 I R K H.
AR R Z, NG T Sl 2L w2

(3) 25BN

H =l R AR 0 34 P4 e £ o R 5 0 o SO R 1, 8T — 2 e 2
I, FEH B2t B e RN B 5, SRR R AT S R e S R A S BN
TR A5 28 - CL USSR I AR 4 3 28 5 RS R BB A v 1 Y B 30 T
WP (AT A AL o S Drude BERL T A2 3 R B3I

Q7 AN, | AN

An __ h )
2 2 * *
8r°c’e, m, m, (4.6)
q%z AN AN
Aa == 4 2 3 * 26 * Zh
ncgm, (m),)u, (m,) u, 4.7
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A An 5Aadr HIONRERIPTI R SRR B E, ¢ o THIHEE,
eo NEAEHHEEL, ng RAMERENIITI A, o, 51y 70 99275 HLF A2 X AE RS
R, AN SAN I IR EM R R i 7 5 N IR AR, ¢ AHEZIEHE, my,
Hm?, SRR T SN BT E . Soref 2 Nl HE & 1A A
PURE MRS58 T O R ARTE B

A=1310nm:
An=An,+An, =—62x107*AN, +6x107"*(AN,)**] (4.8)
Aa=Aa,+Aa, =6.0x10"° AN, +4.0x107"°AN, (4.9)
A=1550nm:
An=An,+An, =—[8.8x10AN, +8.5x107"* (AN, )"*] (4.10)
Aa=Aa,+Aa, =8.5x10"°AN, +6.0x107"* AN, (4.11)

3 A, 5 Any 53 Bl L AL TR L A 2 O O R S P R AT S
R, Aay 5 Ay 5 B H HTHL -5 B2 70K B 5 AR IR RE MR I
B A, A (48) 5 (4100 ATLLEHIREEITH R AL EE R BT H
2SR IR S IR, AR (4.9) 5 (411) ATAIRFE K TR
AHCB AT
4.12 AP-TWMZM T {E[R3E

B 4,11 CANA TS T OHONHEE, BT R 5 eI AR,
ZENIRBREEE A SN

_[[Ane )| ECr,y)? | dudy
" 1By dxdy

SR ECey)2 19965 40 A (0707 AnCey) PR 347 4 26 25 L

Ay PR U7 51 26 A0 R . PRI 20T 5 3 2 e B A0S,

o JAnGe ey B, )* dxdy wis)

neﬁ
nYy [[E| (x, ) Paedy

(4.12)

An

KA, RTET R R MR BT, no(ey) = dE 4 34t
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o HTITH R LI, THTH R RO AR Sl PN 25 R X
o BEEM BT R AT AN, WP 2R R 5 T i R AR
BZIAIRAN:

n
An,, = nTOA”ang (4.14)
ef
2
[[1 ECe, ) [ dedy
== (4.15)

JI1EGe ) dvdy

HAI (4.13) FTAN, PR HI 88 1450 535 A b B AT IR BT, K3
TR SR XIS A I A X, TR A Hl 3%

WE 417w, AGIESHEE S B i, EaE4. AP-TWMZM
& BN NRZ S 50 GIB0R H e PAM-4 (5 5 g B dl 2%, 2= T
NS A KIS (759, A R A R B RENE 23 B AR TR SR K63,
A3 ) % ) DU A RS, B PAM-4 (5 5. i e B R AR BB 4
gitly. KREESE A3, WAL HIGIEE ARSI AT RS (NRZ) 155505l
IERGISE PR, IR A BB E DRI N 1-k: k. B 4.1(b)FT
s AERTFRI G HAE B BN AR S o e AR RS [F DY, e i A
AL = A DU SR R BT, B F=4E PAM-4 6155
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CW light PAM-4415 5

(b)

B 4.1 R E: ) RBISSEAE; (b)) SR EER

Figure 4.1 Design of modulator : (a) structure of modulator ; (b) principle block diagram

of modulator

Botas i e 58— ST SEIEES MR e E, ot el LR

LK IR
Ey | |V1-k
[Eyj { i }[E,N] (4.16)

A Eviv En REY 5306 E#HN L TWE R mE, En NG
I IEH L o KT I AERFR 0 TR BN 1-kk, B RFE RN
JA-Kk):k

ENPE R AR SR AL 45 B e iR MR SRR (B Y

I3 SR B AR AR
_ip A
|:EOUTarml:|: exp( Jg)l 2 Ll) 0 |:E1Narm1:| (4 17)
EOUTarm2 0 eXp(—j(Dz _%Lz) E[NarmZ

Ko Moz 732 om sl & b TP BRI AR, ar flo Rom o 1
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B AR, L1 A L2 gl as b NIE AR, BT AT R
TR RS BN PTE AR SRR, BI LI=L2, W LLUCH BN ) A
TR o Emvarmi~ Emvam2 T LT PE I, Eovtimi~ Eoutam? %
A A L VA E AR AR S R P R D0

VA s BN RIS ZE Rl = A BT PTE RIS R
FRIANKIRR . A B0 A U5 DX B0 0 48 8 7 B BN o 8¢ A FE AN O PR iR
FERH TP E N IRAGL 0. B B RIE AT

2
q)l ﬂ, [neff anl + nejj (V)Lactivel + neﬁ‘ (T)Lthermall ] (4.18)

0
[neﬁ nm?2 + neﬁ' (V)LactiveZ + nejf (T)LthermaIZ] (4.19)

T Lyt P Ly 7R 1) 55BN BB AR B XIS BE S Laceives M Lgctiver
I3 ORI I B S AT A R R AT IR DX B, AT i ) R i DR X A
%55 Lehermatt M Lenermar 70 AN _Ev NGRS, FIFEFA M A A

FITEL BN PRE AR AR ] AR S

ALy

Zp) =p0tAp (420

00 FIRNWIIEAINL 22, ApFeoRm NG I R AEAL AR A & o H TR 28 0
BAHBEX KM, LI v 6 5 sE A R M. ETW

B A P EE PR RN D3 0 T

OUTarm 2 INarm 2

. (04
E 0 exp(~j(p0+Ap) - L,) Vi LE

{Eomrm 1} _ {exp(j((l?o tAQ) - %Ll) 0 }lﬁ/l - k}{Emrml } (421

E  =E

out OUTarml1

WSS E RS nE, 3EH A KRNAFERE, BV HE) PAM-4 J6(5
%H/‘leﬁgﬁ Ioutﬁp—q/l\zilﬁjﬁg'fﬁ’ y\ﬁi”d‘ﬁ@f\%@ﬂ??’ﬂ IoutH\ Iout]()\ IoutOJ\ Iout005
HXS B Eou KR

+FE (4.22)

OUTarm?2

Iout = Eout d E:ut (423 )
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NTHAFREF LML, @R, Kt kE, RIPEE AL
DRI L

qutll _]outIO l
1014[10 - qutOl = g(loutll - [autOO) (424)

out01 _I()utOO
ZIHH, kKA 0.2, RIVRSISH AL 36N 4. 1. AP-TWMZM fREf
PR A R DX B AN P N L . Vipp ARSE, S R AR R R X T K
SINIIIGAARDL 22 LL AN NRZ A5 5 10 0 R SR A 4 DU A 18] B 357 50 7O 5o
it PAM-4 15 5 (1) 4 AN 6mnt B IR S R ISR 4.1 s BB E H
JE 43552 Vbias1+Vpp/2 F1 Vbias2-Vpp/2, X Nt i) PAM-4 {55 4 658
H B R HREE ;N HL Y Vbias1-Vpp/2 Al Vbias2-Vpp/2 i 5t R4 Hi i 55 =
GORIE ;. Vbiasl+Vpp/2 Al Vbias2+Vpp/2 I8 GERi% K4S — i, F R

it b0 B A Vbias1-Vpp/2 Fi1 Vbias2+Vpp/2, Xf R4 H PAM-4 15 5 B KGR
# 4.1 AP-TWMZM Wzh e JE 5 H B E X R

e FERE TR B 1 o S
AP-TWMZM Vbias1+Vpp/2 Vbias2-Vpp/2 3
Vbias1-Vpp/2 Vbias2-Vpp/2 2
Vbias1+Vpp/2 Vbias2+Vpp/2 1
Vbias1-Vpp/2 Vbias2+Vpp/2 0

4.2 FHIZFHTENHEHR

(1 JezziAfiEE (OMA)
JGTATIIRIE(OMA), 2R B IR i m B, RV A5 5 5 B (¥ B KA AT

B/MEZ 7. OMA 22 B AR L LA 00, (E7EA 40 ih 22 10 e 7

FEEREIR A R AR, RS R R OMA 2985 K HAE T AL 4 4 1k

X,
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OMA=1,, -1, (4.25)

b, I v HHE SRR, Too Yy 45 5 AR /IME .
(2) FHEREBT (Zp)
e AT AR 5 PN S5 AR, ATDARME MBI RAE, (s L
Js 5 RV B IS T) R0 25 ) A2 A ) 5% 2R 93¢0,
V(z)=V e " +V;e"
{ I(z) = ZL Ve —Voe) (4.26)

0

bz = [REW sy, o R R S R E. R K

G+ jwe

(R BRI, G T A R ERsh B, AR (4.26)
B, R TR RAL, 2 WAL b — S BRI, R,
%Emﬁﬂuﬁwﬁale

C
(3) AT AR T8
ARl CEE) f 95 F B BT e 1% 6 1Y) e 1 1 52 8 IO 5k AR, — i
3 dB &R, A LAEAT B HARE A i L R4, Wl 4.2 ke

| s

E 4.2 S ¥ g O P 2 15 A

Figure 4.2 S parameter two-port network model

1 51 2 R NAE SN Cag, by) M Cag, by) 5 ais bis ax b2 5y
AR — A 1 NS AR S S 2 PN A i . AR 40 A

A i 1350,
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b =8,a+8a, (4.27)

b,=8,a +S,a, (4.28)

511 512

s=ls) L DM A — (LB RE, SEhS = le 0, 5
FIBARE . Sy = Loy =0, FTHEABURE. HorbiSy, = Loy =0, F07% 1 SRR

B 2 R RE Sp=lay =0, FORHRRICD, FRAMIS, RS, 1
{2 MR 50 R 3 B IR (OB 2 B, BB AT 0 o A 5
(4) HBH 5

Ok (EO) 45 9 A VM) B8 0 R A b A M B B A, (R8N
VAR R SR . M58 S21 (38 A F B

2 u
| Sy, 7 =218, |'C05(ﬂ0pt D+1 (429)

EO.,, =101lo
2 T I 80, )7 + (B, 1)

u @,
IBOpt :7(’%_”@;) (4.30)

Sy A EIRIRHIFATE AR IS S, 0 NI AMR, ¢ AEZ
FOCIERREE, ny BT S5, nop AT I 3
(5) R

RS /ERET 7 R oV w2 M i Ve o ) O ) SO e i el
IR OGS S ARALZZ Hy 0 BnitS, ) &5 A A L RO o E R AR N dR N
SE SCURAE R 1) a8 AR A2 22 1 0 BnAZ A6 1 i IS AE N B (Vi) o L2 il
S SEBURLLA 0 2L B mfi F5 EHAAL 3B o VL s il 4 i 1 i 5
AR, RN R A BEIA B L T, HRESEILARRS . LA VaL
IR /N B AR TR ) RO I OB, VL PR AR 2 7 VR ot 455 1) 1R ok 280 vy
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4.3 AP-TWMZM £543i2
43.1 ERBRIT SEHIL

AP-TWMZM i i ) 1 F T 2°F 5 42 2 T 3871 N 3 Compound Tek A ]
0.15um N T2 F G , KA 200 mm SOI 4K, BHEEA A 0EE 3 um Al
TiJZHE 220 nm. FEG T 20H =FZIBHEREE, 7307008 220 nm. 130 nm A1 70 nm.
1) 85 R FH B2 130 nm B9ZIPIRIE o AR I8 1% T 2R dE AT S5 M vt ik
ANFBIREE, W3R 4.2 Fis:

R 42 HBRPBRIRE

BRRR ik W /em™
PL P ALK IES 2 (P 8.0E17
NL N ALK ES 2 (ND 4.0E17
PM P RHRIEB I (P+) 2E18
NM N MR B (N 2E18
PH P RISIRESB R (P++) 1E19
NH N SR ES R (N+H) 1E19

VA5 PN B 25 M W& 4.3 s, & T 1310 nm HEDGE K, PN
LEIE SR W BN 380 nm. L ZBR I PN 458 21RO 130 nm, 485 E
990 nm, PLXEE T ZFRiEIERIBEAT AL BTt o BT T P+HAT N+ Xy
HBRXI, RS S BHEMIY R R R k. P+ N+ XA B4 X
B, M TEBRSHBARXEAE, T N R DX E H BE I B S =
ke PAIN XEONEB R X, TR PN 2R X, il 55 5 1 ik
BN S AR
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K 4.3 HBERERTRE

Figure 4.3 Cross section diagram of phase shifter
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B, WAL E PN+ X0 B . PHN+IIIB 2R A B 2 R Y
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Figure 4.4 Influence of space between P+/N+ and PN junction on device
performance:(a) change curve of absorption coefficient; (b) change curve of refractive

index
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Figure 4.5 Influence of space between P++/N++ and PN junction on device
performance:(a) change curve of absorption coefficient; (b) change curve of refractive

index
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Figure 4.6 Curve of PN junction capacitance with voltage
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Figure 4.7 Curve of OMA with the length of the source area
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Figure 4.8 Traveling wave electrode :(a) cross section; (b) Stereographs
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Figure 4.9 Traveling wave electrode characteristics :(a) transmission loss; (b)

characteristic impedance
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Figure 4.10 Modulator bandwidth:(a) electrical bandwidth; (b) Electro-optical

bandwidth
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Figure 4.11 Y branches:(a) structural schematic; (b)power distribution simulation

diagram
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Figure 4.12 Influence of waveguide width variation on spectral ratio and loss
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Figure 4.13 Directional coupler:(a) structural schematic; (b)power distribution simulation

diagram
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Figure 4.15 Simulation eye images with different spectral ratios: (a) eye diagram with
spectral ratios of 3.8:1; (b) eye diagram with spectral ratios of 4:1; (c) eye diagram with

spectral ratios of 4.2:1
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Figure 4.16 Transmission spectrum at different voltages
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Figure 4.17 Transmission spectrum variation of the two arms at 1V
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Figure 4.18 Simulation eye diagram of AP-TWMZM
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Figure 4.19 TWMZM and SEMZM driven schematic diagram :(a) TWMZM driven

diagram; (b) SEMZM driven diagram
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Figure 4.20 Structure diagram of 12 segments modulator:(a)PN junction structure; (b)

modulator structure
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Figure 4.22 Schematic diagram of SEMZM layout and bonding with electrical chip
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