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Abstract

Abstract

Due to the rise of new technologies such as big data and cloud computing, the
data traffic processed and exchanged in data centers has increased dramatically. In
data center optical communication networks, 400G optical interconnect is gradually
replacing 100G optical interconnect, and 400G optical interconnect will become the
inevitable trend of data center development and the direction of next generation
network upgrade. 400G optical modules, as the core components of optical networks,
are mainly used for optoelectronic/electro-optical conversion, and 400G optical
modules play a crucial role in building 400G network systems. In this paper, based
on the characteristics of optoelectronic devices, two kinds of 400G optical module
packages, around the package structure, electrical interconnection channel modeling
simulation, optical coupling design, Thermo Electric Cooler (TEC) temperature
control technology, assembly and other common key technical issues were studied,
completed the wavelength division multiplexing NRZ code type modulation-based
400G optical transmitter module We have completed the design, fabrication and
testing of 400G optical transmitter modules based on WDM NRZ modulation, and
the design of 400G transceiver modules with 8-channel parallel transmission PAM4
code type modulation, and the specific work and research results are as follows.

(1) For the two 400G optical modules, chip selection, schematic design and
electrical channel modeling are completed. Through the calculation and optimization
of the impedance of discontinuous structures such as connectors, capacitors, vias
and pads, the impedance characteristics of the differential interconnection channel
are controlled within the range of 100 &= 10 ohms to improve the high frequency
transmission characteristics, which are tested to meet the requirements.

(2) Based on the fine wavelength division multiplexing (LWDM) technology

and NRZ modulation scheme, the closed-loop TEC temperature control of the 100G
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optical transmitter assembly (TOSA) was completed to ensure the stability of the
laser output optical wavelength and operating performance. Completed the
programming control of the clock data recovery chip as well as the driver chip to
achieve the compensation and optimization of the interconnect channel. The vertical
compact structure high-frequency electrical connector is selected to realize the
integration of 4 groups of TOSAs, and the test shows that the bandwidth of single
TOSA reaches 100Gbps, and the total bandwidth of 400Gbps is realized after 4
groups of TOSAs are packaged.

(3) Based on the 8-channel parallel PAM4 modulation scheme, the COBO
(Consortium for on-Board Optics) packaging structure was used to complete the
design and optimization of the 400G transceiver optical module based on two
different electrical chip schemes, and the design of the optical coupling structure of
the 45 °  multimode fiber array (Fiber Array) and the analysis of the optical
coupling efficiency were completed. The analysis of the optical coupling efficiency
of the 45° multimode fiber array was completed, and the fabrication of the

electrical interconnect substrate was completed.

Key Words: 400G Optical Module, WDM, Optical coupling, COBO package, TEC
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Tablel.1 Optical module classification and comparison of advantages and disadvantages

400G JEAEHL FH BH ¥
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VAR
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IEEE M 2013 4F 3 A 463 2020 4 4 A &A1 3 F 400Gbps 32 O AR#fE, T
T AR HE A H 56 s F B LV B 2 B B R O R AT 6 Lo #r, Wik 1.2 B

1.2 400G HEHRSBREBEOMEEEATR

Tablel. 2 400G optical module classification and interface physical layer technology

solutions
#0 HOEE EE Tha BOEE Hi
400G-SR16 16*25Gbps 100mMM 16*23GbpsNRZ CDFF/CFPS
400G-FRS .#53 Ghps PAMA 2k SM 8*+33Ghps PAMY QSFP-DD/OSFP
400G-LRS %).%53 Ghps PAMA4 10km SM 8*53Gbps PAM4 QSFP-DD/OSFP
400G-SRE 2+33Gbps PAMA 100m?MM 2*53Gbps PAM4 QSFP-DD/OSFP
400G-SR4 2 42353 Gbps PAMA 100m?MM(2) 2*+33Ghps PAM4 QSFP-DD/OSFR
400G-DR4 4*106Ghps PAM4 3001 SM 8*33Ghps PAMY QSFP-DD/OSFP
400G-FR4 4)*106Gbps PAMA Zlan SM 8*53Gbps PAM4 QSFP-DD/OSFP
400G-LR4 1)*100Gbps PAMA 10km SM £*53Ghps PAM4 QSFP-DD/OSFP
DWDM+39.8Ghd
400G-ZR. >80km DWDM QSFP-DD
DP-16QAM

K 7 S CDFP/CFPS 125 400G SR16 YeMEHU§ ] NRZ HAR, H4k
BEHLER S ] PAMA 555177 i i e BEETE s DV 3= ZEAE 8 N IRAT
TG, BIEIE 53Gbps PAM4 B 4 N IfATHIE, FIEIE 106Gbps PAM4 )77 5,
76 HL U T 8 ANIFATIEIE, FRIEIE 53Gbps PAMA4 1175 A ORIE F] 400G HiE (s
SR ST BT FiRER L2 QSDP-DD 1 OSFP. R A1LA 400G
FRA GO, fEi N A T e EE R (B 1.12) AR
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X 106Gbps PAM4 177 30 5¢ i 400G IR 4 o 7E B TH AR F I 548 E.48 TOSAOL
RIEUIE) - ROSA OBEIRAME) « TEC CESRHIAZE) . MUX (R,
DEMUX (B &%) o FHAs R e # s iR StE XS 4 8IE K 106.250Gbps
f) PAM4 {55 fl1 8 i@ i 53.125Gbps [f] PAM4 {55 56 i A B AL #eBY, 52 i e
HE G TR R ULAS . (1) X RSHIT, el 4 @18 R Ik R Ik
7)) TOSA WH#H) EML CRIRISCRSIEOG SR AOt, TEREGH#, MUX BIME
FHBLRNE 4 AN FHATIBIE R 106.25Gbps FIG(E 5 & 2 —IR SMF B & K&
B9 2km, XA AT BB G b AR IR T4 A, ot TEC
ANFAE L BEL A 170 5T CRFF IO AE TARIRFE AR T 1, AR ORIE YA R 4 (1 1k
BE.  (2) XTI G, DEMUX HIFE 2 R BRI O61E 5 30T 03 R
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Ja F ROSA 58 OG- U, femillid oK far o MEFEPRos 2 MCU (2
AL 8 2C (PRERFUAAT LD SR 5E Rt A IS R 42 1) A s

1.4 ANEXHEEMRASUARERLE

ARICHET 400Gbps Bl AL HbRAE, B TR T AEA 53 57 P 1 7
JetsEH R HEE AT LUK S K EE AR R R 5, SERCT BT DWDM
CEEEM Y E D HRM 400Gbps R PR AGBE T BEREAL IR B IR S
Wk, SER T ET COBO 25 (1) 400Gbps R — B 1) 51t

ARSI B TAE A BARIILE LU LA 7 T

(1) &%+ 400Gbps FeAR B (1) 5 8 L B8, X A (S8 ARG A s
TORRIA. R ERAR I L, BT TR @R E AL, SRR A
S SR R

(2) 3T DWDM HA 1) 400Gbps J6 i SRR, £ BLAS S 5l A2 v i) 2k
H, BTSN EIERE (CDR) HAR, (RIEH(E SRR TR —3. PR
g TEC AR, SRUEBOGE RO IR e T 456 T B 5 3R 45 1 s i
BT, VYA TOSA, TEZOL HERG MR HAERE R T

(3) £XTEET COBO %11 400Gbos WK — A EHEHL, i 58 1 PAM4 i,
XF 45 FESCAFRES (FA) HEAT T BB FARDOGAR G R I AT, A& SE e T
A Cinpi) 4 JEIE HUE R AIE” CESRTD 8 18I LS DG L R %
it

AR SC I 4 ¥ 2k -

%, 4T 400Gbps JEREHLIET T 5 R L, AN FIEA AR
TR I B G50 (0 AN SR, B 5 X AR ST G5 4 kAT 22 4

SEEE, X 400Gbps JARHL TR AN A K B SRR o 2
FAR. TEC BHEEA. PAM4A I 7720, (55 8BS HT T A,

B, FENGTHET DWDM HRE 400Gbps Ot K S BRI
W, BAFESEREN A S SEE R R EE R #ES0E. W
SH AL RRE DL B R 2 RS 44T
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HP0E, FERIET COBO FAN 400Gbps Wk — Ay EHL 51, Hrp
BFETTRIHIE . SRR, B EE R @SR, SRR E S
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BHTE, RAGHESE, AR YR O TAERR S, A
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2 E 400G EiENERIE RIS EA

RN EERGTREBEN ARSI —, BIFRYH
(Transmitter) . #ZY#E (Receiver) . JGUURIEIR (Transceiver) . Y% A
Bt (Transponder) PUFf, {HIGHIHRIEEFRF R IGBCRBE . SO Bt &
T RATEE. ThEEHEG. BRI JeBEr. BAURERSE, iR STt/ e
TR, ST ORIEHE SRR R, TR B EhEdE RS (CDRD
BHREMERAR, T RIENES MEm R, FEMT TEC RIBHEAR.
SR, AT IRFEIENE RIS ), A E PAM4

B 2.1 JerEBREIThEE

Figure2.1 Functions of optical modules

2.1 SERRBREVEEIDIZIT
2.1.1 SEARHEEIZIT

TR RS 25 S IR R k5 5 (BB S) Tl IR E R i
# (Driver) MEBPGEH, STHREDGHH, RENETHEIDLL BT (E
AR . GRS A5 E AR RN @ E T KA ] R
JeIR . P GEEECE ThESRAEED I L R RS, eRHUR S
(R4 A HE I 4n T B s -
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Bk
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BfEO B8
l l
WA > IR > R *ES

T i

APC £

2.2 MRHSEMEIHREE

Figure2.2 Optical emission structure design schematic

SEUR RN IX B FL o o R S S A P AR L AR, T OGS R R R S 25
LG E, ot R R A AT LAy I BT AT (VCSEL) BO% a8 fl o A A
ik % (DBR) . Atk (DFB) . 4 B-#% (FP) 25 R EHEOL
ar, AN AEA SR BT B AEOEE: DFB. VCSEL B R,

1. DFB W0t a4 )5 28

DFB BOGZEGIBE AT O T2 S, & AR I 32 248 Rl e 4
GaAs. ZnS. GaSb. InP 5. HAMEUWIE 2.3 fros, B ES MBS Ea
JZ L2015 BIEHIER o — A h b YA, Y £F A5 b M B 38 P B R
M A S AR e, HOROGTHZE M E U4, DFB BOt# AR HAAE T
BYBRAEL: . ROGTIFR, KA . & WEMHI LR . wE
KR B A

i}

BiRE

# I

Kl 2.3 DFB ¥ tBREHRER
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Figure2.3 DFB laser structure schematic

T Eotas, S RREE, ARAERKE TR TERES, RE
EAREENIE T XL TR S B RAOCM BN, AR E E
ARG YR X 25 26 AR, A AT DAEAT SIS IR AR, feJm 52 ot
IDECI

FESZBR F v, 38 H K DFB OGAS I A% 58 G0 A L BE S 2B il — MR,
TR ERLE A [F A (TO) BRI E R, K 2.4 s, HATEZHER
R, SMEA 14 ANEH, 8IS R A .

&l 2.4 DFB#OLHRHRITYE: A () AREEsE Ch)

Figure2.4 DFB laser package physical picture: coaxial package (left) and butterfly

package (right)

BB AR HOE R AW, BOGE TAFRERWAAET &, SRS
AW EZHOH O TAEPERERI R 4 A REZE . 1 T EIT DFB #OGA3
MESERCREEA (8 2.5) , WHMERPLHDR 7 a8 .

RASL A HEX

o—""MN— [ 1 —o

@ ®

B 2.5 DFB Bta%/Ms S Z3 Bk
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Figure2. 5 DFB Laser Small Signal Equivalent Circuit

]

M EFETT LA, AR DFB OGS H/IME S5 R0R 0 8 T

JRIX . AR AN A 22

1) AWK, FERBRABEAR 7B TN, B AN R
G T FERCH PR R B2 R IR G RN - GO a8 DG Th R BN (A —5E
WA MR SE o it A AR I A FRLRRTA PR X AR 0 1 ) R B B

WOGE BYH HOC T AL T8 R IR R &
2) FEHMRAL B R e B AN B AR LA, i L B R LR,

BIEHR KA AL pF.
3) XA, TR, Bota LA B A il E (COoC,

chip on carrier) , WIE 2.6 fix, HarAdEH, BHEMBES, XESHME2
PR, BAR. KEDUKBES 70 K.

s

i

B 2.6 COCREHE

Figure2. 6 COC schematic

2. VCSEL J& #
VCSEL OGS K6 SR IEE . Al KSHEOLSMH L, VCSEL

JCEA LU RS RRUN: REUR/AN, ROCICREDYE, GeiR/MEEHERE, @
AR, BERREN, Pl f R, Bk, > 7 RERENS); W E R
e ESERNE,  FRAR T REAS s AT DAAE R G T i £E RSP T AR =5 o

LAE R 2 # VCSEL Firfdi ] i 2 JIEA B2 GaAs. VCSEL MR HIRZ,
RO BREIE IR, 7L A E A IR EE R AN BT FIE AR AL MR
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He 5 mIIASE], AT Ay T A S R A S o d IR AR G5 A AR, |] BA Gy
TN (& 2.7) MILmEg (& 2.8)

-H._'__,,P—Contact
P.

* DBR
Oxide layer

Activeregion

——— > N-DBR

"_‘_,,.; N-Contact

Undoped substrate

2.7 RMEAEMK VCSEL £

Figure2. 7 VCSEL structure of different surface electrode

P-Contact P-DBR

t / Oxide layer
ﬁ :Active region

N-Contact\ N-DBR

Undoped substrate
2.8 JLMEHEK VCSEL 41

Figure2.8 VCSEL structure of coplanar electrodes

VCSEL — @it A fi ks s 85 (DBR) F1—ANHIHIX L. DBR X
St 458 A2 B I AT S AR ZEAR R B AN — R ) 2 AR R LSS B A K i 77 X
TR, Forb R — ERRHROG 2 B R 20 RO B Y 43 2 — 10, A5 X A
JRAMEEE X, ROGR RGBT, ST ARG, R ATLT A D
A SR AR — R TP R SR . O T RO RO AR SR s LY
IR, JEE T BT VR XA P % DBR A1 N % DBR 2 ], 40l & 7B
A5 AT DA SE S 2O, 4O B 55 A5, (8 AT DASE ORI

VCSEL st AL EAT B R OGRS, Al 58 -5 W06 A8 0 P 3 57 DA
LA AT A G o PR . = A R DX 0 B —7E A VR X L R
T ETERE, DO TR RN . SN L@ R AE Laser FAMES
Driver B4 &, A0 v ar AR A AE PR, S 3RAT 43 T sk VCSEL
(R R {38 2 R
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VCSEL ZAE 5 A isst, A simt L Ak Hide K, 1 HOGEAE DBR H1[H]
AT IRAE RS, BORBERIE LLRTGE R, WU 2148
R R, exp{2(g-a )L}=1 (2.1
Hr, R R N ETHER. JEHE DBR RATBHITHTH, ¢ & MR EREL o
TN IFE 2%, L & VCSEL Mshrfis k. Atz A= h:

1 1
=a +—In (2.2)
BT (m}

T VCSEL 3 BRI IE K, Bl A s 2.2 Joik Bt 5 L B E I 2t
EF DBR B B AT DA e — A SR ek K3 r— oG R I, R L 4%
Bl K

Ly=L+L+L, (2.3)

Lot N, L oNEOLRELhrEK, L Lo NTHES. JE#E DBR 4K
B, [t VCSEL B25 ARA:

gth:a{l—i]+ac L + 1 ln[ 1 ] (2.4)
Ly Ly Ly \/ RR,

Hrb, a, 8 DBR (PR R T, o, TN IRFER KL

N HEHBFATS R E AT T SECT L, WiER 2.1 Bk

# 2.1 VCSEL #1 DFB 2# %ttt

Table2.1 Comparison of VCSEL and DFB parameters

VCSEL DFB/EML
ML GaAs InP, InP on SiC

AR TR FTEGBE XFF WDM, 7 A1l 5

ALK 850nm 1310nm/1550nm

piitd it ZROLL LN Sintas

W 77 20 NRZ/PAM4 NRZ/PAM4/QPSK

20




22 # 400G gL EGE TR S A

fE R B <300m 500m-J1 1 km
METUR 10-15um 3um-5um

2., VCSEL Bot# M EZ BT 2 MRS, JeRH 90%: MRk nl LAZE
Fro XFETF R ALK IR 15 BT i e a e IR BT A4S R 77 17 K
A, BRI E AT DATEAS BT AE 1P T AT AR, XA T AR i s T %
(K15 BEANEA LED W] DAL —Fh T2, IXRERA Tk AN 06 25 46 3% 5 %2 (9 1] A1 9%
FELZ . BE, VCSEL BOBHAEN T —HObEE B ottt e —, ik
JUHEAE T 3D AR IS 21 7 BRI R
2.1.2  JeERiEEit

IR (R B US4t 2 A7 DO R BT 0 B S B AT 0K . DRI A it
TUGERRE I N s, FEEEALRER 5 A S R ES (PD) \ B PHLECRAS (TIAD
A SRR 2 % (CDR) 4%

| B RSE ‘

l l

HAEG | e R B RELOR 5 S
(PD) (TIAD

e ()
L It B SR P

% (CDR)

B 2.9 StElEHRHIRERE

Figure2.9 Optical receiver structure design schematic

FEOCREER R, DG PRI G (U E T2 e Ot LS S, il
AR A% DAL, ERRAM DN, RORR S e s i . H A A
M E R AN BRI 2 (PIND .

PIN Yt LRI 2% 2 LA R [ PN 45 138 ) 0l F RN 25 D it i F 2 8E 11 11,
PRI 85 P i N7 PSR 5 FE R DX I 98 AT — S R AR, 3T AR R AR X AR 5%
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TAF 2 R A B BRI i AR 2% R A A AR D' U 37 557 R N
PIN g2 7 PN SR 4% (Al B 2548 R DX 1 ede,  BIFE P XONT N X AR [E)
T —EAREE SR, RGO X I K, 5 TG AR
FHLEAE, WONEESR . 3 HCB RN AS AR . PIN JE LRI S8 92 4 T
JCARZON T AR, AR PN S5 B0 RUTI,  firiy B 13RI 2 0 2 e
R AR R T, XA A s O T, AR AR R
iy, AR T AT B ST 1R R U T S A Z R
REE Y. fE PN 45 BN i iy, FEMA 7 PN G2 RIMAMLE E, e
EE R RGO Al ) P XM N XGE [R5l XFERU™ 4 1TOLE R, BN
HEARERR RN g k. MM SE. R DY PIN St AR RN 4% (0 T
PRI .

Shd L)
N Al 37 BT
n(Ehe] A {\
Wf;] Esa. . ; e
- SN ~ N | gwE,
FRX R~
Hr R from
co o R « > DT
| l ] FERIK

& 2.10 PIN K TEEH

Figure2. 10 The working principle of PIN

2.1.3  KIESEMART-LAMB A EMARL T

TCEAR ARG S IBA, Rl =S80 2R LSk A 4R ) [ A
TERIBE TR 22550, M BISMRIGR LS. BE. BEE, WTEPIR. 45
AR T ZAEA R B ROE THMES, REETFEIRR SRS, 7
THeer i ik pe .
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B2.11 XFEHE

Figure2. 11 Fiber optic structure diagram

fEIeEr R, AT AR T AR A U, N TSR A S, AT
TRAER R ML Z B T 2 — B ZE 5 JGET DA AT R py A St AT
JGHIAERE, B4R BEDEA T R VR MR, 2RO R A
FERIEL . SO NI O L AR AR, TR e R] LIRS B 2 e 5
PIRIEETAEL, LT A AR, T A\ (' 28 I A [F AR AT A 4%
EREALAE AN R I A R C T R A A% 38 i F RN TRDASTR], - AT 7 2B A5 ]
Tl BIME S 2RI SR 58 10 A 21 A AN 2 H B[] G B 1 Ol o X2
P52 Bt Mt, BEDCER BN s R R I =, Bk
ZROCL R AL E P . ROV BB M2 B R -

125um

fié \
| Lo
.‘_\\ /- 8~10pm

B 2.12 ke

Figure2. 12 Single-mode fiber

B 2.13 BN

Figure2. 13 Multimode Fiber
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e A G BRI L E 3%, R E B . AL
A B B TR R R B BRI & B 2 . W& R A WX B HL s S (L i B
A — € KRR, MGG KR Uik i B G, XA LU DIFE
MESMNMEEE, HEVHRRMIEEMARAET, ERIBERER
DA E 4L 20 e 3 . VCSEL. PD i Fr /2 B3 7 PCB L/, VCSEL
67715 PCB #EH., PD #2677 W3 H T PCB A REGHUE, 1G4
A PCB J&~ AT, DA 75 i i D BK 7 [h) B3 LR 7 [R) E0AE 90 2 58 Jlo't Y A
ML Z B HE, A LN =R & Sk AT L5E BOGIRADG AT 2 TR ) B He T
90° JGLF LRI E T 45° RSO EMEET 90° RSB I

RS L . =FARE AT EE AT i R R FR -
R2.2 =MBRESEHKIXTLL
Table2.2 Comparison of the three coupling structures
HEEM R HE T EE HE | #E¥E @B | BEFE (ym)
2 (&S +10 (i)
ET 45°RHHE T 90° Lt 90°% # KRR
-1 (H#ESD £15 (HiBH)
2 (Ri%
HT 90°BHOLEF TE 90° 4 90°& 4 LS £20
0.5 (2O
EHT 90°BHr £ +10 CFHD
0o 7 90°E Hr JE K2 -0.75
PR 60 Cllir)
* 22 NHHE, JCHIE. Sl MERCEMME A% 5 AT R IX =F

WA AT TRELE, I 45° RO 5T 90° RAVEIBAREL, HARG
ZERIBUR, AR EEXERE N, 53T 90° BIOLLMLL, HXDLAre
JERNEF IS 22 18] A3 3 2R 22 AN 3 AR R U . 5 8 SR AN AR 1 5L AT
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£ 400Gbps WA — AR ER IR & 4 K it o, JRATTIE SR 1 45° Jeel[5:5)
(FA) [RHEG S50 58 O HE SN -
I 45° SO 077 S FEOEEE G SO BORSEHLR, Wk B

Bl2.14 HT45° REFE/ETN

Figure2. 14 Based on 45 ° reflector coupling method

HEMAR & 77 Nl T/ E A B S B B HAEAHT, FTUR SRS s,
FLER SR B AT B T B AR Ff B IR 22 IXAE A RESRAS R U RR 5 R0CR
PRI S AR A K 3 7 S A K

1M 45° JeePml R AT ZES . RN BT, BERROCLT im i R 45° 56
FOGEE S iR E TR

PCB

E2.15 45° g rEE

Figure2.15 45 ° fiber optic schematic

45° FA 5 28— IR, AV R E AL, 5 ERR AT IROG LT H 2T 8,

JBGEE Vv R, 4R B s
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B 2.16 45° FA &#

Figure2. 16 45 ° FA structure

BUE RO RN, TS, ARG IR K E E R G4
RREFES, BJamaati, 45° SLFFEFIRLHIESERR 1, &Ja¥ 45° FA I/t PCB
W b, XT#E VCSEL/PD, SERGEENT 90 ¥, wEEW R

ASFETRIR AT JER

=l

T PCBiil

B 2.17 45° FAREESZEHE

Figure2.17 45 ° FA coupling structure diagram

22 400G JEARIRAEBFFIEIIR
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1. B EEFE R ERITTT
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BLRH], XFERUE RN AR R FEENI AR RAIrE R =55
SERENER A S R PUAEAR

() S IR 2

FEE SRR, &R R R A BRI A ESE .
RS TIE A AT R, 55 2B HBESHEPTRET . dRE R
ML EEITEAE, A SRR e kAR, Hh— o ESmak
AW A s S AR AR T TR BT TR AT A, HLAR IS S U5 AR T M AT A%
. S RBOREER AR/, HFORRESAT, BRI St S/
NIRRT, T SO U 5 R AN TN S AR UE 5 2 TR AN UG Y L s
S, B PAERATT AT DUE IS PEPTRRAE S R B R/, ] DLHE S NS &
(T BRA, AWE:

... (2.5

27
T=1-T=_-22
Z1 Z2 e (2.6)

+

Horb, Z, ROHET,  Z AR A RV L BT

I (A 2 LB AR P DAL 9 =B 70 IR IE R . i ARkl (5 5 4%
Wi o 455 B SR B AR S« BELE S SRR B =il AR A Jir DR 5 vh
BHITANVL L 2 o FESL PRI RIS 5 IR R s, 1208 S AELL L =
SEUE TR, BRFEEIEER. L. SMA HERER. BEdM. ghe ks, NI
SRR IR e HL BB TE A, BRATT I B R ANE SR A AR 2 AL, PRAEH PR AL
u A 10%, XFE SRS IEEA Al 5%, XAFBRATHUAT LLRE SR Xt
T AT 5 R B B B I
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e e S T A A B EAT (R R N, T LR e AR s, BRI x)
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2HL TR A MO BRI Z, b feimsk ERE S 2T Em.
PRl sk i SRR A 40 LE AR A A 5 L AR b, R RO MR S A, R A MR R
HIEEESSM, WESER NP, A e RN, 55T e

P R i A

N AP ERR? R T RGBS E, BRI n] UADR TR
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— (‘111 m
Cii w
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Bl 2.18 BEERLESEM B RRE

Figure2. 18 Equivalent circuit model for coupled transmission lines
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1. EREIRNAT, FHESFFAER, mHAFHEARTEELLEN. il I
SKGOL MM ER A — e SRR, AT AR RS, SR A
JRASAE, BT AR A BTN DL AC 3 B0 SO0, T R 0 2 B A S 1048,
LA Hh T FL R 51 A PO N A

BHAESRER i TR s 3 A IR 2O, 2 i e R TRk i
B A2k BUBLPERRE I P 2R E 2R R B TE 512, BUASH IR, K
BB 515 5 BR AR FI BEAE AH EE AT LIS AN T o (5 5 BR AR B £ 2R B T Bt
FEAIAZ G L N RS BT R AR ke . BEAh, TR AR, SRR
(RPRELRE P 2™ A — s e . AR B I AR A kI, BEE SR K sy,
T BT EINENZE, B R & o A AEAR A A AR I T O AR T S AR
NP

5:#1— @D
uoc

Hrp, wWRHS%, o RMEE. FASMIIMAM MK EREZRIERR,
URTE RS I L T, SR 128 It i BEL LA R AT 1) P T AR 2 IELE R &R

A R ARFE B A A S AR T = A2 1 o 4 IR IE I A RN, 277 Hig
1Tt SO £ 7 1w 3 1/ e S PR 1 QTR 1 R X /i
HEHARR R . EACIIENL N, BT AT R AR, B B R 2
AW SR “HUE”, RFSREAERE R, RIS T

TE Rl = ARE 5 AR I I R, AT = B B R AR A SRR
FIBRE, BN SRR RS 5 R A, IR RO, (A5 R ]
A3 24 934 X PP AR FE o
2. NRZ I PAM4 iff il i) JE 7

M HERCEAE 5 R S A D7 202 NRZ ], SUEE - R ANME S
HLT 58 BB A5 B AR, BN S mT LG 1bit 115 R, AN B Ry AT
PASESK 2bit (4ihS, Kk NRZ t8 A PAM2, (B AL B A R 32 3 1 #3F
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L IRIR ] o O 1 S ARAS TE i 58 (1 PR A O F 52 T I AR S B R =R, B 7T 17 ik
PR 52 R A A SR A s O R R AU TR, PAMA RN 2R,
JA T 2T 400G e HE A K 320 ) 5 3

(B4 AR
1o "7?“7
0 i i 2T ar 4T o
o' el | 2 " / AN

10 00 01 j._ g

B 2.19 NRZ 5 PAM4 M Kt B AR B
Figure2.19 Waveforms of NRZ and PAM4 and corresponding eye diagram

W 2.19 Fron, PAM4 fF 58 EA 11, 102 00 01 PY/ME 5 HPR5E
AR S AR, RS AT LA 2bit (015 5, ARSI B R TET DLSE AR 4bit (1)
Bifih. 5 NRZAQLG, BT FRES 5 0E SR T —A%, Kk PAM4 R
IEF] NRZAF 5 —2F, AT BASE ile—RE 2 B (AR 4, 3% KORBEAR T A& % e %
(5, 10 LS SRS EE R P IASE 4 (ISD 22 KIgwV/N . (H2 PAMA4 15
SHREE S NRZ 55 2%, HEW PAMA (55 HEH KIIR, B/ KL
A BAFEMCRIGZ . Oy PARRMRRID S, TG B EOR . AT 2 54
AR (FEC) . Bk A AL
222 400G HARRAVSEFHFIER
1. P EMEAR (WDM)

sy HB AR (Wavelength Division Multiplexing, WDM)gh & — s 4>
PLEBKEDGE S EE R —RMEAR, KSR taasdy RIEAR. X
S s e AU A (MUX) A K RO & i — RO 2F AT f 0, AR Rl
HI M AR oy B ok . niE] 2.20 fs:
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I

2.20 WDM &%y

Figure2.20 WDM transmission

WDM RIEW K S H BB HIAF BT A A Fsidi 2/ (CWDM) | %
LB H (DWDM) « 252/ (MWDM) « 4k 85/ (LWDMD .
PATRF EL b 7 DU AR B B FHE AR, Wik 2.3 Fios:

£ 2.3 9 wDM HARBIXTEL

Table2.3 Comparison of the four WDM technologies

CWDM DWDM MWDM LWDM
15iE/EE 20nm 1.6/0.8/0.4nm Tnm 4nm
1267.5, 1274.5,
126923, 1273.54,
1287.5, 1294.5,
1277.89, 1282.26.
1307.5, 1314.5,
1270-1610nm 1525~1565nm ¢ C 3BES ) 1286.66, 12911,
R = 1327.5. 1334.5,
OE/S/C/L BES 1570-1610nm (L 3EG 120556, 1300.05,
1347.5, 1354.5,
1304.58, 1309.14,
1367.5, 1374.5nm
131373, 131735mm
1BiER 18 1#iE 40, 30, ERait 1601HiE 12 3% 1258
Rl Rt fifetes
BT, KEERET
HWiEEAE. BIE. | 4R, siEXEENEER
[ RERIHE PERERE
bR, FERE | E0Ta IS 5G. i,
FTH. FHERLE
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XH WDM R T HEK, WL BAE R, I—IOCLRF %,
HEANELE, WAEUE S HAVERL: @RI REE. SF AR S,
2. TECE#EHA

X T2 SO GE , N B AR R s R D SR A B R
DR B E N R A R TG R, AN A — 0 i Re e o ae, &
FRILAMEI IR BT S o IR S LU JUMIRGL: (1) T2 3k
BUE KA i e, R B T s O PN 25 B, B0 SR R
HEEHIRABI SR . (2 BEARSIEOCRR I ETFRERE —Ewm, F
BT A ThE . (3D WRIR AT &, il el SO G A nT R
R DRI, o HgEAT R R AR S —3h . H AT £ 2 A Sk
P HA RS (TEC) SERUTE IR .

TEC J& T ASHIA AR, 2HT AR /R bG8 TAER . TEC AV
2% PN G5 R, R T A N ARl —P BUARL, HET IR EhikAEL
PN, BE RN PR e B DL RE IR AR S I DU, 5 m R I 4 R
Fha, MBS R, 4RIRE TR, SmAMTHERA. Ed
HLJAL IR 77 17) P BABCAE TEC 178 #ATHT, ei38 B L IAL PR R /N BT A SCAR i ¥4 Ty 2 T
B ES

P_ BN
A A )

& 2.21 TEC TAEERHEE

Figure2.21 TEC working principle diagram

Botss Tl TEC A LA RIFL: (D fffEosseim kK rfasE: DFB
T B K — L P ERS 2K 0.1nm/°C, ERGH TAEIE G 0 B 70°C R, H
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PRAMFL AT LUA ] 7om, S4HT T DWDM. LAN-WDM., MWDM X 45 i&
() /IR 2 S R G U TR B, s e AS [ 3 B) ) R 4, PR A TEC
PRFR OB KRR REE,;  (2) MRS RIFHPERE: LIRS SO
#& (EML) & 41, Fodb DFB B ER R EGZ 0.lnm/°'C, 5 B ISC i1
(EA) 0.5nm/'CAICES, @R AE TEC #HIMEE, & A TIER AT K $ 8%
MR EE TR, EML GO R Ff G Dh MR H R #R < TR, Kl EMIL B
i % TEC {2k JadsfFd i TEC /N (TO F1#) TEC AN 3mm™2) |
e R AT SRR

23 KB
RENOCRIBIGRIHR, 53 RO R G5 eI . ettt
AR HEAT T, RS S5k B0 25 AU DFB Al VCSEL )5
Lt g RIS PD R ENDCAL RS 01K 45 B2 FA #E4T 7 BRI 5T
GriTe BB X 400G SR HL BT IR o BT K A AR ROR SRR AR T 58
. PAM4 %], WDM HAR M TEC i H AR BT T — MRS 04r .
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F 33 ET LWDM # 400G &S ER AT ST

FEARTHRIANTE A T 400G JeRPBABET HIE il RE,
AL R BT IR EEE IR R BOR . Ay R EOR (LWDMD
TEC iRiZ 5K MG T30 N T IREBEEAN R Es e TIE, ATLATe
937 RS IX L SRBERARNS TR RE I S2 MR, il oL R BEAEAE MR 1), DASE
SRORUE AR v P e AT

3.1 MRS REIERFMGER
3.1.1 HERFRAEIE

TOREHRAL A FEARTH I 7 0 = — R BRI AR 5 AR e R
R AR RN, =R SCRE S R AR 3R
fi1/24E 100G LR4 (IEEE 802.3ba) [#2EAili b idid #& hn 47 18 18 45010 77 20k 78 ik
400Gbps 15 5 (464, XAEmE AT DL B S A B HT1 25G NRZ HR . FEAIR
BB R R, AT IAE U AR — MR A T 16 AMERNETE AT, 8
ANMEIE RIS SRR RN 25Gbps, 155 S 7708 NRZ, J6(5 55—
fHH T 4 /> TOSA, A TOSA FERL T 4 BEOGHKE S 5 BDUE 5 1
e, )BT MUX K 4 BOGE SREE RO . CDR M TOSA Bl 5 1%
it T MCU SKSEPL. R TH Y AR IR BT B TSR A 40 15 HE ) e s S AL ]
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MCL&PC

TOSA
(FBT4820AG)

14256bps NRZ_

s 1425Gbps NRZ.
32 %
DY 16+25Ghps NRZ 22 (BEA0A-M-
frrsi 925722~
16-0152)

A£256bps NRZ

4425Ghps NRZ

3.1 SRS REE

Figure3.1 Optical emission module design schematic

ﬂéﬁ?*%& TO¢SA
| .
301) mEE Stiffener sid k! 3.6
BO1 ZEQJX— iffener side (—Lr
EZ \
oo vV W N I { ]
f :i Reinforcing Epox: i
PCBHR 1 3
L 15.85 $
¥
~
sl

Bl 3.2 JeR GRS SR

Figure3. 2 Side view of optical transmitter module package
3.1.2 fRIRAEREFHRE

R AR B R AL FE TOSA (FBT4820AG) . CDR (M37049) Fli
Bzé% (BE40A-M-92SJ-2-2-16-0152) , FIHBATVEL]— X a8 R IRREE

1. YRS E-TOSA

AT T SR A 7] (CIG, Cambridge Industries Group ) —Ff TOSA,
HR5 N FBT4820AG, 'E 2tk I Kahds. HEIZMHIBEOLA (DML) 70 Af
KA (Distributed Amplifier) SR # (Monitor PDs) -S4k

% (TEC) . M FH (Thermistor) F4H¥: 4 EH (LWDM MUX) T —1&[¥
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— OGRS, Hor DWDM HAR R] BLERUE BRAR DG ZF 58 & 100Gbps 15
S0 . Hoh IR s A% 2 B IK 3 H ( MAOM-002304 ) 2 il 5 A
(MAMF-011039) Hift), &8 B4 12C F1 SPL M eR AT @ EE H, R3]
5P 2 — e FEE A RSP WU 3 11 F SR 3R BRSO G2 1, U E S A%
e ZE SN i i . 9 T IR IR E 2% TOSA 3 DML
WOGSR IS HU™ L —E Fem,  TISZ I OGRS, Bk, TOSA ERT
TEC 53 BE, Rt I AT 2 WO 25 1R B2 CRUE IR H LAE, DA ORI
JEESIE R TAE. ot TOSA W 4 B0 38 2 H 1R ik K i SR AR 49 1) Ay «
1295.56nm. 1300.05nm. 1304.58nm. 1309.14nm, Ot 28 & £ TAEIRE 2 50°C.
N9 TOSA R TAF I HL e 14«

A [
|

& 3.3 TOSA PN &

Figure3.3 TOSA internal circuit diagram

2. WEh R E % (CDR)

UEAER, FFAT ISR N I SHOR D, Serdes TEOARMKERAREA . KM
SRR AR EMI B JE /5 26 4% i 391 1] [ 25 i B A 5080 Fr) 0 385 A2 A X
T ABEHR, CDR IR HIIERZ Serdes HEATT LUIH A fee ) o< B P 31
Z . CDR M ZhRERE 78 O A RRAE IF R HUE B R AR, JFEts A
PN RS 05 SR REAT BT s I, AT 1A 52 K ) [R5 mT LA B Bl A O B30
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BRItz Ak, JETIHs CDR YR B HE 5 2 e LRI BlORFEALE, AT B KR JEE
AL AL FL s L P RE

FEARVOC RIS IBETEH, FATIEH T MACOM 2w {135 05 M37049
) CDR 5, e 1 U ML fiE e, 50 IE % g 220 25.78Gbps Bi#
28.05Gbps, 1zt AT HIG NS, BEANEEAE G N A LI ETERE
f) CDR A1UEAA A 4 f oy tH RS0 A0 25 I i e tH 3K B0 48 . CDR 2 ES %R, W]
LA B R SCRF 8 B e B AR AR HE R o o 12000 a2 B CSP I3, &Y
BJE RN Ammxd, Smm, o ZAFRIER RS DON 1.8V, St AT eI
The. Wi 12C AT B LR TERIER]. T ¥i% CDR BT AF H K K]

Registers

E 3.4 CDR HKHE

Figure3.4 CDR circuit diagram

MBI LK CDR [ Datasheet H1A] %1, CDR AR IE 5 TAF B S0 BARAE 1.8V
B R, 285 20 TXDIS 51 MHiM%, 524 CDR NS HH .

3. O RS

AL T Samtec (HHZR) —Fha] BASCHF 25Gbps {5 S5 16 i &

HE 8%, HOK/NA 66mm X 12mm, il & 400Gbps HdE L5, HAIS A

BE40A-M-928J-2-2-16-0152, ‘EHIHF s AR A (5 5 Mo s, Sl fH T
9509, PCA A e R AR R AE o A, BESIH 16 NMEIE, %k
AR BE AT LA B S0GHzZ, THI A 1% 7% 12 28 HI A WL -
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B 3.5 HERSIUE

Figure3.5 Electrical connector appearance diagram

32 JRIBEKRMRERIET
321 [RIEBEEIT

A R AR AN A R HoE X, T T RS R KT, B
— AN ZIEIE E S HIEESE . 41 TOSA 14 4~ CDR, W1~ KR,

——

A 3.6 JREEWIT

Figure3. 6 Schematic design

322 hREN&IT
1. 55382 Em iyttt
B R M BTHR REE, A E BT ISR s2 I PCB AR 3 Y 7 78 1) i i F2
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o T3 21 1) (1) e A AR P AT i S S A i R R I RS 2 0 R
FEAEERE R A I J5 = AR 4 R . O T ERAE R R A S &, IR
BB T ABEEZ. B BHRE —BEASBEREmAZ, B ZMEL
JERITASHEHZ RN T G and 5 SR A e B IR B A1, B =R E N
HRT I, = DU 2 [P B SR AT R/, SR FE AT DAREAR R 2% gk, 3 o/
BHPL, SRR R HIAERE—ZRE 2. &5 EMEL
JZ 2 A A B AR A R RCh 3.6, BRFE S IE UIOA 0.004 (1 1 AR A4
M7 3313, BAEKIH 2 25Gbps 158 5 4L H, HoAl)= 2 [ B/ B fd FH — K1) FR4
ORI AT . BB sE G, HRUE N 0.986mm. #4328 IBHFTE LA 100 RK
0, PRI FHATEEUTEC N S0 RO, HAk 1) & 2 3t an F BIFTR:

144} JELIE (um)
DK 3.8 _ 20
S1 Cu 35
M7_3313 Dk3. 6 Df0. 004 100
Gl Cu 18
- 100
Powerl 18
400
Power?2 18
100
G2 Cu 18
M7_3313 Dk3. 6 Df0. 004 100
SignaZ Cu 35
DK 3.8 20

B 3.7 BERITEWH

Figure3. 7 Laminated design structure

T A S, EEAFMR TR AR R B E S 1
AR EE R, AT — R R E 5 AR A M . R BRI, HRiRAg
RESR RN RE, ALK EHEAH CPW £, 765 HIERA A SMA E#
BRI 72 o R PR R ATAS S AR, TE P IR — 58 BER L — 8 7 VE
R H AT UCAS . R FRATMEH Polar S19000 4 it 474 M £k BT A ULEE, AR )5 A
HFSS i TR HE TS, S /513 211K GSSG M2 /R4 4 % 8 112um, £k
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[JEE 2 100um, {5 5 25 3122 1P 1 1 (8] BB 109um; 53 A% 4 2 26 36 h
160um, &5 34122 T M [H BE Y 109um.
2. Wit

£ PCB R _FHLE ) (CDR) % H Flipchip f)75 30, s MBS A1 G4
fF (TOSA) KM PCB HiE%, Jt4lfii) DC 5| EEd /£ PCB
MR AR AR 1) 7 NS R M AR (FPC) 58 i HI%E » Y2 AR S i 76 PCB
B RXRRAG, SCHAFELARGL, HT G ER K AR, oG
A S PCB AR EE B3k, R TOSA Ffefr B ML Xt PCB AREAT 112
FEALTR . JERERAR . SR DG A ARl AE T A A R BT A 3
(K] CPW {5 S A 4 S i iy 2ok b AT HOE, mid (5 5 4Bk, JRRTRe
RIS S 5 R AR, R IAIU I 1 0. 1uF ) e 43 HE 25 K BELRR
B E, RS LR E S o I E ] ) SMA EHEt b, A AT AR
FEH 5| Y 5 BEE . e R R TR, R AL B A RS HOR
S e 5 2, AR S R EL R 1 AN ST PR T RARR AT R AR
FCrpots B 5| BAH RS (0 TR PR A B E U LU R, HURT- THT HEGES (i e 5
Iy, YR R LI AL T TR TE B, IR AT DA A% i i A ) s e A
BESR ORAE B AR IE S A, a5 Mt iR 2 fLIER. Moy
B AELRSE
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K 3.8 WRE#IT
Figure3.8 Layout design

R EEFEERNTE

33
EARHE S BB AR &2 USRI st A&

BRI . KT B2 LA DTN Bl CfE 3.2.2 VR4, T i

BATE BN PAEEER AL .
(1) TOSA JEFACTIG = A an ™ B R R

Tenss Pawenpr

42



3% FT LWDM [ 400G 6 & SHREH I it 55 SE

THTRUTER s e |

B 3.9 iRRRRER

Figure3.9 Simulation model and results

S i 7 AR, AR TOSA #8245 T T I 2% M P2 8 — KN
0.8mm, %550y 0.75mm HIFETERT, FHATREEIT 100 BRUG, [FIAE SO FIG £ 22
LA -

(2) TOSA 5 CDR Z [a] K& s 25 1) 075 B A AR A an B BT

B 3.10 i EBERKEER

Figure3. 10 Simulation model and results

W E Ak, IR A T = ES L RN 5 = 2 B2
H—NKHN 1.36mm, A 1L.7mm K5, SIUEBEEFRHZE-IDKAN
1.36mm, %A 1.6mm N, FHPTS 100 RREAEZ TG L, AT RIHER
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44

BORBRF o
(3) CDR 5iEREAR 2 8] 1) A F AR A IR B s -

B3 11 {iEEIERER

Figure3. 11 Simulation model and results

I E AR, A RIS B =Rz — KA
1.36mm, F&4 1.76mm HIAETE, 28DYEHBIE-F 2 — MO8 1.36mm, 5
N 1.6mm-1.76mm B, BAHUAIELT 100 RKa, SR R4 3R 5
(4) FEEFRERAC M B R AR W R B s
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B 312 fHEEREER

Figure3.12 Simulation model and results

WA E KA, BATR IR T I RS H Mz — A0
0.3mm IR, BAPTEIELT 50 WRUE, J 5 Faddi 2 1 et -

CDR 5 A FFLm A RLMOKE 3 CDR ) — /N o0 A% i 22 0 4 5 ki oy
130um, JXFEZ M LRBRPTRIEIT 100 WA, S5 BUR B -

B JE BT IR B3 23 Bt BUAS B 1 45 B AN S A5 AT IR Z S5, e
3] CDR Fll CDR B 425 2 8] AL 2 A 1 07 B2, 07 LR R 25 i~ [
IR

(1) 4 (TOSA) | CDR (i &

B 3.13 fHEEREER

Figure3. 13 Simulation model and results
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MO EERE, J62HAT2] CDR 2 (8 2k BR B 4705 100 BRAAHZETE L, 1Al
BARKE S11 7E 0 3 40GHz 2[RI FEAZTE-15dB LLR, $lAHHE S21 7 13GHz B £
4 0. 34dB.

(2) CDR ZEHAS I K

-y .
IASG—————— /—\)
o
2N
- — Temea TR st Pt Fﬁ’
. \\\ et 5 I‘f“"u.\ “.‘;\""\ ;
) \\-,»\ ‘,c" I“".,."‘I '\I
~ —
e | / \
5 f," /K
v

B 3.14 fFiEEREER

Figure3. 14 Simulation model and results

MAFEEIRT A H, CDR EIEHa% 2 [A] (AL 2 i BT A2 A0 Y B 7E 10%
DA, JR45HE S11 7E 0 %) 40GHz WK T-15dB, fdi4ii S21 £ 13GHz I 4528
0. 6dB.

B JE AR BB TE R ARG JE A5 SR, e 28 i) PCB AR A & B «

Bl 3. 15 YR SHEERSTYI s BEAR

Figure3. 15 Optical emission module physical circuit board
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34 RASHERBIRAER
AR AR 3. 16 ATos:
SMTZE Y

PEE—
26044 [ ]

i

T AT

K 3.16 WMAKRER

Figure3. 16 Micro assembly flow chart

e a3 SE R SE I an i 3. 17 Bk

A 3.17 e RS SR sEYIE

Figure3. 17 Physical view of optical emission module

3.5 SERGHMELREVIEREMIN
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Mk
3.5.1 fiigk S SHMIK

FERSHAR _E AT 7T IR sk e ac (RIEMAR) , ik
) S SRR 2 IERAUECR P, v LLEE VNA I ER SMERL S 240,
i A5 Y 250um 8] 2 (1 R R AT R A HUR B 12k 26 5 VNA BES T 56 Bl
ES SO G E MR e R NS

dB(S(1,3))

freq, GHz

& 3.18 KN 1.1cm KIEHS MRS R

Figure3. 18 Test results for a transmission line of 1.1cm in length
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B 3.19 KA 2.1em FIER& RS R

Figure3.19 Test results for a transmission line of 2.1cm in length

MR EE BB AT CLE H, KRN 1.lom AERIZE T 3dB 45 % A 28.5GHz,
KRN 2.1em BIfERIZ R 3dB 45 %8 17GHz, BT LA LR MR iREF, ] LL5E
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Ji%, 25Gbps 15 [F11&%i .

3.5.2  EREMSR

L ESERATIRSE 5 K e 1 AR PGl =40 B s

KER
ESE R
B 3.20 REMR SR
Figure3.20 Eye diagram test protocol
2. MR &5
16%25Gbps Y & S AR Bk 152 2 B 40 R R s :
3.1 WABERBER
Table3.1 Test equipment list
LtRs) HARR = %K BE
it
PR PR AL BSA260C Tektronix (ZE7L) 1
NERYiN=R GPD-4303S GWINSTEK ([&# ) 1
HeigAx AQ6370D YOKOGAWA 1
VAN DSA73304D Tektronix (Z&77) 1
DIV & DSA8200 Tektronix (ZE7L) 1
BERAES USG-LF44 GWINSTEK ([H%) 1
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HAE TR A, $EE TR AT &, W E R

B 3.21 JEIRAT &

Figure3. 21 Optical Module Test Bench

A HR I S H R L, PREThER . JeIRE. Rk,
3. JEid TEC il #8 K T TOSA FIEHAS TAE N
(1) B TOSA VPSR 13 filAR 11 26-pin 51 JI-S5 REHUR T X R
BERE, AiEHIBR MCU 43 310 _E+5V f+3.3V e, IR 24 TOSA
TEERR
(2) HERBEESBESM A E, Rt 2 CDR FHEIEE 1.8V A4,
H—AME 55484 CDR $2 4t 50 85
(3) FEEFH TOSA 6 1 5aik 0%z
(4) milidsE GUI B TEC I R O 2 1 R OB K .
B I VS R B A G B TOSA KOG K & 3.22 Fiiow:

50



%3 &% FT LWDM (1) 400G Yt & SHEEH ¥ i1 5 92l

B 3.22 TOSA REGEKE

Figure3.22 TOSA emitted light wavelength chart

MR U Y, PURR OGS KOG 75 9 1296.02nm. 1300.38nm.
1305.02nm. 1309.72nm, A% | TOSA FIsEFRA TAF M.
4. MR
(1) HIGEPH TOSA Ot M 5 Rika s, RS s 4,
BB S SAEMIE R )y 25.78Gbps, BB A AT 8113 5
(2) RN B B i A 24, A58 GULBBOERIRIRAT
TF, ARG A OOk IR B B A
N NG54 7 I TOSA ) 4 JEiE IR IA:

FEE]

I
25 E3080Ghps

Eyew €3 T,
25.33858ps

EveH €3 I,
6532755

Mask{®n C3)
100GBASE-LR4.

Mask1 0

Mask3 0
Toal 2
#Wims 41636

& 3.23 Lane0@PBRS-7 [ GHR &

Figure3. 23 Photoeye diagram of Lane0@PBRS-7
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Eyel €3 EX
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651, 143200
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Mask1 D

= Mask? 133
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Total 133
#itfms GP306

& 3.24 Lane0@PBRS-31 HI)GHR &

Figure3.24 Photo eye diagram of Lane0@PBRS-31

| Baord 3 T
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B C3 LIwh
| 2ss415schps
Eyel C3
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& 3.25 Lanel@PBRS-7 KGR &

Figure3.25 Photoeye diagram of Lanel @PBRS-7
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745 DE3M

Mask1 0
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‘ Mask3 0
| ol 10
#ifms 16731

& 3.26 Lanel@PBRS-31 KI)GHRE

Figure3.26 Lanel@photo eye diagram of PBRS-31



%3 &% FT LWDM (1) 400G Yt & SHEEH ¥ i1 5 92l

B c3 LIvA
25 51331Gbps
| fevew 3 I

26,007 34ps
| BEved c3 LI
733 SESW

& 3.27 Lane2@PBRS-7 KGR &
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