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ABSTRACT

In this paper, we proposed the QSFP28(Quad Small Form Factor Pluggable 28Gbps) form-factor type optical
transceiver design technique, which can transmit 50Gbps data up to 40km using PAM4(4 level Pulse-Amplitude
Modulation) modulation signal. The proposed design technique is designed using only Electro-absorption
Modulated Laser(EMA), Transmitter Optical Sub-Assembly(TOSA), low-cost PIN-PD(Positive-Intrinsic-Native
Photodiode) and Receiver Optical Sub-Assembly(ROSA) combination to satisfy performance and deduce cost. And
we proposed hardware design and firmware design techniques for implementing the optical transceiver. The
performance of the implemented QSFP28 optical transceiver has met the standard, and the test results have
verified the effectiveness of the proposed technique and the performance of the manufactured optical transceiver

and confirmed that it can be applied to real industrial sites.
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Table 1. Control signal with Host Connector[14]

Name Function

ModPrsL | Optical transceiver insertion status to host

SCL/SDA | Two-wire serial interface

Module selcetion, When using multiple
ModSelL
modulses

ResetL | Optical transceiver reset

intL Optical transceiver alarm interrupt

RxLOSL | OPtical transceiver Loss of Signal

LPMode/ | Low power mode enabled /

TxDis Disable the optical transmission.
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3.2.1 QSFP28 ax|2& 74 % Hol 7|5

B = 2.3%0l4 713191 %0] QSFP28 % EzH
A= SAE Asglo 2 RE] Alo] B muE]E 2
A& W] S8 W dR2EE Aolsha, EFEA
2] 8ol ule} A9l e]A] 0x0299%3 Fro] w]Ft
A vmels FAslol gtk Aljlshe AAZIHE
MCU®| ZA] dlme] d¥-5 v|FA dolels A
A7) 918 ddalsivk QSFP28 7 EAIH7} &
B IAelA] ZAE QlEdo] R AF9]e]A]
0x02¢]] A317] Sl shelslo]#] 2] o] A=) 4
(0x7F)2] FF& wiAsl MCUE Zu)A] Wxa] odd
9] 7+& RAMO R R E3les Flsiich 1ea
QSFP28 3} EmlAIHe] 3 HIIE A5 HAHIE
21&k AlE 3%, DDM 4248 913k BAZL PAM4 4l
% FHA3tE S8k 7 5o vISEA BEs Al
$]3ll Vendor Specific 3992l AF$]#o]#] 0x045 A}
431

QSFP28&- T~EQ] Aol tigl FIx| e &3
due)Eo] Beslt) FFEEAeAE dIXAEe] 7]

Shke Aol glom AAl skl Sl Alx

o

Algorithm 1 QSFP28 Register Control

. WirteCount

. StartAddress

. WriteVaule[128]
. LowerBuffer{128] > Array of 12C Lower page access buffer

1 > Number of 12C Write Count
2
3
4
5: UpperBuffer{128] > Array of 12C Upper page access buffer
6
7
8
9

> Start Address of 12C Write Count
> Array of 12C Write Values

. Function 2C Slave Stop (void)
Saveflag « flase
IF StartAddress = PageSelect and WriteCount = 1 THEN
LowerBuffer[PageSelect] « WriteValue[0]
10: CopyFrom FLASH(UpperBuffer, WriteValue[0], 128)
11: ELSE
12: FOR /= 0 To WriteCount DO

13: IF LowerPageAccess THEN

14: LowerBuffer|StartAddress + | « WriteValuel)]
15: ELSE IF UpperPageAccess THEN

16: UpperBufferStartAddress + i -128] « WriteValue[]]
17 END IF

18: Processing(CurrentPage, StartAddress + i)

19: IF IsWriteEnableAddress THEN

20: SaveFlag « true

21: END IF

22: END FOR

23: END IF

24: IF Saveflag = true THEN

25: CopyToFLASH(UpperBuffer, CurrentPage, 128)
26: END IF

27: END FUNCTION

T2l 9. QSFP28 A ~E| HEAe dae|E
Fig. 9. QSF28 Register access processing algorithm

2298

A7 2A ok 3k 13 9+ A|eksl= QSFP28
YA 2] Alo] daejFe|rt TAERNE 12C AT
o] o 12C QlE|R Er} HHAgcL 12C JEFHE
AagrE Adele] RCE AHIshs AREEAa
(StartAddress) 2} = A 2E] 7§ (WriteCount) 2}
262 ZH(WriteValue) -2 A4} o5 5] 3~
EdjlA] 7] F2te] dojuidd 12C F412] STOP A%
= 2918t ¥ 17 82] I2C Slave Stop I Als)3t
ol 7] 2 A9 @ 12C WH o AAE )=
39 2 Aglgle]A e HA A #HES SAE UE
Holxz  EHIth  12C  HFHEe skuH
(LowerBuffer)2} AF$]w] 3 (UpperBuffer) 2 -4 %] a2
% 256H}0] Eolt). 12C Slave Stop 7t EEEW
W Ag oA FAaRe AT N5 sl
Hox| el AteH &g Ho]x|o] ghEe] A=
A wme] dHe] FHEg AkRHe]x] wTE &
[ehe}. Hlolx|Adele] opd s F40] 3hs 71A|
W3 o] Zhe AR gho R Julo]Estar sl
9] 7)ol wE A2lE APl vxLtoz Fg
429 ko] EEPROMoI| A =|olof b Z=|A] v
|2 AAshs g4E Asgi) ol nE A% o
$= oA 9]l 12880 Eolt).

e

>~

B

3.2.2 DDM 7|5

DDM 7]5-& ADC IC25¢E] 33 EalAne] Al
= mUEgsle] s AR 2E el ddlo|EslE 7%
olt}. Algkshk= AA7-2 MCUe WAEl ADCe}
9|4 ADC ICE °|83}e] muejalgie). muel 3t
Fiole 2 A 5541 33A7), A1 vlelels A
F A AxYE 2 EdAn 2xel A o
2 AEch = 3 mUEHE eSSl vlwe]e
Al EF w FFiAlol AolH =ele] ghem ¥
sl JulolEF) B mEelxE  BEEA
SFF-8472°] SFP 3% Eix|wo|| tjg DDM¥= 4
< UE3leE il on, DDMASEE #o)7]
Q) 24t velals o]43le] DDM7ES AllelEs
AT 18]. Al % Al71E el DDM 4]
= A 2k

oY

RXPWR =Y C. A"+ Offset (1)

n=1

RXPWRE= 54 Apdel digk 441 A7)
DDM#elZ C, & n29] Alg el ma7HH]|
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= | PAM4 W ZHALS o] 83k A ] A48 QSFP28 3 EdiAIM A H T4

gt} me] FHgk2 40]ck A= ADCE
e mUEEE golw Of fset & Ao 224
vheRet BE Alghat 22 X 2E e &

T =R 39, ol 7 Al A
oAl B 24d HAIIEEE 754)9] 7k
o2 AAsla Ak 4 ol=E Fslsich kR
37 2%o] wE DDM A2 Zol7] 93
LUT(Look Up Table)¥2] © 2 DDM#-S BAJgHL
oluf WA gk w3k A9lse]A] qlole] ¥k st

of AAskcE

V. 84587 & 24

4.1 50G QSFP28 PAM4 ZE=HA|H XX}

H~EE 98] 2743 373e] A6 w2t 50G
QSFP28 PAM4 % EA S Al&sloich. 218 10
& AlzkE QSFP28 33 E#A|e] PCB H o} H3E
o] AA; ¥ alxlo]tt. NRZ A7) QlE]|#o] = F 7
o] 25Gbps <% CMLE  LAUI-2¢| gt
CEI-28G-VSR ol A¥sles Fi=glon,
PAM4 3% QlEj¥|o] = % IEEES02.3cdE T3
5 A=A, F 709 Lucent Connector(LC) E}
gleog wtame Af- Abolx] 50GBASE-ER <%
2 40Km7HA] A$skE= 3sigiry. EML- TOSA
¢} 413 PIN-PD ROSA, 12]3 PAM4 DSP IC ¥
9] ol dagt FES 7 FFg A ol
Aste] AAsigict

I3 112 ARFE PCBR.EE Alo] 2o 2713
% QSFP28 3} EfiA|Holrt Alo| el A %E
FAISFF-86615 R®IE38l:2 7k2 724mm A=

v O 9ONS OO0 OO

T2 10. QSFP28 % EAM EHAEHZ
Fig. 10. QSFP28 Testbed

3% 11. QSFP28 % EAH Alo]x Z7
Fig. 11. QSFP28 Optical Transceiver Case Housing

18.35mm *°] 8.5mm= A=t= o)

4.2 HAE HlE M

A¥el= AL s AS5E 913 HEME
= FAslsith a8 12F HAENE AL 2 AA
T4 ARzlo]t}. BERT(BER Tester) 2+ ONT-606-2
ARS3l9It) ONT-606-> 4 UES S e ~E A]o|
v 3 EQANE AAsle] AA] dlo|eE ST 5
, EeAIENE] MAC AE7] AlgE & glow
Ao E-S AP dlolE] AlsRkE o Hrle
Eof] ddsle] Algld 4= 9lrk BERT2] 25Gbps
N A7|Ad-2 Aol E-S E3 QSFP28 HrlH o]
413 241 AdlE ol Q4 T}. QSFP28 H iR ==
QSFP28 E}3]e] s E=lAE AAF & = 9l Alo]
A 83} 25G Al 4AdE A5 ¢ e v

o

olefzkel, QSFP28 3k=sllo] A A& & 4 Sl==

/" Chamber \

EV Board

25Gb/s x 2

A A

50Gp/s x 1

BERT QSFP28

40km SMF

—

(a) HI2EH= FAE
(a) TestBad Configuration Diagram

EEm

(b) FlzEnE 4 Al
(b) TestBed Configuration Image

J% 12. QSFP28 3 EiAY HAEW=
Fig. 12. SFP28 Optical Transceiver Testbed
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297} E3hE]o] glek 1Bly 3AE AaE oI
< 317 93 PCESE UART Al5E vlo} 2C Al
2 Wiztsle] F EMAHE HAES F 9lEE XY
ghe} weba] Bl~EE 9184 UART §41s &3 AF
42} Qle]djo] 27} H Qs HAEE 93] £ =
e e Huld T2 oS ARgslsich

A AL vl AEE 9@ QSFP28 % EAY
= 7PE s AAELL 40km FAO] B ]85}
A Frulsle] $4418 Hl~Eg) w gk PAM4
3 £ NS E 2Asla A s}slr] QSFP28 3 E
WAL PAM4 3 541 Al5E -4 3|7 ik
% P AT AFITE ALEFIe] A5, B
o] AAel wle} QSFP28 3 EaiAIHe] A AL
2ES HA R TEE=A], QSFP28 3 EA
7} Fel| FRIEE FAsheA] Akl kR
LA E o]43le] FEFA] 87 AE &=
7 g elelA] A1gS zlsgste] Adesirle] A=A
Erslolr

4.3 Z3} 24
F2E QlEdo]la & H5S H§ HriRes
&3to] QSFP28 M- wlme] A2ARE sislek 2
3 132 4 Evgd =234l Tera TermS o]
slo] QSFP28 3 EzHAIH] W X 2EE o2
Frelct.

v me] H2AIE F3l Al gslel A H

HA2~E] AL duefES olgsle] 7E 3~E
QlElHo| 27t EFel vt A4 2Hse Felsisich
17 14 50G QSFP28 PAM4 3 HAA355 @A
2rmxg 233 Aol B4 =4 )] Aeko
2 PAM4 Al52] A sejve]E gelst 4 gl
4742 #llo] HWEkslA| A== 7S F]lslsict o]
£ Aleksl= AAI71% o] PAM4 DSP IC$} 33 $:417]
2 A o7 ExA7|E AL vk} a7]a 2}
7} FEAEE Fal Fale] o] FolxlE gelalksd

3 BERS ZAE 4= 3)qdiv)

il

T2 13. QSFP28 % EAH PAM4 A%
Fig. 13. QSFP28 Optical PAM4 Eye pattern
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J% 14. QSFP28 % EzHA|H PAM4 AlE
Fig. 14. QSFP28 Optical PAM4 Eye pattern

a5 15+ AR 3 EdAE] 2o ulE 54l
BER 1#Zot) &4 2%&= 0%, 255, 70%=el4]
A3k 34 A3 BE 2= 3 mﬂH Al %
Al717F -13.99 dBm ¥ ul] A7 E= 8.6E-5E &
T SRS RSkl

Aloksk= AAIZIH o2 A2k QSFP28 PAM4 3

PAM4 BER curve

—a—CH1 BER (OdegC) - CH1 BER (25degC)  ——#=—CH1 BER (70degC

2] 15, 325 QSFP28 # EMAM A7 E
Fig. 15. QSFP28 Optical Received Sensitivity in Three
Temperature environment

E 2. =AW 27 st
b

le 2. Tranceiver features summary

Case Temperature 50GBAS

List Unit | ) | EER
0C | 25T | 70T | peep)

1304.5
Wavelength | nm | 1308.42 | 1308.40| 1308.38 | > "~
ER outer | dB | 9.0552 | 8.7641 | 8.0731 -

Tx power

OnMay |dBm| 727 | 748 | 747 45
Rx power

(OMAy |dBm| 1273 | 1258 | 1208 | 135
Power 145 | 2001 | 2007 | 1955 | 20

Budget

Transmission

. km | 57.17 | 57.345 | 55.87 >40
distance

Power

. w 2.8 2.6 3.0 4.5
Consumption
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Table 3. Advantages of the proposed technique
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HEKE 2 3}310 717%31 AE = RHEeles

Fo] £75E 2

_,_E_o ] 040

sl 183 F5S vkl 94 QSFP28 4 E
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