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ABSTRACT

In this paper, an efficient firmware design scheme is proposed for 100G CFP(C form-factor pluggable) optical
transceiver based on MSA(Multi-Source Agreement) standard for Optical Transceiver. The proposed method uses
FPGA approach to design for integration of CFP communication interface and register structure, and uses MCU
to implement the operation function of CFP optical transceiver. In order to verify the implemented firmware
according to the proposed design scheme, a real TestBed was constructed and verified the effectiveness through
performance verification. It is expected that the proposed scheme can be applied to type of the 200/400G CFP

optical transceiver in the future.
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Table 3. Configuration of Testbed

Item Setting
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Fig. 7. Picture of Test-bed

4.2 Zn} 2M

Al¥E 7oz 7 Heolo 71% &5 9
3] CFPe] F5 52} 7)1%-2 o] AE

£ shalslgick

340

19 82 FPGAS 53l AAIZE CFP wlwe] 3L
A2 JS AR Zloln] Al F4= 0x8000M1 A
B Aaehs S B 4 sl 23E F3) MDIo<l
Blolo| 27} Aalsstehe Z1e Falskdck

o 9= A" @ *ﬂﬂ rolm 22k W el(+/-
2dB) WellA] =uels] ¥z glek o] 3%l At
gt DDM 7]l ©|gt DDM &% ZAzje|ch

3]

T3 108 EE LT ale) el Bl
2 gI51e] A1e]  lEe ARk Aujole), 4l

)

33 A717F -40dBm o2 FA|E| 2L 27160 ule} ¢
(LOS; Loss of Signal)®] E/‘lﬂ"q"/]—

1%] 11> CFP |l~EM=E E3F doel A3
o tigk A= vehfgick CFP7} Aeldd 4= sl=
7H el 9] gtellx] 99% 2] HlolEl S $5=41 &}
LTE 32 F9lom oA E-lS ¢35l 724]7) o]
A A BlAEES el H2E A 919 1
329} o] dlolE}7} 99% o]4F 5 glo] alEl

Ae Slskw Agke sHes T crp s

d

Y,

Interface Fast AUX *AUI/ OTL Palt XAUI/ OTL Sett CFP CFP Patt

Start Address: (8000 @ Read MDIO Values

S S Sl S Sy

MEG VR JRE HUVREL R U VRZ Rl NL VRS Rl HE VRS g

Control/ Status Info Debug MDIO Dump

Addr | Values in Hex
8000 DOOE DOAS 0007 0000 0000 0000 0000 OOOA 0018 00AA D011 0037 0037 0050 0000 umm
8010 0001 DODA DDF1 0094 0OF2 00ES 0000 OUCE DOZ1 0048 0040 0OCT 0003 0O7S 0084 0046
8020 0000 0041 0052 0054 0045 0043 004G 0020 0020 0020 0020 0020 0020 0020 0020 0020
8030 0020 0000 0017 OOF5 O04E 0054 0043 0031 002D 0045 0054 00SA 0052 002D 0033 0053
8040 O0O04F 0045 002D 0043 0041 0052 0031 0037 0035 0031 0030 0030 0033 0030 0030 0032
8050 0020 0020 0020 0020 0032 0030 0031 0037 D031 0032 0032 0030 0000 D000 0020 0020
8050 0020 0020 0020 0020 0020 0020 0020 0020 OOOE OOOE 0001 0005 0001 0004 O0OC 0003
8070 O0OOF 0000 DDOS OOOA 0001 0000 0001 D001 000D 0000 000D 0000 0000 0000 0000 00O
8080 0048 0000 0046 0000 0000 0000 OOFE 0000 0084 003E 00SD 00CC 0074 0004 00D 0092
8090 OOFF OOFF ODFF DOFF 0000 0000 0000 0000 DOOD 0000 0000 0000 0000 D000 000D 0000
80AD 0000 D000 ODO0 GO0 0000 0000 D000 D000 OOC3 0050 OOAF 0OCS 0027 0010 001D 004C
80BO 0078 0086 0057 0073 0015 O0F7 0OOC OOSA 0043 0000 O03E 0000 0023 0000 001E 000D
80C0 0006 0030 0003 OOES 0000 0032 0000 OOIF 0000 0000 000D 0000 0000 0000 0000 0000
80DO 0000 0DODO DDOO DOOD 0000 0000 DO00 DDOO DOOD 0000 000D D000 DODO D00 000D 0000
80E0 0000 0000 00DO0 000D 0000 000D 0000 OO0 0000 G000 000D 000G 0000 0000 G000 000D

12 8. CFp wxe] 9 A
Fig. 8. Access of CFP Memory Map

/" Rx Optical Power
LOS Total Average Optucal Power
—

L T 1
=z +a

Lane# | LOS Awverage Optical Power

o [ i =4
e ——
=z == -1o E]
el | i = ?
= 23 -1o &

=F) 23 io &
3 — “I52 dEm
¥
=2 23 o =

a3 9. 4l 3 AP
Fig. 9. Received Optic Power

www.dbpia.co.kr



Al A2HS 913 100Ghs FEDA Helo] 4A 2 7

/~Rx Opucal Power
LOS Total Average Optical Power
ar
I )
=2 +a
L # | LOS Average Optcal Power
/o Larn
—_——
/ 32 R 4o 5
Alarm 1 “r
e — e
\ =2 23 BT
2 A
—_——
) 23 ET
3 Man
i —
32 23 do &
v
a8 10, 9371 2
Fig. 10. Result of Alarm Function
Gbps %
90.0 900
800 800
700 700
60.0 600
500 500
100 400
300 300
200 200
100 100
00 0.0
48 sec 36 sec 24 se 12 sec Current Time

Frame Size

Enabled Flows: [ 1] e Gbps [ 99.0000]%

CFP dle]efxe]ak
Throughput of CFP Optical Transceiver

Iz 11.
Fig. 11.

o]9] kS Ealsislr

a9 12+ ARkl B9l 7134 71<& 444 CFP
°l°] DDM A= 34 a#zolch. AN Adelx]
7| CFP Al ¢| DDM AF=r} Aljkshe AA 7]

Har} e Yol glont Aoz Aekshs 7]
el DDM A3Her} o] & AL g 5 gk
w3l AdAte] DDM A dhet AAEE 7|

ala] e Ze shelsia.
U]_;(]U]—_i xﬂo]-g]_‘_:
001:3].\:!4 43} 71-1;]_

ol A 7ol S

DDM accuracy

1n 2 n

H proposed CFP H existing CFP 1 existing CFP 2

T2 12. DDM A= 9=
Fig. 12. Graph of DDM accuracy

Ak A7 e 4
bIe 4. Advantages of the proposed firmware technique

Ta

N
o

2 3

=i g]_ A

sl
S

3
=

Hd 16 AE7HA
S Aol wet
7%3—

v Re]Ad et
REHE FR3le] g
- e A7} MCUARE-

- FPGAE A3 AAE7Ee] 243}
Vendor 105 £ Hdle] sddlo|E 4 CFP
Ao go]

koot
frodsiAl 7}

I

et
o
%

£9471%58 s=dlel
A gk

k

1=
T

ol

V. 22 4

-1

0

B =Foa]lE= MSA XFS wWHESH= 100G CFP

ﬁ*°ll°1 AA 71E ARk 4 Zﬂ TE Fee
el e Ag3led & <stolek Ak
712 CFP %= 0%274—% ‘}Ei FPGA$}

MCU AR&3to] o]t s~Eete] B4l QlE|Ho] 9}
a7, AA] CFP %}E <
ofe]] iﬂs}m‘t} CFP Eﬂo] MSA -8k EF
ul} gufEA FREE S B8 Alkshs 3 JIOi
AA 71%e] 2843 A3l on 7|E AlEe] CFP
o} A% BE E3) DDM AEwr} $p3ke gl
skoick

Ak 7%= CFP e FENAIHol| HE-0 =
AR ik mgk Ad e EAE aredsie] AdA|
FgloemE FEE 200/400G CFP el & /el =
#-go] 7Fsslrh

Agksh= Aol 712 3
s 9ol 1A dle| B} 22
A=} olA] ¢} SR AEA
gk 7 o] dasirt kR EﬂOlEi 452
877} 200G/400G 2. "repA|HA] vhofgl 33 =2fo|n]
IC7} A=A 9lrt. o]ef & le]slo]x~ =efo]H

5 AAste] AAE 83 o Q=S A7 Aelrk

S4&
ul
U=

i

71
8]
S|

o)

4

Ay A
£ N

Bias

Z

[yt
o N o
o 2

qﬁ o)
=

g
l

X
o

References
[1] B. L. Nguyen, T. D. Hoa, and D. S. Kim,
“Energy-aware real-time routing for large-
scale industrial internet of things,” J. Internet
of Things, vol. 5, no. 3, pp. 2190-2199, Jun.
2018.
T. D. Hoa and D. S. Kim, “An information

(2]
341

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences

’19-02 Vol.44 No.02

[3]

[4]

[5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

342

framework for internet of things services in
physical internet,” IEEE Access, vol. 6, pp.
43967-43977, Aug. 2018.

J. J. Lee, J. Y. Heo, S. G. Gang, J. K. Lee,

J. C. Lee, and D. S. Lee, “Market and
technology trends in 100Gb/s  optical
transceiver,”  Electron. and Telecommun.

Trends, vol. 30, no. 1, pp. 65-76, Feb. 2015.
S. I. Myeong, J. C. Lee, H. S. Gang, and J.
H. Lee, “Development of embedded optical
transceiver technology for real-time optical
time domain reflectometer(OTDR) function,”
J. IEIE, vol. 42, no. 1, pp. 103-106, 2015.

S. H. Jo, H. J. Kim, K. J. Kim, S. S. Lee, and
S. K. Han,

technology for implementation of giga Korea,”

“Tera optical communication

Telecommun. Technol. Assoc. J., vol. 146, pp.
32-39, 2013.

J. K. Lee and K. J. Kim, “Optical transceiver
technology and its trend,” Electron. and
Telecommun. Trends, vol. 24, no. 1, pp. 12-
23, Feb. 2009.

J. H. Lee, C. U. Seo, S. D. Na, and H. T. Do,
“Small cap hot issue optical communication
and bright stock,” SK Secur., pp. 1-29, 2017.
H. Oomori, T. Matsui, Y. Tanaka, H. Tanaka,
and E. Tsumura, “Compact optical transceiver
CFP4 for 1000 Gbit/s network systems,” SEI
Tech. Rev., no. 82, pp. 112-116, APR 2016.
Eiji Tsumura et al, “Development of 43/112
Gbit/s optical transceiver modules,” SEI Tech.
Rev., no. 75, pp. 91-95, Oct 2012.

P. Melidis, P. Nicopolitidis, G. Papadimitriou,
and E. Varvarigos, “Energy efficient optical
backbone networks: A dynamic threshold
approach,” IEEE 2Ist Symp. Commun. and
Veh. Technol., pp. 1-6, Nov 2014.

S.-J. Yang, J. Yeon, and H. Lee “High-
performance low-complexity iterative BCH
100Gb/s
communications,” J. IEIE, vol. 50, no. 7, pp.
140-148, Jul. 2013,

Y. Doi, T. Ohyama, T. Yoshimatsu, S. Soma,
“400GbE demonstration

utilizing 100GbE optical sub-assemblies and

decoder architecture for optical

and M. Oguma,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

cyclic arrayed waveguide gratings,” OFC
2014, pp. 1-3, San Francisco, CA, USA, Mar.
2014.

T. T. Shih, T. C. Chi, R. N. Wang, C. H. Wu,
J. J. Huang, J. J. Jou, T. C. Lee, H. C. Kuo,
G. R. Lin, and W. H. Cheng, “Efficient heat
dissipation of wuncooled 400-Gbps (16%25-
Gbps) employing
multimode VCSEL and PD arrays,” Scientific
Rep., vol. 7, pp. 1-10, Apr. 2017.

IEEE 802.3 400 Gb/s Ethernet Study Group
“400G Optical Transceivers,” LUXTERA, pp.
1-26, 2013.

S. Kanazawa, T. Fujisawa, K. Takahata, H.
Sanjoh, R. Iga, Y. Ueda, W. Kobayashi, and
H. Ishii, “400-Gb/s operation of flip-chip
interconnection EADFB laser array module,”

optical transceiver

Optical Fiber Commun. Conf. and Exhibition,
pp- 1-3, 2015.

CFP MSA Group, “CFP MSA Management
Interface Specification Version 2.6 rO6a,” CFP
MSA, 2017. http://www.cfp-msa.org/Documen
ts/CFP_MSA_MIS_V2p6r06a.pdf

CFP MSA Group, “CFP MSA Hardware
Specification Version 1.4” Jun. 7th, 2010,
http://www.cfp-msa.org/Documents/CFP_MSA
_HW-Spec-rev1-40.pdf

J. K. Lee, J. Y. Huh, S.-K. Kan, and Y.-S.
Jang “ Analysis of dimensional tolerance for
an optical demultiplexer of a highly alignment
tolerant 4 x 25 Gb/s ROSA module,” Optics
Express, vol. 22, pp. 4307-4315, 2014.

Y. Loussouarn, E. Pincemin, Y. Pan, G.
Miller, A. Gibbemeyer, and B. Mikkelsen,
DCO-CFP2
interface for DCI, metro, and long-haul optical

“Silicon photonic  multi-rate
communications,” OFC, pp. 1-3, San Diego,
CA, USA, Mar. 2018.

R. Lossio, PSoC 3 and PSoC 5LP - Creating
a CFP management interface, CYPRESS, pp.
1-18, 2018.

IEEE 802.3 Working Group,

P802.3ba, 2010.

IEEE Std

www.dbpia.co.kr



Al A 2~ES 23k 100Gh/s SFEMAY Aol A 9 74

2 T 2 (Jae-Woo Kim)
2004L4 2% oo

bt
uTrEi"‘?‘hq' A &
20139 89 : Zo-EFo st

‘Nm‘h dEsL

201413~201841 : @ollo)| ] FEX A4 23}
20181 3~3AY : ICT 354 @Pﬂ“ﬂﬁ AT
<FlRol FEMAM, o]FFAl, Ptz *l*EJ

N

Z & M (Dong-Seong Kim)

199213 : gkt Axlg-st
7 sy

2003 At A7) E
ZAFE T 9l 4

20044 : Comnell tH3tx ECE
B A N

20143~ ICT 5354374 - Al AN E]
X—]i_’_ ITRC \:ﬂ o:]:rL;(Hu]- zqoq:ru\)

20143~3 4] : IEEE/ACM Senior 3|1

2015%3~2018 : o3 §3 e YA

<FHltol AAZE FAIY E IoT Al2dE, UES]
2 718k FARA A 2", AXZE SIW

Z & & (Seung-Hwan Kim)

20104 29 : ZS T
Azt <4

20129 24 Fo- T sk
Axpgstat Ak 24
20184 8% : FeFFrfEtw
AR} kAl £

Lok
Kl

k|

2018*3~ Al  ICT-§3H59 3l 7418 A led7<l.
<¥ARol vlEST 7 = A2w], g
Al 71, A A 7T

Al A 2 (Sang-Moon Shin)

2000 24 : g/‘h’»ﬂfﬂzu_

AR gE) sl 29

2002 24 :eAkElw Az}
A RA| 2 FERE AR Ee]

20144 29 : SARH St

A7 wab 24

2014'3~8A : Gploledd FeAl Ara o)At
<IHEel el SFERIAM, vlelaRsl F4l
IAQ, 10T

]

343

www.dbpia.co.kr



	광통신 시스템을 위한 100Gb/s 광트랜시버 펌웨어 설계 및 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. CFP-MSA 요구사항
	Ⅲ. CFP 펌웨어 설계 기법
	Ⅳ. 성능평가 및 분석
	Ⅴ. 결론 및 향후연구
	References


