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Downsizing of 100 Gbit/s Long-Reach Transport Line Card for Media Converter
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HIiSBREARAT 47O /N—42— [XGMC"-2016] IC#E#,9 % 100 Gbit/s RIEEET%:H —
K [CGML"-2001VLT-P] #B3% L /=, KIEBEH L U%EREBES 5> 2 —/Y—IC CFP2-ACO, CFP4
ZHEALUTIEMEL, §&2U DO XGMC-2016 ¥ v — 2 ICRK 4 BUREFIEEE L 1=, BIR&AIE, T
JAalake—L > MEEARICK Y DELTF 2,000 ps/nm, 5FE#E%. 30 dB %R, SBED 4 —
DT FAN—ICHBEATBENTZS, CFP2-ACO DEERT7FOAJEBSGENEHICT UL b
ERE7HEEOREEZITV, 14 GHz ICHEWVWTIEXEER 3 dBUTE#EHL /.

The authors listed above have developed the CGML-2001VLT-P, a 100 Gbit/s transport
line card designed to be mounted on the XGMC®-2016, Hitachi Metals’ media converter
platform. Incorporating the CFP2-ACO (C form-factor pluggable 2; analog coherent optics)
and CFP4 as long-haul and user-side transceivers, respectively, as a downsizing measure,
the XGMC"®-2016’s 2U-high chassis holds a maximum of four cards. Chromatic dispersion
tolerance rated at 2,000 ps/nm and a loss budget of 30 dB are achieved through digital
coherent transmission technology, enabling the CGML-2001VLT-P to be used even with dark
fibers that have high transmission loss. Optimizing vias on the printed circuit board for the
CFP2-ACO’s high-speed analog signal transmission limits loss to 3 dB or less at 14 GHz.

@ Key Word : 100 Gbit/s, digital coherent, media converter
@ Production Code : CGML-2001VLT-P

@ R&D Stage : Development
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Fig.1 Configuration example of XGMC®-2016 (a) 1G, 10G and WDM
(wavelength division multiplex) combination (b) 100G card x 4
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Table 1 Specification comparison of transport line cards for XGMC®-2016

Category 100 Gbit/s transport line card | 10 Gbit/s transport line card 1 Gbit/s transport line card
(Part number) (CGML-2001VLT-P) (XGML-2001VLT) (X2L-2001)
XGMC"-2016 number of slots 4 1 1
Size: WX H 96.2X82.4 mm 23.3X82.4 mm 23.3X82.4 mm
Long-haul port transceiver CFP2-ACO Original SFP (small form-factor pluggable)
Wavelength Tunable Tunable Fixed
Bit rate 111.8 Gbit/s 11.1 Gbit/s 1.25 Gbit/s
Modulation format Dlgtl)tgl-gggeéent (opticaIOclILDJ(E)S binary) (intensity Ir’::lodulation)
Forward error correction Supported Supported Not supported
Optical amplifier Included Not included Not included
Maximum optical loss budget 30 dB 31 dB 30 dB
Dispersion tolerance 2,000 ps/nm 2,400 ps/nm 2,400 ps/nm
User-side port transceiver CFP4 SFP+ SFP
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Table 2 Specification comparison of 100 Gbit/s long-haul optical transceivers

Form factor MSA-100GLH (Gen. 1)

MSA-100GLH (Gen. 2) CFP2-ACO (Gen. 3)

Size: LXWXH (*1) 177.8X127X17 mm

127X101.6X15 mm 107.5%X41.5X12.4 mm

(volume ratio) (1) (1/2) (1/7)
Maximum power dissipation 80 W 45 W 12 W (*2)
Coherent DSP Included Included External unit needed
High-speed electrical interface 1 8 'f': %IG 1 OD 'f': %IG Z\Qzlgg
Power supply 12V 12V 33V
Electrical connector 168 pin 168 pin 104 pin
Pluggable Not supported Not supported Supported

*1  Without heart sink

*2 CFP2 power class 4

#3 EEEHEEA 100 Gbit/s e b T > o —N——F

Table 3 Specification comparison of 100 Gbit/s optical transceivers for short and medium reach

Form factor CFP (Gen. 1) CFP2 (Gen. 2) CFP4 (Gen. 3)
Size: LXWXH 145X 82X 13.6 mm 107.5%X41.5X12.4 mm 92X21.5X9.5 mm
(volume ratio) (1) (1/3) (1/9)
Maximum power dissipation (*3) 32 W 12W 6 W
Supported optical interface 100GBASE- 100GBASE- 100GBASE-
SR10 / LR4 / ER4 SR4 / SR10 / LR4 / ER4 SR4 / LR4 / ER4

High-speed electrical interface 10x10G 4x25G or 10X 10G 4%x25G
Electrical connector 148 pin 104 pin 56 pin

*3  Power class 4
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PCB: Printed circuit board
A/D: Analog-to-digital converter
D/A: Digital-to-analog converter

2 100G #— KD 7Oy 74k
Fig.2 Block diagram of 100G transport line card

3 100G #1— FOAER#EE (L&A /N—E) 51 L)
Fig. 3 Interior structure of 100G transport line card without top cover
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5 14 GHz Tix, Z#EMWIEH 3 dB, ZEMIEZF 2 dB /h
BWEEREICIZ SN TWT, B4 E s sk i 2 5
WT&7,

5. RIEEFHE

X 8 I2hA%E L 7z @ n k2 & CFP2-ACO ZAlA G
72 111.81 Gbit/s DP-QPSK 2> 2% L —3 3 ¥ &5
Fo XMWY WP & D KA A 2SR 5 A7z BAF 7
QPSK B 5 3R CTE %,

X9 (X, SMF 0 km & 100 km fz%#% @ FEC ZI1IERTO
BER (Bit Error Rate) #7773, ##MH L7z FEC 1, # 3E-3
DOBER % IE-12 L FICETIETE 2 2 L 2MERLTHY,
X7V T T ENEKLZI ET-32 dBm DR WEZE 8

(a) (b)

A: Ol QPSK 1Q Meas Time Locked ~

C: Cnd QPSK 1 Maas Time Locked

8 111.81 Gbit/s DP-QPSK 3> X &L —2 3>
(a) X{miK (B) Y1RiK

Fig.8 111.81 Gbit/s DP-QPSK constellation
(a) X polarization (b) Y polarization



A7 ¢ 72 N—%—F 100 Gbit/s RIEEHzX D — FO/NEYE

1.E-02

1.E-03 FEC limit
1.E-04 4

1.E-05
100 km

Bit error rate

1.E-06

1.E-07 O km r

1.E-08
-34 -32 -30 -28 -26 -24
Preamp input power (dBm)

K9 EvbhbIZ—L— MEHE
Fig.9 Measurement results of bit error rate
7 —T% FEC &T1E# 1E-15 BLT @ B#f 7 BER %tk H3 4%
L7z, 100 km ZRIZHBIT BEERF VT4 51 dBK
WiTHH, DSPIZ Lo THEYNIZoOHME TS TEHI L
DR TE %o 100G A —H % v b7 L —AEHEIZBWT
b —7)—FMELTWT, B%E L7 100G /NE
R — FIERERD Y =7 7 7 A N—% /27 7 &
APt EATE %o

6. #&

4B EAR X 57 4 7 3 3 — % — XGMC-2016 12
B3 5 100G EFE#EE % A — FICGML-2001VLT-P] %
BFE L7z BIEMORIIUTOLEBY TH S,

(1) EBEEER— M2/ CFP2-ACO & {7 J) DSP % #l
ALbELEFYyLae—1L ¥k DP-QPSK H %%
A L7 77 & AWMU LE 25580 7 2,000 ps/nm
MRS AL ELIRTY 7 7 EWNE L THFAHESE
30 dB & REFEL 720

(2) 2—HF—FK—F+H/PNUCFPA N+ T ¥ ¥ — N =%
HALTH—FO/RBLERKD, 2 Ut A XD XGMC-
2016 1ZH K 4 BUNETE, Wk 400 Gbit/s D KB &AL
EDTRETH 5o

(3) CFP2-ACO #JH T & 72 572 28 Gbit/s x 4 7 F
O e fakid, 7TV v MR E TGO REA LT
17\, 14 GHz IZ BT 21553858 3 dB Al O i Az %
M T L 72,

(4) BIFE L7z Edm s 3 E CFP2-ACO % L AAE 724
BB DPQPSKary A% L —Ya ryafish
SMF 100 km f£%12 35T 100 Ghit/s f —H % v b D
LT —7Y) —{nkEHMER L7z
Bi%s L 72 100 Gbit/s RHifh — Fi&, 4%7 7 ¥ Al

MOBHEICH G325 2 EFTE 5,

5| ATk

1) IEEE Std 802.3ba Media Access Control Parameters,
Physical Layers, and Management Parameters for 40
Gb/s and 100 Gb/s Operation, (2010).

2) MRFUE— A TAHANIIGE R H LM, No.32 (2013), p.57.

3) BARRAK, i B HGEE RS Vol.95, No.12 (2012),

4)

5)

p.1100.

OIF-MSA-100GLH-EM-01.1 Implementation Agreement
For 100G Long-Haul DWDM Transmission Module-
Electromechanical (MSA-100GLH) (2011).
OIF-MSA-100GLH-EM-02.1 Implementation Agreement
For Generation 2.1 100G Long-Haul DWDM
Transmission Module-Electromechanical (Gen2.MSA-
100GLH) (2015).

OIF-CFP2-ACO-01.0 Implementation Agreement for
CFP2-Analogue Coherent Optics Module (2015).

CFP MSA Hardware Specification Revision 1.4 (2010).
CFP MSA CFP2 Hardware Specification Revision 1.0
(2013).

CFP MSA CFP4 Hardware Specification Revision 1.0
(2014).

/iR B
Noribumi Kobayashi
H 7 4 bk st
R 8= —
iy A 7 Al

TH #

Osamu Tsuchida
H 7 4 bkt
WHBPR A 73 m
T A7 S HEEHR

ATs )

R Rz

Yasuyuki Saotome
H oz g lm kX st
B 782 —
[I5: SAPN i

Dk Et

Tatsuya Kato

H 37 4 stk st
RS 8= —
(15 S AN e rir

A =4

Takuya Nomura
Haz g m kst
BHITFA > 52—
T A7 A MG

4 fath

Junya Sasaki

Haz g m kst
WA R > /5= —
Ty A 7 A MG H

PSP AR
Yosuke Ishimatsu
H 37 s bR st
AR > 8= —
PRI ET

Hi£E+#H% Vol. 32 (2016) 25




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


