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[Summary]

predecessor model.

We developed the all-in-one MP2100B with built-in 12.5 Gbit/s 4ch Bit Error Rate Tester (BERT)
and sampling oscilloscope supporting performance tests of 4ch optical transceivers expected to see
increased future demand. The BERT combines an in-house wideband amplifier with a commer-
cially available high-speed transceiver to offer both high performance and low cost. In optical
transceiver optical Rx sensitivity tests, the MP2100B achieved 0.7-dB better performance than its

1 Introduction

Data-center traffic volumes are exploding due to the
spread of cloud computing services, which is forcing an in-
crease in transfer speeds between servers and network
equipment. As a result, optical interfaces are being adopted
between data center servers and network equipment, which
is driving increased demand for optical transceivers. In
particular, there is high demand for SFP+ modules for
10GbE, and QSFP+ modules for 40GbE (10 Gbit/s x 4)Dt03),
Development and manufacturing of optical transceivers
requires a Bit Error Rate Tester (BERT) and a sampling
oscilloscope for EYE pattern analysis?. The BERT is com-
posed of a Pulse Pattern Generator (PPG) as a signal source
and an Error Detector (ED) for measuring bit errors. A
conventional BERT and sampling oscilloscope configuration
uses separate units, incurring higher capital equipment
costs and occupying more bench space. To solve these issues,
Anritsu had released the MP2100A incorporating a 2ch
BERT and 2ch sampling oscilloscope in an all-in-one unit?®.

However, supporting QSFP+ modules for 40GbE applica-
tions requires a 4ch BERT®. Since two MP2100A units are
needed for this, an upgrade is required from the aspects of
holding-down costs and space requirements. To this end, we
have developed the new MP2100B with a 4ch BERT in the
same cabinet size as its predecessor MP2100A. As a result,
the all-in-one MP2100B supports BER measurements of
40GbE QSFP+ modules without any increase in required
bench space.

In developing the MP2100B, the previous sampling oscillo-
scope from the predecessor MP2100A was used as is and only
the BERT was updated. This article describes the technologies
developed to extend the BERT from 2ch to 4ch support.

2 Basic Configuration
2.1 MP2100B Structure

Figure 1 shows an external view of the MP2100B. It has a
12.1-inch touch-panel LCD displaying the BERT and sam-
pling oscilloscope operation screen and measurement results.
With the same cabinet size (341H x 221.5W x 180D mm) as
its predecessor MP2100A and a mass of less than 7 kg, the
MP2100B retains excellent compactness and portability.

External View of MP2100B

Figure 1

Figure 2 shows the MP2100B block diagram. The BERT is
composed of a 4ch PPG and a 4ch ED. The BERT Clock can be
switched between internal and external sources. The sampling

oscilloscope has both electrical and optical channels.
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2.2 BERT Configuration

Figure 3 shows the BERT block diagram. After the 12.5-
Gbit/s NRZ signal generated by the Field Programmable
Gate Array (FPGA) is re-timed by a commercial high-speed
transceiver IC to improve the jitter characteristics, the
signal is amplified by a Tx amplifier and output as a 0.1 to
0.8 Vp-p signal. The input signal to the ED is amplified by
the Rx amplifier to improve the sensitivity characteristics.
The BERT Clock can be switched between external and in-
ternal sources and synchronization with an external Clock
is also supported. The low-phase-noise Clock generated in
the Reference Clock section is supplied to high-speed

transceiver ICs.
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Figure 3 BERT Block Diagram
3 Design Concept
3.1 Multi-channel BERT

The BERT design was changed from the previous 2ch de-
sign to that shown in Figure 3 to increase the number of
channels to four while retaining the same compact cabinet
size. The earlier MP2100A used one high-speed transceiver
IC for each channel of the PPG and ED, whereas the
MP2100B uses one high-speed transceiver IC for two
channels of the PPG and ED. This solution cuts the parts
count, enabling the upgrade to 4ch while keeping the same
cabinet size.
3.2 High-Performance Low-Cost PPG

The low-jitter characteristics of PPG output waveform are
a key item determining the BERT performance. The
high-speed transceiver ICs used this time incorporate an
Emphasis function for correcting attenuation of the signal
level and quality degradation. The low-jitter output wave-
form is implemented by optimizing adjustment of this func-
tion. However, with high-speed transceiver ICs, it is neces-

sary to add a commercial amplifier to compensate for the
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inadequate output amplitude, which does not satisfy the
low-jitter performance requirement from the target cost
aspect. To overcome this issue, we developed a new dedi-
cated gallium arsenide (GaAs) compound semiconductor
in-house. Moreover, we added an equalizer circuit to im-
prove the waveform by suppressing output waveform over-
shoot?: ®,

Figure 4 shows the PPG block diagram. An RC equalizer
is connected to each of the positive and negative outputs of
the Tx amplifier. The Rx equalizer equivalent circuit is
shown in Figure 5. The synthetic impedance Z of this circuit
is found by Eq. 1.

Z=27,+12, )

where, Z1 is synthetic impedance of the resistance R and

the capacitance C found as follows:

- (=2 @

z, R 1

jwc

R
= o @

where, Zo= 50 Q. In this design, since components below
0.1 GHz are a cause of overshoot, the resistance £ = 20 Q,
and the capacitance C'= 10 pF. Figure 6 shows the combined
impedance Z versus the frequency characteristics f. At less
than 0.1 GHz, impedance is high (70 Q), and above 10 GHz
it is closer to 50 Q. Based on this result, the system is func-
tioning as an equalizer at less than 0.1 GHz to decrease

amplitude.
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These resistance and capacitance chips are surface
mounted on the PC board for excellent cost performance but
their physical size has a large adverse impact on the circuit
impedance characteristics.

To counter this issue, we developed an upgraded surface
mount method shown in Figure 7. Figure 7a shows the pre-
vious mounting method with the chip resistor and chip ca-
pacitor mounted parallel on the PC board. In this case, 50 Q
cannot be maintained due to the drop in the impedance
characteristics of the transmission line at the division, so
the waveform is disturbed by reflections. However, stacking
the resistor on the capacitor as shown in Figure 7b elimi-
nates the division in the transmission line, which maintains
the impedance characteristics at 50 @ while incorporating
the equalizer function.

Since the Tx and Rx amplifiers are high-speed ICs, they
have low ability to withstand ESD and there is a risk of

damage to circuits because users frequently touch the input
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Figure 8
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and output connectors. As a countermeasure, we strength-
ened the ESD performance by adding protection diodes to
the Tx and Rx amplifiers (Figure 4).

T
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b) Mounting Method with Improved Performance (Stacked)

Figure 7 Improved Equalizer Implementation
4 Performance Evaluation
4.1 PPG Output Waveform

Figure 8 shows the PPG output waveforms with a com-
parison of the newly developed MP2100B and the previous
MP2100A. The RMS Jitter of the MP2100B is 0.99 ps at
12.5 Gbit/s compared to 2.53 ps at 12.5 Gbit/s for the
MP2100A, decrease to less than 50%, and showing a
high-quality waveform with no baseline ringing.

The main specifications of the MP2100B are listed in Ta-
ble 1. The ED Rx sensitivity is 10 mVp-p (typ.) at 12.5 Gbit/s,
or five times better than the MP2100A ED Rx sensitivity of
50 mVp-p at 12.5 Gbit/s.
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Table 1 MP2100B Key Specifications
Item Value
BERT
Number of channel 4
Bitrates 125 Mbit/s to 12.5 Gbit/s

Test Pattern PRBS: 271, 29-1, 215—1, 223—1, 231-1
(Inverted On/Off)

User data: 1.3 Mbits

Data Output

Amplitude 0.1 Vp-p to 0.8 Vp-p
Tr/Tf 24 ps (20 to 80%, typ.)
RMS Jitter 1 ps (typ.)

Intrinsic RJ (RMS) 600 fs (typ.)

Data Input Sensitivity 10 mVp-p (typ.)@12.5 Ghit/s

Sampling Oscilloscope

Power Input 150 ksample/s (max.)

Sampling Speed

Bandwidth (-3 dB) DC to 25 GHz (typ.)

Flatness +1 dB (typ.)

Optical Input 750 nm to 1650 nm

Wavelength

Bandwidth (-3 dB) DC to 9.0 GHz (typ.)

4.2 Optical Transceiver Optical Rx Sensitivity Test

The optical Rx sensitivity test is used widely as an index
of optical transceiver performance? 9. Figure 9 shows the
measurement block diagram for the optical Rx sensitivity
test. As the DUT optical transceiver optical output signal is
attenuated by a variable optical attenuator, the error rate
increases vs the optical RX signal power. The optical Rx
sensitivity test expresses this relationship. To minimize size
and power consumption, commercially available SFP+ op-
tical transceiver modules for 10GbE and QSFP+ modules for
40GbE commonly do not have a built-in clock recovery cir-
cuit. In this case, in addition to the optical transceiver itself,
the analog performance, such as noise and jitter of the
measuring instrument, has an impact on the measurement
results. Consequently, achieving high-accuracy measure-
ment requires a higher-quality PPG output waveform and a
higher-sensitivity ED.

Figure 10 shows a comparison of the optical Rx sensitivity
test results for an SFP+ optical transceiver as an example.
The improved MP2100B performance is apparent not just
for the 40GbE QSFP+ module but is also effective in in-

Development of MP2100B 12.5 Gbit/s 4ch Bit Error Rate Tester

creasing the 10GbE SFP+ measurement accuracy. To
demonstrate this, we compared the results of an optical Rx
sensitivity test for an SFP+ as DUT using the MP2100B,
MP2100A, and Anritsu MP1800A with high-performance
BERT. At an error rate of 1x10711, the optical Rx sensitivity
of the MP2100B was —19.0 dBm while that of the predeces-
sor MP2100A was —18.3 dBm, an improvement of 0.7 dB for
the new model. This test result is less than the performance
difference (5 times Rx sensitivity) when the PPG electrical
signal was input directly to the ED as shown in section 4.1
because the input signal to the ED is affected by noise gen-
erated by the optical transceiver. Figure 11 shows each
waveform for the MP2100B SFP+ optical Rx optical sensi-
tivity test. The effect of noise increases relatively as the
input optical signal power (amplitude) decreases, and the

error rate worsens as the waveform degrades.
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Figure 9  Optical Rx Sensitivity Test Measurement Block Diagram
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Figure 11 MP2100B SFP+ Optical Rx Sensitivity Test Waveforms

4.3 Solved Problems

The newly developed MP2100B extends the BERT of the
previous MP2100A to 4ch while retaining the same cabinet
size and now supports all-in-one QSFP+ module tests. Ad-
ditionally, the MP2100B ED Rx sensitivity is five times
better than the MP2100A, and the optical transceiver opti-
cal Rx sensitivity test achieves a 0.7 dB better sensitivity

than the MP2100A.

5 Conclusion

Optical interfaces are being deployed between servers and
network equipment in data centers to cope with the explo-
sive increase in traffic. This is increasing demand for optical
transceivers, such as SFP+ for 10GbE and QSFP+ for
40GDbE applications. We developed the all-in-one MP2100B
with built-in 4ch 12.5 Gbit/s BERT and sampling oscillo-
scope to meet these test needs. By designing a compact 4ch
BERT, the new MP2100B retains the same size as its pre-
decessor MP2100A with 2ch BERT. From the performance
aspect, both the PPG output waveform quality and ED sen-
sitivity have been improved to produce 0.7-dB better optical
transceiver optical Rx sensitivity test results than the
MP2100A.

We expect to provide the best solution for BER and EYE
pattern evaluations and to play a key role in improving de-
velopment, manufacturing and quality evaluations of optical
transceivers supporting future deployment of high-speed

broadband communications infrastructure.

Development of MP2100B 12.5 Gbit/s 4ch Bit Error Rate Tester

References

1)

2)

3)

4)

5)
6)

7)

8)

9)

12 (5)

Cisco White Paper: “Fiber-Optic Cabling Connectivity Guide for
40-Gbps Bidirectional and Parallel Optical Transceivers”, (2013)
Y. K. Chen: “Coherent Transmitters and Receivers for Plugga-
ble Mpdules”, OFC 2014, W1I.1, (2014)

Casimer DeCusatis: “Optical Interconnect Networks for Data
Communications”, Journal of Lightwave Technology, Vol. 32,

pp.544-552 (2014.2)

Hideaki Kamisugi, Kuniyuki Ishii, Tetsu Murayama, Hiromi

Tanaka, Hiromi Kurashima, Hiroto Ishibashi, Eiji Tsumura:
“40 Gbit/s Small-Form Low-Power Optical Transceiver”’, SEI
TECHNICAL REVIEW, No.77, pp.64-68 (2013.10)
https//www.anritsu.com/en-us/test-measurement/products/mp2100a
“SFF-8436 Specification for QSFP+ 10 Gb/s 4X PLUGGABLE
TRANSCEIVER Rev 4.8” (October 31, 2013)

Chao Jiang, QingSheng Hu: “A 6.25 Gb/s Adaptive Analog
Equalizer in 0.18 pm CMOS Technology for High-speed Ser-
Des”, 2012 2nd International Conference on Computer Science
and Network Technology, pp.266-270 (2012)

Ruey-Bo Sun, Chang-Yi Wen, Ruey-Beei Wu: “RC Passive
Equalizer for Through Silicon Via”, 2010 IEEE 19th Conference
on Electrical Performance of Electronic Packaging and Systems,
pp.45—48 (2010)

Yoon Koo Kwon, Kang Yong Jung, Ho Sung Cho, Jongyoon Shin,
Seungjoo Hong, Jong Yeong Lim, Sungmin Cho, Hee Yeal Rhy,
Gwang Yong Yi: “Optical transceiver for CWDM networks with
multi sub-channel interface” OFC 2014, Th3J.2, (2014)



Anritsu Technical Review No.25 September 2017 Development of MP2100B 12.5 Gbit/s 4ch Bit Error Rate Tester

Authors
Satoru Shiratsuchi

1st Product Development Dept.
R&D Division
Measurment Business Group

\

Takaya Abe

1st Product Development Dept.
R&D Division
Measurment Business Group

Seiya Suzuki

Solution Marketing Dept.
Service Infrastructure Solutions
Division

Measurment Business Group
Sumio Saito

1st Product Development Dept.
R&D Division

Measurment Business Group

Publicly available

13 (6)




<<
  /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 /Error
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <>
    /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 <>
    /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.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




