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IEEE 802.3bj – 100GBASE-CR4
• IEEE Standard for Ethernet  Amendment 2: Physical Layer Specifications and 

Management Parameters for 100 Gb/s Operation Over Backplanes and Copper
• 100 Gb/s backplane and copper cable port type 100GBASE-CR4
• Passive twinaxial copper cable assemblies of lengths up to at least 5 meters 
• Interconnection of switches and server’s in equipment racks within the data 

center, computer room, and central office environments. 
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Abstract
• Overview 100GBASE-CR4 test point specifications and test fixtures for testing;

– transmitter and receiver signals 
– twinaxial copper cable assemblies

• Demonstration of achievability of conformance to the 100GBASE-CR4 test fixture 
s-parameter specifications;
– HFSS models
– vector network analyzer measurements



Channel and link Definitions
• The channel is defined between the transmitter and receiver blocks to include the 

transmitter and receiver differential controlled impedance printed circuit board 
and the cable assembly. 

• The Media dependent interfaces (MDIs) refer to the connector interfaces.  
100GBASE-CR4 specifies the quad small form factor pluggable (QSFP28) plug 
and receptacle.



Test Points and Descriptions
• For conformance testing five test points are standardized. 

Test Points Description
TP0 to TP5 The channel is defined between the transmitter and receiver 

blocks to include the transmitter and receiver differential 
controlled impedance printed circuit board and the cable 
assembly.

TP1 to TP4 All cable assembly measurements between TP1 and TP4. are 
performed with the test fixtures specified in 100GBASE-CR4. 

TP0 to TP2
TP3 to TP5

A mated connector pair is included in both the transmitter and 
receiver specifications.

TP2 Transmitter parameters are measured at TP2 utilizing the test 
fixture specified in 100GBASE-CR4.

TP3 Receiver parameters are measured at TP3 utilizing the test 
fixture specified in 100GBASE-CR4.



Channel Parameters and Insertion Loss Budgets 
• TP0 and TP5 may not be accessible in an implemented system 
• Information (not required for conformance) of channel transmission 

characteristics and insertion loss budgets provided in Annex’s.

Parameter description f(GHz) Unit

Transmitter and receiver differential printed circuit 
board trace loss  (host PCB insertion loss 6.81 dB 

@12.89 GHz)
0.05≤f≤19 dB

Channel Insertion Loss (6.81 dB @12.89  GHz) 0.05≤f≤19 dB

Maximum channel insertion Loss (35 dB @12.89 GHz) 0.05≤f≤19 dB

Minimum channel insertion loss (x dB @12.89 GHz) 0.05≤f≤19 dB

Channel operating margin  (3 dB) dB

Insertion loss budget @ 12.89 GHz

Source: IEEE 802.3bj



The Channel Operating Margin (COM)
• A figure of merit for a channel derived from a measurement of its scattering 

parameters. COM is related to the ratio of a calculated signal amplitude to a 
calculated noise amplitude; channel operating margin  (3 dB).

Source: IEEE 802.3bj



Transmitter and Receiver Parameters TP2/TP3
• The electrical transmit signals is defined at the output end of the mated 

connector (TP2) and all receiver measurements and tests are made at the input 
end of the mated connector (TP3). 

Transmitter characteristics at TP2 summary Receiver characteristics at TP3 summary 



Cable Assembly Characteristics TP1/TP4
• The twinaxial copper cable assembly consists of shielded signal pairs utilized for 

differential signaling at 25 Gb/s per differential signal pair. 

Parameter description f(GHz) Unit
Maximum Insertion Loss (22.48 dB) @12.89 GHz dB

Minimum Insertion Loss (8 dB @ 12.89 GHz 0.05≤f≤19 dB
Minimum Return  Loss 0.05≤f≤19 dB

Differential to common-mode return loss 0.05≤f≤19 dB
Differential to common-mode conversion loss 0.05≤f≤19 dB

Common-mode to common –mode return loss 0.05≤f≤19 dB

Common-mode to common –mode return loss 0.05≤f≤19 dB

Cable assembly Channel Operating Margin (3 dB) dB

Source: IEEE 802.3bj



Cable Assembly Channel (COM)
• The cable assembly Channel Operating Margin (COM) for each victim signal 

path (receive lane) is derived from measurements of the cable assembly victim 
signal path, the four individual near-end crosstalk paths, and the three far-end 
crosstalk paths that can couple into a victim signal path. 

Cable assembly signal paths and crosstalk paths for COM



Test Fixture Specifications
• Test fixtures specified in a mated state used for testing the transmitter, the 

receiver and cable assembly measurements 
– The TP2/TP3 test fixture also known in the industry as Host Compliance 

Board (HCB) is required for measuring the transmitter specifications at TP2 
and the receiver return loss at TP3. 

– The cable assembly test fixture also known in the industry as Module 
Compliance Board (MCB) is required for measuring the cable assembly 
specifications at TP1 and TP4. 

Mated Test Fixtures



Mated Test Fixtures Parameters
Parameter description f(GHz) Unit

Maximum insertion Loss 0.01≤f≤25 dB
Minimum Insertion Loss 0.01≤f≤25 dB
Minimum Return  Loss 0.01≤f≤25 dB

Common-mode conversion insertion loss 0.01≤f≤25 dB
Common-mode return loss 0.01≤f≤25 dB

Common-mode to differential –mode return loss 0.01≤f≤25 dB
Integrated crosstalk noise

Mated test fixtures parameters

Integrated crosstalk noise (ICN)



TP2/TP3 (HCB) HFSS Model
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• TP2/TP3 (HCB) test fixture insertion loss specification of 1.35 dB @12.89 GHz 
yields an insertion loss of approximately 0.3 dB/in @12.89 GHz.

•
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Mated Test Fixture – HFSS Model



Mated Test Fixture – HFSS Model



Mated Test Fixture – HFSS Model



Mated Test Fixture – HFSS Model

Label



Mated Test Fixture – HFSS Model

3.012.952.802.91MDFEXT ICN (mV)
0.810.730.100.11MDNEXT ICN (mV)
RX4RX3RX2RX1

3.012.952.802.91MDFEXT ICN (mV)
0.810.730.100.11MDNEXT ICN (mV)
RX4RX3RX2RX1

2.842.992.942.90MDFEXT ICN (mV)

0.300.300.070.07MDNEXT ICN (mV)

TX4TX3TX2TX1

2.842.992.942.90MDFEXT ICN (mV)

0.300.300.070.07MDNEXT ICN (mV)

TX4TX3TX2TX1



Test Fixtures 

Label

PHY-SI Mated test fixtures measured at 
University of New Hampshire Interoperability 
Test Lab (UNH-IOL)



Mated Test Fixture – Measurements
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Mated Test Fixture – Measurements

 
802.3bj - MTF-Return Loss -SDD11/SDD22
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Mated Test Fixture – Measurements

MTF-common-mode to differential-mode return Loss -
SDC11/SDC22-SCD11/SCD22

0

10

20

30

40

50

60

0 5 10 15 20 25

GHz

dB

SDC11-M T F-M CBC1-T X1 

SDC22-M T F-M CBC1-T X1  

SDC11-M T F-M CBC1-T X2 

SDC22-M T F-M CBC1-T X2  

SDC11-M T F-M CBC1-T X1 

SDC22-M T F-M CBC1-T X1  

SDC11-M T F-M CBC1-T X4 

SDC22-M T F-M CBC1-T X4  

SDC11-M T F-M CBC1-RX1 

SDC22-M T F-M CBC1-RX1  

SDC11-M T F-M CBC1-RX2 

SDC22-M T F-M CBC1-RX2  

SDC11-M T F-M CBC1-RX3 

SDC22-M T F-M CBC1-RX3  

SDC11-M T F-M CBC1-RX4 

SDC22-M T F-M CBC1-RX4  

SCD11-M T F-M CBC1-T X1 

SCD11-M T F-M CBC1-T X1 

SCD22-M T F-M CBC1-T X1  

SCD11-M T F-M CBC1-T X2 

SCD22-M T F-M CBC1-T X2  

SCD11-M T F-M CBC1-T X1 

SCD22-M T F-M CBC1-T X1  

SCD11-M T F-M CBC1-T X4 

SCD22-M T F-M CBC1-T X4  

SCD11-M T F-M CBC1-RX1 

SCD22-M T F-M CBC1-RX1  

SCD11-M T F-M CBC1-RX2 

SCD22-M T F-M CBC1-RX2  

SCD11-M T F-M CBC1-RX3 

SCD22-M T F-M CBC1-RX3  

SCD11-M T F-M CBC1-RX4 

SCD22-M T F-M CBC1-RX4  

802.3bj  D3.1 M T F CM DM RL



Mated Test Fixture – Measurements
802.3bj, CAUI-4 - MTF - Crosstalk - MDNEXT-

MDFEXT-PSXT 
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2x Calibration Trace – Measurements

TP2/TP3-HCB Revisions- insertion loss 2xcaltrace
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• Three revisions of the PHY-SI TP2/TP3 HCB test fixture improvements; 
transmission line structure, PCB materials, plating over copper, differential and 
ground trace geometries, ground plane stitching symmetry, proximity of solder 
mask to differential trace placement and tightly controlled PCB fabrication 
tolerances.



Automatic Fixture Removal (AFR) Software

Insertion loss REVC 2xcaltrace - AFR (1-port) 
versus (2-port) measurements 
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• Viability of open ended test fixture measurements (i.e., tested in an unmated 
state) was explored using Keysight's physical layer test software (PLTS) 
automatic fixture removal (AFR) software. 



Summary
• Overview 100GBASE-CR4 test point specifications and test fixtures 
• The achievability of meeting the 100GBASE-CR4 test fixture s-parameter 

specifications was demonstrated in HFSS models as well as by vector network 
analyzer measurements 

• Test fixture measurement results were presented and compared to the s-
parameter specification limits.  

• Revisions of the PHY-SI TP2/TP3 HCB test fixture design depicting insertion loss 
improvements based on design attributes were illustrated. 

• Considerations for the viability of open ended test fixture measurements (i.e., 
tested in an unmated state) was explored using Keysight's physical layer test 
software (PLTS) automatic fixture removal (AFR) software.
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