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 10Gbps and even more higher speed channels need to be 
designed. So, crosstalk is inevitable.

 Signal rise time （Tr）in 10Gbps+ system is very small ,Which 
produces more high frequency components.

 10Gbps+ Interconnect System is very Sensitive with Impedance 
Mismatch , e.g., BGA fanout areas, Connectors, Pindrills and other Vias.
Crosstalk from reflected aggressor signals and reflected crosstalk 
will further degrade the victim signal.

 The Crosstalk in High-speed Serial links  must be carefully 
analyzed to meet the BER performance requirement. 

Why  Crosstalk?
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Definition of Crosstalk in SerDes System

FEXT

TX

NEXT

RX 

Crosstalk  is usually subdivided to two parts. It is described in IEEE802.3ap 

as followed :

 Far-end crosstalk(FEXT)  coming from data traveling in the same  

general direction as the channel of interest.

 Near-end crosstalk(NEXT)  originating from a channel with a 

transmitter  near the receiver of the channel of interest.
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 Most of standards specify the requirement of crosstalk.

 In IEEE 802.3ap, it is specified as Insertion loss to crosstalk  

ratio（ICR）.

Crosstalk Requirement in IEEE 802.3ap

Insertion loss to 
crosstalk ratio 
limit in 802.3ap
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BGA  fan 

out area

Parallel traces

Connectors

Vias

Crosstalk Contributors in High-Speed System 

BGA fanout area

Connectors

Parallel traces

Other Vias in channel
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 BGA fanout area

Pay attention to BGA fanout area .The fanout patterns of differential 

pairs affect the crosstalk .

 Connectors

Connectors are often the key contributor to crosstalk. Estimate 

TX/RX partition and pindrill to optimize the crosstalk performance.  

 Parallel traces

Find the longest parallel trace and carefully analyze the crosstalk to 

ensure the routing rules are suitable.

 Other Vias in channel

The Vias for capacitors will cause crosstalk ,so keep appropriate 

distance between Vias of differential pairs.

Crosstalk Contributors in High-Speed System 
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We often focus on the crosstalk caused by connectors, connectors’ 

pindrills and parallel traces.

We paid few attention to crosstalk in BGA area in the past.

 BGA area is also an important part needed to be carefully analyzed.

 In the rest of this paper, we will look into the impact of BGA area.

Why do we focus on Crosstalk in BGA Area
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In BGA fanout area，There are 

Three samples and their primary 

differences:

 Fanout pattern

 Distance between pairs

 Via length

1

2 3

Long Via, Fanout Pattern 2 Short Via, Fanout Pattern 3

Long Via, Fanout Pattern 1 

Modeling for Crosstalk Analysis 
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BGA
fan 
out 
area

Trace ，Connector，Trace，and  
Decaps

BGA
fan 
out 
area

FEXT

NEXT

There are three serial links in model:

 Victim’s channel ,aggressor channel for NEXT and aggressor  

channel for FEXT. 

 S4p files for NEXT and FEXT.

 40-inch length trace，3W space，a certain connector model.

Modeling for Crosstalk Analysis
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Using S-Parameters for Crosstalk Analysis
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Using S-Parameters for Crosstalk Analysis
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 Exchange the BGA fanout area model with former three samples, and we get 

three different results for system NEXT and FEXT.

NEXT

FEXT

Modeling for Three Fanout Patterns

Fanout Pattern1

Fanout Pattern2

Fanout Pattern3
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ICR Simulation for Three Fanout Patterns

 Three ICR Simulation Results compare with ICR Requirement in 

IEEE 802.3ap.

Fanout Pattern1

Fanout Pattern2

Fanout Pattern3

10G-KR  ICR 
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SNR & BER Simulation for Three Fanout Patterns

 Crosstalk Simulation Setup

Time domain simulation with SerDes buffer models.

10.3125Gbps,64B66B.

Crosstalk phase assumed to be worst-case aligned  signal. 

FEXT

NEXT

Main transmission channel

NEXT channel  1

NEXT channel  2

FEXT channel  1

FEXT channel  2
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Comparisons of Simulation Results

Sample Channel Eye Height Eye Width SNR BER

Fanout Pattern1 without crosstalk 16.37% 0.35UI 21.9 7.2E-36

Fanout Pattern2 without crosstalk 16.35% 0.35UI 21.9 5.4E-36

Fanout Pattern3 without crosstalk 16.42% 0.35UI 21.9 6.3E-36

Fanout Pattern1 with 1 time crosstalk 15.65% 0.35UI 21.6 1.2E-33

Fanout Pattern2 with 1 time crosstalk 15.95% 0.35UI 21.8 9.8E-35

Fanout Pattern3 with 1 time crosstalk 16.22% 0.35UI 21.8 3.0E-35

Fanout Pattern1 with 2 times crosstalk 14.92% 0.35UI 21.3 2.0E-31

Fanout Pattern2 with 2 times crosstalk 15.64% 0.35UI 21.6 1.8E-33

Fanout Pattern3 with 2 times crosstalk 16.05% 0.35UI 21.8 1.0E-34
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 The crosstalk in BGA fanout area is not negligible but very 

important in 10Gbps+ SerDes links ,we need to select an 

optimized pattern for BGA fanout to improve the system 

performance.

 Connectors & pindrills, parallel traces and Vias are also 

very important parts to be analyzed.

 With carefully look into these crosstalk, we will do better 

work in serial links design.

Summary
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Thanks!


