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• In PCIe® system designs, we want the design to follow the 
mantra of 85 ohm applications to our packages, traces, 
connectors, cables, and now, our vias.

• We believe we are trying to follow what the specification says 
is required – and that 85 ohm is optimal.

• However, sometimes 85 ohm components are not available.  
Why is this?

• And then, supplier devices may be terminated to 100 ohms. 

• What should we do? 

Introduction



History:  The Path to 85 ohms

• Near year 2000, a wider trace width to reduce trace-cracking has an SI benefit

• TX C-Die, package BGA, and connector PTH are experiencing ≤ 70 ohms

• Package socket/LGA and connectors are ≥ 100 ohms

• PCB routing at 85 ohm offers reduced reflections, balancing low + highs 
between the low and high impedances throughout the signal path
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The Bottom Line on Specification:

• 85 ohms required for 
interoperable systems 
and cards

• 85 ohms does not apply 
to packages 

• PCB for captive, or 
custom, systems do 
not require 85 ohms

• Connectors do not 
require 85 ohms

• Cables are not bound 
to 85 ohms
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Considerations for PCB Impedance 

Motivators for 85 ohms 

• Lower PCB loss than 100 ohm in same stack up

• May be best match for the densest BGA designs

• Easier to achieve on high layer count stack up

• Package impedance most devices 85 ohms

• Device termination at 100 ohms is effectively 
lowered by parallel die capacitances

• Reduced crosstalk on same stack up

• More tolerant to impedance variation 

Motivators for alternative 92.5 or 100 ohms

• May be better match for non-CEM connectors

• Devices supporting multiple I/O may not be 85 ohms

How to decide?
First review S-parameter, then the only 

normative method is full channel simulation.



Components Today: Outside of 85 Ohms is OK

• Exposure to air - sockets and connectors - raise impedance above 85 ohms 

• Gen 3/Gen 4 era SMT connectors may be near 120 ohms

• Two examples: Up to 92 ohms and up to 101 ohms for Gen 5 Compliant
－ Both case significantly below -10dB targets and acceptable in PCIe® use 



Cable Consideration

• Higher impedance twinax is lower loss (opposite of PCB)
－ For longer cables, significant gains can be made with 100 ohms

• We are tempted to select cable impedance by PCB impedance
－ Yet most relevant reflections are from the attached connector body
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RL Challenge: Which is better?

• Often RL curves look too similar

• May be difficult to assess 
optimal impedance choice

• Differences look negligible, 
and they probably are

• Channel simulation is best, 
but costly in time/setup
－ Channel simulation is the only

normative compliance for non-CEM

• In lieu of simulation we can 
evaluate reflection metrics 
－ ERL, RILN, IMR, IRL, etc.

• Single value metrics help
us decide / fine tune without
completing channel simulation

End-to-End Cable Topology from previous page
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Example: High Speed Cable Assembly 

• Simulation of channel topology with right-angle 
cable assembly
－ 2" PCB trace at 85 ohms & 12" cable at 85 or 100 ohms

Eye 
Height

Eye 
Width

85 ohm 
cable

48mV 0.31UI

100 ohm 
cable

56mV 0.34UI

Gen5 Channel Simulation Results
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each side



• The specification allows for much flexibility in selection 
of connectors, cables, and traces with only exception to 
the CEM form factor.

• Expect to continue to see 85 ohm used most commonly, 
with a rise in 92 ohm applications.

• Connectors and cables may offer improved system 
performance at impedances other than 85 ohms 
– case by case diligence is needed.  

Summary



For information about Samtec’s gEEk® spEEk presentations,
contact: gEEkspEEk@samtec.com

For Signal Integrity questions, contact: SIG@samtec.com


