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Root Cause of Problem
�The 2 halves of a differential pair see different effective dielectric constants (and 
corresponding velocities) due to the difference in Er of the Fiberglass Weave (Er ~6) 
and Epoxy (Er ~3).
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Problem Overview
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Problem Overview Continued
Extent of problem will depend on bus speed, 
length of traces, trace geometries 
(differential pair spacing), weave type(s) 
used, alignment of traces to weave, etc.
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How Large is the Er Delta?
Answer: 0.8

• Based on available Intel measurement data
• Total of 9705 data points with various vendors and FR4 materials
• Below is distribution of skew between D+ and D- for 4” of stripline

•Using 60ps/4in as a guidance ���� Er difference is roughly 0.8
• Hand measurement of 8 of the test boards showed a maximum skew of 50ps/4inch

Our 0.8 value represents ~3.6 standard deviations
(60/16.6 = 3.6)

Extreme outliers probably 
due to open traces and vias

worst-case 
Er delta 
number
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What does it do to a typical 
channel?

Er1 Er2

� Dual Reference stripline

� 5/6/5/18

� H1=6mil; h2=7mil

<< OPTIMISTIC!

2/6 tap buffer

Tx Package

LGA socket

2/6 tap buffer

Tx Package

LGA socket

CPU Board (Stripline)

Rx

Rx Package

LGA socket

Rx

Rx Package

LGA socket

1” 1”
Major routing

� All typical corners
� xtalk not considered
� 1” of breakout routing at both ends 

– no fiber weaving
� 2.5GT, 4GT, 5GT, 6.4GT, 8GT
� Major routing:

� different lengths
– 2”, 6”, 10”, …, 

� Max delta Er of 0.8 used
� equalization coefficients adjusted for optimal eye for each individual case

� 2-tap for 2.5GT, 6-tap for others

Modeling & Simulation of Effect
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What does it do to a typical 
channel?
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What does it do to a typical 
channel? (continued)

ACCM effects are less straightforward to analyze than eye height and width, since ACCM effects are 
more ambiguous.

ACCM effects on signals going through connectors may be substantial and hard to quantify!

ACCM Peak Value vs. Length and Transfer Rate
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Exact Impact?
Hard to know…

• Simulations results on previous slides are for worst case alignment
• Not every board may see a problem – only traces that align “just right” (or wrong) 

with fiberweave will be affected
• The chance that a critical trace will align and cause a problem depends on:

• number of high-speed busses
• number of signal pairs within those busses
• bus speeds
• length of traces
• trace geometries (differential pair spacing)
• weave type(s) used
• alignment of traces to weave 
• alignment of weave to edge of board

• You won’t be able to know if the problem exists or not by merely analyzing a 
small number of boards
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What to do about it?

perhaps PCB vendors 
will rotate the image 

in the future

Investigated 17 possible approaches:
1) Offset “jog” routing per weave pitch
2) offset “jog” routing per pair spacing
3) zigzag
4) Angled routing
5) PCB vendor rotates image
6) Designer Rotates Image
7) Rotate Glass
8) Advanced materials: Nelco – SI material

(NE glass)
9) Specify tighter (or coarser) weaves
10) Adjust trace spacings for weave
11) Electric deskew
12) Random weave (matte?)
13) Subtract from margin
14) Floorplan design for 45 degrees
15) Glass-less materials: polyimide, speedboard
16) Multi-ply w/ different pitches
17) Multi-ply w/ different pitches (2)

Eliminated non-practical approaches, 
decided on those preferred:
1) Determining that the effect isn't a 

problem at a particular bus' 
frequency and lengths per slide 8.

2) Absorbing the impact to eye height, 
width, and ACCM. 

3) Special layout and routing
a) Floorplan design for 45 

degrees
b) Require <4” orthogonal routing
c) Zigzag or angled routing

4) Designer rotates image
5) Rotate Glass
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How much rotation is enough?
If a differential pair crosses 2 weave 
bundles along its length, fiberweave 
effect should be cancelled

106106

~20mils

θθθθ

θ = tan-1(0.04/L)
(L in inches)

L (inches)

• 1-2 degree rotation (relative to the 
fiberweave) is all that's needed to mitigate the 
effect 

• BUT: cross-sectioning of test boards and PCB 
vendors' experience indicates the fiberweave 
can be skewed as much as 5 degrees, relative 
to the board edge

• 10 degree rotation should solve the problem 
for all cases

Image Rotation vs. Length
(to cross 2 bundles 20 mils apart)
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• Knowing exact fiberweave cloth skew could have 
significant benefit, but is very difficult to obtain

• 10 degree rotation is conservative, but is required 
without knowing the fiberweave skew number better

• Test boards verified that 10° rotation solves the problem
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Angled Routing isn’t easy!

Chip2

Chip1

Conn4

Conn3

Conn2

Conn1
45° Routing

10° Routing
10° zigzag

45 Degree Routing
• Pros

– Easy implementation with existing CAD tools.
– Editing and tuning of existing traces is relatively 

simple.
– Easy on-grid placement of vias at 45 degree angles.

• Cons
– Use is limited for traces whose paths are primarily 

vertical or horizontal.

10 Degree ( Angled and Zigzag) Routing
• Pros

– Works well for traces whose paths are primarily vertical or 
horizontal.

• Cons
– Routing with current CAD tools is difficult.

• Initial routing takes approx 2x the time of ortho/45 deg routing.
• Cannot be maintained through orthogonal pin/via arrays.

– Vias for SMT parts would need to be placed off grid if possible to 
accommodate routing

• Difficult and time consuming to edit after initial routing.
– Placement of new parts and vias very difficult.
– Editing often creates unwanted trace artifacts; may be necessary to 

delete and reroute large portions of busses.
– Could not be used in conjunction with image or panel rotation

• Image rotation would nullify the advantages of 10 degree routing
for some trace segments
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Rotating Image isn’t cheap
• Rotating Image:

• Potentially increases PCB cost due to reduced panel and process 
utilization, and equipment capability

• Should cost 10 – 15%, but some estimates were as high as 33%
• Might have to hand-select supply base (for larger panels)
• Work on-going with HVM supply base for low cost solution
• Maximum panel size can be an issue

• Rotating Panel on Sheet:
• May work for long term solution
• Increased cost due to reduced sheet utilization, added process steps, 

new equipment, low demand
• Working with laminators and board manufacturers
• Thermal expansion effects investigation on-going, not an issue to-date
• A daunting task – work on-going

Panel edge

P
an

el
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dg
e



Copyright © 2007, PCI-SIG, All Rights Reserved 14PCI-SIG Confidential

Test Board Results

Is this real?

Test boards built to verify
effect and solutions

Is this real?

Test boards built to verify
effect and solutions
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Test Board Layout
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CV Test Board Results
(10 boards built/measured)

Note 10ps/in skew!

13° rotation is
very effective

45° rotation is
effective, but 
not completely
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• Worst case Er delta = 
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CV Test Cross-Section
Post-TDR cross-sectioning showed correlation

between trace-to-weave alignment
and skew measurements

pt_vms01z_bd10lyr01ovl06s10.tif
17ps/6”

Cross-section from vendor
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FR4 Test Board Results
(20 boards built/measured)

Largest skew (ps/in) was on Bd 19, 6” stripline, 
sample 10

total skew = 38ps, or 6.3ps/in

For 900ps of 1.2ns total propagation, traces are over 
epoxy and weave.

Skew if traces were directly over epoxy and weave for 
entire length would be about 10ps/inch. 

That agrees with CV Test Board 2” results.

worst case would have traces 
at these different levels for their 

entire length

10° Measurements showed greatly reduced 
(essentially 0) skew
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“REB3” Test Board Results
“REB3” Test Board also had similar structures which verified 
findings of CV and FR4 FW Test Boards
- 10° Mitigates Fiberweave Effect



Copyright © 2007, PCI-SIG, All Rights Reserved 20PCI-SIG Confidential

Try Out Image Rotation BKM
Rotated State-of-Art Server Design 10°

 
Panel edge

P
an

el
 e

dg
e

Boards were built to prove existing design could be easily and accurately rotated without any 
unforeseen manufacturing problems.

1st boards that came back were not rotated. (manufacturer un-rotated the design)

This highlights the difficulty in rotating a design until the process becomes more commonplace.

Note from vendor 
explaining why 
design wasn’t 

rotated!

Intent: 
Rotated 
Design
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Image Rotation Key Learning
Future solution: 

unambiguous addition 
to Fab drawing
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Rotation Process “gotcha’s”

Rotating Gerbers is NOT trivial

• Need format with unambiguous rotation direction 

• Must rotate Netlist

• Must rotate drill file (which may not be in standard format)

• Must not rotate solderpaste

But, interestingly enough, our HVM vendor un-rotated the design w/o a second 
thought!
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Special Considerations for 
Multi-pack Designs

Typically, we send board vendors a file representing a single instance of the board, along with 
instructions for multi-packing that board on a panel.

With rotated images, however, we might have to send the entire multi-packed design, or specify 
multi-packing in a more detailed manner.
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Summary
• Future designs will have to account for the fiberweave effect
• Magnitude of fiberweave effect on high speed differential signals is understood

• 0.8 Er delta represents our current estimate of worst case effect
• Have quantified when the effect has to be taken care of, when it doesn’t
• Some designs won’t have to do anything – the routing that lies parallel to the 

board edges is limited to <4”
• Product-ready mitigation techniques are available

• Routing option  available, but painful – enhanced CAD tools should help
• Image rotation not trivial, and cost adder is ~10%
• Perhaps board vendors will eventually offer rotation
• Rotated glass may be available later

• Also:
• CAD tools may make angled routing more attractive
• Determining or specifying exact amount of possible weave rotation may allow 

image rotations substantially less than 10 degrees (and corresponding cost 
savings)
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Thank you for attending the 
PCIe 2.0 Technology Seminar.

For more information please go to 
www.pcisig.com
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