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Abstract

* The explosive growth of internet usage brings with it a huge demand in bandwidth
capabilities. This has forced the computer communication industry to continually
push the limits to Improve line speed, density and power consumption of
communication links.

* The design of these links is a highly complex task, where multiple objectives such as
cost, performance and power must be weighed to create a competitive product. This
poster describes and demonstrates how the Design of Experiments and Response
Surface Modeling techniques were used to answer design problems, to quantify
manufacturing variation and estimate Yield performance. This effort resulted in the
industry’s first 100 Gigabit Ethernet CMOS PHY chipset.
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* A data rate of 28 Giga-bits per second (Gbps) means that the receiver of the link has
only ~35 ps to decide if a 1 or 0 was sent.

* One measure of the goodness of a link Is the voltage eye diagram inner height and
width. The lower spec limit for eye height and width 1s 200 mV and 20 ps
respectively. Additionally a PPM limit of 1000 is desired.
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Method

We utilized SiSoft’s advanced computer interface
simulation techniques to virtually construct and test
many different configurations.

« Utilizing past experience, 9 factors were selected to
explore the space: 3 design factors and 6
manufacturing factors (uncontrolled). Factor Detalls.

* Most of the factors are discrete and a full factorial
design required 26,244 simulations which would take
58 hours of compute time.

* A D-Optimal RSM model with 171 runs (3 times the
minimum) were used to sample the factor space.
This required only 20 minutes of compute time.

* A RSM model was used which yielded excellent fits
on the eye height and width.

~ Response Stat Eye Height (V) ! '~ Response Stat Eye Width (ps)
4 Summary of Fit 4 Summary of Fit
R5quare 0.982512 RSquare 0.9704032
RSgquare Adj 037455 RSquare Adj 0.956996
Root Mean Square Error 0.022132 Root Mean Square Error 0.577391
Mean of Response 0.467592 Mean of Response 22.96645
Observations (or Sum Wagts) 171 Chbservations [or Sum Wgts) 171

* The Prediction Profiler was used to predict the worst
case operating conditions. Two of the design factors
(printed circuit board (PCB) layer and via anti-pad
size) were used to Improve the worst case
performance.

* The Simulator was utilized to assign distributions to
the manufacturing factors and to quantify the
probability of the worst case condition occurring
through PPM analysis.

* The upper limit of the PCB trace length, the most
signification of the factors and the last design factor,
was reduced to 5.4 inches which yielded a PPM of
around 1087.
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* It has been demonstrated that the design of a challenging state of the art computer
system can be greatly enhance by utilizing Design of Experiments and response
surface modeling. Alternative methods of design space exploration require many
more manual decisions which can often lead to sub-optimal results.

« Utilizing this methodology, the round trip analysis from the design of the
experiment to the analysis typically takes only minutes. This allows for the

designer to quickly iterate designs to balance trade-offs and inform design

decisions. SiSoft has worked closely with JMP to integrate the tools to allows for
this analysis.
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Factor Detalls

FParameter Name Factor Type Min Typ Max
Tx PVT Corner Manufacturing a5 1T FF
Tx PKG Manufacturing 90 Ohm 100 Ohm | 110 Ohm
Line Card PCB Design 32 mil 36 mil 40 mil
Via Anti-Pad Size
Line Card PCB Manufacturing 2 mil 10 mil 18 mil
Via Stub length
Line Card PCB Design 3 -~ 9
Routing Layer
Line Card length Design 1 inch 3 inch 6 inch
Line Card TL Manufacturing 90 Ohm 100 Ohm | 110 Ohm
Impedance
Rx PKG Manufacturing 90 Ohm 100 Ohm | 110 Ohm
Rx PVT Corner Manufacturing a5 1T FF

Table 1: 280G VSR interface factor space definition.
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Full factorial design requires
26,244  simulations  which
would take 58 hours of
compute time.

*A D-Optimal RSM model with
171 runs (3 times the
minimum) were used to
sample the factor space. This
required only 20 minutes of
compute time.
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Model Fit Summary

* Response S5tat Eye Height (V) ~ Response Stat Eye Width (ps)
4 Actual by Predicted Plot < Actual by Predicted Plot
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0.2 0.3 04 0.5 0.6 0.7 16 18 20 22 24 26 28
Stat Eye Height (V) Predicted P<.0001 R5g=0.98 Stat Eye Width (ps) Predicted P<.0001 R5g9=0.97
RMSE=0.0221 RMSE=0.5774
4 Summary of Fit 4 Summary of Fit
RSquare 0.982512 R5quare 0.970403
Raquare Ad)| 0.97459 RSquare Ad) 0.9568996
Root Mean Square Error 0.022132 Root Mean Square Error 0.577391
Mean of Response 0.467592 Mean of Response 22.96645
Chbservations (or Sum Wgts) 171 Observations (or Sum Wats) 171
4 Analysis of Variance 4 Analysis of Variance
Sum of Sum of
Source DF S5quares Mean Square  F Ratio Source DF Squares Mean S5quare  F Ratio
Model 53 3.2197204 0.060730 1240224 Model 53 1278.5743 24,1297  72.5789
Error 117 0.0573098 0.000490 Prob> F Error 117 39,0055 0.3334 Prob=F
C. Total 170 3.2770392 <.0001" C. Total 170 1317.8798 <0001




Analysis Detalls
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