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Overview

 Random variation challenge /

— Every transistor is different —

Energy |
Savings |

— Must margin delay & energy Vdd
 What if we created variation map per chip?

* |f we route per chip using delay information:
1. Eliminate delay margins
2. Reduce energy by 1.42-1.98x

3. Extend minimum energy scaling by a
technology generation
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Motivation

* Random V,, variation

— Cannot know pre-fabrication

— Getting worse

— Fundamental, atomistic
result of doping

Dopants

Source: ITRS 2010

10000

1000

100 ©

10

1000

100
Feature Size (nm)

10

40

1 35
1 30
125
120
115

10

Threshold Variation (sigma)



Impact of V,,, Variation
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Opportunity

Delay-oblivious route

Switch Delays

* FPGAs have reconfig!

* Measure variation
then route

— Avoid defects?

A
— Faster?
— Lower V?
* Limit Study Ar
— Delay-oblivious vs ij:
Delay-aware routing

Same speed as oblivious @ lower V



Challenges

* Obvious solution, but practical?

— Disrupts FPGA model of one CAD run per design
* Rubin, “Choose-Your-Own-Adventure Routing”,

NOT FPGA 2009
This — How do we measure every device?
Paper * Sedcole, “Within-die Delay Variability in 90nm
FPGAs” FPT 2006
— How do we store this information?
— How do we use this information to map?
This — Is this worth the trouble?
paper

(“Limit Study”)



Methodology

Delay & Energy model
— PTM models (45nm-12nm)
— |ITRS variation (27% @22nm)

Modify VPR 5.0
Caveats

— Only random V,,, variation
— Only interconnect

More details in paper

* Experiment
— Single placement
— 50 random chips
— Delay-oblivious

* Route once, evaluate each chip

— Delay-aware
* Route each of 50 chips

— 90% parametric delay/energy

« 45t slowest/most energy chip



Sizing
* Critical in optimizing delay and energy
 Examined 1x-32x sized switches
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%V @ 22nm, 1x =27%
%V @ 22nm, 8x 4 9%




Sparing
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* CLBI/O pins are
bottleneck

— Low V4 defects

— Cannot yield if I/O
pins defective

* Add spare pins



Defect Rate (%)
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Defect Rate (%)
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Defect Rate (%)
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Defect Rate (%)
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Defect Rate (%)
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Defect Rate (%)
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Defect Rate (%)
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Delay vs V, (des, optimized sizing)

* Delay-aware
routing

eliminates delay

margins
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Energy vs V, (des, optimized sizing)
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Energy vs V, (des, optimized sizing)
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Energy vs V, (des, optimized sizing)
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Energy vs V, (des, optimized sizing)
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Energy vs V, (des, optimized sizing)

* Nominal uses
minimum size

* Delay-aware
routing reduces
energy margins

1. Smaller sizes
2. Lower voltages
3. Less Leakage

Parametric Energy/Operation (pJ)
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Results & Future Work

Design LUT] C,... Technology (nm)

45 32| 22 16 12
alu4 1492 52((1.69| 1.81| 1.87| 2.02| 2.02
apex2 1876 761156 1.73| 1.82| 1.96| 2.04
apex4 1304 78111.29| 1.46| 1.57| 1.87| 1.90
bigkey 1816 7211149 1.72| 1.88| 2.58| 2.69
clma 7808 921((1.42| 1.61| 1.73| 2.06| 2.09
des 1504 781((1.39( 1.55( 1.27| 1.93| 1.97
diffeq 1280 76(11.30| 1.41| 1.65| 2.09| 2.12
dsip 1372 64(|1.58| 1.82| 1.90| 2.01| 2.05
elliptic 2784 60(|1.88| 2.08| 2.19| 2.35| 2.45
ex1010 4744 114(({1.17| 1.27| 1.48| 1.88| 1.91
exsp 1092 70111.37| 1.53| 1.66( 1.87 | 1.96
frisc 2892 82||11.74| 2.00| 2.09( 2.21| 2.25
misex3 1388 68||11.63| 1.78| 1.81| 1.78| 1.76
pdc 4616 96|(1.46( 1.60| 1.63| 1.60| 1.59
$298 2020 60(|1.31| 1.47| 1.62| 1.84| 1.79
38417 6232 50(11.29| 1.46| 1.63| 2.09| 2.09
$38584.1 || 6064 60(|1.35| 1.61| 1.68| 1.91| 1.90
seq 1724 781162 1.74| 1.85( 1.98| 2.00
spla 3784 86||1.04| 1.18| 1.30( 1.47| 1.43
tseng 972 48 111.39( 1.57| 1.73| 2.28| 2.48

Geomean (benefit)
Geomean (margins')

margin = delay-oblivious/nominal

1.42-1.98x energy
reduction across
technologies
Improvement?

— Power gating

— Selective sizing

— Pipelining
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Minimum Energy vs Technology

e Delay-oblivious
scales to 32nm

* Delay-aware
scales to 22nm

Parametric Energy/Operation (pJ)
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Conclusions

(pJ)

 Component-specific routing
challenging but beneficial

Parametric Energy/Operation

e |s it worth the trouble? T e

1. Eliminate delay margins j | =l
2. Reduce energy by 1.42-1.98x \
3. Extend minimum energy scaling

by a technology generation /

Parametric Energy/Operation (pJ)
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