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Process Variation Issues

Process parameter variations
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• Statistical circuit design
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Speed-Binning

 What is speed-
binning?

 Test and classify each 
functionally correct chip to 
different bins

 Why speed-binning? 
 Improves design profit 
 Salvages low performing 

chips
Chip delay (Tckt)
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How design methodology can be improved to 
take advantage of speed-binning? 
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Motivation

Variability can increase profit under non-
linear price-profile

 Yield optimized design => Higher Yeffective

 Design with higher spread => Yeffective  , commercial value

(Source: www.newegg.com)
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Profit Aware Weighted-Yield

 Price-weighted yield (YP)

 Different price-profiles
• Linear

• Quadratic

• Exponential 
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Bin-Aware Statistical Circuit Design

    Use binning 
price profile 
information 
during design 
optimization

Maximize 

Subject to: 
1

n

init
i=1

1( ) Profit-estimate

 =  < A  + A 

N

P i
ii

i

Y C YT

A x

=
= =

∆

Bin-aware circuit design optimization under a price profile 

N: Bins; n: gates

x: size factor of gate

Product price profile 
Functional tests (design specs)

Process variations
Manufacturing tolerances

Statistical timing analysisCircuit Design (design specs)
Design Optimization
Layout generation

IC fabrication

Testing and packaging

Product Marketing



  8

Profit-Aware Design
Yield optimized netlist*, 

N, price profile

Initialize bin boundaries Ti’s 
Compute initial profit Pold 

Profit-aware up/down sizing
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* S. Choi et al. DAC 2004
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Profit-Aware Up/down Sizing
  Profit sensitivity SP = dP / dx

  dx = change in gate size factor 

Size most sensitive uncolored gate
Color fan-in and fan-out logic cone  

Compute SP of all gates in {SC} for sizing 
     Sort {SC} in descending order of SP

All gates 
colored ?

No

Select gates {SC} from critical paths
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 Compute dP = Pnew – Pold; dA = Area(G) - Aold

Reset color of all gates
Perform SSTA* to obtain  

* K. Kang et al., Date 2005
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Delay Distribution Change 

 Exponential bin pricing 

• Yinit = 90%

•  Tleakage =

• c2670 circuit

•  Circuit delay distribution change by bin-aware sizing 

•  Profit optimized design has 9.1% higher YP 
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Experimental results 

• 70nm BPTM 

• On average Ath ~ 0.3% of  Ainitial  

•  Nbin(3), Yinit(90%), Tleakage(             )  2.5µ σ−

Average profit improvement over ISCAS85 benchmarks 

•  8% PImprov even at 95% yield
• PImprov increases with Yinitial  
•  PImprov: a weak function of Tleakage
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Profit Improvement for Different N

• Profit improvement is circuit topology dependent

• With NBin  fine grained bin-aware optimization is possible

N
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N = number of 
bins

Exponential 
price profile
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 How the choice of bin-boundaries 
affects the profit improvement ?
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Optimal Bin Boundary Placement

Avg. 5% PImprov for Expo profile 
without any change in design

Iteratively optimized Ti for maximizing YP form the highest 
frequency bin  Largest change in YP

 for each Ti (0 < i < N)
      dP+ = Pnew+- Pold ;
      dP-  = Pnew- - Pold ;

         if (dP+ > 0)
Ti = Ti + dT;

      else if (dP- > 0)
 Ti = Ti - dT;
      end if
 end for  
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Simultaneous Sizing and Bin Placement

Size most sensitive uncolored gate
Color fan-in and fan-out logic cone  

Compute SP of all gates in {SC} for sizing 
     Sort {SC} in descending order of SP

All gates 
colored ?

No

Select gates {SC} from critical paths

Yes

( ', ')µ σ

 Compute dP = Pnew – Pold; dA = Area(G) - Aold

Reset color of all gates
Perform SSTA to obtain  

  

  Profit sensitivity S’P = dPopt / dx;

 1. dx: change in gate size factor 

 2. Opt. bin placement 

 3. Compute dPopt

 4. Compute S’P

  A simple modification in 
the basic sizing algorithm

 Negligible effect in the 
runtime of simultaneous 
sizing



  16

Integrated Bin-Aware Design
• Yinit = 90%; Tleakage(              )  2.5µ σ−

• Initial equal bin boundaries (Ti) are near optimal for Lin. profile

• Initial  Ti’s are not optimal for Quad. profile

• Consistent profit improvement with increasing N

Exponential profile
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Conclusions

 Proposed an price-weighted yield model 
 Developed an efficient sizing methodology 

that consider speed-binning price profile in 
design phase

 Proposed bin-aware design scheme can 
optimize large scale circuits to improve 
weighted yield by 19% with small runtime
    Proposed a circuit optimization scheme 

leverages benefit of the increased 
variations in the scaled technology 
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Bin-Aware Sizing Routine Runtime

• Runtime of the algorithm is circuit topology dependent 
 Proposed algorithm takes
•  0.12 secs for c74L85 (33 gates)
•  15 min. for c6288 (2503 gates) ISCAS85 circuits. 
 Avg. runtime over ISCAS85 benchmarks : 18.45 sec
 M/C Specs: Linux server, 3.06 GHz Pentium Xeon, 2GB RAM  

• Sensitivity computation  expensive in runtime
• Number of up/down sizing iterations : 4~8 (ISCAS85)


