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Modeling of 1D Spatial Correlations

A G

Example: Linear decay 1
spatial correlation

m=i—|

Divide a 1D region into | sub-regions (I grid points)

HEEEA Y T

1R A |

____________________ I Different device instances
! leferent device instances | from different sub-regions

|

I |

I |

| within the same sub- -region | : are treated as either :
! |

I |

|

|
, are treated as perfectly ! partially correlated or have
, correlated. I no correlation.

All instances have the same mean x, and same standard dev. o.
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Traditional PCA Approach

e | sub-regions (grid points)

— | correlated instances

— Size of correlation matrix: Ixl

— Number of eigenvalues and eigenvectors: |

Sub- 1 2 |3 4 5 6 7
region
1 1 816 A4 0 0
2 8 |1 8 6 14 0
3 6 1.8 [1 8 |16 [ .4
4 4 6 .8 1 .8 .6 4
5 4 | 6 8 |1 8 | 6
6 0 4 .6 .8 1 .8
7 0 0 4 6 [8 |1

— Number of independent stochastic variables: |

— Each instance uses all | stochastic variables

— In 2D case, matrix size is very large
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1D Solution Formalism (1)

Nearest neighbor case:

Each instance uses

(9: (9 cl » cum only 2 stochastic
. ; variables.
X4 Xq Xy Xg Xg
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1D Spatial Correlation Solution (1)

Nearest neighbor case: 1) Fixed correlation degree
C“:]_, i:l,2,‘°‘,| q’lilzi%

Use (I + 1) independent stochastic variables

to represent | correlated instances.

. o} .
Solution: =X +—(0: £ Q:.4), i=12---,1
X =Xo \/E(gl g|+1)
2) Arbitrary correlation degree: Ginn=1"1, M S%
Solution: X =Xg+o(80i +&Gi1), =121

/ 2
azzsgn(r)\/%+ %_r A = 1—a§
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1D Solution Formalism (2)

Long distance correlation:




1D Spatial Correlation Solution (2)

 Long distance correlation
 Linear decay

1 A G

m -M O M m=i—-j
Giem=1-r, M=01.- M

Gj=0, [I-]|=M

Use (I + M - 1) stochastic variables

to represent | correlated instances.

X =Xot+—7— Zg|+k—1’ i:l,2,“',|
|V|k_1

Each instance uses M stochastic variables.
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1D Solution Formalism (3)

 Long distance correlation
e Arbitrary (almost) correlation degree

Gism=f(M,m), m=12--M f(M,0)=1, f(M,M)=0

G =0, [i—j[=M
M .
Solution structure: X = Xo+0kzlak9i+k—1, =121
. M —m
Given f(M, m), f(M,m= Yaa.,n, m=01-- M-1
k=1

need to find a,’'s:
M
m = 0 > Normalization: kZak =1
1
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1D Spatial Correlation Solution (3)

Try a family of a, curves
 Calculate a corresponding family of correlations f(M, m)

 Pick one of f(M, m) which is closest to the desired
correlation function

akOCkp, k:la21"'1M

1_

Spatial Correlation

k m "
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1D Spatial Correlation Solution (4)

 Another family of a, curves:
— Each a, curve is symmetric about its center k,
— Resulting a family of smoother correlation functions at the

centerm=0
ay o« (Ko —[k—ko)P, ko =3(M+1)

08y M=21 (@) 1 1

Spatial Correlation

0 10, 20 22 -20 -10 0 10 20
k m o
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Modeling of 2D Spatial Correlations

A 2D chip region is divided into (I x J) sub-regions,
ora (Il xJ) 2D grid

! Between !
1 different |
' sub- :

— | regions: :
! partially :
:
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2D Solution Formalism (1)

OO
Q- Q@
oy . ....... . ...... o &
el @ OO
(@R g g I OO

A 2D nearest neighbor case:

X,Y non-separable

<€&— 2D correlation Prob(g;)
® C=1 /l\ i
O 0<Cx<l1 36 0 3o :
X124 O <cCc=0

Associate each grid point with
a g;, plus 1 more row of g, and
1 more column of g;

Xi-1,3 Each instance uses
only 3 stochastic
> X3 variables.
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2D Spatial Correlation Solution (1)

Example: When a 2D correlation can not be
separated as the product of two 1D correlations

C, j:i+1 j)=C(i, i, j+D =C(, j;i +1, j-1) =1

A nearest

neighbor case:
Ca, j;1+14 j+1) =0

Use (I1J +1 +J) independent stochastic variables

to represent |J correlated instances

. o
Solution: X | :x0+ﬁ(gi,j+gi+1,j+9i,j+1)
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2D Solution Formalism (2)

Correlation range: X: (M -1) Y:(N-1)
F(M,0;N,0)=1 FIM,M:N,n)=F(M,m; N,N)=0

Use (I +M - 1)(J + N —1) stochastic variables

to represent |J correlated instances

M N
Xj =X+0 22 Ag Givkrjr-1s =11, J=1..,J
k=11=1
M—-m N-n
Given F(M, m; N, n), F(M m; N, n)_ Z Z'Ak Ak+ml+n

_ k=1 I=1
need to find A,,’s:

m=0,4---,M-1, n=0,1---,N-1
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2D Spatial Correlation Solution (2)

When a 2D correlation can be separated as the
product of two 1D correlations,

F(M, m;N,n)=f(M, m)f;(N, n) CGi, j; k1)

2D solution is also separable,

A = d | n=j-|
a, and f,(M, m) form a pair of | (M, N)
1D solution and correlation. ’
-
a, and f,(N, n) form another pair of m=i—k

1D solution and correlation. :
(=M, —N) (M, N)

Then, make use of previous 2D bilinear decay
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Summary

Presented a method of obtaining a compact
solution to the problem of modeling spatial

correlations in process, device, and circuit

variations

Presented some specific compact solutions

Our solutions are in a higher dimensional
space
— Much simpler than eigen solutions in PCA

Our solutions are simple and suitable for use
In compact models & in SPICE simulations

— Also suitable for EDA tools, for SSTA
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