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Outline

» Statistical SPICE Model
— Monte Carlo, Skewing, Corners

* Optimal Corner for a Single Target

« Common/Optimal Corner for Multiple
Targets

 Summary
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A simple example:
diffused resistor

Aw/W is small typically.

Silicidation

Ignore it here -
1st order linear approx.

contacts  blocking layer
A
[] []
W =1 unit
[] []
\4
diffusion _ _ contacts
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Resistor’s statistical model

s R=Lrys+r,, 4 =R, + AR(u., u,)
* Iy = rsn Os U
* I endf = endn T O G rend U2

— Ots » Orong < Standard deviations

— U4, U,: Independent stochastic variables.
* Monte Carlo: Normal Gaussian distribution
« Skewing: Independent corner/adjustable parameter

 Joint probability density (JPD)
P(uy, up) = expl[-"72 (us? + uy?) [/ (21)
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In a normalized model parameter space

Contour of
equal JPD
in model
parameter
space

AR <0

N. Lu

A u2 = Arendflcendf

Uy = Arglo
AR >0
r=3

AR =0
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Variations
+ R=R_+AR

—Nominal: R,=Lr,+ 71,4,
— Variation: AR=L o, Ut G,gng Uy
= op (Uq COSQ + U, SINYP)
° — 2 2 —
Or ~ \/(L cyrs) - Orend ~ RSS(SH’ S12; )

tan(p = Grend /(L Cyrs)
Sensitivity w.r.t. u,: S44 =L o, =G COSO

W.r.t. U,’ S4 = G,opgy = Or SINQ
3c bounds: AR = 1305
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In a normalized model parameter space

Contour of
equal JPD
in model
parameter
space

AR = =30y \

A u2 = Arendflcendf

U, COS@ +
u, sing = -3
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Uy = Arglo

AR = +30p

U, COS®
+ U, sing = +3



Different Corners

3o bounds: AR =3n, og
- max: Ny =+1; min:n, = -1
» Typical corner (equal skewing):
u=u;= 3’71GR/ (L Ops i cSrend)
RSS(uy, Uy, ...)>3whenLo,.#0
- Smaller JPD

* Optimal corner (un-equal skewing):
u, = 3 cosQ = 3n,s,,/ og
U, = 3 sing = 3n,s,,/ og

RSS(u4, Uy, ...) =3 -> Largest JPD

rend
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Single target: Various corners

A Uy = Arendflcendf s A corner, but

Contour of , _
equalJPD 1=~~~ - =4~ not optimal
in model i:/ (not max JPD)
parameter | [ _
space I 1 Optimal

: I (max. JPD)
AR = -3op \ | \ corner

u, = Arglo,,

U, COS@ + | )
u, singp = -3 AR = +30p

|

l U, COSQ

|

|

+ U, sin@ = +3

r—— R |

/

X4
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2 resistors: Common corner  ©ommon

corner is

u2 = Arendflcendf within 36
Contour of —a - - =X - - bounds

equal JPD , e
in P space / \ : AR, = +30g,
/
|
|

2 parameters,
2 targets (2 egs.)
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3 resistors: Least-squares corner

Contour of
equal JPD

AU, _
Optimal

(least-
L squares)
' corner is
within 3o
bounds

2 parameters,

3 targets (3 eqgs.)
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2 Different Targets: Interconnect R, RC

WC: 3o
max(RC)

WC: 3o
max(R)

Common
corner is
within 3¢
bounds

A U,= ATlo;

5 Uy =Aw/c,,

N. Lu
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2007 Nanotech/WCM

Sensitivities:

S11/M15 S24/N55
same sign;

S12/M15 Sa2/N>;
same sign.
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2 Different Targets: FET |, |

on’ "leak
S11lr]1, Sz1ll72, A U= ATOX/GTOX
same sigh; ~—-———-=>——"T"<J~ "~ 7T~ " |
| |
| |
S12/N1s S22/ l WC: 36
' | 1,
d_lfferent | | min(l_ )
signs. _ -7\
-~ A\ u, = AlLlo,
A
A
| \ Low JPD
Common | r=3 '
corner is : Y
outside | \ |
L’s 3o | l WC: 36

bound / l max(lleak)

N.Lu IBM 2007 Nanotech/WCM 13



2 Targets: MOS varactor C

= ATox/ c7Tox

WC: 3
min(C

) I

l
accum) |

~~
~~
~~
S

accum?’ IIeak

S141N4, S241N>;
different
signs;

S12lN1, S22lN>;
different
signs.

Very
low
JPD

Common
corner is
outside

.Lu I1BM

u,=AlLlc,
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Opposite sensitivities: FET current

i A lno + 30(ly)
Very low JPD
. ................................... IPO + 3G(IP)
: |
: SNfP!
Contour of equal
: JPD in electric
: space
fNsP P
lpo AT E
(L) ! O Very low JPD
> |y

Ino _E3G(|N)
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FET fNsP, sNfP corners: PCAin N-P L

N AlNl G(IN) = OlgqUq — Olpo Uy T+ (AToxa

Avtho, ...) — 3 ]71

lp

Avtho, man - _3 [Z1

(o) &

Contour of equal
JPD In electric
space
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Opposite sensitivities:
Common corner still within bounds

xuz

constantl, v |, constantl
Cont?jr: gf_ _ Each of corner 1, 2
equa In % is within 3c bounds
a plane of :
constant but _
non-zero
ATOX’ AVthO’ " 7’ . ATOX - Avtho - .. - 0
that passes B " v plane
corners r=3 :

O «—— Outside 3c bounds
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Summary

* For a single performance target,
— There are many corners

— One of them has the largest JPD < an optimal
corner

* For multiple performance targets

— Common corner may exit
* Need to watch out its JPD
 If too small, separate corners are needed

 When there are many proper common corners, find
max. JPD corner

— If no common corner, a least-squares corner
can be found systematically

 After getting 15t order optimal solution,
build a quadratic response surface, then
get 2"d order optimal corner solution
through iteration
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