Statistische Analyse des Zeitverhaltens von CMQOS
Schaltungen und Modellierung von Parametervariationen

T
e

Statistical STA Basics

Best Case Gaussian Distribution
! Worst Case
L |
|
| /
|
E L 7} | Deterministic STA:
= Of +30 (Worst Case Analysis)
@ ! Q) ‘ ‘ ‘ ‘
= 7PN ‘ ‘ ‘ ‘
o | s 0 2 4 6
o 1 C?,SG
: S Wasted by
L 1 conservative Statistical Static /\
: approach! Timing Analysis /\
it PRI T B [ ST B A B B M
| | I I
40 45 50 55 60 65 70 75 80 0 2 2 6
Delay time
New Approaches for Delay Modeling and SSTA at MIS Gates
A Probability Density Function Cumulative probabilit: New Approach for SSTA on Multi-Input Gates:
A Y '} TR = T
A s - (PDF) Distribution Function (CDF) As function of output signal results from multiplication of all input CDFs
Probability that gate delay has value x  Probability that gate delay is lower than x Cer s ezl COSEFiLlD
=> new CDF results from multiplication of all approximated straight lines of input signals
function for output Error!
signal at established , M x g (t )2
approach PDF(x) = —L_exp ,(X*f) ] CDF(x)= [ PDF(t)t = | E-exp(— 2’: }11 a accurate function
. o2r 20° 0 vovV2T 0" N V_ e /™ for output signal
> /
2 £ /\‘* ¥ approach ™~/ \
accurate function = S & { \
i o fa) \
for output signal > > Vol
£ = 5
8 g A
S S 5
o a “ v \_\_
Gate Delay Gate Delay
Evaluated delay if only less parameters are
described with Gaussian distribution Library with Gaussian
(usually used, because high effort to describe distribution of gate Gate-Netlist
more parameters) delays
012 1 Approach:
+ Gaussian description of gate
0,10 delay
Monte-Carlo Simulations « Extracted from Monte-Carlo
> 008 (#10k, Variation of NDEP, Spice Simulation
== Leff, Weff, Temp, Vth)
E=3
3 008 Statistical Static Timing
& oo Analysis (SSTA)
002 New Approach for SSTA on
A X, i il i
x X gates with multiple inputs
0,00 R by -

45,00 49,00 53,00 57,00 61,00 65,00 69,00 73,00

max. delay [ps]

NAND2 in predictive 65nm BPTM technology

Dual Vt/To CMOS and Results

Leakage or Delay Reduction by SSTA @ preoptimized
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