Introducing Process and Statistical Variability
4)’ Unlversuy Parametric Yield Analysis through

DEVICE

of Glasgow SPICE Simulation : [MDHUNG
) i | GRUP
P. ASENOV, N. A. KamsanI, D. Reip, C. MILLAR, S. Roy, A. ASENOV
Device Modelling Group, Dept. of Electronics and Electrical Engineering
University of Glasgow, Glasgow G12 8LT, Scotland, UK
E-mail: P.Asenov@elec.gla.ac.uk, Tel: +44 141 3304792, Fax: +44.141 330 4907
N ; ” T 1008 mamaaB BN Mid BaMLL)
Introduction Methodology
Two fundamental types of variability exist in modern silicon . y 3 !
chips; process variability and statistical variability. Variability ;arg; t.nsen{bles;f SPICIEdSIlmulIatlogs o ehpetljfo_rmed _usmgf !
introduced through process variations is complex, but usually an omsﬂl.b'l—’[_ l,atoo ftve Ope. atthe [l.I versity of
well characterized. Process variability presents as a gradual G]ngOW, Whlc,h 1s.cap.able 0 generatmg ra.ndom 'PSI,BHCFS,O “
change in parameters across chip, across wafer and wafer to any nominal circuit with the correct statistical variation in its oo
g ) ;
wafer. Statistical variability, which is exacerbated by aggressive COLLsHICECCILRRHCIg
scali ng, iscaused by atomicscale Figure 3: 1 bit adder schematic
charge and device structure variations ! . ) . . .
including random discrete dopants The follo_wt_ng assur_npll_ops are made in the stmulatlons below:
(RDD), line edge roughness (LER) and j a)(stalllstlca] Val’lab]}hl)ﬁ is captured, to first q1‘der. by the
polysilicon granularity[1]. Unlike distribution of vth0, which is assumed to be Gaussian
g ; - y
systematic variability, statistical b) Corners are dvehr.led .by 1 and 20 of the threshold voltage
E variability is truly stochastic and varies (vthO) Parame[er distribution.
5 d trans Stor to transistor leve b ¢) 0 is chosen as 15%, 20% and 30% of the mean threshold
voltage.
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Figure I: The effect of statitical variability on Id Vg characteristics of MOSFET | ( allowing for powerlperformancelyield tradeoff
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1 Figure 5: Process and statistical with correlation Figure 6: Process and Statistical without correlation Figure 7: Average energy per transition with maximum
| delay with 90 nd 99% yield contours
| Figure 5 showns the same simulations of statistical and process Figure 6 showns process and statistical varibaility without In as system dominated by statistical variability corners
} with fully correlated p and n type device process varibility. correlation between p and n-type devices. are shown to be extrememly pessimistic.
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| [ B The effectof increasing varibility on high yield
| Ay I/ E E parameters is shown, with high variabity causing an
| E = | | exponential decrease in high yield performance. This
| 23 =) 53; | isshownto be true inthe absence and presence of
b3) Eﬁ i | statistical variability.
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As can be seen statistical variability pushes the 99% yield to lowerand ~ As shown in Figure 9, higher amounts of statistical variability causes
lower delay/power performance, in this case reducing performance by the high yield contours (99%) to be extened exponentially. This time
almost 10%. causing a delay increase of almost 20%.




