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i 5 Introduction

Process fluctuations, which are due to lithography, etch, thin
film, and diffusion process variation, are inevitable in practice.
® The major in-line variation include:

v In-line poly CD variation;
v/ In-line gate oxide thickness variation;

® v In-line channel profile variation and so on...

=® The major end-of-line (EOL) variation for transistor include:

v Threshold voltage (V,,) variation;
v/ Saturation current (/) variation;

v Oft-current (/) variation and so on...




To correlate these in-line variation to the EOL variation 1n
a systematic and quantifiable way, a set of compact model
for threshold voltage [1] and drain current [2] from XSIM
has been employed.

The model 1s chosen as it 1s derive analytically and made
up from in-line device parameters, such as 7, , L 4 N, X,

ox?

and so on...
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|+ Threshold Voltage Model
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' Drain Current Model (1)
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Drain Current Model (II)
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Drain Current Model (I1I)

b2 _dge Iy = Lpqni\| 265 (Vi +Vas + Vi )/ 4
2a

Vdsat =

Ided :[dm(WO’SCOVth)
a=(4,WC, v,,R,)

sat

b= { g th+( gs l‘h)W sat[zR +Ab R +Rd)]+AbEsatLeﬁ}
0= EqqiLog (Vs = Vit ¥ 2WC vy (Ry + Ry Wy Vi f

ox sat

2
Vas =V,
c{1+\/1+(ds deﬂJ }
IE
=

EsatLeﬁ l] +h (Vds - Vdeﬂ )J+ Vdeff \/
v, 1+ (
eff

Vias = Ve
IE

sat

2
Ve = j — Vg~V



Experimental Data

The EOL parameters from seventeen sites of measurement

(cross symbols); the fitted model (lines) for different channel
length.
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The data are from 0.25um CMOS technology, CSM




% EOL Parameters Variation from

* Model
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VoI 1 7 variations due to small fluctuation of channel length, oxide

thickness and channel doping. Solid lines: -10% of nominal value; Dotted
#® lines: +10% of nominal value.




! » Model for Manufacturing

5 Fluctuation Study

A well-calibrated physical model [1,2] 1s a useful tool for
determining the possible cause for resultant device variation.
Based on the analytical model, a mathematical expression
that relates threshold voltage variance in terms of process-

related parameter variances [3] 1s shown as,

| 9Vl s | 4| OVl oy | 4| 9V
oL |, o8, | 06N,

Ns spec




! » Model for Manufacturing
5 Fluctuation Study

Similarly, for /,, and 7,

(051, ) [_a oL a(sLJ + {a .
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W, 00N , | ... oW, |,

All the quantities are normalized, which is indicated by the symbol 9, that
1s oV, =(sz —V_,,,)/ V. . (ooV, Yand a6V, /O0L are the normalized variance and
E-® (he sensitivity rate of threshold voltage with respect to channel length,
= respectively.
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'3 Sensitivity Rate (V)
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Histogram showing normalized V,, sensitivity rate to AL,

t and N_for long-, medium-, and short-channel devices.
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|3 Sensitivity Rate (/)
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Histogram showing normalized ]On sensitivity rate to AL,

t and N_for long-, medium-, and short-channel devices.
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i3 Sensitivity Rate (/)
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Sensitivity Rate (%/%)
Turn-off Current, ddl _,/dox
Histogram showing normalized [, sensitivity rate to AL,

t and N_for long-, medium-, and short-channel devices.
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Example

The long-channel example below presents the concept of
determining process fluctuations from electrical parameter
measurement fluctuations. Based on previous expression,

_| 9%, oot | + 0oV, oON_ | +R,
oot, | 0oN

S
Ns spec

1.7x107° =0.89(c6, )’ +0.31(coN ) + R,

(0'5 o )2 = [@ a5tox] +[a51”” aé’NsJ + R,

oot 00N,

ox N S.\'per.‘

5.5%x10° =1.75(c6t, )’ +0.16(c6N, )’ + R,

where R, and R, are the residue variance of V,, and [ _,
respectively, due to other process-related parameters.
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Example

Since R, and R, are not known, the following inequality equations
can be formulated,

0.89(cct, ) +0.31(coN, )’ <1.7x10°*
1.75(c6, )’ +0.16(coN, )’ <5.5%107
(oﬁtox )2 >0

(O'éNs)2 >0

(o& )? and (00N )? lie in the overlap region A. The maximum
normalized variance of / _and N 1s 1.9x10 and 5.5x10~>,

= ®respectively. This in turn is translated to maximum standard deviation
{_@of 0.26A and 2.38x10'5cm?3, respectively for the 0.25um process.

?
19
L9
Y
Y
=
»
E
P
L®
B




.9
9
9
d
d
-
*
®
*
2
»
?
- @
*
Ed
>

Application (II)

Design Specification:

Effective Channel Doping (x10"7cm™)

1,,>0.0014,
0.5V <V, <0.6V,

Ly <5x107 4
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Shaded region is where specifications are met.
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. = 17 -3
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Shaded region is where specifications are met.
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3-D mesh plot of V,, for various
implant doses and channel lengths.
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2-D contour plot of V,, for various
implant doses and channel lengths.
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Question & Answer

Thank You
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