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Introduction

@ Compact noise models are based on the well-known
Klaassen-Prins (KP) approach

1 L
@ For thermal noise
S5z =4-9-W - (-Qi) - Dn

@ Does this KP-based formula always hold?
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Lateral Nonuniform MOSFET
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@ Doping Ny is much higher at the source than at the drain: Ny,
depends on x

@ Since V1 x +/Np therefore V1 also depends on x
@ And hence V1 @source >V @drain
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Need for a New Noise Calculation Method
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@ The KP approach totally fails in a lateral nonuniform device
@ A reformulation is clearly needed!
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General Model Formulation

@ Drain current given by

I(X):g(xvvaE)Z_\)i where g(X,V,E):—W',U,(X,E)'Qi(x,V)
where E = dV /dx

@ Arguments of ; and Q; denote explicit position and voltage/field
dependence

@ Mobility u(x, E) includes

@ Vertical and longitudinal field-dependence
@ Doping (position) dependence

@ Inversion charge Q;(x, V) models nonuniform doping
® Qj oxx (Vg — Vr(x) — nV) — Q; has explicit x dependence in
addition to its implicit x dependence through V
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Noise Calculation — Noise Sources Definitions

@ 0ig(x) denotes contribution to total terminal noise Aiy due to local
noise source din at position x

Roy, Enz, Lim, Danneville () Compact Modeling of Noise WCM 2008 8/28



Noise Calculation — Vector Impedance Field

@ The contribution of the local noise source di, to the terminal noise
current dig is given by

Jig(X) = AAG(X) - din(x) - AX

where AAq4(x) is the vector impedance field

@ The local noise source can be assumed to be uncorrelated along
the channel
din(X1)din(X2) = Sz - 6(X1 — X2)

@ Drain noise PSD

L
Saiz = /o |AAG(X)[? - Sy - dX

Roy, Enz, Lim, Danneville () Compact Modeling of Noise WCM 2008 9/28



Noise Calculation — Calculation of AA4(X)

@ The vector impedance field for the drain noise is given by

f(x
AAG(X) = L#
Jo f(x) - dx
where R
F(x) = Jo (X)
Jo + 3 =0
and
X
R(X) = exp / 1 % aago
with dv
Eo i
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Effect of Lateral Nonuniform Doping

@ If mobility field-dependence is ignored, i.e. g—g = 0, we have

* 1 090 >
f(x) = ex —/ ———dx
() p< o Jo OX

@ If in addition no explicit position dependence is assumed i.e.
% 0
ox

f(x) =1 andtherefore AAq = %

@ We get back the classical long-channel formulation

L L L
d 0 " 0 0

@ Lateral nonuniformity makes the vector impedance field Ay (x)
position dependent
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Effect of Lateral Nonuniform Doping — Low Vg

@ Since V1 at source > V1 at drain, for low Vg the source is in weak
and the drain is in strong inversion

© With AAq(x) = gy and f(x) = exp (— fi o Fed )

@ g is very small near the source — f(x) decays off very rapidly

A

f(x)

S D
@ Atlow Vg, AAq is very highly peaked near the source
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Effect of Lateral Nonuniform Doping — Low Vg
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@ Charges near the strongly inverted drain do not contribute to

noise!
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Effect of Lateral Nonuniform Doping — High Vg

@ When Vg exceeds the threshold voltage of the source end, the
region near the source starts to enter also into strong inversion

@ g near the source starts to increase
@ g is not that small near the source — f(x) decays off slowly

A

f(x)

S D
@ At high Vg, AA4(x) should be more or less uniform
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Effect of Lateral Nonuniform Doping — High Vg
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@ Effect of position dependence of AA4q much less pronounced
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Model Validation — Vg Dependence at Vps = 0

@ Plot of drain thermal noise PSD versus gate voltage for a lateral
nonuniform MOSFET at Vps =0
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Physical Explanation
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@ Since Ry > Rg, weakly inverted region determines noise
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Model Validation — Drain Voltage Dependence
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@ Ry, depends exponentially on channel potential whereas Rs has
linear dependence, hence ARy, > ARg when increasing Vpg

@ Impedance field even more strongly localized near the source
when drain voltage increases
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Induced Gate Noise (IGN) Modeling

5|9(X

8in(X)

@ Induced gate noise (IGN) Aig(x) originates from the fluctuation of
channel potential across the gate capacitance Cg(x)

@ Terminal noise current Aig = fOL AAG(X) - din(x) - dx
. . L
@ Drain noise PSD S = Jo 1AAg(X)[? - Sz - dx
@ Drain-Gate cross PSD Saj,ai, = Jo AAg - AAg - Syz - dX
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IGN Modeling — Calculation of AAg(x)

i& (x,t) Vixx)
g
Cy(x) © rdy S0t ‘ \ ,
i xfdx > x
X X
T V(X,X) Eg] ) ‘ \
din(x,t)

@ AAy is proportional to the total area below V (x,x")
@ AAy changes sign when source is moved from source to drain
@ AAg given by

. f(x L
g = o S 16000 =X -0
Jo f(x)dx Jo
where A\(x) = — 5 F?(gx(;(g] -dx
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IGN Model Validation — Drain Voltage Dependence
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@ Impedance field even more strongly localized near the source
when drain voltage increases

@ Effect of increased Vp even stronger for IGN than for drain noise
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IGN Validation — Gate-Drain Noise Correlation Factor

@ Noise correlation coefficient cg =
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even introduces a sign error at low Vg
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@ KP-based method completely fails predicting cq correctly and
@ [cqy| higher than uniformly doped MOSFET (0.6 in Wl and 0.4 in
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Minimum Noise Figure

@ The minimum noise figure F,i, of a MOSFET is given by

w
Fmin:1+2w_tv7'ﬁ\/1_lcg|2’

where ~ and § are the noise excess factors for the drain and gate
thermal noise

N
L2 Gnp _ )z in WI and sat.
Gm 2 in Sland sat.

a Gm [ s inWlandsat.
B =Gre - (.- C~c)2 .
(w- Ces) &= in Sl and sat.

@ Larger |cq| reduces the minimum noise factor
@ Nonuniform MOSFET show lower minimum noise factor
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Conclusions

@ The noise properties in presence of lateral nonuniformity are
drastically different from conventional MOSFET

@ A general analytical noise modeling methodology accounting for
lateral nonuniformity was presented

@ It clearly points out the discrepancy arises due to position
dependence of the impedance fields

@ Localization of the impedance fields towards the source is
increased in saturation for both drain and gate noise

@ As impedance field for gate changes sign from source to drain, KP
based methods produces a sign error in correlation coefficient |cq|

@ Increased |cg| leads to lower minimum figure compared to uniform
case
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