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Modeling Approach

« Charge models are
formulated from unified
regional approach.

* Advantages: b=V, +2v, L{W},(ng <Vfb)
— The simplest physical ,
formulation y |
— Model is easy to extend to (% = —5+ Z_i_l/gbf ,(Vfb <V <I/t)
i(réc(I:ude/ other effects \
Es/non-classical model
for all regions, e.g., PAE and % :@0+Kb+A’(ng >Vt)

SCE at accumulation.

— Accuracy requirement in
surface potential can be
relaxed

G.H.See 3
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Model Formulation

Short channel
capacitances include:

 Intrinsic capacitance, C;,=
Long channel capacitance
+ Quasi-2D Potential
barrier lowering (PBL) +
Bulk-charge sharing
(BCS).

« Extrinsic capacitances =
Overlap capacitances,
Covt Extrinsic fringing
capacitance, Cey +
Intrinsic fringing
capacitance, Cj

G.H.See
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% CanRe Intrinsic SC Model @y@@
Quasi-2D PBL

 Quasi-2D Poisson solution of the

i<~ d max

Vb_VFB_l//(y)+8SX dES(y):Qg+Q0x
g

channel nC,  dy Cor
* Assuming the maximum depletion m
depth, X,,., for x-direction, / [ — 1

Y(0)=Vy+Vgp, Y(Leg)=Vpi+t Ve Source y - JJ Drain
. A_ggneral solutlc_)n exist at the VotV imex | VetV
minimum potential difference.

¢acc, pbl = ¢acc + A¢acc
¢ds, pbl ¢ds + A¢ds

€.g. charge formulation in accumulation g 1. Gaussian box and boundary

Opoe ¥ 0O =—C. WL, [ng_VFB (4, +A¢acc):| conditions in un?;:_—ZD analysis for

Silicon Bulk

=—C, M, (V,y~Viy=8,. )+ C Iy A,

<
Os1 ace —AOp 1
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 Bulk-charge sharing assumes the
trapezoidal shape of depletion
layer in the channel. Source

O Only valid when depletion layer is
form when V >V

L Can be modeled with modification
of body-factor

7 — ]/El . ﬂ (Xdep,s + Xdep,d jJ
bes
L, 2

Silicon Bulk

Fig. 2. Charge sharing effect in
Buspes = P VFies) channel and overlap region at short

Therefore, SC intrinsic charge channel
0,1 ==CoV ey > Oy = =ColV g \Bce + A b {Vies} + A |
011 ==Corf 181} = e = Corf {Bus V) + 20|
0,,=-C,g{d} = 0. ==Co{bi Vo) + A0 )
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Extrinsic Capacitances

» Overlap region: another two shorter « Extrinsic fringing are formulated w.r.t
opposite doped MOS structure. intrinsic charge formulations

« Become comparable to channel length
at Very Short Channel QB,FR :VbQB,SC(Cw'de +Cbotlom)/(LgCox)

« BCSinoverlap (BCSOV) is also 0.1 =VOr 5¢(Cote + Coonon)(LC.)

applied for overlap region

« Example, at source side e
* Intrinsic fringing model the “hump”

observed in the 2D-simulation result, it

Ospvace = WL Coo (Vs = B ) is empirically formulated as
(1 ﬂ’ov Xdov s ] QI,[F = _KifCIF,maxerf [WJ
7/0\) bes - }/ov - , if
’ L, 2
« Total charge
QSov,sub - _WLovcox (Vgsr - ov,sub {7/0v,bcs}) g

Op = O 1 {8 Vses} + ABsc} + o0 { Vs } + 050, 1 + Op e
Qs = 05 1 { b1 {7} + A} + O 00 { Vs } + 050, 1 + Os e
O = Op 1 {Buce + M b {Vies} + ABi} + O

Q; =—(0) + 05 + 0y + Oy )

G.H.See 7
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Model Behavior & Verification
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Conclusion

Quasi-2D PBL improved the accuracy at
accumulation.

Beside Overlap capacitance, BCS in overlap
region is also critical but usually ignored.

The model is scalable for lengths and different
body biases.

More works to be done for Non-zero Vds
condition.



