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Introduction

 The large number of the compact MOSFET model

parameters necessitate an elaborate extraction
process

* Problems of gradient-based methods:
» Numerous local minima of the error function

» Strong dependence on the initial values of
parameters

» Possibility of convergence outside physical range
» Numerical noise for computing derivatives
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Error Surface

Error, a.u
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MOSFET Model

* Long/wide devices only
« Subset of SP with 8 parameters is sufficient

I, =u(W/L) C,(q,+0,6)@,~¢,)

U -- effective mobility
W.L -- device dimensions

-- oxide capacitance (per unit channel area)

Qi,, - inversion charge at potential midpoint

-- linearization coefficient; o, =1+(/9@,+@,~29) "
®, -- thermal voltage

d ., d_,-- surface potential at the source and drain ends of the channel
5
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Mobility Model

T pﬂ(l +X001Vsb) / (1 t O°2X001Vsb)
1+ (MEeff )9 + C:? [bybm/ (qZ'm + Qbm)]2

Uo» M4, 6, Cg, X_,, — model parameters
V., —inversion charge at the potential midpoint
dy,m — PUlk charge density at the potential midpoint

E .« — effective vertical field
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GA Overview
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Table 1. GA application (T=298)

_ _ Optimal
Name Unit Min Max
C.#0 C.=0
Ty nm 3.9 4.1 3.928 3.949
Neub 10'7cm?3 2.0 5.0 2.554 2.875
Vg, V -1.1 -0.9 -0.929 | -0.974
Uo cm?/Vs 300 800 566.9 428.1
P m/\V 0 3 1.143 0.863
0 none 0 5 1.658 2.585
Xeor V- 0.01 0.1 0.0597 | 0.044
C, none 0 3 0.5734 0.0
Error a.u. 27.76 1.9 9.35e-4 | 1.29e-3
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Table 2. GA application (T=218)

, _ Optimal
Name Unit Min Max
C.#0 C.=0
T,y nm 3.9 4.1 3.928 3.928
Neub 10"7cm-3 2.0 5.0 2.554 2. 554
Vg, V -1.1 -0.9 -0.969 | -0.963
Mo cm?/Vs 300 800 750.5 587.7
P m/\V 0 3 1.038 0.899
0 none 0 ) 2.615 3.930
Xeor V- 0.01 0.1 0.0707 | 0.0344
C, none 0 3 0.624 0.0
Error a.u. 27.76 1.9 1.1e-3 6.5e-3
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* |n agreement with MOSFET physics the effect of Coulomb scattering
is relatively small at room temperature: the error is reduced by 38%
when Cg#0 is allowed (shown in Table 1).

« However the inclusion of the Coulomb scattering term (Cg) improves
the fitting for low temperature (T=-55°) by 490% (shown in Table 2).

---- Coulomb scattering term is needed if the reduced temperature
operation is important

---- GA is useful for both parameter extraction and model
development

11
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Table 3. LM application (T=298)

Name _ LM1 . _ LM2 .
Initial Final Initial Final
Ty 4.0 3.61 3.9 4.53
Neub 3.0 3.017 2.0 1.877
Vg, -1.0 -0.9415 -1.0 -0.9091
Mo 600 997.6 400 788.6
P 1.0 1.2317 1.0 1.6756
0 2.0 1.4948 1.0 1.40
Xeor 0.04 0.0402 0.04 0.0403
C, 1.0 0.8789 2.0 0.934
Error 0.26 1.49e-3 | 2.895 | 1.58e-3
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Results (1)

250
T=298K
200 Vgs= 1.8V
150 - 1.44
<
=
o 100+
1.08
50 | VYA IAYAYAYATATAYATATATA
0.72
0 0.36 . . . . .
00 03 06 09 1.2 1.5 1.8 0.3 0.6 0.9 1.2 1.5
Vds (V)

— SP occc measured
13



PENNSTATE

SP @

Results (2)
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esults (3)
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Results (4)
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Conclusions

 GA —feasible to locate near-optimal solutions

 No convergence problems

« Physical based parameter ranges can be enforced easily

* |nsensitive to the numerical noise

« Useful to explore the need for including new device physics

« Combination of GA and gradient-based method may save time but is
less robust

- GA to obtain good initial values within physical range
- gradient-based method to refine the fit

17
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