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Outline

d The EKV3 charge-based model of the MOS transistor
Is a highly versatile tool:

= A full compact model for circuit simulation

= Used in commercial simulators and PDKs

=  Available in open-source tools such as NGSpice, QUCS

=  OPEN SOURCE: https://github.com/MatBucher/ekv3model

d The charge-based model: model quantities are related to

circuit-level parameters

= An engineering tool for design and education

= COVERS WEAK-MODERATE-STRONG INVERSION seamlessly

=  Parameter extraction techniques are fully consistent with the model

d The model clarifies relationships among key circuit-design
Figures-of-merit (FoMs) such as:

= Transconductance,

= Transconductance-to-current ratio,
=  Capacitance,

=  Transit frequency
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Charge-based MOSFET model for I

Drain current in all regions of MOSFET operation:

w _ W
Ip = IOT ’ [lf - lr] = Ior : [(CISZ'I'CIS) - (CISZ + qd)]

Relationship among voltages and inversion charge qgp,:

Vp = Vsp)

0 = 245y + In(qs))
T

Inverse relationship given by Lambert W, function:

1 Ve — Vs(p)
As(d) = EWO [2 - exp( U, )]

Single equation for all operating regions
(weak-moderate-strong inversion)
Only parameters: V4o, n, I
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Transconductance G,,, and G,,,/ I ong-channel)

Gate transconductance: Transconductance-to-current ratio:
_ alD _ ISPEC .qs —0Up GmUT _ 1
. _ =
Vg Vs Vp U; n lo n-(1+0s +7p )

d Single equation for all operating regions
(weak-moderate-strong inversion)!

d  Only parameters: Vo, n, I
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Vo and n extraction from Gy /I,
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[REF] M. Bucher et al. IEEE LAEDC, 2023 10.1109/LAEDC58183.2023.10209129
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Capacitance Cge vVs. mobile charge q.

1.4E-10
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1.26-10 ge = hgd T Rgs = gy gy, X 3-(qs + qa + 1)?
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Q’ZB (\}) Ve = Vo + n[Vs + Ur(2q5 + In(gs))]
d Gate-channel capacitance measured
from split-CV in linear mode (Vyc=0V) Vip 0.2 Vv
d  Only parameters: C';,, V1o, N n 1.33 -
. NMOS, 55nm bulk CMOS technology Cox 0.0139 F/m2
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Capacitance Cgzg VS. mobile charge q.
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1. q, is determined from measured C, in linear mode:

1 Cgc _ Cyc

=571

ds

Cyc Cox

2. Now, C is calculated in saturation mode
(Vp>Vp, i.e. qg<<q,):

_ qs 29s +3
9*lsat. 0x'3 (qs + 1)?

Vg = Vo + n[Vs + Ur(2q;5 + In(qs))]

0 Gate-source capacitance C,, in saturation mode (q.>>qy)
O Saturation-mode C, is obtained from measured C, in linear mode (via q,)
d Same device, same model parameters: C',, V1o, N
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F; as a function of mobile charge q, (sat.)
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O Analytical models coincide with “inferred measured” (via q.) quantities.
d Same model parameters: C',, Vo, N
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Conclusion

d

The EKV3 charge-based model of the MOS transistor is a highly versatile tool:
= A full compact model for circuit simulation

=  OPEN SOURCE: https://github.com/MatBucher/ekv3model

=  EKV3 to be evaluated for Open-Source PDK (IHP 130nm)

EKV3 is seconded by engineering tool (the charge-based model)
for design and education:

=  The model clarifies relationships among key circuit-design Figures-of-merit (FoMs) such as:
Transconductance (Gy),
Transconductance-to-current ratio (Gy/Ip),
Capacitance (Cgo),
Gain-bandwidth (GBW)

= All these quantities are directly related to the mobile charge in the MOS channel.
Analytical equations and a minimal parameter sets. Simple parameter extraction
The model is a highly valuable tool in educating analog design engineers
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