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What is a compact model ?

Compact Model is the medium of information exchange
between foundry and designer.
Provides detailed information about device operation &
characteristics
However, needs to be:

* Simple enough to be incorporated in circuit simulators

* Accurate enough to predict behavior of circuits
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Why the need for a design-oriented MOSFET model ?
* Provides a proper bridge between the electrical behavior of the MOSFET and
circuit performance though simple analytical equations
e Allows analytical sizing of the transistors
* Avoids excessive dependency of the IC designer in using parametric simulations
with complex models to define the operation point!

IC designers bridge

" Over complex Models |

o 4

Design-oriented model: ACM2

gaaqg

* Good enough accuracy
in all regions
* 5 DC parameters

| Oversimplified models

D A

* High accuracy
in all regions
e tens of DC parameters

e Accuracyonlyin
Strong inversion

» 2/3 DC parameters
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Open-Source IC design

=
Open source PDK g

=
Open source EDA tools @
Few Open source IP & Iibrarie@

Available compact MOSFET models

We propose:
ACM2 : A Simple 5-DC-parameter MOSFET model

G
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ACM2: A simple 5-DC-parameter MOSFET model
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Inversion charges in terms of the inversion levels

Unified Charge Control Model

Ve — Vsp)B
¢

Relationship between normalized — |14+ 1
. . ) ) Qs = + ()
inversion charge and inversion level:

Unified (I)current Control Model
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t
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Oversimplified model vs ACM2 model

@ Saturation Ve — Vi
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Physics-based saturation: design model

Normalized saturation current due to Normalized current vs. normalized charge
velocity saturation of carriers densities
. —E I—D:i :(CIs‘l'CIdsat‘l'z)( . )
ldsat — ( quat IS dsat 1 _I_ ((qs _ quat) qS quat
\ / st/
! f=—,
1 1 2 qu sat
quatZQS+1+2_ 1+E e

or, equivalently

2
s = \/1 + Zstat — 1+ qgsar

Unified Charge Control Model including the effect of velocity saturation

Ve = Vsp)B
¢

= {s(d) ~Ydsat -1+ 1n(qs(d) — qasat)
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Output characteristics including DIBL and vg,;
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DIBL model: Vq = Vpg —a(Vsg + Vpg)
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ACM2" vs PSP — 130 nm SiGe IHP?
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Characteristics of a LVT NMOS bulk transistor with W /L = 10um/ 120 nm.

"ACM2 : implemented in verilog-A, compiled by OPENVAF, simulated in Ngspice
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2 Institut for High-Performance Microelectronics (IHP) open-source PDK
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ACM2' vs PSP — 130 nm SiGe IHP?
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Characteristics of a LVT NMOS bulk transistor with W /L = 10um/ 120 nm.

"ACM2 : implemented in verilog-A, compiled by OPENVAF, simulated in Ngspice
2 Institut for High-Performance Microelectronics (IHP) open-source PDK
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3PM-ACM model in a nutshell

dFW w

Ip = IS[if — ir] where [ = /“‘Coxn?T = ISHT
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Is Vi, and n extraction
The g,,/Ip method

Let us choose: Vps= ¢t/2 and i = 3
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Extraction of o

Common-Source Intrinsic-Gain method

e el 1
: G_+ +D : gm i(1) 2
I I Vg Im Ip sat $e\n) 1+ [T+ L 1
R O ORY Aves = T T T T e - 1 /0 2 o
| | vg Imd i m - (_) o
; - D,sat n/1+ [1+i
I S t f
A |
72(.] “ | | | | | | |
Voo — i, = 0.01 1
o5\ - g =1 Aycs = —
Igias
& ‘ 1
== o= ————
v, o =35 (—38)
=~ —38
R T | o =0.026
[ |
H —4or |
vl |
-r _'F')( | | | ! ] | |
E 8).2 0.3 0.4 05 06 0.7 0.8 09 1

{

Grenoble, April 2024 VD*BIAS (\ ) 18/27



( extraction

. 2 2
lasat = Estat ds = \/1 + Zstat — 1+ qusar

\ I
|

2(gs +1— T+ iasar)

ldsat

( =

* g, calculated using parameters (Vo , N, ) and UCCM.
* Measure Ipgq = Ip (VG = Vp = Vppmax and Vs = VB) = tgsat = Ipsat/Is-

« Example: NMOS transistor, Vg = Vp =V and Vg = Vg = 0V.

DDmax
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Automatic parameter extraction
— IHP @ Xschem

ACM2 MOSFET Model

IHP SG13G2 130nm
BiCMOS Open Source PDK

=mlp» ACM2 Model Report

=P Github

NMOS PMOS TestBenchs

Extraction Extraction

Vt0, IS, n X1 Vto, IS, n " ACM2 vs. PSP - nfet IHP 130 nm
nmos_ext [ _pmos_ext ] L TB_nmos_acm ]

siama X2 siama - ACM2 vs. PSP - pfet IHP 130 nm
\ nmos_sigma_ext J [ pmos_sigma_ext | | TB_pmos_acm

ﬁem nmos_zeta N &Mﬁ_ )

ACM2 MOSFET Model Authors 2024-04-17 21:28:31
/home/gmaranhao/Documents/MOSFET model/Examples/IHP-SG13/xschem/ACM2_Extraction.sch

‘ Also, it will be available for GF180 and SKY130

Grenoble, April 2024




CMOS Inverter in 130 nm bulk
VTC and short-circuilt current
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CMOS Inverter in 130 nm bulk
Output Voltage and pull-down current
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Uiy == PSP === ACM
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Github — ACM?2

Github - Content

@ AcMmodel

B Examples
I Verilog-A
B docs

[ LIcENSE

[ README.md

[T README 3 ECL-2.0 license

Advanced Compact MOSFET model (ACM)

ACM is a simple MOSFET model to design and simulate Analog, Mixed-Signal, and RF circuits

Examples of PDKs and circuit simulators using the ACM model

» Gri1soMcCU
B IHP-SG13

@ QucsStudio
BB SkyWater130

BB Spectre
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MOSFET model / v bg-A / NMOS_ACM_2V0.va i

° ACMmodel Update NMOS_ACM_

Blame 291 lines (2

R o bk o sk ko o ok bk ko ek ko

// * ACM NMOS model (Verilog-A) *
ff* @7/2e23 Vz.0.@ *

S AR AR AR AR AR AR AR K R A AR KRR A R KA

J"II 33 23 3K 8K kR HOR B ORS00 3 0 K i K 3K 00 K 0 0 0K HOR R Ok OO O K O R ek K kR K K
// * Copyright under the ECL-2.8@ license

// * Universidade Federal de Santa Catarina

"

// * Current developers: Deni Germano Alves Neto (Doctoral student, UFSC)

i* Cristina Missel Adornes (Doctoral student, UFSC)

i* Gabriel Maranhao (Doctoral student, UFSC)

"=

/f * Project Supervisors: Prof. Carlos Galup-Montoro

/"= Prof. Marcic Cherem Schneider

f R R AR AR R R I R R R K B K

“include “"constants.vams”

“include "disciplines.vams"

// function of the algorithm 443 to calculate de normalize charge densities
“define algo 443(Z,qn) \
if(Z < ©.7385) begin \

numeratorD = Z + (4.0/3.0)*Z*Z; \

denominatorD = 1.8 + (7.9/3.0)*7+(5.0/6.0)*7*Z; \

WnD = numeratorD/denominatorD; \

else begin \

numeratorD = 1n(Z)*1n(Z)+2.0*1n(Z)-3.09; \

denominatorD = 7.8*1In(Z)*In(Z) + 58.0*In(Z) +127.9; \

- 24.8*(numeratorD/denominatorD);




Summary — The ACM2 model

A truly compact MOSFET model with single-piece functions
Implemented in Verilog-A for simulation

Interchangeable between simulators (SPICE or SPECTRE)

Verify in all three open-source PDKs (Sky130, GF180, IHP-SG13G2)
Helpful to designers (only 5-DC-parameters)

Simplified parameter extraction procedure
* Accepts parameters extracted from simulations or chip measurements
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Happening now:

Chipathons:
) SOLID-STATE
S CIRCUITS SOCIETY" ‘ UNL!(.; -CASS

IC Innovation

What’s next? ACM2 merch

Live demo of the ACM2 @
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