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Analog Design : biasing, sizing and characterizing the
MOS transistor

@ MOS calculator
» MOS models (equations) : BSIM, ...
» + process parameters (foundry, technology nodes)

» analysis : /ps is computed
Ips = fimodel,process)(Wv L, Ves, Vs, Vs, temP)

» MOS regime :
Vov = Vs — V7, overdrive voltage, inversion mode

FIGU_RE: M_OS_ Vpsat = Vigs — Vi, saturation/linear
transistor with its 4

terminals : gate, drain, » sizing : W, L or Vs are computed
source, bulk. set Vov, W, L = Ips, Vs

set Vov, Ips, L = W, Vgs
set Vov, IDS: W = L, Ves
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MOS transistor calculator

Analyzing the MOS transistor : Ips(Vps) and ,%;’(VGS)

Caracterisation HOS N H=l.@un L=1.7Sum M=l KPART=0.0
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FIGURE: MOS transistor. Drain current

Ips versus drain source voltage Vps.
Ips = f(W, L, Vs, Vps, Vas, temp)
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FIGURE: G, over Ips versus Vs, for
various Vps. Image of the overdrive
voltage (2/Vov).
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MOS transistor calculator
Sizing the transistor for the optimal overdrive voltage Voy :

Caracterisation MOS N H=1.8um L=1.75um M=1 KPART=0.0
a.e9 T T T T T T

T
Ti=-55. 88
Te=-1@.6@
@.08 | T3=35.88
T4=80.8
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Ygs eh Yolts o Wds = 1.65% et Wbz = 0.8Y

F1GURE: Transconductance Gm versus Vs, for different temperatures in the
range [—55°C, 125°C]. Selection of the optimal point : Voy ~ 0.2V, according
to temperature variation.
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MOS transistor calculator within Oceane

Parametrage de la netlist Selection du parametre a calculer
" caleul du courant dran-source
* caleul de la largeur WF
" calcul delalongueur L
" calcul de la tension grille-source avec vgs = vis
" caleul dela tension grille-source avec vgs <> vds
‘Entree des parametres de caleul
longueur du transistor (L en um) : s
largeur d'un doigt (WF enum) fros
— nombre de doigt par empilage (NF=M) © [
belD: [d labelG: g labels: s lbelB: b || tensionglle-source (VGSenV) : F 1c
tension effective de grille (VEG en¥) : 0.2z -
tension drain-source (VDS enV) : [es
W tension substrat-source (VBS enV) 1 0.0
L courant drain-source (IDS en ) : E
M temperature de calcul: 27
m centrage technologique (nb sigma) ’F
vGs
wos XPART: ®0 05 (1
vBS —
v oamsiens vin sowsusens v
von  |508s31e01 B —
— - Entree des parametres de layout & de style
S ‘ Colenl par SIMULATEOR ‘ [¥SET GEOMOD: [0+ RGEOMOD: [0 & NGCON: [I

FIGURE: Oceane MOS transistor sizing (i.e. set Vov, Ips, L = W, Vs) and

characterizing cockpit. Oceane and nspice results are equal.
[m] = =
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Behind the MOS transistor cockpit

@ Oceane/COMDIAC built-in

MOS transistor models @ all parameters are taken into

account :

T @ @ %L ng Wg °° » layout dependent parameters

T T T > Stress effect
so = oo » multi V7
Tl ! o .
er ne @ ngspice simulator is called to
FIGURE: Small signal equivalent validate each design
schematics. @ a library of configurable test

_ benches is available
@ Complete MQOS transistor model

el @ DC operating point, transient
(as in simulator) P gPp

analysis, and AC analysis can be

o Official parameters of the performed.

BSIM3/4 models (NDA)
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Analog Design : biasing, sizing and characterizing the

Miller amplifier

FIGURE: 2 stage Miller
amplifier. Several
topological alternatives are
provided.

Selection of topology, with several
alternatives

Differential pair : NMOS/PMOS
Cascode

Compensation : C alone, R and C
Common mode rejection circuit for

differential structures
> ..

v

vV vVvyy

Specifications (a small set)

Computation (fast to be iterated)

» Launched from GUI

» or C file

» = W,L, Rand C
Computed performances (Maxima,
building symbolic transfer functions)

e Simulated performances (validation)
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Sizing Principle : Amplifier case study.
@ level 1 MQOS transistor model, used to illustrate the main steps :
Ips = 4 Cox -(Vov)?(1 + A - Vps), with Voy = (Vs — V) (1)

Specification of the power = Ips, the biasing current
or Unity Gain Frequency : Fy ~ zﬁ—’"q

The inversion level : Voy = gm = %/lTD\f, the transconductance

. T . &m . LV . _ 1
Gain specification : Agg e ™~ Vor = L since A Ve

Transistor sizes, computed from Eq. 1 (step 1)

©00 ©°

Secondary performances : input thermal noise ~ %, possible
iteration (step 4)

Test benches for performance simulation (~ computed ones)

Oceane
Complete MOS transistor models are used instead of Eq. 1 in Step 1, so
that a perfect matching between Oceane and ngspice is achieved.

J. Porte & M.-M. Louérat (SU-LIP6) From filters to transistors FSIC 2019, 16 March 11 /27



Analog Design : sizing the Miller amplifier
GUI with input and output files :

i 0.74765
tension damentation supereure (VDD en): AD (dB) =
Lension & almentationnferieure VS5 enV): oo vP3 2.35770
[ ——— FT(MHz) =
margede phase (P endegr’ vsMcl [2-36389 MP (degre) =
- ce 2.530738e-12 SR (Vius) =
_ Re 9.0838940202 Aco (dB) =

courant de polarsation 0 (210NN en
requence detransiton (T en e
capaciedechargs (CLenph):

rsistance dechargs (KL n KB

PITD

b Wb [0 vz

MPE= 20

3.7500 0.6250 o) (ViHz )=
2
1.6000 0.6250 vne(Lif) (Viliz ) alHz=

w2
wne(Lif) (ViHz ) aFT=

HERERARARRRRARARA

nombre dedispoitscn puralce: v RRMC (dB}=
tenstondentoe de modecommun (VEMCenV) = [165 M. oW L EDO (V) =
i deorti d modecommun (SMCenV) = (1,63
- MNI = 2z .| 25750 /| 06250 Sigma_EDO (mV) = 780300
nomdudiposit el (OTACST2 DI .
— MN2= 2 .| 25750 /| 0.6250 G~
belVDD: i lbalvss: e VEMCmin -
b [ Wbeme fm bavine e MP3= 4+ .[a7s00 /] os2s0
b0 [0 b [ Vmax=
ase o] s [ v ] P4 s .[ 37500 /] os2s0 s
btV [ wavee [ wbavoncn -
Wbver:  epl  labelvs: [0 beveMkc: [ NS = s .| 27rs0 /] oaza Rs (KOhm)
Lbdes:  [ops  lbelvs: o b w7 wpo= 20 .| a7s00 /| om0
vt [ baven [ b Cs(pP) = 281979
bl vSMCL: [amcl  lbelNMCL famel  Mbaincz [ MNT = 16 .| Leooo /[ o.ezs0 Cot) =
. i
. i

catcut || LecruRe  SORTIE MNg =

E

1010t (uy) =

FiGURE: Milller amplifier

specifications, input file . o Ficure: Milller amplifier
Ficure: Milller amplifier erformances. output file
MOQOS sizing, output file P ! P
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Validation of the Miller design with ngspice simulation

oTA CsTa
a T T T

ws

COMDIAC:Me ¥ () (x
ado@m)  [7.105152e+01
FCHn  [3.63636Ze+03
Frn  [1.Z267855e+07
MP (degre) |7 . 559356e+01
MGar |7

Gain en dB

SORTIE

1@ L L L L
G.081 G.01 Ga1 1 18

Frequences en fHz

FIGURE: Gain (dB) versus frequency, ngspice simulation results, same as
computed performances.
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Layout of the Miller design with Coriolis

29+++++++ + + + + + + + +
+++++++ + + + + + + +
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F1GURE: Shape Function, computed by varying the number of transistor folds, for
each transistor, of a netlist sized with Oceane.
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Layout of the Miller design with Coriolis

F1GURE: Layout of the square shape, transistor part, sized with Oceane.
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9 Sizing and characterizing an elliptic Filter
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Filter specification

Specifications de gabarit &) (&) (%
‘Type de gabarit | Fonctions modeles

& Passo-bas © Bessal

© Pussehaut | O Butterworth
 Passe-bande | " Tehobychell
 Coupe-bande | Tehebycheinverse

- cne @ Type of filtering transfer function :
. Low-pass / band-pass / high-pass
- @ Specifications (a small set) :
» Order of the transfer function (TF)
I g » Frequency boundaries
i Fﬁ » Gain boundaries
mnemia [ o » Response shape :
wene [ s * Chebyshev
R — * Butterworth
* Bessel
caeur | somme * Elliptic filter or Cauer filter

FI1GURE: Filter
specifications
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Transfer function : Cauer, order 5

CAUER H=3

53

Gain en dE

a 8.5 1 1.5 2 2.5 3 3.5 4

Freguences en MNHz

FIGURE: Transfer function of the filter : Gain (dB). Ideal models (OTA, R and C
are used)
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Filter design

Vemax= | 1.000
Vimax= 1010
ClZ=  |L.00000e-12
R3Z=  |1.48884e:05

R52= 2.01439e+05

VZmax= 1.000
C22=  |L.00000e-12
R22= 7.45978e+05

R42= 1.48884e+05

A 1

C62= 3.91337e-13

cascade of 1st order cell and 2 biquad cells

Constitution de la cascade physique : cellulenumero 2 13 i

/\/R:’.Za

biquad rejecteur passe-bas de type F

VSMI Cr

VsP1 D—/\/Rsza

VSM1 D—/\/Rszb

VSP1 -

| |[C62a
i R22a
Cl2a | 1C22a
— }—I 1
RdzZa
-F -F
AOPI2 AOP22
o j\/mzb =
4| I
C1zb ITcazb

1 VR2zb

| |C62b
1

R32b

Indices de performance

Parametrage de la cellule 2 +*

FIGURE: Second cell of the cascade (order 2)
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Filter design with 3 cascaded cells : amplifier specifications

aaaaaaaaaaaaaaaa
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FIGURE: Transfer function of the FIGURE: Transfer function of the
filter : Gain (dB). Macromodels filter : Gain (dB). Macromodels
(OTA) are used with stringent (OTA) are used with relaxed
specifications to fulfill the filter specifications to decrease the
specifications = high power whole power consumption =
consumption. Filter TF error.
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Filter design : cascade of biquad cells, optimization

Constitution de la cascade physique : cellule numero |2 Ila i

biquad rejecteur passe-bas de type F

Vemax= |1.000
R3za

VSM1 &> | ez

Vimax= 1010 fi22a
Cl2=  LO0000e-12 A RClZ2a |)Cl2a A RC22a | 1C22a
-F

R32= | L4BBBdes05
R52a
R52=  |2.01439e:05 e W

RC12= ’f— AOP12 AOP22
; _ r
VSML D—/\fnszb = + VSM2

-
VZmax= |1.000 A A
RC12b | I C12b RC22b | 1C22b

C22= 10000012 4/\/7
R22=  |7.45978es05 VSPL o> HOEZb R2Zb

Ri2= 1.48884e:035 R3zb
[y 2-31337e-13 Indices de performance

Parametrage de la cellule 2 **

R42a

-+ VSP2

FIGURE: 2™ cell of the cascade (order 2) modified to lower the filter power
consumption. The low amplifier gain impact is corrected by resistors in series,

(variant available).
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Transfer function : cascade of biquad cells, validation

CASCADE VARETAT RC
18 T T T T T T T

v

Gain en dB

-5 I I I I I I I I I
a 8.5 1 1.5 2 2.5 3 2.5 4 4.5 5

Freguences en MHz

FIGURE: Validation by ngspice simulation (macro models of the amplifiers with
relaxed specifications and correction) = correction of the Filter TF.
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Filter : cascade of biquad cells, Miller amplifier at
transistor level

Transistor Level and symbolic computation

Complete MOS transistor models are taken into account to compute the
symbolic TF of the filter, to achieve a perfect matching between Oceane
computed performances and ngspice simulation.

nnnnnnn

o = = ‘7 = — -
-
P [ .
oty I

Fi1cURE: Milller amplifier, sized
with specifications coming from
the macro-model based biquad
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F1GURE: Milller amplifier gain



Transfer function : cascade of biquad cells, transistor level

CASCADE MARETAT RC

T T T T T
=]

Gain en dE

a 8.5 1 1.5 2 2.5 3

Freguences en MHz

FIGURE: Validation by ngspice simulation (full transistor netlist.)
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@ Conclusion
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Oceane

o Filter design : from specifications to transistor netlist.

@ Accurate sizing, based on the same complete MOS transistor model
(BSIM3/4, ...) than the simulator, to ensure accurate sizing.

@ Transistor sizing is based on the overdrive voltage (independent of the
process to ensure technology migration).

@ Sizing validation performed with built-in test benches, using ngspice.
@ Fast computation to ease interaction with the designer.

@ Input and output results available through a GUI and input/output
files.

@ Coupled with Coriolis layout engine.
@ Distributed as Free/Libre and Open Source Software FOSS.
o Goal : distributed on top of ngspice ?
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Thank you for your attention !

https ://www-soc.lip6.fr/equipe-cian/logiciels/oceane/

o = E E = 9ace
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