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Introduction 1

I Instantaneous Companding Processing
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Expansion
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Externally Linear Signal Processing

DR DRx y< DRyDRy

y ≡ Current x ≡ Voltage

I Log Companding law: y = F (x) = ex

I Application environments:

• High-frequency

• Low-voltage

• Non-linear capacitive elements?

I Subthreshold MOSFET Implementation
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I EKV model in weak inversion: VS,DB >
VGB−VTO

n

ID = ISe

VGB−VTO
nUt

0@e
−VSB

Ut − e
−VDB

Ut

1A
IS = 2nβU2

t

I Saturated and non-saturated cells from the author:

• Low-frequency (up to 100KHz)

• Very low-voltage (down to 1V)

• All-MOS proposal?
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Principle of Operation 2

I State-Space description of the filter:(
dI
dt = AI + BIin
Iout = CI + DIin

dIi
dt =

NX
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AijIj +
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j=1
BijIinj for i=1 to N

I Gate- (GD) and Source-Driven (SD) Log functions:
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I Equivalent processing in the compressed V -domain:
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I Monolithic integration through linear capacitors:
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Generalization to Non-Linear Capacitors 3

I Actual State-Space variable to be controlled:

Icapi =
dQi
dt

= Ci
dVi
dt

+
dCi
dt

Vi =
�

Ci +
dCi
dVi

Vi

�
| {z } dVi

dt
versus Ci
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I Causes of signal distortion:

• Variation of capacitance (
dCi
dVi

6= 0)

• Signal range itself (Vi)  Minimized in Log Companding!

I Two general approaches:

• Capacitance compensation (Ci)

• Tuning-current compensation (ItunAij)
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Generalization to Non-Linear Capacitors 4

I Capacitance Compensation:

Ci
.= Coi
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Difficult to synthesize in VLSI technologies!

I Tuning-Current Compensation:

ItunAij = ItunoAij

�
Ci
Coi

+
dCi
dVi

Vi
Coi

�

ItunoAij
.=

(
nUtCiAij GD
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I Non-linear re-shaping:

• Depends on the C/V law of the capacitor. . .

• . . . but limited to a window of < 5Ut

Available capacitors in digital VLSI technologies?

 

The MOSFET itself!
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All-MOS Implementation 5

I NMOS capacitor proposal:

Ci
.= CGG ≡ CGB + CGS + CGD

I Unified EKV model for all regions of inversion:

Ci = Coxi
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I Flat regions of capacitance:

Ci '
(

n−1
n Coxi IC � 1 deep weak inv.

Coxi IC � 1 deep strong inv.
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All-MOS Implementation 6

I Tuning-current compensation for NMOS capacitance:
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( n−1
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ItunoAij IC � 1

I Topological compatibility with GD and SD Log functions:
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Design Examples 7

I Third-order cascaded filter:
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I Common circuit specifications:

Parameter Value Units

Supply Voltage 1.0 V
(VTON + |VTOP |)max 1.3 V
Full-Scale (Imax) 4 µApp
Corner Frequencies @-3dB (fc) 500-5000 Hz
Oxide Capacitance per Pole (Cox) 10 pF
Tuning Currents (Ituno) 1-10 nA
Technology 1.2 µm

1
Frequency [KHz]

0.1

C
u
rr

en
t 

G
ai

n
 [
d
B

]

-60

-50

-40

-30

-20

-10

0

10

10

First to third order selection

Francisco Serra-Graells All-MOS Subthreshold Log Filters ISCAS 2001/05/07



Design Examples 8
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• 1V supply voltage

• Third-order selection

Design of the compressed operating point in the V -domain

 

External linearity in the I-domain
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Design Examples 9

I MOS-Capacitance Model Requirements:
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I Currently working on an analytical approximation of Ci for GD cells J
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Design Examples 10

I Si Area Savings or Dynamic Range Improvements:

Parameter Process A Process B Units

λ 1.2 0.35 µm
toxgate 18.5 7.5 nm

Cgate 1.87 4.6 fF/µm2

toxpoly 50 40 nm

Cpoly 0.69 0.86 fF/µm2

Cgate/Cpoly 2.7 5.4 -

I Constant Power:

Agate <
Apoly

5 Itungate ≡ Itunpoly

I Constant Si Area:

Agate ≡ Apoly Itungate > 5Itunpoly

SNRthermal ∝ 20 log
p

Itun

DRgate > DRpoly + 7dB(1bit)

A dual third-order low-pass GD filter

Cpoly = 45pF Cgate = 243pF!!
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Conclusions 11

I Non-linear capacitance ≡ local tuning-current compensation

I NMOS capacitors compatible with existing CMOS cells

I Distortion strongly related to compressed operating point

I Important Si area savings or Dynamic Range improvements

I Suitable for 1V analog circuits in digital VLSI technologies
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