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Introduction
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» Log-Companding law: y = F(z) = e*
» Previous work mainly in bipolar [1] vs MOS:
e Asymmetric I/V curves
e Reduced e current dynamic range
e Poor output conductance
e Physical mismatching

o Flicker noise
» Few CMOS realizations [2] [3] [4] [5]

» EKV model [6] in weak inversion: Vs DB > Vep—Vro

n
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Principle of Operation

» Basic Integrator:

dYout . Yin

dt T

» Chain Rule as proposed by [7]:

dyout dYout dTout dTcap dZcap
— = Yout

» Product of currents as defined by [8]:

Yout dt = YtunYin Ytun = ?
N’

» Multipliers ~» the Translinear Principle [9]:

YoutYcap = Ytun¥Yin

dt  dzoytdreap dt dt

» CMOS Translinear Loops?

> (Ve —Vs)i=>_ (VaB — VsB);
ccw CW
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CMOS Generalization

» Cancellation of signal dependent terms:

IDj
= y:njUt lnT + VTOj —I—\(’rLj — 1)VSBZ

Ip;
> nUtln I—Z + Vroi; + (n; — 1)Vsp,
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» Gate/Source Driven (G/SD) matched pairs
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» No GD/SD mixing!

N =
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Basic Building Blocks

dxout T T
_ n t
— ytune m ou
dt
ImAij
V.

s

» Rewriting the product for systematic synthesis:

» State-Space matrix description:

dI
o = A+ Bly,

Tout = CI+ DIin

» Proposed CMOS Log-Companding functions:

_VTO+nVref |% GD
ISe nUt enUt
I =F((V) =
Vref_VTO Vv SD
ISe nUt e Ut
N Vi—V; M Vini—Vi
Z ItunAz]e nUe 4 ZItuane nUt GD
g=1 g=1
N Vi=Vi M Vi—Vingj
Z _ItunA7,je Ut — Z Ituane Ut SD
j=1 j=1
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Basic Building Blocks

» Low-Voltage Non-Saturated CMOS cells:

» Same Log-Companding F' as Saturated SD case, but for A and B:

Vi _ <+ Viz; s S % _Uvi _UVj -
Cigt = > —Iunaije Ut A+ =D Lypagjet e Pt —e Ut | =3 Lypaii
i=1 i=1 j=1
j#i S v g
» Signal Boundaries:
Ttuni A4 1UC;
Ai(Bi) >0
Aik} <0
S Aij(Bi)
N
Ipei g A=L + P
tun? |Au|
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Basic Building Blocks 7

» Low-Voltage Auxiliary Circuitry:

Compressor

Expander

» Comparison:

e Saturated GD ~~ area saving
e Saturated SD ~~ technology independence & relaxed matching
e Non-Saturated SD ~~ idem Saturated SD & low DC errors
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Design Methodology 8

» Matrix Procedure Ag, Bg and Cy (Dg = 0): » Circuit reductions:
GD SD
1 Normalize C(p to share comp/expanders, and 5
— . ©
Y, ut(DC) =Y (DC): c |
% Imuz [bias
—1 . L
CoMporm =1 S| Lttt
B e N PP
S | 1/K
el
2 Achieve Y (DC) = Y;,,(DC) keeping previous S
C1:
o
C1 = MopCy 4
— _1 —
Lorder = _MOPAl Bllinputs

3 If AMop, then use an extra dummy input:

Oorder = Aliorder + Bliz’nputs + Bdummy

Bg = [Bl‘Bdummy]
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Design Methodology 9

» Synthesis example: SD Saturated 2nd-Order Low-Pass

[ [ Vout:vl
—2CQwo —wo 0 —
A - B = Ituno/QC
wo 0 —Wo
—2C’LUO 2C’U)o 0
Anew - Wo B?’LGUJ — Wo
2¢O | ¢
Cnew = [ 1 0 :| Dnew = 0 2¢1,
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Design Examples 10

» Common specs: 20
0 e N
e Audio Applications (e.g. Hearing Aids) - T
(] VDszn = 1.0V % -20
e (Vron + IVropl)max = 1.25V <
I = 4pA L
® lFPull—Scale = *HApp 5
e THD <1% at 90% Full-Scale " /
e DR =60dB to 70dB M
e 10pF< C <100pF 80 = . ; )
e 1.2um VLS| CMOS 2M 2P . Frequency [KHZ
1 ALV,
» Saturated SD 2nd-Order High-Pass: - / \ / \
T 05 / /
N \
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1 - -
15

100pm Time [ms]

Francisco Serra-Graells VLSI CMOS Low-Voltage Log-Companding Filters ISCAS 2000/05/29




Design Examples 11

» Saturated GD 2nd-Order Band/Low-Pass:

o N
W

[out /Iin [dB]
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Design Examples 12
» Non-Saturated SD 3rd-Order Low-Pass: 0
f-3/6/9dB = 3.5kHz
201
g
i -40}
-60!
80 | |
0.1 1 10 100
Frequency [kHz]
9 I, = 90% Full-Scale @ 0.5/1/2/4kHz
] | THD <02%
1
z
—0
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Conclusions 13

» The MOSFET is suitable for Log-Companding Filtering
» Different types of CMOS Basic Building Blocks exist
» Importance of the design methodology to optimize filter area

» Compatibility with very Low-Voltage applications (e.g. Hearing Aids)
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