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Introduction to > A ADC 3/23
» Portable and Digital CMOS
mixed SoCs technologies
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All-MOS Log-Domain Proposal 5/23

» Instantaneous Companding theory » MOSFET operating in subthreshold

Externally Linear Signal Processing g

Vs weak inversion

| Non-linear i — ViV

E Signal Processing : o b g Vse,pB > %

DR | DR,<DR, ; v 09‘\ Iy forward saturation

Y i . E . : Y DB SB

\Gompression T Bxpansion B Vg — Vs > Uy

Vep—Vro _VsB
y=F(z)=¢" Ip =1Ise "t e Ui Is = 2nBU?
dvi — Lo 4 do; — 1 pwio1—a; GD, SD or BD Companding:
dt sz' dt sz'
¢ Ig ¢ nUy

» Pros & cons:
e Internal DRy compression — True low-voltage operation /
Compatible with non-linear caps (e.g.MQOS) /

e Subthreshold operation — Low-power consumption /
Low-frequency applications (typ.<1MHz) x
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» CMOS circuit techniques for: OI_.% fon, - b e K e ILM/*_II_ Po
s+2rf, _ 1, |'s _ 1| s M
e Input compressor and limiter
e Anti-aliasing filter r F luae | s flhigh
e Modulator integrator o L,
e Modulator quantizer
e Modulator DAC e e A T T e
i i G NG B Sl
» Target specs: r T |¢ Viae /Eflhigh
[Fler1,,
e Very low-voltage (1V)
e Digital Technology (MOS-only)
e Audio bandwidth
e Low-power (sub-100uW) » Application example: Hearing Aids
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» Input compressor

V_Vref

[ =F(V)=1Iee "t I>0

[ L I |
g =N\ g
1 Vvvyy

Class-A operation:

Iin
‘/; — Vref _I_ nUt In <I —I_ 1) ‘I@nl < Iref o V.
ref m
Simple frequency compensation: o
comp
¢ = 1 [KCeomp
2 Cin

o [,.; defines full-scale in Class-A
e V.. Optimizes low-voltage operation

e Low input impedance (<1KS) for
optional linear V—1 conversion at input
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» Input compressor with limiter

Iref + Izn ‘Iznl S Ik’nee
Ilim — Im + PIk:nee
ITG Izn > ] nee
r+ T+ P [Lin| > I
re —I: I
piece-wise transfer function: L 5 ’gtlkﬁ-@lfgﬂ M}; ﬂ[;“?ﬁ;iqu , ac
I, -1 1 i 1
I —_— — I -1 .. M12 M13
mm ref e TP 7 f 1k

_Iknee

Ve | ) v,
T ref \ | ! olzm
Iknee Im TH; r:]| E

e /... Selects the input threshold

e P defines compression ratio
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» Anti-aliasing filter

I-domain 1st-order low-pass ODE:

dl
d—to = —2nf.do + 27 foliim

V-domain non-linear ODE:

dV; Viim =V
d—to = —2nfnl, + 27 fonlUse” Wi

-domain circuit ODE:

d dV; Vin—V. Tunin arameter I,
(io = Co dto = —liuno + Ttunoe ”Uto ° 9P tun0
T,—/ e Thermal cancellation for f.
cap0
r 1 T through PTAT Lo
fe= 271 nU,Co e Non-linear NMOS capacitor Cq
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» Modulator Integrator positive 14 case:
I-domain ODE for the 7¢; case:
' b
di; 1
dt B TFi o

V-domain non-linear ODE:

dV; nU; Yi-1=Vi

p— e "Ui
dt Tfi

-domain circuit ODE:

dQ; dv; Vi_1-V; e Tuning parameter I,
— Uy — Itunfi6 nUt
dt  _ d¢ e Thermal cancellation for 7;
Teapi U through PTAT I,/
_ tLi
Tfi — Tounsi e Non-linear NMQOS capacitor C;

Log-mapping (i.e. I > 0) — coefficients only charge xor discharge caps!
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» Modulator Integrator

OP designed at SS-matrix level:

) 0 0 O] | - | |
dr., ) _ R
— - O O Iss [
4 - +| 0 o+
o X 0
| TfL i | _ |

In general, matrix transformation
may be required to ensure DC
solution for I > 0. ..

Coefficients of the same row
can share half circuitry

> A modulator case (74;>0 7,,<0):

Differential integrator:

d@; dV;
Q _
dt dt

N——
Icapz'

— Itunfie nUt

Vi1 Tfi Vidac

Tbi
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» Modulator Quantizer I-domain switching scheme:

I Loy (nig Liow)
1 for VL > ‘/ref uffer ow g ow

0O for VL < ‘/;“ef

bout —

}7 Vhigh, low }7

V-domain switching scheme:

I buffer Ihz’gh I low

» Modulator DAC

( Inign
TLUt In 7
‘/;iac — ref+<

low

TLUt In

\ ref
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» Moderate Inversion
e ¢’ degradation causes signal distortion

4

10

Strong Inversion:

_—— e Wide (W/L) to keep devices in deep
weak inversion even at full-scale
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» [ hermal Noise
... block contributions:

Equivalent Drain-current noise PSD:

d'2 mS N N N
‘Dn — 4 T?

At similar biasing, dominant devices
are those in weak inversion where

(ng/ID)max .
G2y (U secand

dip,, A
= 2qIp = 2q Thirdn /g V'
df df Ip 200k
W Quantizer
: . WO Fourth 0
Main blocks are the compressor, anti- [ " 5

aliasing, 1st integrator and DAC, so: 0-1 1 10 100 1000
Frequency [KHz]

TN Welvc rU6(1 NHIEIENST IO CN W

-150

Output PSD [dBupA., /Hz]

Liey = Liuno = Ttung1i = Touffer e Class-A operation results in:
SNR x +3dB/oct(l,.y)
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Second-Order Effects

» NMOS Capacitors
1 : : : : : :
Quasi-static Gate-to-Gate NMOS o o P~ <t
: : : 0.8 fommee R s S R /R e
capacitance in all regions (Vsg ps=0): | Strong Inversmn
0.7 [om o I e
Weak Inversmn / ;o

=l 4 2VIC (1—6— IO) 06 . |
Ci = Cogi L05 s ] /- ; |
1 —I— 2\/ IC (1 — e—\/ﬁ> @ 04 ' : ; : :' ......... ....... p : : -

ViV 03 ]

1C = 1+e “ol; : : ; L :
0.2 fereeeeee R R (Y 8 I S —
e R/ R R U l )

0.1 prmb o fr :
for strong inversion (IC>1): 0 ni=10 ! |
20 -15  -10 5 0 5 10 15 20
(Vi - Vo) /Ut
C; ~ Coyi (1 — %) e Minimizing non-linearity through
oo proper biasing: Vie; > Vio
Non-exact processing:
L,
. . . . . nU Vi Viae
sz — <CZ dCz‘/;> d‘/z d‘/; — Itun’b € VtOU (6 nUtl — end_Ut>
. T t
dV; dt dt Covi 1 4+ AT
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DCIS'02
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> Waveform Asymmetry / (Laaco—1 — T1ow)dt — / (Ldac1—0 — Inign)dt
1/fs

Unbalanced DAC symbols: WA = L/fs #= 0
2(Ihigh — Ilow)/fs

First-order model 7,ise & Tyau Vv X
Thigh —
/
Null W A conditions: // \ / \
T. = Tf i \ / \
. . rise a \
Tfall — Trise I-switching I I \\ // —
: ow [~ — /\
Tfal = Il’f—ghnm V-switching 4\7 *\/‘
Vhigh s
/ \ /
When code dependent, / / \
W A generates white noise. \\ /mseszau
‘/ZO’LU-— - \
Time Time

Minimizing W A effects at DAC by: Increasing absolute speed
Achieving symbol symmetry
Ensuring sequence-independence
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» 3rd- and 4th-order 1bit 64-oversampling > A ADCs for Hearing Aids:

w— Compressor—— AntiAlias—e—1st Integ—me — — — L-th Integ —e— Quantizer se———DAC ——»

» Target specs in 0.35u digital CMOS technology:
80 ;

Supply Voltage 1.0 |V
Max. Vron=+|Vror| 1.3 |V
Input Full-Scale 10 | pAyy
Input Bandwidth 0.1-8 | KHz
Dynamic Range 73 dB
Power Consumption 75 | uW
Si Area <0.5 | mm?

Ley=6uA, In€(0.2,6)uA, C,.;¢(80,500)pF
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» Prototypes: expected 12b — <10b @

...due to not modeling WA Il

H B EEEEER

ENEERNEN

_A“’;”;T:JJ I

S
4th-order XA Modulator

» Proposed solution:

return-to-zero (¢,..) symbols +

t :
Tbi:?Tﬂ compensation

!

code independent W A

» High-level models of new designs
return good results. .. ()

E code
independent

{ code
dependent

code
independent
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» Possibility of implementing >A ADCs in the Log-domain
using the MOSFET in weak inversion

» Complete set of low-voltage all-MOS basic building blocks
» Detailed modeling of main second-order effects

» Expected 1V@100pA 12bO@8KHz realizations in short for
audio SoCs (e.g. HAS)

» Circuit technique suitable for digital VLSI technologies

... T'hank you very much for your attention!
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