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Low supply voltage constraints
Low power constraints
Common substrate constraints

Interconnect constraints
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ANALOG PROCESSING REQUIREMENTS

high gain
High SFDR requires:
D
High speed requires: G t L short gate length
S
High SNR requires: I: low noise
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DOWNWARD TREND IN SUPPLY VOLTAGES

Source: 2001 International Technology Roadmap for Semiconductors

Channel Lengths and Power Supply Voltages
for High Performance Processors
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ANALOG PERFORMANCE OF SCALED MOSFETS
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MEASURED GATE CURRENT OF SCALED MOSFETS

D. Buss (Tl) Invited for upcoming TED

J W Fattaruso

nMOS gate current (A/cmz)
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GATE CURRENT DISTURBANCE OF INTEGRATOR STAGE
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MEASURED NBTI OF SCALED MOSFETS
V. Reddy (TI)

Vg=-2.8V T=105°C
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OUTLINE

e Introduction

« Low supply voltage constraints
« Low power constraints

«  Common substrate constraints

o Interconnect constraints
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CONSTRAINTS OF DYNAMIC RANGE AT
LOW SUPPLY VOLTAGES

J W Fattaruso

For device noise limitations, as V!, stignall , SO to maintain SNR, \/2noise
must |, so g, must 1, so I, must 1t (generally more than V1) and P 1

For KT/C noise limitations, as VDDl : \/2 4, S0 to maintain SNR, \/2 must

l,s0 Csample

signal noise

must 1, SO PDD 1

High precision costs lots of power at low supply voltages

Applications of low voltage opamps probably will be in medium precision
preamps, buffers, oversampled or pipeline data converters and filters in
mixed-signal systems where integration with DSPs or pPs makes sense, or
where the same supplies must be used across a board.

Other applications of low voltage opamps are in battery operated systems,
such as portable wireless devices.

ISSCCO03: "Current Trends in Analog Design for SoCs" Slide 10



BASIC SWITCHED-CAPACITOR INTEGRATOR STAGE
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GENERAL CMOS DIFFERENTIAL SAMPLING NETWORK
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NORMALIZED RESISTANCE OF CMOS SAMPLING SWITCH
FOR DIFFERENT POWER SUPPLY AND THRESHOLD VOLTAGES
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HARMONIC DISTORTION OF CMOS SAMPLING SWITCH
VERSUS POWER SUPPLY VOLTAGE
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BOOTSTRAPPED SAMPLING GATE DRIVER
Abo and Gray (UC Berkeley) JSSC 5/99
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BASIC SWITCHED-OPAMP INTEGRATOR STAGE
Crols and Steyaert (K. Univ. Leuven) JSSC 8/94
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EXAMPLE SWITCHABLE OPAMP

Baschirotto and Castello (Univ. Pavia) JSSC 12/97
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BASIC OPAMP-RESET INTEGRATOR STAGE
Bidari et al. (Oregon State) ISCAS 1999
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CONVENTIONAL FOLDED CASCODE OPAMP

DD

L J

Veias1 M5 I M3 [
T IC M6
Veias2 M9
% L M10
*
IN+ IN-
] w1 Ml [
\
BIAS3 |~ M11
lo! G EMlZ
¢ ®
V
CMBIAS [~ M7
o G EM8
® ®
VSS
J W Fattaruso ISSCCO03: "Current Trends in Analog Design for SoCs"

Slide 19



TWO STAGE MILLER COMPENSATED OPAMP
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THREE STAGE OPAMP WITH NESTED MILLER COMPENSATION
Eschauzier, et al. (Delft Univ.) JSSC 12/92
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MULTIPATH NESTED MILLER COMPENSATION
Eschauzier, et al. (Delft Univ.) JSSC 12/92

CPZ
| |
| |
ok ik
O I
Vl V2 Vo
g g g
V mil m2 m3
— —1® = 4@ = =—
R, R, R, |«
__Cl __CZ __CB

J W Fattaruso ISSCCO03: "Current Trends in Analog Design for SoCs"

Slide 22



FEEDFORWARD CANCELLATION OF RIGHT HALF PLANE ZERO
You, et al. (TA&M Univ.) JSSC 12/97
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FOUR STAGE OPAMP WITH NESTED MILLER COMPENSATION
Eschauzier, et al. (Delft Univ.) JSSC 12/94
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PSEUDO DIFFERENTIAL OPAMP WITH SC REGULATED CASCODE
Gunay (Tl and TA&M Univ.) CICC 1998
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UNCORRECTED OPAMP FEEDBACK CIRCUITS

V. a, Vo= (v /f)
| 1+ (Uaf)
-f
| ﬁé[ a2 ]— VO
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OPAMP FEEDBACK WITH INPUT CORRECTION
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OPAMP FEEDBACK WITH OUTPUT CORRECTION
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OPAMP GAIN CORRECTION WITH REPLICA
Yu and Lee (MIT) JSSC 12/93
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LOW DISTORTION BRIDGE AMPLIFIER FOR RESISTIVE LOADS
Muza (T.l.) US Patent 6,275,102 8/01

Conventional Correction amplifiers supress distortion
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LOW VOLTAGE PASSIVE A MODULATOR
Chen, et al. (TI) ISSCC 2003
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CHARGE-REDISTRIBUTION SUCCESSIVE APPROXIMATION ADC
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BASIC BANDGAP REFERENCE GENERATOR

Vour=Vp + (RUR2)KTIN(n)/q
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LOW VOLTAGE BANDGAP REFERENCE GENERATOR
Banba, et al. (Toshiba) JSSC 5/99
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OUTLINE

e Introduction

 Low supply voltage constraints

« Low power constraints
«  Common substrate constraints

° Interconnect constraints
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DYNAMICALLY BIASED OPAMP FOR SWITCHED CAPACITORS
Kasha, et al. (Crystal) JSSC 7/99
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LOW VOLTAGE CLASS AB OPAMP OUTPUT STAGE

J W Fattaruso

You, et al. (TA&M Univ.) JSSC 6/98
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SECOND-ORDER CONTINUOUS TIME 2-A MODULATOR
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BASIC CONTINUOUS TIME INTEGRATOR STAGE
van der Zwan and Dijkmans (Philips) JSSC 12/96
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CONVENTIONAL PIPELINE ADC
Two successive stages, with two opamps
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PIPELINE ADC WITH SHARED OPAMPS
Nagaraj, et al. (Lucent) JSSC 3/97
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SINGLE-CHIP HEARING AID BLOCK DIAGRAM
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INPUT COMPRESSOR/LIMITER (ICL) ARCHITECTURE
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FIRST 2A ADC INTEGRATOR
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2A DAC AND H-BRIDGE TIMING
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SAMPLING RATES FOR LOW POWER

fs=1.28MHz fs=40kHz
SA E o ' | Programmable
i |Decimation | (last i : -
From ICL ADC e octave L Digital |
100-10kHz Filter ~ |Omitted) Filter/
bandwidth - |Modulator i
o Compressor
fs=640kHz RZ
Interpolation > H-Bridge
L~ sampleand hold |+ DAC |- DAC/ [

replaces filter Modulator Driver Receiver

J W Fattaruso ISSCCO03: "Current Trends in Analog Design for SoCs" Slide 46



OUTLINE

. Introduction

 Low supply voltage constraints

« Low power constraints

e« Common substrate constraints

° Interconnect constraints
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SUBSTRATE COUPLING TO ANALOG NMOS
B. Haroun, M. Mahmoud, G. Gomez (T.I.)

Bond wiTre % Digital Analog

NMOS devic meta NMOS device _
DGND — Guard ring | AG Guard ring

[C T Y \§/ \_/ l \N+/ \P+/
J\— AW T

'Noise’ [0 R2/R1

P substrate

J W Fattaruso ISSCCO03: "Current Trends in Analog Design for SoCs" Slide 48



SUBSTRATE COUPLING TO ANALOG PMOS
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SUBSTRATE COUPLING WITH NWELL RING
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DIFFERENTIAL SUBSTRATE COUPLING WITH NWELL RING
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SUBSTRATE COUPLING WITH DEEP NWELL
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OUTLINE

. Introduction

 Low supply voltage constraints

« Low power constraints

. Common substrate constraints

 Interconnect constraints
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INTERCONNECT INDUCTANCE

0 B B E B A EE B ®

=

7

0 B B E B A EE B ®

I Y o
I Y

J W Fattaruso ISSCCO03: "Current Trends in Analog Design for SoCs" Slide 54



REROUTED INTERCONNECT FOR MINIMUM INDUCTANCE
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