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Motivations for LV Design

 Historically: Battery operated systems
(ex. Wrist Watch) ->3V, 1.5V

* Mobile equipments

» Reduction of Supply Voltages of VLSI
Technologies for Mixed-Signal Devices:
5V -> 3V ->25V -> 1.8V

 Ultimate Supply Voltage: 1V for .1y CMOS
-> Ultra Low Voltage Design
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Problems of LV design

 Reduction of V faster than V

Technology Voo V-
8 5V 750 mV
351 3.3V 550 mV
251 2.5V 450 mV
18 1 1.8V 400 mV
12 1.2V 350 mV
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Problems of LV design (cont.)

» Reduced headroom for biasing
-> eX: cascode transistors

 Signal swing reduces faster than supply
voltage
-> increase in power consumption
-> increase in area (larger capacitors)

» Some circuits are no longer functional:
-> voltage switch
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LV cascode current mirror
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Ultra-low-voltage current
mirror

Iout = IO +1

Very low minimum input + output voltages (> V, )

A. Kaiser 17/02/00 A. Kaiser
SNR SNR vs. Vg,
Rz [@] ‘/WR Syre = 4KT - (R, +R,)
‘/\N N\f‘R H 2 1 2
I . L , Cy o _m 1
) 2 ) n Ly y Vne M2 2 2zRC,
- R g . L |
p - 4KT -(R.+R,) kT LR
4R,C, C, R,
4kT
Vi (Vpp —V ) s, =X s,
P — _in < DD SS In; R 2 R 5
Sip 1 2 PSin (V -V ) C R 2
2 4 SNR = e = 20D T80 L2 o (Vo —Vo - C,
P. 4 kT Ry+R, > -~
17/02/00

A. Kaiser

17/02/00 A. Kaiser




Consequences of Vy,

reduction
» Power remains constant (in first
approximation)
Vp decreases -> |5 increases
» Area increases with the inverse of the
square of the supply voltage at constant
SNR

SNR
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EX.: Folded Cascode OTA
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Preferred: 2-stage amplifier
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Input common mode limitation
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Ultra-LV OPAmMp
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Constraints for ULV Design
» Typical SC integrator
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voltage range

Switch conductance at 2.2V
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Switch conductance at 1V
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Solution Strategies

DC-DC converter
increase supply voltage of analog circuit

Clock-voltage multiplication
increase driving voltage of switches

Switched Opamp

Clock-voltage bootstrap
controlled increase of switch driving
voltage
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Clock voltage multiplication
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Principle of Level Shifting (1)

AREF

1) shift OpAmp input reference
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Principle of Level Shifting (2)

1) shift OA input reference

2) change discharge reference
(C2 =C3, AREF = VDD/2)
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Conventional SC integrator
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Switched Opamp SC
Integrator
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Improved Integrator
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Switched Amplifier

M3
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Input switch configuration

Input Swing
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Major limitation: input swing!

17/02/00 A. Kaiser

Biquad Filter Structure
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LV Differential Amplifier
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2-stage structure
Cascode transistors for level shifting
No switching of bias voltage
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Differential Config: CMFB
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Design Example: Bandpass
filter

Baschirotto, Castello, Univ. Pavia
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Band-pass Filter: Results (1)
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Band-pass Filter: Results (2)

TABLE III
FILTER PERFORMANCE

Technology 0.5-pum CMOS
Supply voltage 1V
Power consumption 160 pW
Sampling frequency 1.8 MHz
Q 6.6
fo 435 kHz
Max. output swing 1.6 Vpp
Total output noise 800 pVrms
THD 1% 725 mVpp
THD 3% 1.1 Vpp
IM3 1% 800 mVpp
M3 3% 1 Vpp
Dynamic range (IM3 3%) 52 dB
PSRR -46 dB
Filter chip area 0.15 mm?
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ULV Differential Amplifier

B.out
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ULV Class A-B Amplifier
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peak SNR | 76 dB
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Supply voltage | 800 mV
Power ion | 40 W
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Techology | 0.5 pm std. CMOS
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Clock Voltage Bootstrap
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« Controlled overdrive of switch gate voltage:
Ves = Vop - Vss
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Circuit implementation
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* Fully compatible with LV technology !
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ULV Integrator
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ULV Amplifier Structure
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Low-Voltage Low-Power
AY Modulator

» Reducing VDD increases consumption! Thus ->:

— Single loop for more relaxed requirements on
the integrators.

— High order to keep a low oversampling ratio.

Dessouky, Kaiser,CICC 2000
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Intearator structure

Bootstrapped switch  Simple n-switch CMOS switch

« Different input and output common-mode.
» Shared bootstrapped switches.
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Alcatel 0.35u - TMDP
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AY Converter - Chip

Area 0.9x0.7 mm?

Measured Results - PSD
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Measured Results -
Baseband Spectrum SNR/SNDR
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Measured Results - Summary

Measured Results - Comparison

Rabii_97 Coban_99

Supply Voltage 1 Volt
Reference Voltage 1 Volt
Dynamic Range 88 dB
SNR / SNDR 87 dB /85 dB
Oversampling Ratio 100
Sampling Rate 5 MHz
Signal Bandwidth 25 kHz

Power Consumption

950 pW

Type SC/VM
VDD(V) 1.8
DR(dB) 99

SNDR(dB) 95
BW(kHz) 25

P(uw) 2500
4kaPII\)/5éBW/ 1316
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