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IntroductionIntroduction

RATIONALE

� In the fast growing electronic world, analog integrated circuits continue 
playing an important role for sensing and networking, security and 
safety, healthcare medical and life science. 

� Two important and essential features of many modern systems are 
connectivity and portability. 

� Low power, or better micro-power design is very important because 
having a long battery life or even ensuring battery-less operation are 
essential features. The reduction of the supply voltage is not imposed 
by just an evolving IC technology but also by the need of minimum 
power consumption. 

� Therefore, low-voltage analog and A/D design is an important research 
topic.
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IntroductionIntroduction

Research for portable and autonomous needs
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IntroductionIntroduction

HOW TO MEASURE THE POWER EFFECTIVENESS?
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Good and Bad of TechnologyGood and Bad of Technology

� Increase of speed � process fT of CMOS
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Parameters of DSM TransistorsParameters of DSM Transistors

� Transconductance at saturated carrier velocity

Increase the width 
and/or enlarge the 
transistor 

With a 65 nm 
technology
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Parameters of DSM TransistorsParameters of DSM Transistors

� Intrinsic gain
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Parameters of DSM TransistorsParameters of DSM Transistors

� Use of high-k oxides causes much more 1/f

et al.
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Parameters of DSM TransistorsParameters of DSM Transistors

� Matching
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Matching Parameter and MatchingMatching Parameter and Matching
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Analog Power Aware DesignAnalog Power Aware Design

� Bandwidth of the Op-amp must 
be a bit higher

� No time for the virtual ground 
settling

� Feedback factor can be time 
variant

� Power saving is about 0.3 Pop-

amp

Double sampling or Op-amp sharing

DESIGN STRATEGIES
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Power Aware Design Power Aware Design 

The adding node requires using one op-amp
The integration block is 1/(1-2z-1+z-2)=1/(1-z-1)2

The NTF is (1-z-1)2

Mismatch in capacitances moves the NTF zeros
Solution suitable for medium resolution and low OSR

p = 2
q = -1
G= 2-z-1

Patent by
J.Koh @ TI

More details and 
Experimental results
J.Ko et al. 
@ ISSCC 05

Use less OpUse less Op--amp than the order amp than the order ΣΔΣΔ
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Power Aware Design Power Aware Design 

Multi-bit helps in reducing the power consumption:
Second order -> double the clock to get 2.5 extra bit

Doubling the clock means more than doubling the power
2.5 bit means 22.5x = 5.6x the number of levels used in the 
ADC and DAC (5.6x comparators)

Consider a second order ΣΔ with a 2-bit DAC
Pop-amp=1 mW;  Pcomp= 30 μW
PΣΔ=2· Pop-amp + (22-1)· Pcomp + Pdig≈ 2 +0.09+0.1=2.2 mW

Doubling the clock frequency
Pop-amp=2 mW;  Pcomp= 40 μW; PΣΔ= 4.25 mW

Using 5.6x comparators (4.5-bit) (and a bit more digital)
PΣΔ=2· Pop-amp+ 22· Pcomp+ Pdig≈ 2+0.66+0.15 = 2.8 mW

More bit or higher OSR inMore bit or higher OSR in ΣΔΣΔ architecturesarchitectures
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Power Aware Design Power Aware Design 

The use of well established scheme can be non-optimal

Op-amps linearity and gain really necessary?
Existing comparator architecture are optimal?
Can we trade speed with accuracy even at the block level?

Look at the reference generator power needs

Use of digital methods to relax the block specs  

Design of suitable building blocksDesign of suitable building blocks
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Examples

Low-power SAR Design

Low-power ultra-low offset op-amp
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Low-power SAR Design

Use of time-domain comparator
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LowLow--Power SARPower SAR

LOW power is the most relevant design concern for battery-powered 
mobile applications. 

Since the ADCs operate at 10s of MS/s with 10b to 12b, the pipeline 
ADC is the commonly used architecture because of its power 
efficiency. 

Recently, the successive approximation resistor (SAR) architecture 
has re-emerged as a valuable alternative to the pipelined solution.

The techniques used for low speed can be re-used for high speed.

This example is a state-of-the-art FOM low speed.
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Low Power SARLow Power SAR
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Low Power SARLow Power SAR

A.Agnes, E. Bonizzoni, P. Malcovati, F. Maloberti: "A 
9.4-ENOB 1V 3.8µW 100kS/s SAR ADC with Time-
Domain Comparator"; ISSCC 2008, pp. 246-247.

Use of unity attenuation capacitor and V2T comparator
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LowLow--Power SARPower SAR

The time-domain Comparator
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LowLow--Power SARPower SAR
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LowLow--Power UltraPower Ultra--Low Offset OpLow Offset Op--Amp Amp 

Low offset and very high gain for sensor signal amplification

Low power also important

Large amplifications admit low phase margin 
(we can spare power)

Conventional methods for low offset:

Auto-zero

Chopper
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Chopper Method

LowLow--Power UltraPower Ultra--Low Offset OpLow Offset Op--Amp Amp 
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LowLow--Power UltraPower Ultra--Low Offset OpLow Offset Op--Amp Amp 
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LowLow--Power UltraPower Ultra--Low Offset OpLow Offset Op--Amp Amp 
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LowLow--Power UltraPower Ultra--Low Offset OpLow Offset Op--Amp Amp 
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LowLow--Power UltraPower Ultra--Low Offset OpLow Offset Op--Amp Amp 
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LowLow--Power UltraPower Ultra--Low Offset OpLow Offset Op--Amp Amp 
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LowLow--Power UltraPower Ultra--Low Offset OpLow Offset Op--Amp Amp 
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Digital CalibrationDigital Calibration

� The real advantage of thin line-width technologies is 
the huge number of transistors available with which we 
can perform complex digital functions and dynamically 
store huge data

� Foreground (or offline) calibration, that uses specific 
time-slots for calibration, and background calibration 
(or online), that performs the circuit calibration during 
the normal operation of the circuit

� Background calibration is more complex than foreground 
because it requires to ensure normal operation together with 
calibration. 

� There are two main approaches: the use of circuit 
redundancy or the use of test terms added to the signal. 
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Digital Assisted AnalogDigital Assisted Analog

0.1mW/MSps
0.1nJ

16.7K
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Digital Control of Analog CircuitsDigital Control of Analog Circuits

� Digitally Assistant Analog
� The digital assistant analog techniques are now in an infancy 

phase. 
� It is expected that the method will significant grow for helping, 

in addition to digital calibration, the analog designer in facing 
the limits of DSM technologies
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Digital Control of Analog CircuitsDigital Control of Analog Circuits

Use of digital representations of 
signals to improve analog 
performances of sigma-delta 
modulators
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Portable and autonomous applications need power efficient 
data converters

Solutions involve architecture optimization, trade-off and, 
it may be, choice of the optimal technology

Remember that the optimum can require extra-bit in the 
quantizer to compensate for power and speed needs

Examples are just examples and not an indication of a 
unique path to find the optimum 
Consider more and more the advantages offered by the 
digital processing at zero cost. 


