
“The figures of merit (FoMs) encompassing power, effective resolution and speed
rank the dynamic performance of the ADC core among the best in its class.”

J. Bjørnsen:   
Design of a High-speed, High-resolution ADC for Medical Ultrasound Applications - Highlights and summary  
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L. Sumanen:   
Pipeline ADCs for Wide-Band Wireless Communication  
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B. Murmann, B. Boser:  
Digitally Assisted Analog Integrated Circuits 
 
 

 
 

Figure 1 shows the relative performance of microprocessors and analog-to-digital converters over the last 
15 years. While analog and digital system performance increases exponentially over time, microprocessor 
performance increased more than a thousandfold compared with an increase of only 10 times for ADCs. 
As the relative performance gap widens, applications such as digital audio, video, and RF (radio frequency) 
communication are increasingly limited not by the available digital processing power, but by their analog 
interfaces. 

 

 
 

With the increasing trend toward battery-powered devices, power dissipation is an important consideration 
when choosing an ADC. In most portable applications the power budget for an ADC is limited to a fraction 
of a watt. As shown in figure 2, this dictates a very strict upper limit on performance that depends only 
weakly on technology. Power dissipation is a showstopper for an increasing number of otherwise attractive 
applications, such as so-called "software radios."  
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http://www.research.philips.com/technologies/ics/sigma-delta/T
 
 
 

 
 
 
 
 
The basic principle of sigma delta converters involves the trade-off of amplitude resolution for sampling 
rate. In contrast to other converter technologies such as Nyquist and Flash converters, sigma delta 
converters sample signals many times faster that the Nyquist sampling frequency (i.e. twice the bandwidth 
of the input signal) but only with one bit of amplitude resolution. They offer high resolution achieved 
principally by their high-speed sampling combined with feedback, noise shaping and digital filtering. 
  
 
With the present state of the technology, Nyquist and Flash converters are more suitable for wideband 
applications than oversampled sigma delta converters. However, sigma delta converters do offer the distinct 
advantage of lower power consumption. This is an important criterion especially with the proliferation of 
low-power mobile communication systems in today's consumer electronics market, which means that the 
application areas for sigma delta converters will only grow.  
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http://www.research.philips.com/technologies/ics/sigma-delta/
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http://public.itrs.net/Files/2001ITRS/SysDrivers.pdf
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Attacking the Analog Scaling Problem with Novel Silicon Device Technology 
(Charge-Domain ADC, FemtoCharge® CMOS technology) 
Michael P. Anthony, Kenet, Inc. 
 

 
 

        
 

 
 

 
10bit @ 275Msps - performance equal to “the best traditional designs”, but with 
one-third of the core(!) power and one-half of the total(!!) power



A/D converters break power barrier 
By Bettyann Liotta, eeProductCenter  
Nov 9 2005 
 

 
 

The XT11 A/D converter family utilizes a fast, third-order continuous time delta-
sigma modulator (CTDS), combined with an on-chip digital filter and tuneable loop 
filter. 

Despite offering a power figure of merit (FOM) that is half that of current pipeline 
A/D converters, there is no trade-off in linearity or electrical performance. The 
XT11400 has a SNR of 76 dB and total harmonic distortion (THD) of -82 dB. The 
XT11200 turns in an SNR of 71 dB and THD of -78 dB.  

The 12-bit (XT11200) and 14-bit (XT11400) devices consume only 70 mW — while 
operating at 20 to 40 Msamples/second. 

 
 

http://www.eeproductcenter.com/
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An ADC Figure-of-Merit?

• Is an ADC which has SNR = 100 dB
over BW = 1 MHz fundamentally
better or worse than an ADC which
has SNR = 90 dB over the same
bandwidth, if ADC1 consumes 1 W
while ADC2 consumes 100 mW?
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An ADC Figure-of-Merit?
• More generIally, what is the

fundamental trade-off between

Bandwidth (BW),
Dynamic Range (DR)

and
Power consumption (P)

?
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DR-P Trade-Off: Part 1
• To increase DR at the expense of P,

parallel two ADCs and average:

• Averaging reduces noise by a factor
of : DR += 3 dB

Assuming the ADCs’ noises are uncorrelated

• But uses twice the power: P += 3 dB

ADC

ADC
Input Output0.5

2
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DR-P Trade-Off: Part 2
• To reduce P at the expense of DR,

“cut the ADC in half”
May not be practical if the ADC is already
small, but if it can be done,
P –= 3 dB & DR –= 3 dB

• ∴  For an ADC of some BW,
x dB in DR costs x dB in P,

or
DR (in dB) – 10log10(P) = const
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Q: Is This Trade-Off Optimal?
• A: Yes, because it is bi-directional

The fact that you can (in principle) go both
ways for any ADC means that no other trade-
off can exist for ADCs that are optimal.

• Consider a (supposedly) optimal ADC
that can get more than 3 dB increase
in DR for a doubling of P

Double P, then cut that ADC in half.
The resulting ADC has the same P as the
original, but more DR.
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DR-P Trade-Off: Part 1b
• Can increase DR by 3 dB by reducing

T by a factor of 2:

• But this also costs twice the power

ADCInput Output

Temp = T/2

Temp = T

P

2P
Ideal Refrigerator

P

P
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What About BW?
• Reducing BW by a factor of 2

increases DR by 3 dB but leaves P
alone

Assuming the noise is white (distortion is not
dominant) and that digital filtering takes no power.

• Time-interleaving two ADCs doubles
BW and doubles P, but leaves DR
unchanged

I/Q processing does the same.
Assumes that interleaving is perfect (can be
calibrated).
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Resulting FOM
• Use a dB scale:

• For a given FOM, factors of 2 in BW or
P are equivalent to a 3-dB change in
DR

• Should really include T, but since T is
usually 300K, omit it

Steyaert et al. like

FOM DR( )dB 10
BW( )
P

---------------log+=

FOM 4kT DR 2BW××
P

------------------------------------------------=
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State-of-the-Art FOM
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