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SYSTEM AND METHOD FOR HIGH SPEED 
ANALOG TO DIGITAL DATA ACQUISTION 

RELATED APPLICATIONS 

This application claims the bene?t of priority from US. 
provisional patent application 61/366,138 ?led Jul. 20, 2010 
and entitled “Multiband Data Conversion” and the contents of 
this priority application are incorporated herein, in their 
entirety, by reference. 

FIELD OF THE INVENTION 

The present invention relates to a system for conversion 
from an analog signal to a digital representation of that signal. 
More speci?cally, the present invention relates to an analog to 
digital conversion system combining multiple analog to digi 
tal subconverters sampling at a ?rst rate to implement an 
analog to digital conversion system operating at a second rate, 
higher than the ?rst rate, wherein a mixer-based front end 
distributes signal information to the subconverters and digital 
signal post processing is used to obtain the digital represen 
tation of the original signal. 

BACKGROUND OF THE INVENTION 

It is desirable to convert analog signals to digital form, 
typically because a physical variable is in analog form and 
processing of it is more practical if it is in a digital form such 
as a stream of values representing samples of the analog 
signal. Analog to digital converters are well known and are 
frequently implemented with a ?rst sample-and-hold or 
track-and-hold stage that converts a continuously-variable 
analog signal to a sequence of stable analog levels followed 
by a second quantization stage that converts these stable 
analog signals to digital form. 
Many architectures and electronic circuits are known for 

converting analog to digital signals, but practical limitations 
of the electronic devices used to implement these systems 
limit sampling rate, accuracy and consume power. It is known 
that these considerations need to be traded off, so that, for 
example, sampling rate can be increased at a cost in decreased 
resolution and increased power consumption. 

It is known to combine a pair of analog to digital converters 
that operate in alternation, so that the effective sampling rate 
of the pair is twice that of the individual converters and this is 
often referred to as a “ping-pong” architecture. It is known to 
generalize this principle to use large numbers of subconvert 
ers operating in rotation to implement converters operating at 
very high speeds. These are sometimes known as interleaved, 
or N-path, architectures. 

In interleaved architectures it is necessary that each 
sample-and-hold stage of each subconverter path be capable 
of sampling the input signal at the bandwidth of the overall 
desired system, rather than at the lower bandwidth for which 
a lower-speed converter would typically be designed. This 
dif?culty reduces the practical speed advantage available by 
using interleaved architectures. It is also known that when 
signals to be sampled have spectra that are not “white” 
(where, as is known to those of skill in the art, “white” means 
that the signal does not have correlationbetween samples) the 
correlation between consecutive samples reduces the effec 
tive information rate of the ensemble of samplers. Still 
another problem exists in that sample-and-hold circuits are 
dif?cult to implement in some technologies, such as with 
bipolar transistors. 
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2 
It is desired to have a means of combining multiple sub 

converters to form a conversion system with a higher effective 
sampling rate than the sampling rate of the subconverters that 
does not suffer from the sampling dif?culties of conventional 
interleaved systems. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel 
analog to digital conversion system which obviates, or miti 
gates, at least one disadvantage of the prior art. 

According to a ?rst aspect of the present invention, there is 
provided an analog to digital conversion system comprising a 
plurality of analog to digital subconverters, the conversion 
system having a higher sampling rate than the sampling rate 
of the subconverters, the system comprising: a signal distri 
bution front end having at least two signal paths for an analog 
input signal; a limiting mixer in at least one of the signal paths 
to mix the analog signal with a mixing signal having at least 
two discrete levels; a smoothing ?lter in the at least one signal 
path to ?lter the mixed analog signal; an analog to digital 
subconverter in each signal path, the subconverters having a 
sampling rate less than the sampling rate of the analog to 
digital conversion system; and a digital matrix ?lter operable 
to combine the digital outputs from the subconverters in each 
path to produce an overall digital output signal corresponding 
substantially to the input analog signal sampled at the rate of 
the analog to digital conversion system. 

Preferably, the signal distribution front end further com 
prises a clock generation and distribution system producing 
linearly independent signals at the ?ltered outputs of the 
limiting mixers. Also preferably, the a digital matrix ?lter 
employs orthogonal, or substantially orthogonal, codes to 
produce the output signal. Also preferably, the orthogonal 
codes are Walsh codes or the like. Preferably, the limiting 
mixer has two discrete states, although limiting mixers with 
three or more can be employed. In one embodiment, the 
subconverters can be sigma-delta converters. 
The present invention provides a system for converting an 

analog signal to a digital representation thereof at a ?rst 
sampling rate by distributing the analog signal to at least two 
signal paths, each signal path including a limiting mixer to 
mix the signal with a respective selected square wave and a 
smoothing (low pass) ?lter to ?lter the mixed signal before 
providing the mixed and ?ltered signal to a subconverter, the 
subconverter having a sampling rate less than the ?rst sam 
pling rate, and a digital matrix ?lter to combine the digital 
output of each subconverter to form a digital representation of 
the analog signal as sampled at the ?rst rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will now 
be described, by way of example only, with reference to the 
attached Figures, wherein: 

FIG. 1 shows a schematic representation of a prior art 
analog to digital converter comprising interleaved subcon 
verters; 

FIG. 2 shows prior art clock phases suitable for interleav 
ing the analog to digital subconverters depicted in FIG. 1; 

FIG. 3 shows a prior art analog to digital converter com 
prising subconverters combined by frequency division; 

FIG. 4 shows a schematic representation of a prior art 
implementation of the converter of FIG. 3 using mixers; 

FIG. 5 shows a schematic representation of a prior art 
converter employing Walsh code decomposition of the input 
signal; 
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FIGS. 6a, 6b and 60 show schematic representations of 
known sample-and-hold circuits and sample-and-hold cir 
cuits with input buffering having limited bandwidth; 

FIGS. 7a, 7b and 70 show schematic representations of 
known circuits combining mixing of an input signal with a 
square wave, ?ltering and sampling; 

FIG. 8 shows schematic representation of an analog to 
digital conversion system in accordance with the present 
invention; 

FIG. 9 shows internal impulse responses of a two-channel 
embodiment of the system of FIG. 8, illustrating its operation; 

FIG. 10 shows internal frequency responses of the system 
of FIG. 8 with two channels; 

FIG. 11 shows internal impulse responses of a system like 
that of FIG. 8 but with a different ?lter function thus having a 
more complicated second-order response; 

FIG. 12 shows internal frequency responses of the system 
of FIG. 11; 

FIG. 13 shows a gain ratio, as a function of frequency, 
between the two channels illustrated in FIG. 12 together with 
a mathematical ?t of a function suitable for digital correction 
by post-?ltering; 

FIG. 14 illustrates the poles and zeros of the mathematical 
?t function of FIG. 13; 

FIG. 15 shows frequency responses of the system of FIG. 
12 in a representation that makes explicit the bandsplitting 
and aliasing behaviours of the two channels; 

FIG. 16 shows correction of the alias terms illustrated in 
FIG. 15 by use of a low-order matrix digital ?lter; and 

FIG. 17 shows a schematic representation of a four-chan 
nel building block for a signal distribution front end that may 
be used recursively to implement high-order Walsh-RC com 
bining of subconverters into a conversion system having sub 
stantially higher sampling rates than the individual subcon 
verters, wherein bandwidth requirements are reduced at each 
level of recursion. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a novel analog to digital 
converter (ADC) system which combines analog to digital 
subconverters to achieve an analog to digital conversion sys 
tem whose operating bandwidth is signi?cantly higher than 
the sampling rate of the subconverters employed. The con 
version system comprises a signal distribution front end com 
prised of practical limiting mixers and ?nite-bandwidth buff 
ers, a collection of subconverters, and a digital postprocessor 
operable to correct aliasing errors otherwise induced in the 
output signal by the signal distribution front end. 

FIG. 1 shows a schematic representation of a prior art 
multipath analog to digital converter 10. An analog input 
signal 14 is applied to the inputs of a plurality of analog to 
digital subconverters (18, 22, 26 and 30). While multipath 
ADC 10 is shown as having four subconverters (18, 22, 26 and 
30) it will be apparent to those of skill in the art that multipath 
ADC 10 can include more or fewer subconverters. 

Amultiphase clocking circuit 34 provides clock signals 38, 
42, 46 and 50 which de?ne the times at which subconverters 
18, 22, 26 and 30, respectively, sample analog input signal 14, 
producing uncorrected subconverter output streams 54, 58, 
62 and 66 respectively. These subconverter output streams are 
multiplexed using multiplexer circuit 70, which is also 
clocked by a clock signal 74 generated by multiphase clock 
ing circuit 34, into a single uncorrected multiplexed output 
stream 78. 

It will be apparent to those of skill in the art that multiplexer 
circuit 70 may be omitted, or modi?ed, if multipath digital 
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4 
signal processing techniques are used to replace conventional 
single-path signal processing techniques in dealing with 
uncorrected multiplex output stream 78. 

FIG. 2 shows a timing diagram representing prior art clock 
ing for a multipath ADC such as ADC 10 of FIG. 1. Clock 
signals 38, 42, 46 and 50 are generated at nominal phase 
offsets of 360/N (degrees) (where in this example N is four). 
If, for example, subconverters 18, 22, 26 and 30 sample their 
input signals at the rising edge of their respective clocks, new 
samples will be taken at a constant rate N times greater than 
the sample rate of any individual subconverter. This is the 
desired behavior of the prior art multipath ADC 10 described 
in FIG. 1, since relatively slow subconverters 18, 22, 26 and 
30 are combined to provide a relatively fast overall system. 

FIG. 2 also shows clock signal 74, which operates at the 
overall system sample rateiin this example, four times as 
fast as the clock of any subconverter. Nominally clocks 38, 
42, 46 and 50 are evenly spaced in time, and often they have 
50% nominal duty cycles. Deviations from equal spacing 
cause time-dependent errors in the reconstructed signal 
unless compensated for by techniques such as those described 
in Us. provisional patent application 61/300,098, ?led Feb. 
1, 2010 and entitled “System and Method For Digitally Cor 
recting Mismatches In MultipathADCs” to the present inven 
tor and assigned to the present assignee, and the contents of 
this prior application are incorporated herein, in their entirety, 
by reference. Even with the invention described in that pro 
visional patent application, compensation is, in practice, 
imperfect and can cause ampli?cation of quantization noise 
or enhance random timing errors known as “jitter”. In prac 
tical implementations timing errors are induced both by sys 
tematic factors, such as propagation times for clock signals, 
and by factors that vary randomly from one device to another 
due to manufacturing variability. 

Multiphase clocking circuits suitable to provide these sig 
nals are well known in the prior art, with many known vari 
ants. Further, it is well known that in practical systems this 
timing cannot be generated precisely and that, in conse 
quence, the system of which the multipath ADC forms part is 
subject to errors which it may often be desirable to reduce or 
eliminate. 

These time-interleaved converters are typically described 
in the time domain, but can be analyzed in the frequency 
domain. From a frequency-domain point of view, a system 
with N time-interleaved converters suffers from “aliasing” of 
N input frequencies to each output frequency in each subcon 
verter channel. For example, in a so-called “ping-pong” sys 
tem (interleaving with N:2) in which each channel is sam 
pling at 1 GHz, input frequencies below 500 MHz are in the 
?rst Nyquist zone of each converter while frequencies from 
500 MHz to 1 GHz are in the second Nyquist zone of each 
subconverter and it is not possible to distinguish inputs at 
(e.g.) 400 MHz from inputs at 900 MHz by looking at the 
outputs of either subconverter on its own. When looking at the 
pair, though, it is possible to distinguish these two cases 
because the relative phases as measured by the two subcon 
verters differ. If the clocks are evenly spaced, as per FIG. 2, 
then the digital signal processing needed to mathematically 
correct the alias ambiguity consists simply of time-interleav 
ing the outputs. However, in the practical case where the 
channels do not match perfectly, this simple interleaving does 
not completely eliminate aliases in the overall output. 
The time-interleaved approach of FIGS. 1 and 2 can be 

described as partitioning of a signal among subconverters by 
decimation of the signal in the time domain, whereas FIG. 3 
shows one type of prior art analog to digital converter system 
82 comprising subconverters combined by frequency divi 


















