by Julian Nolan

The rapid growth in the digital sector of the electronics market
has given rise to continued demands for more and more
increases in the resolution and conversion speed of
digital-to-analogue and analogue-to-digital converters. in spite
of the industry meeting these demands, the selling price of all types
of device has continued to fall. This is particularly true for
medium speed/resolution flash devices: an 8-bit, 30 MHz type,
for instance, is now available in quantity for well under £20.
Advances in the digital-to-analogue converter field have been
typified by higher specifications rather than lower prices.

Three main analogue-to-digital (A-D} con-
version technigues are in common use:
successive approximation, flash and inte-
grjng conversion.

Successive approximation has the
advantage that for an »-bit converter only
n number of stages are necessary in the
succj;assive approximation register (SAR),
which makes this technique ideal for
applications that require high resolution or
tow ‘cost or both. The technigue is illus-
trated in Fig, L

Initially, all oulput bits of the SAR are
set to zero and then each bit, starting with
the most significant, is set pravisienaliy to
one; If the output of the converter does not
exceed the input signal voltage, the bit is
left at one, otherwise it is reset to zero.
From this, it is ¢lear that an n-bit converter
will require only » such conversion steps.

This makes this type of converter relative-
ly fast in comparison with those that use
other techniques like single- or dual-slope
integration.

Should the input voltage be aitered dur-
ing the conversion process, the resulting
error will be no larger than the change dur-
ing that time. Noise spikes, however, can
cause totally erroneous output and must be
avoided af all costs.

In general, it is advisable to use a sam-
ple-and-hold device in conjunction with
this type of converter.

Typical conversion fimes range from 1 fts
10 50 us, while accuracics of 8—16 bits are
available.

Flash conversion requires 27—1 com-
parators, thus limiting the resohtion that
can he achieved with this technique.
Current 1 fabrication technology perntits

up to 12 bits.
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The technology relics
more on ‘force in nurmbers’
than subtle design technigues
at component level. As
shown in Fig. 2, a reference
voltage is applied to a resis-
tive divider, whosc equi-
spaced outputs are applied to
n—1 voltage comparators.
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The Gray-code output from
the comparators is encoded

250160-11 by the priority encoder to

form a usable binary output.
Typical conversion rates vary

Fig. 1

from 10 mMsps 1o 500 MSPS,

while resolutions of up to 12 bits are cur-
rently available.

Resolutions above 16 bits are generatly
the domain of integrating converters,
These offer good finearity and reselutivon
while maintaining a reasonable cost/per-
formance ratio. Typical applications
include digital voltmeters, data acquisition
systems, weighing and medical systems
where the slow conversion rate inherent in
these converters is not significant. An
example of integrating conversion, dual
slope, is shown in Fig. 3.

Initially. switch 81 is closed by the con-
rol logic. Switch S4 is then opened and
the input voltage integrated for # clock
periods, where # is dsually the maximum
count of the counter. At the end of this
time, the integrator voltage, Vo, is

V, = —ViunTe [RC i

where Te is the clock period.
During this period, the polarity of the
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input signal is detected by the comparator. nx = Vir / Veef I3

At the end of the integration period, S1 is
opened and, depending on the polarity of
Vin, either S2 or 53 is closed to connect the
integrator to the reference voliage that has
a polarity opposite to that of Vin, Next, the
counier is clocked from zero until the inte-
grator output reaches 0 V@ the output of
the comparator then changes state and the
count is stopped. Since integration takes
place over the voltage range V,,,

Ve =Vretnx/RC, [2]

where nx is the count reached by the time

_the integrator output passes zero.

Combining #nd rearranging [ 1] and [2]
gives
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Since n and Vref are both fixed, the out-
put couat iy directly proportional to the
input voltage. Because both the first and
the second integration occur under identi-
cal circumstances, the converter is not
affected by any long-term variations in Tc,
R or C, as confirmed by the disappearance
of these terms from equation [3].

The major factors affecting the stability
of the converter are:

(1} the stability of Vier;

{2) drift in integrator and comparator
opamps;

(3) the stability of the “on” resistance of
S1and S3.

Other techniques of integrating convers
sion are available, such as single-slopé
integration and charge balancing. Thesd
methods are relatively slow, however, ani
their use is restricted to applications that
can support their relatively high conver-
sion times.

As is seen, none of the three mcthodq
discussed provides both a high rBSOlUthI_’l
and a high conversion speed. Where these
are required in combination, say, 16 bits i
2 us, use is made of subranging tech:
niques, which are normally based on a sin:
gle high-speed flash A-p converter as
shown ia Fig. 4.

In practice, these types of device aré
implemeated in hybrid form. Some suffet
from a reduced signal-to-quantization
noise ratio at relatively high input frequen-
cies, although those are not uncommon Eh
A-D converters.

Initially, the input is sampled by the
track and hold circuit. Subsequently, the
most significant portion of the signal is
converted by feeding the output word intg
a fast, highly accurate p-A converter;
whose output is subtracted from the input.
The resulting residue is converted to digi:
tal form at high speed and combined with
the results of the earlier conversion to
form the output word. Owing to the very
high performance this technique demands
from the adder and DAC, it is usual tg
incorporate some sort of error correction!
a commonly encountered type is digitally
corrected subranging (pcs). In this, the
two bytes are combined in a manner thai
corrects the error of the 188 of the most
significant byre, With the use of, for
instance, an 8 and 5 bit conversion, an
accuracte, high-speed 12-bit converter
may be configured, although it should be
noted that the resolution of the b-A con-
verter must be greater than the resolution
required to maintain conversion accuracy.

Future developments

Digital error correction, using a variety of
techniques, from integrating 1o subrang-
ing, is now being introduced into a wide
range of devices. This trend is likely 1o
continue and, with the ever decreasing
cost of data conversion products, will
become increasingly relevant to the low-
cost end of the market,

As regards conversion techniques, the
serial converter or cascaded encoder as
shown in Fig. 5 may well make a comé
back. First used in the 1960s as a method
of A-D conversion, the serial converier is
based on a number of comparators, each
taking the residue of the previous stagg
and comparing it to a reference voltage. If
the input is higher than the reference, 2 |
is produced a1 the output, and the restdue
of the original input signal is subtracted
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from the reference and passed on to the
next stage. If the input does not exceed the
reference, the signal is passed to the next
stage unaltered. it is usual to incorporate a
%2 amplifier to enable the use of a single
reference voltage and restrict problems
with noise.

In practice, this system has provided
difficult to implement owing to errors
introduced by the comparators and ampli-
fiers, noise and also poor transter charac-
teristics in high-speed systems. With the
advent of high-performance analogue
componenis, however, some manufactur-
ers are reconsidering this techrique, since
it offers a unique blend of speed, resolu-
tion, and low component count — at least
in theory.

Design considerations

The effective resolution ab a speciiied
input frequency is usually not guoted in
the: manufacturers” data sheets and can
often be well below the stated optimum, A
graph of the snr/effective number of bits
vs the input frequency of an 8 bit,
100 MHz sampling A-D converier with a
bandwidth of 40 MHz from a well-known
manufacturer is shown in Fig. 6.

It is seen that at an input of 40 MHz
and a sampling rate of 102.4 MHz, the
effective resolution is about 6 bits. That
means that only 64 possible output states
are provided instead of the 256 that would
have been available it the full 8-bit resolu-
tion had been maintained.

“For applications that require a specified
resolution to be maintained over the
greater part of the input frequency, it is
we]l worth considering, in situations that
aré not cost critical, over-specifying the AD
converter to meet the requirement.

Although problems are evident in AD
converter applications below 12 bits, most
occur with accuracies of 12 bits or more,
or with high-speed systermns, where the
prabiems are accentuated at higher resolu-
tions.

If successive approximation is chosen
for the A-D conversion, a sample-and-hold
stage is essential and this may be a source
of troubte in itself. Increasingly, however,
some manufacturers, such as Datel in their
[2-bit, 500 kHz aDs-111, are incorporating
a s&n in the A-D converter package.
However, there may be advantages, such
as a reduction in cost or an improved spec-
ification, in using a separate S&H stage.

Three main building blocks are con-
tained in a s&H stage: a capacitor, an ana-
logue switch and a buffer amplifier. Some
require an external hold capacitor, which
must be chosen with great care as regards
its dielectric absorption properties. Teflon
or polystyrene capacitors, whose dielectric
absorption is fairly small, are well suited
{0 this purpose.

If the sampling system is used as the

front end in an FFT system, particular
attention should be paid to the aperture
uncertainty and aperture time. The time
should be chosen so that at the highest fre-
quency the component does not change by
more than one bif in the allotted time. It
should also be noted that the s&n will
always add errors to the A-D converter
owing to effects such as non-linearity of
the s&H off-set,

The use of a sin gle package contain
ing the AD converter and the S&N has the
advantages that some of the problems
mentioned are minimized and noise may
be less of a problem, especially in high-
resolution systems.

Apart from the Datel device already
mentioned, some other single-package
units are the Sipex HS9474 and Analog
Devices ADI[332 (which includes an anti-
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aliasing filter).

Whatever technique is used, the ang-
fogue inpus section is vital to the operatidn
of the converter, and usually includes one
or more references in addition to convei-
sion technique specific components Elke
comparators and DA converters.

In ratiometric conversion, the referem,e
is usually external and variable. In genej-
al, an on-chip reference usually helps 1o
minimize noise, but in a number of cases
advaniages may be obtained from iin
external reference.

It is worth noting that the current-
switching action of the D-A converier; at
the typically fast clock rates used in-stic-
cessive appreximation converters, may
disturb the output of the analogue sighal
source, especially if it is a high-precision
opamp.with a low slew rate. In that case,
buffering will be necessary.

Design techniques

Whereas digital circuits may have noise
margins of a few hundred millivolts, tHere
is no room whatsoever for noise in ana-
logue circuits. For instance, a 12-bit réso-
fution A-D converter with a full-scale range
of 3V has a 0.5 1ss COl’I‘EprI]dlnl’ to
0.61 mV. 3

Power supplies are among the major
sources of noise: the output of switch-
mode types may have a noise level of
more than 100 mV. Although the ability of
an A-D converter to suppress DC supply
changes, such as tong-term drift {(expres-
sed as the power supply rejection ratio —
PSRR), is usually good, HF noise is normial-
ly not suppressed to any greal extent.
Wherever possible, the supply voltages-for
the analogue section should be provided
by a linear supply and bypasssed direct ar
the a-D converter. A multi-layer capacitor
in parallel with a tantalum capacitor pro-
vides a suitable bypass.

To avoid ground ioops, it is advatita-
geous to have a “star point” as close to the
AD converter as possible — see Fig. 7. All
ground lines should be of low impedafice,
necessilating wide ground tracks on the
rCR or, preferably, particulasly if double-
sided or multi-layer boards are used, a
separate ground plane underneath thé AD
converter package. In some cases, shield-
ing the converter package from the top
may be necessury.

Unless the analogue signal is free of
noise, there is little point in taking the pro-
tective measures mentioned. To reduce the
noise, suitable filters and shielded cables
should be used.

Applications

Some of the factors worth considering
when choosing an A-D converter for a par-
ticular application are:

G
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+ type of converter;

+ required conversion speed;
. r@:quired resolution;

+ cost-to-performance ratio;
« accuracy required;

+ interface requirements;

¢ power requirements;

« physical dimensions.

The applications of A-D converters are
numerous and have increased at almost the
same rale as their perfonnance, Common
applications include, among others, data
acuisition, measurement systems, analyti-
cal and medical systems, and filter control.
A typical application: an A-D convertor-to-
microprocessor interface, here between a
PMI ADC-9012 and a 6502, is shown in
Fig. 8. The circuit is tairly straightforward,
except that the two LSBs are connected {0
data bits DB2 and DB3. The ADC-9012, a
t{)-bit 6 |ts converter, makes special provi-
sion for this. A suitable inferrupt service

Towards universal skyphones

INMARSAT, the International Maritime
Satellite Organization, has joined forces
wil'h the Internationai Civil Aviation
Organization (ICA0) to plan and provide
airborne satellite communications for both
airliner crews and their passengers.

INMARSAT, a global satellite operator
with investors from 56 countries, provides
mopile communications world-wide.
Almost 9,000 ships and land transportable
units currently use the the INMARSAT
Standard-A satellite communications sys-
terst: for direct-dial telephone, telex, fac-
simile and data communications.
INMARSAT has offered a similar range of
services for aircraft after the first commer-
cial satellite phone cail from an aircratt
tast February.

jeao is the international regulatory
body for civil aviation matters.

The new agreement confirms the capa-
bility of INMARSAT to offer mobile sateliite
comimunications services in support of air
1rzift'ic services, airline operations and
administration, and passenger communica-
tions. It also recognizes 1CAD's exclusive
competence to establish international stan-
dards and tecommended practices in aero-
naytical communications.

New computer speeds up overseas mail

A ‘pew computer system, the Tatom
(Tracking and Tracing of Overseas Mail),
has been taken into use by the British Post
Office.

Tatom gives information about flight
schedules and cargo space, matches the

routine flow diagram is shown in Fig. 9.

Peak detection is one field of applica-
tions not usually associated with A-D con-
verters, but it has become feasible with
Ferranti's 8-bit converter Type ZN425E,
which has an 8-bit counter on board,

The circuit diagram of a basic imple-
mentation of this is shown in Fig, 10 —
nofe that ondy 0 small namber of exterial
components is required. The comparator
enables pulses from the trigger circuit to
be clocked by the internal coanter and this
produces a ramp output until i aftains the
level of the analogue input. Although
riather imaccurate in this particular config-
uration, the circuit can be readily modificd
by the use of higher resolution A-D con-
verters.

The AD7820 is & 1.36 s, 8-bit micro-
processor compatible A-D converter that
has the advantage of not requiring user
trims. The circuit shown in Fig. 11 enables
a 9-bit resolution to be obtained by the use

of two of these devices: full microproces-
sor interfacing is provided. Usually, this
type of circuit is of limited application,
because of its significantly increased chip
count and cost if increases in resotution of
more than a few bits are required.
Nevertheless, this type of configuration is
still worth considering in applications
where cither the cost or availability ol 2
more conventional single-packuge sulu-
tion would prove prohibitive.
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demand with available space, determines
the fastest routes, and tracks every mail-
bag with a bar code fabel.

Since this is the way all major Euro-
pean countries want to go, the Post Office
expects that eventually there will be a total
link-up of all the computers of all the post
offices. Already, talks are underway
between the world's major post offices to
use the system to privide full control of
mail movements world-wide.

Old recordings as good as new

The bumps, scratches and hiss on early
recordings can now be eradicated entirely
by a new process developed by musicians
and coniputer experts at Cambridge Sound
Restoration.

Cedar (Computerized Enhanced Digital
Audio Restoration) can be applied to any
material used for recordings, such as wax,
vinyl or film, by digitizing the original
sound, removing the extraneous noise
aand giving the listener the exact unmuf-
fled performance.

Cedar's first success was with a 1953
performance of Gustav Holst's Planet
Swite by the London Philharmonic
Orchestra conducted by Sir Adrian Boult.
The recording was marred by hisses,
cracks and thumps and something like a
potato fryer sizzling away in the
background. The restored disc is clear and
noise-free, sounding as pristine as when it
was first made.

Al other known noisc-eradicating pro-
cesses use some kind of filtering that auto-
matically atfects the sound signal as well
as the offending hiss and scratches, but
Cedar gives the true performance.

Cedar was invented by Cambridge
Sound Restoration {CsR) and is closely tied
to the British Library's National Sound
Archive.

At the request of the National Sound
Archive, Dr Peter Raynor, whose research
work at Cambridge University is the basis
of Cedar, used a computer to distinguish
between signal and noise on a recording.
He then deveioped a set of algorithms to
separate the noise without affecting the
signal. Where the signal itself was flawed,
he perfected an interpelation algorithm.
This enables the compuler to analyse the
signal on either side of the flaw and calcu-
late the most likely waveform to fill the
gap. The result is that even records that
have been broken can be glued together
and treated by the process, providing the
break is clean.

Because each piece of music or speech
recording is different, a diverse set of
problems is presented each time, which
means that Cedar is being refined con-
stantly. The most striking advance since
the company's formation last February is
the speed of the process. Initially, it took
about 24 hours to process a few minutes of
recording. Now it takes only stightly
fonger than the recording itself.

There are enough old recordings to
keep CSR busy for a long time. The Natio-
nat Archive alone has more than one mil-
lion items, while the sBc and record com-
panies have virtually every recording since
the gramophone was invented in 18§77.
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