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Editor’s Notes
ARCHITECTURES

The term  “architecture™ s
classically defined as the art and
science of designing and efecting
buildings. Over time, it has come
10 connote the design and
construction of praciically any-
thing, from ocean liners (o written
works, such as novels. In
electronics, the term has come
to mean the arrangement and
interconnection of the bnlding blocks of compoters and other
circuits. The term encompasses boifi individual effors (ihe
Pantheon, the Pentagon, the Pentium) and classes of designs
(houseboai, honeycomb, Harvard archieciure).

In 1his issue we describe some new ICs with interesting circuit
archiieciuores — (or example, an elecivonic oircun 1hat involves tiny
physical edifices; our cover siory desenbes the complete-on-a-chip
ADXLS50 micromachined accelerometer circuit, which s designed
with an eyc 10 properties in both the elecirical and mechanical
realms. In the systems arena, we mention (p.23) a personal sound
archuectnre (PSA).

Or consider the AD830 (page B), a fcedback amplifier with 1wo
addiive differennial inpuis, termed officially 2 “high-speed video
difTerence amplifier”, because of its applicability as a video line
receiver. However, its designer, Barrie Gilberi, poinis out that
thai name —based on anc major application —may cause us (0 Miss
the boat foc many other applications, because it doesn’t suggest
that the device has 2 new and unusual architeciure. He points oot
thal it could jusi as well be called a video stonmung amplilier,
because it wilf 1ake sums as well as differences.

More fundamentally, however, w could be called a voliage-
balonarng amplifier, since, with appropriate feedback, it
implements the equation,

Vi = Vi = Vyy — Vyy

Well, that’s the kind of name 1hat might induce yawns among
casnal browsers through our caialog. The name that Barrie
belicves 10 be precisely nght for this type of architecivre is active
Sfeedback omplifier, beczase it achieves its funciion through the use
ol voliage feedback wvia an active voliage-10-curreni-converier
stage; wn so doing, it provides high-impedance differential signal-
handling 21 both the input and feedback poris. We've iried 1o hins
at this in our headhine, which—with 2 wwinkle—calls i an
“uncommon-mode high-speed video feedback amphfier with a
diflerence.” Wil Barrie ever forgive us?

Finally, we close with the architeciural prediciion thai 2 uiure
issuc will fearure 2 monolithic 3-voli fast loating-point processor
bearing the woithy new class designation of SHARC: Suvper-
Hanard-ARchitecture Computer.

CORRECTION

The AD817 and AD8)8 op amps (Analog Dialogue 27-1, page 19)
were designed at our Wilmington MA semiconducior facility by
Moshe Gerstenhaber and Alex Gusinov. Michael Gianino was the
product enginecr. >
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A Surface-
Micromachined,
Monolithic

Accelerometer

ADXL50 : the first commercially available
surface-micromachined device.

All signal-conditioning circuitry is on-chip

by Bill Riedel

The ADXLA0 |5 3 complere scecleribion measupement System on
# single monolithic chip. Tt's based on 3 differential capacitive,
surface-micromachined polvsilicon accelerometer incegrared wih
sgnal conditigming arcuitry, meludmg a TTL-compatible self-
test Teatwre, The ADXLID messurss acceleravions from 0g o
=50 g with bandwidth from de e | kHz, producing an ourput
voltage proporiional fo the accelersnon, This makes it the firs
commercially available monolithic device wo successfully incorpo-
rale raditionad electronic semiconductar cerewit: with micro-
machmed struciures

The ADXL3) iz fabricared on Analeg Devices® conventonal
BiCMOS produciion time which has been used extensively in the
company’s high-performance mixed-signal producis. A surface-
micrgmachining  peocess  produces  uiny,  highly  complex
mechanical srrucrures from silicon (see sidehar on page §, *Silicon
that moves™). Since it uses many of the procesting stepd apdinanly
used 10 manufacture  fraditional  limesr  circuits,  surface-
micromachining lends isedf readily o producing devices which
combine Bath fucromachined (mechanical) and semiconductor
(electronic) elemenis on the same diz. The ADXLID, exploiting
this  awrbure, includes all  npecessary  sipnal-condinioning,
excitation, and test circuiiry. Three external capasiiors and a
+ 5ol regulated power supgly are all thar is reqguired o measure
acteleralions o =50 g

The micromachined sensor behawes elecurnically like a variable
differential capachor operating in a force-halance electronic
contrel loop, The result is 3 measuring system thai, unhke piezo-
resistive micromachined dewices, i3 inherendy stable over wide
temperaiure ranges and —becaose it balances electrasiatic force
sgeinst  acceleravion force=is relavively independent of the
mechanical properics of silicon. This force-balapnced desipn alss
produces 8 very linear response due o the resulting minimal
physical excorsion of the beam during a broad range of
acceleratipn values; wmcal nonlineansy 15 <0 2%.

A unigue capabality of the ATXLS is a digitally acriveced self-res
function which allaws the sensor beam o be elecirostatically
deflected at any vime to venly the integrity of the sensor element
Thiz tests s ability w0 respond 10 an scceleration force (and
provide a waming in ease af malfuscton)—a “must™ 0
applications such as airbag systems in auromobiles

MEASURING ACCELERATION

Conventional techniques for detecting and measuring acceleration
are all founded on prnciples first discovered by Mewnan and

etk rgply vard for cochpeal devs. Clpcie 1
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outlined w his Prmcipia in 1687, Newton's classical view holds
that acceleranon of 8 comstamt mass implies a force (F = ma,
where F 15 force, g |4 aceeleranion, and m 15 mass), Moso
accelerometers operate by deteciing the resioring force exerred on
a mass by an elastic resirain.

Copsider 3 simple mechanical sysiem consisting of fixed mass, m,
aached 10 & spring with srifTress, &, I the mass js displaced a
distamce, x, due 10 acceleration, the restenng force of the spring is
F o= bx, Substiiuiing inio Mewion's equation, we fAnd char
¢ = hafm and can derve the magniude of the socelerstion by
obwerving the ditplacement, x, of the restrained mass. This
fundamental principle is used by even the moar sophisticated and
expensive electromechanieal aceelerometers; it 15 also how the
encramachined ADXL3) works,

SENSOR MECHANISM

Figure 1 shows the layout of 1he ADXLSD chip. The heart of the
chip is the surface-micromachined sensor located a1 the cenver af
the die (Figure ). Measuring only 30 pm = 625 um (less than
172 mm®), the ADXLS50 sensor resembics the leter “H™ when
viewed from above. The long, thin legs of the “H" are tethers 1hat
anchor the micromachined &lemeni o the subsiraie; they are the
only elecirical and mechanical contact berween the sensor siriec-
ture and the rese of the chip. The tethers form the spring system
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Figure 1. Layout scheme of the ADXLSO0 chip.

that suspends the central test (or proof) mass (the crossbar of the
“H") in tension within a well in the substrate; the mass is free to
move in a direction perpendicular to the tethers (along the axis of
the “H” crossbar), in the same plane as the substrate surface.
When the device is packaged in a TO-100 metal can, the package
tzb is aligned with the “H” crossbar, showing the direction of
sensitivity (see photo on page 3).

Projecting from the central proof mass is a series of regularly
spaced filaments resembling che fingers ol a comb (Figure 2). Each
of these filaments is actually one plate of a series of parallel-plate
variable capacitors; the other plates are attached to the chip
substrate and interdigitate with the plates attached to the freely
moving proof mass. Altogether, 42 moving capacitor plates
(interdigitated with the fixed plates), attached to the sensor proof
mass, are connected in parallel electrically for a total capacitance of
only 0.1 pF. The plates anchored o the moving mass form the
central plate of a three-plate differential capacitor structure. The
plates anchored to the substrate and interdigitated with the
moving plates are alternately connected in parallel; the effect is of
two capacitors sharing a common plate, with capacitances of
Cxoh(xo * &) and Cxo/(xo = X), Where X, is the center position and
x is the deflection caused by the acceleration (Figure 3).

Conceptually, the force exerted on the central proof mass by
acceleration or deceleration in the direction of sensitivity causes it
10 move against the spring force of the tethers. This changes the
relative spacing between the moving and fixed capacitor plates.
The motion cavses a fractional increase of capacitance on one¢ side
and a corresponding decrease on the other, The relative change in
capacitance is proportional to the magnitude of acceleration, so
acceleration ¢an be determined by continually monitoring the
eleetrical effects of capacitance changes.

Figure 2. The acceleration sensor. Acceleration axis is vertical.

In actuality, the sensor operates within 2 force-balance ¢lecironic
control Yoop; the proof mass, when accelerated, is restrained {com
moving (i.¢., nulled, in the sanie manner as the summing point of
an iaverting operational amplifier) by the apphication of an
opposing electrostatic force, generated by applying an invected
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version of (he output voliage to the capacitor plates. This feedback
produces a system which behaves essentially like onc with a much
stiffer spring constani (less nonlineanty and good temperature
s2biliy).

The physical shape and Iayoui of the ADXL50's capacitive sensor
fulfils a requiremnem for simplicity. The sensor is formed from a
single layer of polycrystziline silicon. Since capacitor density (the
nubmber of efemenis with a given capacitance that can be placed
within an area] is proponional to 1/d, where d is the widh and
spacing of the plates, this featvre is paterned using extremely fine
lithographic fabrication and etching tools. Careful consideration of
stresses in the polysilicon which forms the sensar allows these
small struciures 1o remain essentially level when suspended freely
above ihe substrate. The scnsor tethers—the finest struclures
— measure about 2 pm on 2 side and are abow 200 wm long. The
o1l physical mass of the measurement beam (proof mass) is less
than 0.0 microgram. At rest, the spacing between adjacent
capacitor plates is less than 2 pm.

At tficse dimensions, silicon is highly elastic, easily withsianding
shock and vibration — making it an ideal matedial for consirucling
finely pauemed mechanical structures. In fact, on this scale,
silicon has mechanical properties similar (o those exhibited by
stee) al larger dimensions. As 2 result, the ADXL50’s sensor is
able 10 withstand physical shocks of 2000 ¢ in any direciion
without suffering damage or deteriocation in performance.

CIRCUIT TECHNOLOGY

The complete chip measures approximaiely 9 mm? and is
dominated by the signal-conditioning circuitvy, which surrounds
the ceatrally located (< {-mm?) sensor. The circuitry includes 3
push-pull oscillator, carrier generaior veference, preampblier,
self-test circuit and an uncommilted outpul amplifier —providing
a high level of system integration (Figure 4*).

The sensor, described eadlier, consists of 2 pair ol dillerentially
varying capacitors that cespond to the displacement of the mass.
Square waves, V,, and Vi, at | MHz—ol equal amplitude buw
180° oul of phasc wilh one another —are applied 10 opposite plates
of the capacitor pairs. Within each paie of plates, one side is biased
10 3.4 V, the other 10 0.2 V. The voltage at the proof mass, their
electrical node, represemts the degree of unbalance. At 0¢g of
acceleration, the central, moving set of capacitor plates is
equidistant from each of the substraic-connccted ouler plates;
their capacitances are cqual, and —as 3 result—the two antiphase
signals are equally coupled to the cemral plate and cancel each
other, producing a nominal output voliage of 1.8 V (the midpoiat
of the 0.2-V 2nd 3.4-V bizsed plates).

TOP VIEW
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Figure 3. Simplified detail of the acceleration sensor showing
one element of the differentisl capacitor.
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Figure 4. Simplified circult details, showing the signal-conditioning circuitry and force-balance fepdback loop of the ADXLS0.

SILICON THAT MOVES

Micromachining is 8 processiog rechnique wsed to maafacturs
ety msechmmlenl strucrures from sllicon, A silicon wafer of 1he
tyvpe wsed 1o ke semiconductors can be erched (or modified) 1o
produce small beams, masses, gears, and other structures
measuring only a few thousandihs of an inch.

Micromechining comes in two vaneties: swrfoce and bulk, Prior
to the ADXELS0, all the available micromachined devices used
bulk micromachining. Iv was discovered in the 1930 thay acid
solutions amack different planss of crystalline silicon st different
rates, depending on the eryaal orentation. By exposing an area
of silicon with a specific crystalline structure o acid, cavities
with precisely angled walls are creaied.

Bulk micromachined accelerometers have exsied for several
years, Typically they consist of 3 membrane or diaphragm of
silicon, roughly 10 pm thick, thar s venically formed in the
wafer by chemical etching, In the center of the membrane is a
large mass of silicon. On the top surface of the device, nesr the
edge of the membrane, thin-film piezo-resisiors sengitive 19
strain and deformation are deposited, Most of the membrane is
remaved, leaving rethers with these resistors suspending the
central mass, Vertical acceleration causes the fest mass to move,
deforming the diaphragm and changing the resistance of the
piezo-resistors. Bulk micromachined dewvices ape large by IC
standards—aboui 20% the size of the surface-micromachined
ADXLS0. Large size, coupled with the fact than the process for
manufactunng bulk micromachipes is pconsistenr with semi-
condustor-cireuit fabricavion techniques, requires that sigoal-
conditisning be off-chip. Bulk-picso-resisuve acoeleromerers are
very sensilive to temperature effects and difficulr to test fully.

When the sensor experiences accelermion along the axis of
sensitiviey, the wparations beraeen adjzcent plates will become
unequal; one capacitance will increase while the other decreases.
The 0.1:pF w1l capacitance generated berween the beams
changes by =001 pF for =50-g accelerations. The sensor
structure can sctually resolve as small a change as 20 artelarads (20
% 10" '® F}, corresponding 10 & beam displacement of 0.2 A . This
resalution 15 a consequence of the precision of the associared
signal-condinoning circairry

The eurpur from the sensor array 15 a biased high-impedance
square wave, Vi This output is buffered and presented o the

"Reprinicd wiith permisaion from Eleremes: Desgn {(Vol, 3%, Mo, 15 Sugus 8,
1991, Copyright 1991, Peoien Publishing Trc
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Surface micromachining, a more sophisticated technique than
bulk micromachining, creates much smaller, more-intricate and
precisely  panermed  structures. Tt adapes manufactoring
rechmigues perfected for making ICs to produce mechanical
struciures close to the surface of the silicon substrave. Chemical
machining is accomplished by depositing, then erching, muliiple
thin films and lavers of silicon and silicon-axide to form complex
mechanical structures. The feature dimensions of surface
micromachined devices are ypically | m 2 pm, simalar to the
feature dimensions of conventional electronic circuirs. Most
imporantly, surface micromachining lends iteell vo the incluswon
of comvrentional electronic circuitry on the ame die, Thus, the
surface-micromachined ADXLS50 ncludes signal conditdoning,
resulting in a fully scaled, -referenced and -temperature-
compensated  voli-level owiput.  Surface-micromachining
leverages the cost economies of standard IC waler-procesting

technigues, producng a highly integrated product at low cost,

MOVATILE
PLATE

input of a phase-sensitive demodulater, which s synchramnzed
with the 1-MHz carrier; it rectilies and low-pass filiers the signal,
The single-pole filter's cutoff frequency is established by & single
exiernal capaciter; for example, 35 nF for 1 kHz.

The synchronous demodulater deives 3 preamp, which s
referenced to + 1.8 volis, The owrpuc of the preamp is fed back o
the semsor through a 3-MAY) asolstion rester. This feedback
valtage, applied 19 the semsor plates ss a biss, caouses an
elecrrosratic restoring force o oppose the sensor's metion. In
eifect, the force-balance contral loop acts 1o keep the sensor from
maving, holding i close 1o iis st-resi posivion, The correction
voltage required 10 hold the sensor's proof mass (or central plaie)



in the 0-g posidon is a direct measure of the applied acceleration.
This voltage is available 1o che user ar the outpuc of the preamp.

The ADXLSO chip also concains an uncommitted op amp.
Without further conditioning, the output of the single-supply
ADXL50 *s preamplifier is 1.8 V at 0-g acceleracion, with a span
of approximately =1V for a *50-g acceleration range (i.e.g
19 mV/g). The uncommitted ap amp can be used 1o alter the O-¢g
volcage and/or amplify and filter the acceleration signal. In
Figure 4, the noninverting input of the op amp is connected 1o
+1.8-V signal, derived from an intecnal precision +3.4-V
reference source. The scaling faccor in the diagram is given by the
ratio, —R,/R,, (since (he amplifier is in inverting mode). For
independent a2djustment, gain is adjusted with R, and offset is
adjusted with R,. Therefore, if the span desired is +2.25 V for the
complete =50 g range, R,/R, should be chosen such that:

Ry _ Vigen _ 2.25

R Vs 1.0
where V., is the output from the preamplifier and V, .,
desired span of the uncommitted amplifier output. Thus:

15 the

R, = 225 % R)
R, can be found from che following standard cquation:
Ry= 18V o2
Ve - 18V

where V, is the 0-g output level. Stated otherwise,

R)
Ve = 1.8V<l + E)
With R, = 100 k}, R, = 225 k2, and R, = 579 k{}, the output
analog signal range will be +0.25 10 +4.75 V for =50 g, with
+2.5 Vot 0 g. With 25 nF, the output signal’s = 3-dB bandwidth
is 1 kHz, using the single-pole, 1-kBz filtering of the preamp.
More-sophisticated configurations can provide multi-pole filicring
without the use of additional active components.

SELF-TEST

Another unigue attribute of the ADXLS0 that sets it apart from
alternative designs is the inherent ability to sclf-test the sensor and
all associated on-chip signal-conditioning circuitry in ploce by
epplying s digitsl command. Most rudimentary sensors—
pacticularly the commonly used clectromechanical devices—
cannot be adequately tested to ensure they are operating correctly.
Even sophisticated sensors with accurate, ¢continuous outputs ¢an
only be tested under controlled circumstances on precision
vibration test-beds.

To self-cest the ADXLS0, a CMOS- or TTLxlevel digital stimulus
is applied o the self-test input. This produces a voltage pulse
which is jnjected into the feedback signal o the sensor. The
resulting electrostatic force causes » deflection of the proof mass
against the tethers as though it were responding o a negative
full-scale acceleration. Though always available, self-testing would
generally be programmed to occut each time at power-up.

AUTOMOTIVE APPLICATIONS

There are many on-board automotive systems that nced a rehable,
low cost way 10 messure acceleration. The most obvious and
immediate application for the ADXLSO is in next-generation,
single-point air-bag systems (se¢ sidebar, “Air-bag Accelero-
meters”), where the ADXLS0’s output provides acceleration

6

nlormaiioa for the “is-z-crash-occurring?” decision to iniuate the
explosive charge 1o deploy the air bag.

Another automotive application of accelerometers related 10 safery
)s in avtomatic door-lock-release mechanisms. In the event of 2
collision that resulis in significant structorzf damage 10 the
vehicle, passengers are ofien trzpped in 1he vehicle, unable 1o be
rescued, because the doors reman locked. Automatic dooc-lock
release on impact could, in many wistances, have prevenied Mhis;
an accelerometer incorporated in the door lock would detect the
rapid deceleration that occurs on impact, releasing the door locks.

Airbag sysiems and avtomatic door-lock release sysiems are {orms
of “passive safety" which make the consequences of collisions less
dangerous. In 2ddition, a2utomobile companies are devcloping
“active safery” systems which attempt (o aveoid collisions. Such
sysiems wnclude ABS (antilock brake system), ASR (acceleration
slip regolation), and sophisticated new suspepsion systems that
monutor and react to varying road conditons; in addiion o
increasing the fevel of safery, these also provide a more
comfortable ride (hrough improved vehicle control. Active
suspension sysiems continbously monitor road conditions and
vehicle dypamics and compensaie through the uwse of power
hydraubics and aciuators in the suspension 10 restore the vehicle 10
a2 neutral onentation (or even a biased orientanion, “leaning” into a
corner for improved conuol). A simplified version is known as an
adapiive sispension systerss, which responds (6 road conditions and
vehicle dynamics by aliering the response of the suspension
companents throvgh changing such parameiers as shock absarber
or strut valving; the difference is that it does not employ
restorative power devices. Both active and adzpiive sysiems rely
on measuring shock and vibration through monitoring wheel- and
body motions— (unctions requiring the use of accelerometers.

An advanced form ol vehicle control, denved (rom ABS/ASR
systems, is Dased on monilonng laters! acceleration; when it is
combined with longitudinal acceleration and vehicle vclocity
values, suspension seitings may be altered side-to-side or front-10-
back 10 make maximum use of the adhesion potential of the ures.
Developments in this arez include “yaw-cate’ sensors, a special
category of acceleromeler which measures the rate of rotational
velocity change. The resuliing information may be uscd by the
chassis control system (o alier suspension seltings as well as 10
more aclively inlervene in vehicle dynamics by selectively
applying individual wheel braking (without driver input!).
Selectively applying panticular braking combdinations applies yaw
momenis 10 counter undesired rotations of the vehicle. Various
(orms of such systems are already being used in racing applications
such as “Indy" cars. As the cost of such systems is reduced, they
will find use in vehicles for the general public.

The (ul-scale acceleration range of intevest for suspension and
“acuive-safety” applications is in the range of =2 g, lor which
Analog Devices is developing lutuee versions of the ADXLS0.

NON-AUTOMOTIVE APPLICATIONS

Acceleration is 1 fundamental physical quantity, manilested in
many guises—gravily, vibzation, and scismic actlivity are 2 few
examples. Mcasuring accelecation continuously, accurately, and at
low cost opens up aumerous applications for the ADXLSO and
fulure members of s family.

Analog Dialegue 27-2 (1993}



Manufacturers of poriable compuiers continue o seek ways 19
make their products mare rugged and reliable, The elements mear
prone io damage (and the eazarophic loss of stored informarion)
are mass-storage devices, pariicularly hard-dise drives. The
delicate mechaniom that reads and wrires information to the dises
floats above them an a controlled Mow of air; sudden movement
cafi easily cawse 3 problem, destroying data and drives alike. An
accelerometer can detect the onset of porentially damaging shocks
and institure “eountermeasures” (o prevent disc damage.

Many of vs have had the disappoinsing experience of opening a
large package o find the delicate contents damaged or destroved
due o mishandling. How did ihe damage oocur, and who @ to
blame? [ a package recorder —eonsisting of an accelerometer, 2
timer, and & dara logger=were meluded with the consignment,
these questions could be easily answered, Such recorders may soom
he the norm for delicite, expensive 12ms [n (TARSPOFTILION.

Muinary applications include sman deionation sysiems for missiles
and bomhbs, Here an accelerameter foreas par of the fuze sysrem,
derecting impace by che associated mpid deceleration. The
continbously varyving cutpur of the ADXLS0 would be quickly
analyzed ro establish the precise imstant when the expledive charge
should be deranated o produce maximum targel damage.

The ADXLSD can also be wied 1o manster the health of machines
Rewrting machines exhibic characiensiic vibraiion signalures; as
fatigue cracks ar wear develop in portions of the machine, rhe
signaure changes. By comtinuously momtonng the machine's
vibrofion, if 4 possible o be warned of imminent failure,
Applicarions range from sircrall éngines o heating, ventilarion
and air-canditioning (HVALC) systems.

FUTURE DEVELDPMENTS

The ADXLE0 is Analog Devices' first micromachined asceleration
sensor. [1 15 the first of a famiby which will include 2 more sensitive
device with a full-scale range of =2 g, a leds-sengitive denice lor
more-severe shock measurements, digial-owrpur deviees, and
other formats. Alsa in development is a family of rale sensors.
Future devices will also be available in a varizsiy of packages.

Since the micromachined sensing element i@ 40 sevall, i i podsible
18 incorporate several on 3 single chip, orienisd to cither the same
or orhogonal ayes. Thus monalithic dual-axis sensors can be
constencted, allowing vector meaturements of scceleration in the
plane of the chip surface. Alieenanively, Two or maore sensors can
be aligned in the same plane, allowing for redundent sensing in
fail-zafe applications. In either instance, some sharmg of the
support circustry (and perhaps even on-chip signal processing ) will
provide even greater economic value. Unnil muluple devices
hecome available, the ADXLS0 emall size permiis a high degree
af compactness using feparate devices.

The ADXLAD i2 available in a 10-pin TO-100 meral can with
various grades, swiable for consumer, indusirial, military, and
sutomative applications. DIF packaging 5 alss in development,
Pricimg 15 $38.50 in 1008, deereasing to <310 in large volumes.

The weam vivar drveioped the ADXE S, headed by Dr. Richard Payes,
inefudes Steve Sherman, Tevy Core, Sarkis Ourfalian, Hob Tiang,
Dirpe Cwime, Paul O'Brien, Fokn Chang, Corl Rebern, Lee Long,
and muriy oy of A DI monfecivrng pland ie Welniengied Ma R
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AIR BAGS AND ACCELERDMETERS

Automotive air bags have dramadeally reduced faialivies and
severe injunes of vehicle secupanis invalved in head-an
collisions. As & result, many cir makers have éngaged 10 sutfin
all cars with them within the next 3 years; and legislation in the
USA and elsewhere will mandare some form of passive reseraing
in all cars and trucks by 1995, This has resulted in o huge
demand for & low-cost, highly reliable air-bag system.

Within an airhag system, the electronic contral module makes
the decision when to fire the sirbag, Currently, most airbag
sysiems i production wse several electromechanical crash
sensors, scting a5 on-off electrical switches, mounted at the
front of the car. Their output is sent to the control module,
which combdnes their aurpurs with that of an electromechanical
*safing” sensar and decides whether to fire the airhag. The
safing sensor is wsed o reduge the chances for a false
deployment, which would be likely if only the ourput of the
crash sensors were considered; the crash sensors have a fairly
low trip point and can be fooled by potholes, eic. To trigger the
airbag, at least ope crash sensor and the safing sensor enust
close. These distributed systems are expensive fo mstall, and
reliability is compromised by the mumber of interconnections
and the inabaliey 1o sebi~vest the sensors.

The new spproach in aithags is to use 8 “single-point sensing
system,” where a single scceleromever (such as the ADXL50) is
mounted in the pagsenger comparument, doing away with the
crash sensors mounted af the front of the car and the associated
wiripg harmesses, Also, the owtpur of the acceleromerer is
continuous, rather than on-off, with voltage propomional to the
acceleration. This enables the system 10 wse 3 mors-
sophisticated decision-making algorithm in i3 micraconwrelier
to distinguish between a crash condition and other events
—rather than relying on 5 majoriny woiz of several swiiches
“Smman™ algarithms wie signal-processing approaches similar to
ihase used i spesch recogmition and predictive methods o
perform the decizion,

An B=mph (12.8 kenh) head-on erash tote a solid wall should
not deploy; & =12-mph (19.2-kmMh) crash should deploy. In
some situations, the decision to fire the airbag has o oocur in
<15 ms from the start of the crash. The system’s goal Is to fice
1he aitkbag by the time the occupant has moved 3 i (0,13 m)

Smgle-point sepsing provides significant cosr reductions and
increased system relmbility through elimination of the many
components and connections  associated with  multi-poing
sysiems. Furthermore, the coninuous and linear cutpur of the
ADXLS0 enables the use of more sophisticared deployment
algorithums by the airbag system controller, resulting in & moTe
accurate sysem with fewer unnecessary airbag deploymenis.

1540 1584
S400 10 $600 530 1o 36D
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“Uncommon-Mode”’
High-Speed Video
Feedback Amplifier
with a Difference

AD830 has separate differential input and
feedback circuits, combines wide bandwidth
and high common-mode rejection

The AD830* is 2 wideband amplifier designed o reject high-
frequency common-mode voliage and noise in diflerennal line-
recewver applicztions. {1 employs 2 powerful aliernative 1opology,
aciive feedback, with inherent advaniages in handling differentzl
signals and differing sysiem grounds, level shifting, and low-
distortion high-frequency amplification. With s =350-mA
minimum full-onipvi-corrent drive capability, additional uses
include buflering of ADCs and applications as a high-speed
instrumeniation amplifier and 2 high-speed level shifter.

As the simplified model of Figure | shows, an intemal capacitor
integrates the som of the currents from 2 maiched pair of
differenviaf-inpur 1ranscondociance (G,.) stages. In  typical
applications, the differennial input signa) is 2pplied 10 one of the
G, stages, and negalive {eedback from the owmiput 1o the other
input closes the loop, which seeks 10 maintain the net current in
the capacitor esseniially at zero in the steady state. This curvent-
balancing capability is 2kin o that of op amps, but since the
currents zre derived (rom differential voliages wia the G, stages,
thece is dynamic isolation between input and oviput circuits.

I = (Vs = V2) Gy
Iy =¥y, - ¥y2) G
lp=lyely

A Gy Rp
S s (Co R

figure 1. Open-loop amplifier topology.

Figure 2 shows the device's simple connection as a2 wnanv-gain
dilference amplifierfline receiver. The inpud is connected benwveen
X1 and X2 in either polarity, and the output is fed back 10 ¥2. Y
may be grounded direcily—or connecied to 3 sovrece of offseling
voliage for level shiling. The circuit responds only (o the
differennol imput and feedback voltages, so it has excellent
common-made rejection, 100 4B, dc o 100 kHz, and 60 4B (55
min) 21 4 MHz. Other charactensiics inchude 50-MHz large-signal
bandwidih () V rms); 100-MHz smal)-signal bandwidih (1060-mV
rms), with 0.1-dB {latness 10 1S MHz; 530-V/ps slew rate and
35-ns scithing 1ime 10 0.)% (4-V step); 0.05%/ 0.08° differential
gaw/ phase errors (0 to +0.7 V, 4.5 MHz); and -72-dB a2l
harmonic distortion at 4§ MHz. DC performance includes —=3-mV
max inpuwt offset voliage (=5-mV max, Ty © Tyax, J and A
versions); =13-pwA max bias current and I-pA max ol(sel current
over (emperalure.

Vi Vi =Vxz = Vyz - Vi
y ‘FFOR v,,=vm¢, v 1
x2 ; i our = Wy = Vxo + Yllm
b Your
.Yi
c
VY1 &
v\’?
Figure 2. AD830 as a unity-gain difference amplifier (line

receiver). For higher gains, altenuate the leedback. for level
shifting, add an offselting voltage at Yi.

The AD830's advantages over subtractor connections of op amps
in differential applications include high common-mode rejeciion
ratio, high-impedance inputs, symmeinical circun behavior for
gain of ather +{ or —1, low sensitivity 10 the value of source
resistance, equal impedances at the + and - inputs, inherenily
excellent high-frequency CMR, and frecdom (rom having 10 vse
highly matched resistor sets.

For gains greater than unity, the leedback signal may be
anenuated, in the same way that noninverting gain is achieved in
operational amplifier circuits—buot the differendial signal mpm
permils either polarity of gain. It is also worth noting that ~unlike
op 2mp circuits — performance of AD830 circuits is the same (or
positive and negative gains.

From the poinl of view of operaional llexibifity in systems, the
availability of 2 pairs of signal 1erminals mzkes possible some
analog signal-processing operations that woald be cumbersome
with operational amplifiers. For example, Figure 3 shows z circuin
{or summing 1wo voliages at high impedance without using
SUMIMING FesISIONS.

VM=V,-\"J
Figure 3. High-inpul-impedance svmming amplifier without
resistors.

The ADR30 is characierized for performance with =15-voll and
=3S-voli supplies, but its offsetiing capability means that it ¢an
also performn well with single sopplies from +)0 to +30 V.
Performance/iemperature grades include J and A for commercial
and indusinial temperature ranges, and S {or —55 w0 +125°C.
Packages wnclude 8-pin plasiic mini-DIP, Cerdip, and SOIC. A
16-page dawa sheer includes a variety of application suggestions
and 28 (families of performance curves. Prices siar  a
$2.42 (1000s).

The AD830 was designed by Analog Devices Fellows Barrie Gilbert at
ADDs Noriliwest Labs, Beaverion, OR. |

*Use the reply card for technical daia. Circle 2
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CMOS 10-Bit, 15-MHz
A/D Converter for
Imaging Applications

ADS875 uses a single +5-volt supply and

dissipates only 185 mW
(<50 mW in standby)

The AD875* is 2 10-bit, 15-MHz A/D convener designed 10 digitize
high-speed siepped signals, such as the ouiputs of charge-coupled
devices, wm{rared imagers, and muliichannel dawa-acquisition
systems. Implemented iv CMOS, it has low power requiremenis
— (85 m\¥ wypical, 23S m\WV max, and even less (<50 m\V) in che
power-down standby mode—an imporiani featuce in porcadble
bawery-operated sysiems, such as camcorders and elecironic siill
cameras.

The converier guaranless no wmissing codes over the full
temperature range (0 1o +70°C), s packaged in a tiny 48-pin
Maipack, and can operate from a single +5-volt supply. Its dighal
VO can interface with enher +5-V or +3.3-V fogic. The speed and
precision of the AD87S are ideally suned (or digiizing sampled
video signals direcuy from charge-coupled devices (CCDs) in color
scanners, digial copiers, and elecironic still cameras.

Uswng 2 mulij-stage pipelined archieciure (Figure 1) with output
error correction, the AD875 achieves differential nonlinearity of
+0.4-LSB (1.0 max) over ihe entire range of inpo and
temperatore, and small-signal di(ferendal nonlinearicy (DNL) of
0.8 LSB max—an important advaniage in imaging systems.

CLK A¥pn  D¥pn DRV,

O
oML AVgg DV DRVgg

figare 1. ADB75 block diagram.

Besides power-down, additiona) funciions 10 reduce sysiera cost
inclade 3-state outpurs, underrange and overrange flags, and 2
flexible choice of output formais, inchuding posiive- and negative-
\rue binary and rwos complemenmt. To minimize errors due 0

FULL SCALE

BINARY CODES

series resistance, Force and Sense rerminals ave provided at the
ends of the reference lzdder so that it can be doven using Kelvin
connections. The power-supply connections, wih 1heir associated
grounds, are separated imlo three componenis —anzalog, dighial,
and digital 1/O buffers, o permii 2 flexible choice of logic voliage
and 10 optimize the AD875’s performance.

IMAGING SYSTEMS

While the specifics of a particular sysiem may vary, most irmnaging-
system architectores will employ some or all of the building blocks
shown in Figure 2. The image sensor, ofien a2 charge-coupled
device (CCD), transforms lighd intensity 10 2 sampled electrical
outpul, The resuliing stream of pixel values is condiconed by a
clamp/sample-hold circoit, someiimes relerred 10 as 2 correlaled
double santpler (CDS). A gain block seis signal fevels 10 normalize
the signal range o the A/D converter’'s opuimum full-scale input
range. DC resioration is vsed 10 rermove any errors n the signal's
dc level due (0 ac coupling and d¢ drifi. Since the input (o the
converter s 2 rapidly stepped dec voliage, a2 sample/hold is
unnecessary (excepr for the inernal SHAs used 2s part of the
multisiage pipelined conversion process). Alier conversion o
digital, the signal is subjected 10 digita) processing that depends on
the application.

Depending on resolution and bandwidih requirements, cotor
inflormation may already exist in the sensor signal (camcorders), the
RGB signals may be separaiely acaquired and muluiplexed ahead of
the converter for color scanners, or three independent channels
may be converied in parzllel for high-resolution color video.

The AD87S is specihied for the 0 to +70° commercial temperature
range and is housed in 2 space-saving 48-pin (hin quad faipack
(TQFP). An evaluarion board is availzble. Price of the AD87S in
1000s is $2(.50.

The AD875 was designed by a 1eom led by Mark Maernw and Chris
Mangelsdorf ot ADI’s Wilmingion facility. 3

4Use the reply card for iechnical daia. Circle 3

BLACK LEVEL CONTROL

IMAGE CLAMP| SHA | =
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c CDS

DC = < -
RESTORE A/D CONVERTER — PROCESSING

DIGITAL

)

GAIN CONTROL

Figure 2. Typical imaging system.
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Increase Laser Printer

Resolution with
Win-Win Chip—No
Tradeoff Worries

Pulse-width modulator is superior to
super-pixel technique for gray-scale —
and doesn’t need a higher-resolution engine

by 8ill Schweber

The AD9560* pulse-widih modulator (Figure 1), is 2 monolithic
IC designed specifically (o enable )aser-printers to provide
increased resolution 2nd more realistic “gray-scale’ images, even
with a standard 300-dot-per-inch (@pi) “engine”. 11 does this by
senting 1he laser-diode’s excitaion pulse width aod position, for
each pixe), in propoction 10 2 coniro) word supplied by the printer
controller. This permits coniro) of both acea and placemem of
toner for each finz) printed dot. The AD9560 can also be applied
in color printess; in fact, it bas already been designed into several
prololype monochrome and cofor printer systems.

2 PULSE
CONTROL []_"‘ PLACEMENT L s E\g"?‘
— CONTROL
QUTPUT
LOGIC
8 PULSE o
DATA ¥ WIDTH Lt
—i CONTROL
A
CLOCK
AUTO-
SAL I CALIBRATION
R S CAL
SET ouTt
ADI560

Figure 1. Block diagram of the ADS560.

The AD9560 uses a similar architectore 0 members of the
AD9500 digially programmable 1ime-delay gencrator family
(Analog Dialogue, Vo). 22-1). Like the AD9505, it is designed for
pulse reprogramming on each cycle. Compleie angd self-contained,
the AD9560 connects 1o the laser-diode driver circuitry in the
printer, which would require a profusion of discrete circoitry —
and 21 less power and expense fof the same funciionality. [y

requires only 2 single external resistor (o match its nominal full-
scale range to th2t of the dot clock. An an-chip autocalibration
circoit (ine-tunes the range and compensates for for-to-las
variations of the on-chip timing circuits.

With the AD9560, pulse widih and pulse placement can be
changed on cvery clock eyele at clock raies vp 1o 50 MHz. Ouiput
pulsewidih is proponiional to the value of 2 parallel 8-bit data
mput, while pulse placement (beginming, middle, or end of the
clock period) is set by two control lines.

For mixed-mode printed images, which combine he variable
tones of graphics with the black-or-whiite pixels of solid 1ext, it is
vseful to disable the modulation and force (vll onfofl operation
duning the vext pontions. This is easily achieved by entering 2 00 or
FF (hex) code, which sews the IC outpui 10 logic zero or logic one
for the entire clock eycle.

The relanonship berween the sysiem dot clock, data, position
control codes, and resuliing outpur 10 the laser-diode driver is
showan in Figure 2 (or some dz(2 and conicol combinations. The
figure is idealized wn that it does not show iniernal propagation or
buffer delays, which must of course be accommodated in the
systern design.

EVALUATION BOARD

A compleie and compact evalvation board (3.8 X% 3.2 inches,
97 x 84 mm) is available 10 examine the performance of the
AD9560 (Figore 3). This board requires a2 +5-V supply, 2 pulse
gencrator for the dot clock, and an oscilloscope for viewing the

|

CLOCKJ
| | i

DATA, Y rr paTa | 00 Dnm‘ co co
CONTROL:X XX N XX Nl h 10 [33

—
o
=8

| 100% | 0% l‘!.‘:% 75% T5% 50%
PULSE PULSE
s | pus LT 1 1
Figure 2. Example of timing diagram.
10
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output pulse, Outpur dury cvele and pulse position are user-
sertable manually wia DIP switches on the evaloation board and
dymamically via a 25-pin connector,

Figure 3. ADSEE0 evaluation board.

The ADRSA0 i available in 28-pin DIP and 50IC packages, for
the & ta + 70°C temperaturs range. Price 15 £15.30 {10005} for the
SO01C packape

The ADASE0 wor denipeed by Edward Fordan ot Analop Devrees’
{rrgansbor, MG facilion =

GRAY-SCALE TECHNIQUES

For video displays (CRTs), achieving gray scale images 5
relanively siraightforsard: just cooirol the intensicy of cach
displayed pixel. This 15 dene by modulating the CRT electran
beam intensity, through an all-analeg circuit in convenuonal TV,
or a DAC in a PC system. The brightness of the pacel iz closely
proportional (o the intensity of the electron beam. This is equally
rue for monochrome and the red-green-blue beams of color
displays.

For prined images, the simearion is very different. Monochrome
printing 3 dene with mks—ar (oner, m the cage af the laer
printer=having & chosen inengity and bus, and there & no
convenient way for the intensity signal 1a dicectly madulae 1he
intensicy of the medium viself, Bur the inherent averaging abiiny
of the eye and brain for small paris within & largee whole odfer a
solutran: vary the portion of the pixel area g0 which the medium
i3 applied; the eye responds o the reduced proporion of black
{of ather single-colar) area as thaugh ir were solidly printed with
redhuced miensiy. |For a famuliar example of this, lock &t the
vangus shadings of 3 newspaper phote through 8 magnifying
glass |

The “sub-pmxel” appreach wses numersus small pixels o
represent each data point and adjuse the local number of black
fom) dots relacive ta the unprimted white (off) ares 1o previde the
required irmensity. The eve then incegrates these ima an

“Use rhe reply card for wechnical dana, Chicle 4
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cquivalent gray-scale value. Bur this rechnigue bas a downside.
The larger number of smaller dots required o give adeguate
gray-scale resolution without losing spatial resolurion requires a
faster clock for the pivel controd circuatry to it the incressed
number of dots mto the time for one standard dot. Tt is
somewhat costly because it requires, along with higher-speed
digital components  and  special  high-spesd lavout
considerations, & high-quality printing process o achisve the
spavial resnlution.

Gray-scale is often approximared on the present peneration of
priorers, using full-size on-off pixels, with a “super-pinel”
technique: a5 shown below, it compures the average inensity
awer & group of individual pixels (berween 8 and 16) and then
varies the number of “on™ pixels 1o produce that intensity,
averaged over the group. It iz essentially similar o the
approach deseribed above, bur with greatly reduced spanal
reselution and provides only low gray-scale resolution (8 to 16
levels), eguivalent to a newspaper photo.

L
4
R ]
L I
LN
* 4
+ 4
* 4

LB B R BN BN BRI

In contrast, the pulse width and -position modulation of the
ADSSED direedly contrals tnrensity by varning the size and
imcremental position of the ink deposited in each pixe] in analog
fashion without involving digital wrcks; such as adding pixels
or involving computatiens with adjacent pivels. Instead, it
allows the dury cycle for each pixel 10 be varied berween d and
100%, thus varying the esereyv absorbed by the photocon-
dustive drum of 1he laser printer. In morn, maore or Jess toner is
ariracied to each dot according 1o s energy level, and gray
seale ening o achieved on a doi-by-dot basis, The resuliing
umage qualicy is comparable 10 a “slick™ magarpe image.

Io addiven to pulsewidih, the AD9560 allows the pulse
position withio the clock period to be se1 o the leading edge,
cener, of trailing edge of ke clock, an addinional degres of
freedam that can be used by the printer software o enhance the
percerved appearance of the resoling image, as the above
idealized example degsonatrates, for 8 gradation from 100%
down to 20% gray scale. Thus, with §-bit conwal af the des
area (254 levels beraeen all-oe and all-oify and 3 position-
alternatives, a pixel may be prnted in any of 764 different
ways, a6 determined by the processing of the digial ooage-
intensity signal and the resulong [9-bat imtensiy-conirel word
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Video RAM-DACs Offer
Unprecedented
Resolution, True-Color

Screen Images

ADV715x Series features triple 10-bit
resolution, with speeds up to 220 MHz

by Bill Slattery

Combining three 10-bit video digital-to-analog converters and the
associated color-palette RAM in a single package, the ADV7150
series” of RAM-DACs js industry’s first manolithic solution
that provides true color and gamma correction. These software-
compatible 1Cs—capable of displaying 16.8 million colors at one
time, from a palette of over 1 billion colors, offer 24-bit true-color
performance with 30-bit gamma-corrected operation. Three
devices provide a choice of specialized features (Table 1).

Table 1. Features of the AD715x family

Feature ADV7150 ADV7151
24-bit “gamma” true color L]

24-bit “standard” true color
8-bit “gamma” pseudo color
24-bit “‘standard” pscudo color
15-bit true color

220 MHz—true color

220 MHz— pscudo color
Triplc 10-bit DACs

4:) multiplexing

2:1 multiplexing

t:1 multiplexing

160-1cad QFP package
100-lcad QFP package

ADV7152

L]
o @& ¢ 000 00
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The ADV7150/ADV7152 are the industry’s first monolithic
RAM-DACs capable of delivering 24-bit True-Color performance
at rates up to and including 220 MHz, The AD715x series holds
another industry first with its triple 10-bit RAMs and triple 10-bit
DACs (For additional discussion of video DACs and color images,
see Analog Dialogue, Vol. 24-3, pp. 3-6 and p. 7.]

Such high-resolution displays are used to show both fine detai
(icons, menus, images) and subtle color shading, to captures the
true image accurately. Generally, the standard 1riple 8-bit video
display is nat sufficient for applications such as full color pre-press
(preparation for color printing). Althaugh the average vser will not
be aware of diffetences between 8-bit and 10-bit color, the
professional artist or color printer will appreciate the benefits.

Speed and Resolution: Increased screen resolution is the prime
factor driving the increasing speed requirements of video RAM-
DACs, since a high update rate is needed to avoid flicker (the
de facto standard is 60 Hz, but this figure is destined to increase to
between 70- and 80 Hz to minimize evestrain caused by
“peripheral flicker"). Table 2 shows the resolution values required
for different graphics systems and the pixel clock rates needed to
achieve them.

But the speed of the RAM-DAC determines only the X-Y (spatial)
resolucion of the graphics system, i.e., the number of pixels/frame

12

and frames per second. The DAC resolution, in bits, 2dds color
depth 1o the displayed image. More DAC bits allow the system to
pravide more shades of each primary color, resultng in many
more combined shades of color and much truer color definition.

The ADV7150 and ADV7152 are 24-bit true-color devices, with
three 8-bit control inputs, one for each of the red, green, and blue
channels. This provides 256 (nearly 17 million) addressable
colors. The pseudo-color ADV7151 can display an image with the
same aumber of pixels (resolution) but with a choice of only 256
colors per frame.

Applications requiring the same pixel resolution may have
differing color-resolution needs. For example, the needs of
engineering wire-frame modeling, IC circujt design, and black-
and-white deskiop publishing can be satisfied with 256 colors.
However, volume visualization, 3-D solids modeling, and full
color pre-press must have available the more than 16 million colors
thar the ADV7150 and ADV7]52 offer. For example true display
of the various shades of green and red give an apple’s image depth
and realistic image quality.

These workstation RAM-DACs differ in their architecture from
indusiry-standard devices for PCs (the ADV47x series) by their
on-board multiplexers (Figure 1). Internal multiplexers eliminate
the need for multiplexing at the system level. Since the display
needs a video rate of, for example, 160 MHz, but 10day’s fastest
video RAMs operate at speeds of up 10 40 to 50 MHz, the graphics
carrcuitry  must  include multiplexing 0 accommodate the
differcnce berween what a single video RAM can provide and the
actual RAM-DAC (and screen) requirements.

Four 40-MHz video RAMs can be directly connected to the input
ofan ADV7150 or ADV7151 and multiplexed at 160 MHz 10 yield
the required video bandwidth. The on-chip multiplexer does have
a downside, the high pin count for these devices—since 24-bit true
color requires 24 input pins. Thus, four multiplexed inputs
require 96 pins, in addition to cannections for control, power, and
other (unctions. The ADV7150’s pixe) input ports can also be
multiplexed at rates of 2:1, and ;1.

The ADV715x series is also unique in that it has on-board clock
control circuitry and does not require additional (and expensive)
control [Cs. The need for a separate pixel/load clock synchronizer

Table 2. RAM-DAC resolution, clock speed, and applications.
Pixel Clock

Screen Resolution (pixels)  Rate Application

1024 x 768 (76 Hz updare) 80 MHz Super VGA

1152 x 870 (76 Hz update) 100 MHx Macintosh 217 screen
1152 x 900 (76 Hz updatc) 106 MH2 Sun SPARCStation

1280 x 1024 (76 Hz update) 135 MHz
1600 % 1280 (60 Hz update) 170 MHz
1600 x 1280 (76 Hz updatc) 220 MHz

DEC, HP, IBM workstation
High-end workstation
Imaging workstation

Analog Dialogue 27-2 (1993)



256-COLOR/GAMMA
PALETTE RAM ADY7150
RED 10, I0R
P 256 x 10 RED DAC on
1 o5
X MUX GREEN 10, 4 10-BIT 106G
€ I: & 256110 GREEN DAC o
L
BLUE 10 108 108
P 10 e | i
o o 256 1 10 [71 BLUE DAC o8
i "
T MUX
1
)
CONTROL REGISTERS DR Al
CLOCK CONTROL VOLTAGE Virer
LOADIN commawo | DATATO | REFERENCE Ragr
LoADOUT CLOCK DIVIDE | TEsT | H m FALEETE CIRCUIT Comr
PRGCKOUT s W Avoress 30 COLOR REGISTERS
 siabinin CHENT ADOR - REVISION RED BLUE GREEM
SCKoUT bk 8 ao-as) | [ ownny
SYNC 3
BLANK
4 4 [ MPU PORT |
cLocK | ECL TO CMOS |
CLOCK 10 (8+2)
CE RW C0 Ci D0 - D9 GND

Figure 1. Block Diagram of the AD7150.

is eliminated by a divided-down, synchronized “loadout” clock.
All necessary signals, including data-transfer signals, such as
LOADOUT, PRGCKOUT, & SCKOUT are available (Figure 2).

Yy

ADT30
{CLOCK GENERATOR)

FRAME BUFFER'
VIDED MEMORY

Figure 2. Frame-puffer interface.

GAMMA CORRECTION

While an increased number of DAC bits is important 10 more
closely approximate the eye’s ability 10 tesolve differences in the
displayed image, it is not a complete solution. Unfortonately, the
tesponse of the CRT’s color phosphors to the electron beam that
unmpacts them is not linear. This non-linear cesponse, which is seen
by the eye as deviation from the intended color value, is called the
gamma function, Where vy iS an exponent in the approximare
relationship between the electrical intensity input and intensity of
the light produced by the phosphoc:

Terr = (i)Y

If the value of v 5s known for each primary color (red, green, blue)
the gamroa error can be compensated for by using a 1/y factor 10
correct L. {Note that conventional television has ana)og gamma
correction circuit built into the carrcra to correct fac this problem,

20<y<28
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Alsa, i's worth noting that in TV the intensity modulavion is
produced by an analog signal with the “infinite” resolution of
continuous response, rather than with a digical input and a DAC
that responds with “birs of resolution’!)

In digital sysiems with lispited resolution, rhere is a conflicy
between the linear refalionship of binary values and (he
requicements foc more bits (o implement gamma correction
accurately ac Jow values of intensity. The ADV7iSx series is
inherently more suilable with its 10- insiead of 8-bit resolution.
The ADV715x chips cootain lookup tables fof y correciion.

An interesting and prominent application of this 10-bit DAC
technology is in systems for indtial and penodic corvection and
calibration of CRT color monitors using feedback techniques.
With a2 measunng device placed on the naonitor screen, the system
inputs knowa “signals’’ (o the display under test, measures the
resulling color bmage, and sends this information back o the
system. A color matching calibration algorithm  (gamma
correction) then calculates coerection faciors, and the contents of
the color palette in the system's RAM-DAC are modified
accordingly. Tbis approach benefits by the use ol 10-bic display
DACs because the measuring system should have higher
resolution than that being measured.

The ADV715x serics of RAM-DAC:s are (abricaied in CMOS and
tequire 2 singie +3-V supply. Curvent consumption is <350 mA
for the fastest ADV7150 (and less for slower grades). For all three
devices, anmalog video ouiputs are RS-343A and RS-170
compalible. The ADV7150 is packaged in a 160-lead plastic quad
flatpack (PQEFP); the ADV715) and ADV7?152 ace in 100-lead
PQFPs. The ADV7150/51/52 ave available ia 85, 110, 135, 170
and 220-MHz speed grades. They range in price (1000 pieces)
from $71/351/$69 for the 85-MHz grades 10 $167/3121/$163 foc (he
fastest (220-MH2) grades.

The ADV715X senes was designed by o tean led by Tin Cunvning o1
Anolog Devites' Limerick, Ireland focility. O

*For wehnicat daia on dhese parts, use the reply card. Cirele §
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Fast, Accurate,
Monolithic Sampling
A/D Converter

10-Bit, 40-MSPS AD9040A has 54-dB SNR
at 10 MHz. Evaluation board permits quick
performance testing

The AD9040A* is 2 complete monolithic 10-bit sampling A/D
converter with on-chip rack-and-hold, voluge reference, and
uming circuitry. Designed {or low cost, high-performance, and
relatively low-power dissipation (940 mW 1ypical, 1.1 W max), it
requires only an encode signal 10 achieve sampling rates as high as
40 MSPS. When sampling a 0.3-MHz analog input a1 40 MSPS,
its signal-to-noise ratio (inchuding distortion) is typically 5SS dB
(8.8 ENOB), 51 minimum.

Typical applicadons include beamiorming n ulirzsound medical
imaging (requiring low power, wide dynamic range, and low cost),
prolessional video image processing (e.g., special eflects and ape
recorders), digital communicztions (wireless LANs and cellular
basc stavons requife wide dynamic range and bandwidih (0 pick
out small signals of interest in the presence of potentially large
interfening signals), digital oscillascopes, and advanced television
(MUSE) decodecs.

The AD9040A employs a2 1wo-step subranging archieciure with
dighal error correction (Figure 1). The analog nput is applied to
a ghanput-impedance wrack-bold, which holds the anzlog value
when an Encode sirobe is applied. The 2_5-voli precision on-chip
bandgap reference can be uvsed 1o avoid exierpal references,
allowing denser packing of ADCs (or muliichannel applicaiions.
The device requires power of +5 V ai 89 mA (105 mA max over
temperaiure) and =5 V ai 87 mA (100 mA max).

ENCODE
q AMP
i
Ay O +
TH
GND{j v
BANDGAP 5-BIT 6-BIT
Vour O HEFERENCEl | ADC | ADC |
£ &
) r
Vaer O— REE y
Y __ comntorion —Y
BPper O DECODE DECQDE
LOGIC LOGIC 10
AD9040A Py >

Figure 1. Block diagram of \he ADS0O40A.

The high input impedance and (vll-scale inpud range of 2 V p-p
eliminate the need for cxievnal buffers in many 2pplicaiions. The
digirzl inpois and ouipus are CMOS compaiible, allowing direct
mierfacing wath ASICs. An out-of-range output goes high when
the analog input goes | LSB beyond the maximum or minimum
end of the ADC’s inpwt range.
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The ADS040A is designed 10 be sampled ar rates from 2 10
40 MSPS, with 2 minimbm specified range of 10 10 40 ar 25°C.
Typical sampling aperture delay is 1.9 ns, with jitter of 7 ps, rms.
The ouiput propagation delay is 14 ns max over (emperature.

Dynamic specifications inciade maximom second- and hird-
harmonic distortion (Figure 2) of —56 and — 58 dBc respeciively,
ar 10.3 MHz, 2nd ypical (wo-tone (2.3 and 2.4 MH2)
mtermodulation  distortion  rejection of 62 3dBe. In video
applicalions, s maximum differential gain and phase errors are
1.0% and 0.5°.

g ]
[

8 -s3
v
/
; /
8ol 1/
2 \ A
=7
x

1 2 4 6 10 20 40 60 100
FREQUENCY - MHz

Figure 2. Hactmonic distortion as a (unclion of frequency at
40.5 MSPS sampling rate

The anzlog inpur, with 5 pF input capachianee and 200-%XQ
MMM vesisiance, accepis signals with bandwidth wvp 0
48 MHz. Maximum offset valiage over temperature is =30 mV,
and maximum bias current is 25 pA.

Accuracy specs include no-mussing-codes guaraniced over
temperaiure, maximum diflereniial and ndegral nonlinearity of
2.5 LSB over temperature, and maximum gzin error of 2% of full
scale ovec temperzture.

An evaluation board is available —including a reconstruction DAC
angd faiches. The AD9040A is available in 0 10 +70°C (28-pin
plasuic-DIP and SOIC) and —25 10 +85°C (ceramic-DIP 2nd
gull-wing sorlace-movnt) versions. Prices start 21 $50 in 100s; the
evaluation board is priced 21 $250.

The AD9040A was designed by a ieam led by Frank Mrden and Carl
Moreland, of our Greensboro NC focility. O

*Fos tcchnical dacz, use the repdv card. Circle 6
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High-Performance ICs
in Single-Supply
Analog Circuits —
Design Issues and
Application Examples

by Walt Jung and James Wong

As system designers increasingly use single-supply power for both
analog and digital circuits, they face challenges if they tust obtain
the kind of performance they are used to at higher voltages—and
increased challenges if they seek to better it. This article examines
some typical precision analog functions with op amps and other
devices, using chips and application techniques designed to
produce maximum benefit on single low-voltage (3-5-volt)
supplies at low power. We first consider device limitations, then
discuss examples of application circuits,

DESIGN ISSUES

Selecting Amplifiers

The choice of amplifier (or other analog chip) is a critical step
toward a successful single-supply design. A source of helpful
information, Table 1 lists typical spees of currently available
Analog Devices op amps suitable for use on single supplies =3 V,
in order of increasing power consumption per channel. Although
most of these devices work over much wider voltage ranges, as
well as on dual supplies, our empbasis 13 on their low-voliage
single-supply behavior. Characteristics listed include single-supply
voltage range and input- and output (grounded-lead) common-
mode ranges, for supply voltages =5 V. As the table indicates,
many of the amplifiers are available as singles, duals, and even
quads; and most come in both DIP and SOIC packages. Also
listed are (5-V) quiescent currents per amplifier channel, output
drive current, and basic dec & ac specifications. The following
detailed discussions will provide further insight info specific
amplifier design fearures.

Reduced Signal Range

Most op amps In use today are designed for tradivonal *15-V
supplies, which allows ample input common-mode {CM) voltage
range, as well as a wide outrput range—rtypically =10 V for both.
Because power conservation is a major reason for using them,
single-supply systems ofien have closely restricied supply voliage,
for example, +12 Vdownto + 5V, as low as +3 V, and even in
some cases +1.5 V. At these low voltages most standard dual-
supply op amps cease to function at all, while some may sll
operate with degraded specificauions. Until recently, low-voltage
amplifier choices have beeo linuited.

General purpose 7415 & 1558s, and most FET-input amplifiers
operate on supplies as low as =5V (10 V coral). Precision
amplifier families such as OP-07 or OP-27 wypes don’t work below
=3 V. Types from some selected families may be vsed over
regions of this voltage spectrum; for example the AD705 & OP-97
farnilies are wseful down tw *2.25V (4.5V), and the AD817
wideband op amp is spec’d for +5-V use. But in general, only
amplifiers that are specifically designed for single-supply use will
function without major limits in CM range and output swing
below +10V. Examples are the LM324/LM358 families as
general-purpose modest-performance single-supply types, and the
devices of Table 1 for precision uses.

Watch Out for Input/Output Swing Limitations

Amplifiers designed for = 15-V operation typically need 2 to 5 V of
headroorn at input and ourpur, with respect to both supply rails.
Even more-flexible dual-supply designs, such as the AD705 &
OP-97 families, approach only 1o within 1 V.

In low-voltage (3- to 5-V) single-supply applications, soch
headroom requirements become critical limitations o linear
operation over even modest signal swings. For this reason, single-
supply amplifier input stages are designed 1o remain fully linear,
even when the input CM voliage is at the negative rail, or 0 V,
Differential input-stage architectures allowing this involve PNT
bipolars, CMOS (or PMOS) inputs, and N-channel JFET inputs.
The various devices resulc in differing inpur bias currents, noise
voltages/currents, and offset voltages/drifis. All the devices listed
in Tzble 1 can operate with V,,, = 0 V; at the upper end of the
CM range, some devices can go to within 1 V of the rail, while
others may need 1.5 V.

Table 1. Op-Amp Chips Compatible with 3- and 5-Volt Single-Supply Systems

AmplifiedV Supplyl’! Vo, Vour Stew Quiesceat® 15, Offset  Bias

Devicels Channels  Range Range Range Bandwidth Rate Cwrrent Range Voltage Current
o™ 0w ) Vo (V) (kHz) (VIms) (uA) (mA) {(uV) (nA)
OP-90/290/450 1724 1.6=36  +Ve—1 0.6, 4.0 25 10 20 =5 125 4
or-22 ] 30-30 +Vy - 15 07,419 200 @ 10 pAM RO@ 10 wAlY 10-100 =.02 10 2201 400 3
OP-20/220/420 124 5.0-30 +Vg— 1.5 07,419 100 50 45 =0.4 300 16
op-3219 1 3.0-30 4V~ 1.5 0.7,4.1¢) 1006 @ 100 wAY 300@ 100 Al 1545001 =.02 10 2001 400 4,54
OP-255/4%5 24 3.0-36 +Vg =1 0, +V 75 30 150 =35 300 8
OP-80 1 5.0-16 +Vg - 1.5 0,37 300 400 325 +40, —20 400 0.0006
ADS820/822 1/2 3.0-36 +Vg =1 0,4V 1500 3000 700 =15 300 0.002
OP-292/492 24 5.0-36 +Vg—1 0, +Vg — 1.5 4000 300 1000 =8 500 350
OP-183282 172 3.0-30 +Vg— 1.1 0, +Vg = 1.1 5000 10000 1200 =20 300 480
OP-113213/412 1124 4.0-36  +V -1 0, +Vg—1 3500 1000 1400 =30 100 500
88M-2135 2 4.0-36 +Vg -1 0, +Vg -1 3500 1000 1400 =30 200 360
NOTES
'"Number of amplifiers on chip: 1 —single amplifier, 2—dual, 4 —quad.
Towal supply voliage span, single or dual,
*Per amplifier, using +35-volt supply.
Waries with Igey.
’Av(miu) = 10.
ouT Mnge can be extended ta include 0 volts, using pulldown resistor.
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With the exceprion of pars specified with outpur swing of
O-to-4 W, {ar “rail-to-cal'™), mast op amps seang e within anly
et W of the positive rail. S0, oo supplies of 5 W or less, ounpur
swiing 15 greatly redueced in relagon o the supply. Even if the impat
naige Moor wers 10 remam constant {which 1 seldom dacs), signal-
toenoise (SMR) and dynamic range suffer. The sidebar, “Single-
Sopply Amplifier Ouipur Sieges,” covers some key (aciers in
single-supply ouwtput stage design, and helps differentiote the
devices of Table | architecturally

Quiescent Current Drain

Aside from basic cost factors, another fundamental resson for
single-supply designs 8 10 conssrve power, aince they are quite
often used in battery-operated squipment, S0 nat only ate they
designed m perform at very bow voltage, but they must abso have
low quiescent current per channel (f;). Unfortunately, bow-
current designg require basic iradeofis; in general, sacrifices
involve bandwidih, slew race, and inpun noese volrage.

Standby curreny dram {no signal} per amphifier can ofien be used
i qualify 8 device for critical system power conditions, In the
abdence of @ standard industey definition, we call devices with {
of =1 mAfchannel low power, and those with [ of =100 pAS
chanmel micropower. Many of 1he devices shown in Table 1 meey
ame of more of theie crperna.

Moise Tradeoffs

Bandwidth wersus nowe s a highly hikedy radeolf, as
demonstrated by the following examples: the 029507495 has
input volage noise of 51 nViyHz ar 150 pAdchannel, the
ADRHVADE22 has 125 nVA/Hz an 700 pAichannel, and the
OP-113213413 family has noise of 4.7 oViyHz an 1,45 mAS
channel, Lower nowe can be anained a1 the price of imcréeased
current.

Reduced Bandwidth

In a low-power design environment, engineers are forced 10 face
ol just generally slower speed in the op amps, but ako higher eie-
cuil impedances, which themselves can set bandwidih restrictions.

Again, tradenffs exist. For example the bipolas-input OP-295 has
an anractively bow current dradn of 050 pAdchannel, bui the
bandwidih 15 75 kHz with 5B of 0.03 Wys, Where more speed is
needed, @ FET-mpm ADE20 could be considersd, with a
.8-MHz bandwidih and 3-Wies SR, a1 the cost of incressed
current, Y pASchannel. Bosh of these dual devices have rail-io-
rail gurpur scages. The OF-183283 schieve 5 MHz and 10 Vips,
but with current of 1.2 mAdchannel,

“Where Is Ground™

This Bsue can become quile mnpomiant n single-supply op amp
ac-coupled circuins, since & cirsuit designer can srbivrarily choose
any walue for This “false” or peeudo-graund remurn bevel. The best
chapee depends on the applicaton, but a flexible choice of
amplifier circuirs—and devices thar can be vsed in chem, helps
make stgnel referencing casicr, parnculacly in cates where
subrtanirl dyosamie (1.e., ac) current 15 present,

Possible chotces bere range from & simple ac-bypassed redsstive
divider ta fully buffered op amp follower stages that provide the
lowest wideband dynamic impedance. A well bypassed noise-free
adivider = suitable for high-mmpedancs loeds, where the dyoamec
current i low. When dynamis currenis are higher, the divider can
be buffersd with & follower-connected op amp.
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AMPLIFIER DUTPUT STAGES
While cutput swing can be very important in single-supply
applications, not all simgle-supply amplifier outputls are de-
signed to swing all the way to the negative rail (ground}. Some
may swing to within a dicde drop (= 0.6 V), others 1 within a
Few tens of mV. Only a few swing to within 1 mV of the neg-
ative rail—and a precious few swing nearly to bork supply rails.

To understand which device oypes work best in applications for
which ouipur swing i critical, a designer needs o koow about
the design of the outpot stage. These vary widely 1o detail, 50
knowledge of their architeciure can be crivical to an informed
selection. The figure illustrates a sampling of some output-stage
topalogizs used in ADI single-supply amplifiers.

The complementary emitter-follower stage of (a), employing
bipalar transistors {an NP transistor for Q1 and & PNP for
323, can swing 1o within a disde drep of each rail, at best. Tt
capiot pull rght 1o ground without cutside help, such as by
adding Fpyg proveesys 35 noted within Table | (Note 6). This
aptional exrernal resigtar (which can also include the op-amp’s
gain-set resistors) bypasses the lower PP, with i saturatian
limitation. This vechnigue allows output linearity to ground
only when sourcing current; and it can also raise owerall
dissipation, which may be excessive for sustaised high-level
outputs. Amplifiers with this type of autpat have their uses, buat
should be carefully applied o0 minimize tradecffs in single-
supply applications. This stage is used in the OP-90/290/4%0)
familics, among others.

The output stage of (b) uses a bipolar emimer Follever and
NMOS commen-source. Though inhersntly asymmetric in
terms af voltage swing, it uses the MMOS pulldown 1o achieve
very low samoration voltage to ground. However, saturation
voltage o the positive rad 15 =1 V', This stage is used in the
OPF-113213413 families, o5 well a5 in the AMP-04 zingle-

supply instrumeniation amplifier.

The CMO5 stage of (¢} 15 fully complemeniary and offers a
resistive connection to the supply rails for both high and low
outpur, viz., a swing of 0 10 +Vg, or “rail to mil.” Witk
approprigie low-R o devices for PLNI, the saturation drap 1o

Mg

[T
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el ]

)
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either rail can be =<1 mV at low currents. Because this stage is
inherently Class AB, the amplifier design must carefully
control the static currents in PI-N1 to maintain low quiescent
current. For output currents of a few milliamperes, this type of
output stage is effective and quite versatile due to its wide
swing. This stage is used in the OP-295/495 families and
others.

The complementary-bipolar common-emitter stage of (d) is
another rail-rail output stage. Saturation drops range from a
few millivolts to a couple of hundred mV, over current ranges
of up to about 20 mA. Like the CMOS rail-to-rail autput stage,
this bipolar counterpart is both effective and versatile, but the
design of the amplifier is more critical to avoid tradeoffs in
power. This stage is used in the AD820/822 families.

Il 2 reasonably accurate “pseudo-ground” vohage iIs required, 2
voliage-reference IC (hal can source or sink current is desirable,
foc example, the AD780 or REF-43 (Figure 1). Operaiing (rom 2
5-V supply, this ¢ircuit handles load currenis ino/fror the 2.5-V
source with 2 low ac impedance, aided by the Jow ESR bypass caps
(either tamalum or aluminum electrolytics). The REF-43 provides
a 2.5-V ouiput, as does \he AD780, with the same pinout. With
pin 8 grounded, the lower-noise AD780 can also be vsed (or a 3-V
oulpul; and ovIpuL transienl response can be optimized with
optionzl bypass capacitor, C3.

Other low-voliage rcferences worth considenng are siandard
Zener-like (wo-terinal types, such as the popular ADS89, at
1.235 V, operable over current ranges (rom S0 pnA 10 5 mA. It can
be stacked for higher levels in 1.235-V chunks or scaled up by
amplification (sece below). With two ADS8%s siacked in a 3-voh
applicaiion, a 1.235-voh psenda-grownd is inherenr.

Power-Supply Canditioning and Noise

Power-supply noise can defeat even the best paper designs i not
properly planned for and dealt with. Low-power znzlog ICs,
which tend 1o have poor supply rejection, are suscepible 1o the
problem. Commanly used S-V sopplies for computer and digital
logic circuitry are especially bad (or noise in analog circuitry.
Becaose of both the fast edges inherend in digita) circunry and the
prevalent vse of swilching-type supplies, simple filiering may not
be adequare 1o allow their use with precision analog stages. While
nse of 2 supply common to digial circoits may save space and
money, iis disadvaniages should be 1zken in1o accouatl where noise
¥s critical.

+5V
c1
104F 77 +2.5V¥ QUTPUT
{2.5¥ OR 3.0V
= w/AD780)
1
|+
1 il 10,F
C3
10,5 7 Sumpen &8
foz;’;g;‘;o'; FOR 3V OUTPUT
|

Figure 1. Pseudo-ground at 2.5 or 3.0V using a reference
capable of souicing and sinking current.

Analag Dialogue 27-2 (1993)

Digit2) supply feeds wsken from the middle of a logic layoui
contain huge amounts of high frequency noise— )00 mV and
more. And switching-type logic supplies inherently have (arge
owtput spikes. I is much betier (0 use a sepzrate, low noise
linear-mode supply for senshive analog circuils where passible.

If 2 5-V logic supply must be wvsed, isolaiion and circoit
paritioning can help greatly, as can oplimized decoupling 2nd
fikering. Make sure that power for analog circuitry is wired
direcily 10 1he supply terminals, nov from downsiream logic
stages. This aveids both stalic and dynamic voliage draps due 10
logic currents and their rapid Nluciuations.

Bypass capacitors are vsuvally not by themselves adequaie for
filiering swich-mode gliiches, so addinonal sieps should be taken.
Far example, one can isolaie fogic noise with 2 balanced in-line LC
filier" *. This filier uses 2 high-capacitance composite output
capacitor and (wo high-frequency induciors—one in each
line—made (rom a “three-turn” [aciually two complcie ugns)
wrapped loroidal ferrite bead. The capacitors, made up of a
paralleled 100-pF electvolyuic, 10-10-22-uF tantalum, and 0.1-pF
ceramic, can be low-ESR switching types for best performance,
but this is nor absalutely essential. Such filiers can suppress logic
glitch noise by 40 dB 2nd more.

Watch Out for Circuit-Dependent Swing Limitations

Even il a device has wide ovipui-swing capability, the application
confliguration can have swing limitaiions. For example, consider
the popular wwao-op-amp instrumemiation ampliher  (in-amp)
shown in Figure 2; normally a dual-sopply design, it is adapied
here for single-supply vse with seleciable gains of 0% or 100%.
A first glance, one might expect that this 100X instrumentation
amp shoulg easily amplify smal} positive vohages, e.g., 2 +10-mV
differential input [V 0(-) = 0, V,,(+) = 10 mV) 10 produce
+1V a1 V. However, even with near-perfect characteristics
{or amplifiers A and B, closer examination shows a poteniial
difficohy. Note thai (0 satisly loop requirements and produce ) V
at Vo7 Voa most be 0 V while sinking current, a facior which
demands ideal sawraiion characieristics of UlA. Pracrically
speaking, this n-amp confliguration meeds excellent ovipot
charzcteristics in both amplifiers for best hineanty.

The point is that, even though an op amp may be well-designed
for single-supply operation, i3 performance can st be
constrained by the chosen configuration. Iv’s also worth nating
that if 2 S-resistance in-amp 1opology is nsed o obtain single-
resistor gain-sciting (4 fixed resisiances plus 2 varizble gain-seuting

1 A1 Az "3 R4 As A | Ri-re

I | PART OF

L L soxa | OMMTEK #1043
Vn Q  ommIEK

2160 LIBERTY DRIVE

O Vour

[ 0.00F
0 ¥y . sy

Mour * Vin® Gl Vg

WHERE G106+ 1.ALLBe

U1« ADBIZ OR OP-213 AL

Rt
R T

figwe 2. Two-op-amp programmable-gain inslrumenlation
amplifier lor single-supply applications.
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resistor connected berween the summing points), the ideal voltage
output demanded of amplifier A can be negative! Thus, although
rail-to-rail output-stage op arops help improve CM handling (see
sidebar), topology is also important to performance.

In spite of these inherent Jimitations, the topology of Figure 2 is
still very useful when carefully applied. For gain of 100, the circuit
provides subtraction with gain (and common-mode rejection)
when the two ratios, (R; + R, YR, and (Rg + R )/Rj, are equal.
The 100x gain (G = 100) is equal to 1 + (Rs + R¢)R,. In the
switch’s gain of-10-position, the gain is 1 + R, AR + R,). For
either gain, the resistor ratios on both sides must be equal for good
CMR.

This approach has advantages and disadvantages in practical
implementation. [t is not as simple in concept to gain-program as
the 5-resistor topology (which simply adds an R resistor berween
the surmming points of a 4-resistor ratio-matched necwork).
However, it’s worth noting that, in the topology of Figure 2,
10-10-100 2 of series switch resistance has negligible effect on gain
accuracy, while it would have significant impact when switching
R4 in the five-resistance topology.

Keys to performance of this circuit are the resistor nerwork and
the amplifier. For best perfortnance with premium amplifiers, the
network should have a ratio-match specification of 0.1%
minimum, and 0.01% as a goal. For ideal amplifiers, the output
CM error due to 0.01% match resistors will be of the order of
—100 dB for a gain of 10, or —120 dB for a gain of 100. The
suggested network is available with ratio-matching to 0.01%.

The circuit can be easily gain-switched with jumpers, or CMOS
switches, e.g., a 3.3- and S-volt-specified DPDT ADGS513 quad
switch, used as shown. Operating on singte supplies, the CM
limitations of the configuration must be observed, as noted. Vg,
will be referred 10 the potential applied 1o the network’s Vg pin
(buc watch out for potential difficulties due to inverted Vg on the

intermediate output, Vo5 V() must be more positive than
V). With dual supplies (— Vg connected as noted), these caveats
are eased.

Suggested amplifiers for U1 are either the AD822 or an OP-213,
depending on source resistances at V. The AD822 is available
with offset as low as 0.4 mV and typical drift of 2 wV/°C; it is well
suited 10 high impedances calling for very low bias currents, a
circumstance found in bjo-medical applications, high-Z bridges,
etc. The OP-213, with its offset of 150 wV and typical drift of
0.2 pV/C, will be better suited to those uses requiring lowest
noise and/or drift—especially at high gains—such as load cells.

Look for Devices Designed for Single-Supply Use

The discussions above should make one general point clear: for
designs requiring single supplies, it is usually most fruitful to
employ amplifiers expressly designed for the job. Among the
performance specs that will be enhanced are supply power and
operating ranges, dynamic range, inputoutput ranges, and
increased overall linearity. In addition to the sampling of newer op
amp types (Table 1), there are other IC devices designed for
single-supply/low power operation.

We've briefly discussed references here, mecntioned the
ADGS511/12/13 switch series, and considered the design of high-
input-impedance instrumentation amplifiers for single supplies.
Although endowed with somewhat lower input impedances, the
AMP-04 single-supply in-amp (Analog Dialogue 27-1) and the
ADG626 low-cost single-supply (+2.4 to +10-V) differential
amplifier, with fixed gains of 10 and 100 (A-D 26-1), are worthy of
mention. Tables 2 and 3 illustrate typical characteristics of
general-purpose Analog Devices single-supply ADCs and DACs
that are specified 10 operate on +5-V single supplies. While space
does nmo( permit detailed discussion of their performance, these
data can serve as an introduction to what is available for systems
employing A/D and D/A conversion.

Tabte 2. A/D Converter Chips Compatible with Single-Supply Systems

Multiplex Supply Input Output Coaversion

Device Resolution  Capability Voltage Range Format Reference Architecture Speed

(Bits) (Channels) (V) 0w (V)or(=V) Ser/Par Ext/Int (V)  Type ksps
ON-CHIP SAMPLING
AD7575 8 1 5 2.46 Parallel®  Ext 1.23 Successive apx 200
AD7820 8 1 5 5 Parallel™ Ext Half-flash 500
AD7821 8 1 5t 5, =5 Paralle(!) Ext Half-flash 1000
AD7824/28 8 4/8 5 5 Parallell¥)  Ext Half*flash 400
AD7579/80 10 ] 5 25,5, 225 Parallell)  Ext 2.5 Successive apx 50
AD7776 10 ] ] 2 Parallel Ext/Im Successive apx 400
AD7777 10 4 st 2 Parallel Ext/Int Successive apx 400
AD7778 10 8 st 2 Paralle! Ext/Int Successive apx 400
AD7880 12 1 509 5, 10, =5 Parallel Ext Successive apx 66
AD7883 12 1 3 3, 6, +3 Parallel Ext Successive apx 50
AD7890-x(2) 12 8 5 2.5 Serial Exv/Int Successive apx 100
AD7893-x} 12 1 5 2.58) Serial Ext 2.5 Successive arx 117
AD771011/12/13 24 1-3(6) 50 0.02, 2.5 Serial Imt Charge-ball’ Filter-dep.
OFF-CHIP SAMPLING
ADG70 8 1 5 0.255, 2.55 Parallei™  Iat Successive apx 10 ps
ADS875 10 1 561 2Vopp Paralle)®!  Ext 2.0 Pipelined flash 15000
AD776 16 1 b 4 Serial Exv/Int Sigma-delta 100
NOTES

'Operates with wider (or dual) supply range also.

TInput range is 0 to 2.5 V for AD78%0-2, 0 (0 4.096 V for AD7890-4, =10 V for AD7890-10.
‘Input range is 0 t0 2.5 V for AD7893-2, 0 to 5 V for AD7893-5, =10 V for AD7893-10.

*Three-state output interface.

’Power-down funciion available.

*On-chip programmable-gain amplificr, G = | 10 128.
’On-chip micracontroller, auto-zero and auto-cal functions.
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SINGLE-SUPPLY CIRCUIT APPLICATIONS
Some selected applications illustrate the general design concepts
discussed above,

References for Low Power Systems

There are a variety of consideradons when stable, accurate de
voltage references are made tw work from 5V (and lower)
supplies. These include: quiescent power consumption and overall
power efficiency, the ability 10 operate down to 3 V, Jow input/
output (dropout) capability, and minynizing noise output.
Because supplies less than 5 V can’t support devices such as
buried Zener diodes, low voltage references must necessarily be
bandgap types. Figure 3 and 4 show reference circuits chat can work
at>3 V.

+3V OR MORE O—— p———0 Vgyp = 1235V
R
U1 = ADE20, ADB22,
5 oo Vour = 1.235¥ » (1 + R2RI)
K S
ur
22

- R

27 4ku

o L — —-—}——-—0 +1.235V (UNBUFFERED}
0.F
Ly D1 ADSE3
B | 235v REFERENCE R
& O

%

Figure 3. Buffered reference for 1.23V or more, using a
supply voltage =3 V.

It is difficult to get a reference 10 work well down 10 3V, a
condition that dictates use of a lower-volcage reference diode. A
sohucion is a two-terminal {hence “diode™) 1.235-V reference based
on a bandgap circuit, and appropriate low-power support
circuitry, 83 shown in Figure 3.

Table 3. D/A converter chips compatible with single-supply
systems

Resolu: Supply  Output Toput

Device too  DACs Voluge Range Format® Refercnce
QoY)

(Bits)  (Channcls) (V) ot (V=V) Set/May  ExtInt (V)
ADSS? 3 1 s 2.56 Paraljcl  Tacernal
ADSSS 8 1 S1015 2,56, 10 Parallgl  Internal
PAL-7528 8 2 Q)] 1231 Parallel  Externa) 1,23
DAC-8408 8 4 5 1.23 Parallelt?! External 1.23
PAML7226A 8 4 sm 1.23 Panallel  External 1,23
AD7228A 8 8 sm 1,23 Pamallel  Extemal 1,23
DAC-8841 [ 8 $ 3 ScrallY  External 1.8
ADV7I128 10 1 s 0-17.6) mA® Mopllel  Exicrnal 1,23
DAC-8812 12 1 sin 4,095 SeriatY)  Internal
DAC-8862 12 \ st 4,095 Parallel  Imernal
DAC-8221 12 2 st 123t Paralle!  Extermal 1,23
DAC-8222 12 2 st 1,230 Paralel  Extcrnal 1,23
DAC-3248 12 2 st LM Paralle]  Exicrnal 1,23
DACB412N3 12 4 s s Parallef®! Exicrnal 2.5
DAC-8420 12 4 s 2.5 Senal Exicrmsl 2.5
ADI866 16 2 H 2,821 Senal Jniernal
ADIS6S 18 2 S 2.8 Seral Toernal
NOTES

'Opecates with wider supply range also.

*Unbuffered analog ovtput (=11 k),

SRead/write pamliel interface.

“Three-wire senal interface,

SInternally latched,

$Video level of 0.6 V into 37.5 2 (75 1) double-terminated),
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The low-current diode vsed for DI is 1he (.235V ADS89.
Resistance R, sets the current, chosen for the device’s miniouwm
specified current, 50 pA (5-mA max), at 2 mimmum supply of
2.7 V. At this low value of cucrent, loading on the unbuflered
diede must also be minimized, but generally stacic foads of a (ew
A are all right (if acoounted for). The dynamic impedance of the
diode decreases (o about | ohm with 500 pA.

Ampliber Ul buffers and scales the 1.235-V reference, so that
higher source or sink load currents can be handled. The cost is
150 A of quiescent current through Ul, using one channel of an
OP-295, or 700 uA using an ADR20. Without gain scaling
resistances, R;-R5, the output is simply 1.235 V; with these
resistors, the ouiput can be set anywhere between the supply rails,
due 0 the specilied device's rail-o-rail range. This buflered
reference is inherently “low dropout” —furpnishing a +4.5-V
reference ouiput on 2 +5-V supply, for example.

Noise ouvtput will be dominaled by the diode’s = 100 10
200 nV/\/Hz, but 1his can be filtered (as the next ciccuit shows);
with an AD820 one achieves lowest overall noise and substantial
dnive corrent (IS mA).

Amplifier standby cuerent can be optionally reduced 10 20 A if
an OP-90 is vsed, and a)l devices mentioned aperate from supplics
as low as 3 V. Ouiput voliage dnft, primanly a {unciion of the
diode grade, can be as low a5 10 ppm/°C.

Low-Dropout Regulators

With 2 boost \rznsistor zdded within 2z low-dropout relerence
circudl, ovtpul curcents >100 mA are possible, while suill
rexaining low standby carrent and low dropoui voliage.

Figure 4 shows a low-dropowt regolator with 800 (A of standby
corrent, svitable for a variety of vofiages and ouLpPUL cUrfenis up Lo
100 mA. Tuachieves a 100-mA corrent using a controlled-gain pass
traasistor, QI, an MJE170 type. Ouviput current control is
provided by limiting base drive 10 QL by a secies cesistance, R,.
This limits the base current 1o aboul 2 mA, so0 that wilh maximum
HFE of QI, no more than 500 mA is allowed 0 flow, limiting
short-circuit dissipation 10 safe levels (if a hear-sink and fuse are
employed).

Ouiput volage level is chosen simply by programming R,
according 10 (he 1able. Dropout with a 100-mA load is about
200 mV; thus a 5-V output is maintzined for inputs above 5.2 V
(see wble). Quiput vollages down 10 3 V oc less are possidle.

The circuit responds well (o stepped loads; transient crror is only
a few mV, p-p, for a 30-100-mA load change. This is achieved

at
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figure 4. Low-gropout. low-noise. low-voltage regulalor capa-
ble of 100-mA output.
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parcially through the use of low ESR switching type capacicors
(C,-C,); the circuit also works with smaller value conventional
electrolyrics (but with greater errors).

Low output noise is attained in this circuit wich the reference
filter, Rs-Cy. An OP-295 can be used as the amplifier; it allows
lower overall standby current (= 200 pA), but has greater
transient errors due to reduced bandwidth.

4-20 mA Loop Circuits

Amplifier devices with outputs that swing close to the negative rail
enhance and/or simplify 4-20-mA loop transmitter designs, as
exemplified in Figure S, In this loop-powered strain-gage sensor
application, a 50-mV full-scale (FS) bridge output is amplified and
calibrated f{or a 4-20-mA transmitrer output. Power is furnished by
the remote loop supply of 12 to 36 V.

Ul, an AMP-04 single-supply in-amp, amplifies the bridge signal
with a gain of about 40 V/V; [G = 100,000/R;]. The AMP-04’s
output range includes (he negacive rail, so a 0 to 50-mV bridge
signal is amplified 10 0 to 2.0] V, referred 10 the common bus (U1,
pin 5). With all the devices’ negative supply pins referred (o chis
bus, the bulk of the loop quiescent current flows through Ry, the
external loop, and termination, R; 5,p-

U2 acts as a summing V-co-I converter, which produces an ourpurt
span of 0 to 16 mA, proportional to the bridge output signal. In
addition, since the total quiescent current of the circuit adds up 1o
something less than 4 mA,; UZ produces an incremencal reference
offset to bring the minimurm loop current up to 4 mA. The signal
and reference voltages are converted to currents, which are
summed and flow through R,. The ourput of operational
amplifier, U2, drives pass transistor, QIl, to produce a current
flowing through R, such that its voltage drop must equal that in
Ry, in order to maiataio the sumuming point, pin 3 of U2, at a null.

With zero bridge ouvtput, UI’s output will be at the negative rail,
No current flows into the summing point of U2 via R,-R,, since
the summing point is at this same potentia). For this zero-signal
condition, the loop is calibrated via Ry (NULL, or reference) to
produce a 4-mA output current, or 0.4 V across 2 100-Q R, 4.
With zero current through SPAN adjustment, R,, the 4 mA can
be set independently. The NULL-SPAN trims are inherently
nonsinteractive because of the null at the summing point of U2.

R, and R, connected between the output of S-volt-ceference U3
and the summing point’s virtual ground, produce the constant

incremenial reference corrent, which is scaled by the foop current-
gain resisiors, R and R,. This corrent, JN._,,_, TS

IV

zULL = [R, : R,] ’
where SV is the output of reference U3, whicb is driven by the
remote loop supply. R is adjusied to set 1, , for 4-mA loop
current.

The bridge output is amplibed (1o 2.01-V for S0-mV bndge
ouviput) by Ut, and convernied 10 signal cuirent 160 the U2
somming point by R, and R,. There it s summed with the
incremental veference current, and amplified by R and R,. lis
contribotion, fgp,y, ISt

GV R
- ’ﬂ] [, R

R|+R} E

where Vppipse is the output of the bridge, 2nd G the AMP-04's
gain. Full-scale current output is trimmed by adjusting R,
(SPAN), with 2 S0-mV FS bridge output, for 20-mA outpul
current (4-mA quiescent-corrent-plus-{y . phus 16-0A Tgpa )
of 2V across R, pap

In 1his circuit the three active devices and the 3500-Q bridge
consume 3.7 mA maximum, less than the sysiem’s 4-mA
reference level, so sorne NULL current is always needed. C,
provides 7-Hz low-pass filtering, to limit noise, while C, subilizes
the U2 output Joop. The 0-10-16mA /¢p y Potiian of the loop ovt-
put, plus the NULL current, is passed by QI (TO-220 package).

5-V Single-Suppfy D/A Converters

At present, most of the available DACs (D/A conveniers) cequire
dual power supplies. For those th21 don’t, supplies of 12-t0-15 V
are usuvally required. At the morment, Whis (actor limits DAC
choices for use with suagle +5-V supply system power.

CMOS R-2R ladder DACs are a natural choice for low-power
operation; and many of these wnits are designed 10 work on 5V
supplies. However, if used in the standard muliiplying mode they
also require 3 negalive supply for the inverting sutput amplifier,
and they require 2 negative reference for posilive ocutput (or vice
versa). In order 10 make such a DAC operate on a single polanity,
it can be rurned around and operated in what is known as ils
iaveried, or voliage output mode. Most CMOS R-2R DACs can
operate in this fashion, even il not specified o do so** (see
Table 3, again).

- D2
Eay 1H4002

L_ca
T onF

Wy a12V TO 36V

UNLESS OTHERWISE SPECIFIED,
ALL RESISTORS «1% OR BETTER
POTENTIOMETER TEMPCO <50PPM' C

RS 4—20«!#‘

10k

e * span

Figure 5. Precision bridge-output-10-4-20-mA-100p ransmilter with aon-
interactive trims deriving all excitation functions from 100p supply.
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Using a 12 bit DAC-8043 in this mode with the pinout shown in
Figure 6, the ladder input labeled Vg becomes che valtage
output node (pin 1), and the normally [,y node becomes the
reference input (pin 3). This voliage-mode CMOS DAC circuit,
using two B-pin ICs and interfacing serially, works on a single 5 V
supply; it is scaled for 0-10-4.095-V outpuc range (or 1 mV/LSB).

The circuit is clean and straightforward, but some practical psints
are worth nodng to obrain best results. With a 5-volt supply, the
internal NMOS switches have only [5 V — Vo] as enhancement
voltage, or 3.765 V wich 2 1.235-V reference. This is abouc as bigh
a reference voltage as one should apply to the DAC operating in
this fashion. If higher Vg values are used, the MOSFET gate
drive can become starved, resulting in higher On resistance and
nonlinear output voltage.

This circuit uses an DAC-8043, a 12-bit multiplying DAC, so
the output voliage will be [D/40%6}*V gy, where “D™ is the
numerical value of a 12 bit digital word —ranging from 0-4095.
With Vegpr = 1.235 V, the unbuffered output at pin 1 of Ul is
(4095/4096]*).235 V at all-1s, or [full-scale — 1 LSB].

The output amplifier, U2, amplifies the voltage a1 the DAC output
by the gain value, G, 10 meet the needs at its destination. The
resistance values are chosen here to provide a scale lactor of
1 mV/LSB with an appropriate adjustment of R,. The gain
required of U2 for this weighing is about 3.3, and is made variable
to trim out tolerances in both the reference voltage and gain
resistors. Also, o balance ouc volcage offsets due 1o bias curcent
{for amplifiers where this is a consideration), the values chasen
help 1o make the equivalent resistance of the gain divider equal to
the DAC ourpur resistance, = 11 k1.

For a linear V5, range of 0 to 4.095 V, the amplifier must be
capable of rail-to-rail output, for example, the OP-295 or the
ADB20 (AD822). DC 2ccuracy, speed, and power are strongly
alfected by the choice of U2, and some tradeoffs may be necessary
for the best overall choice. Relatively slow response and best
overall DC accuracy is possible with the OP-295—or faster
response with good, but somewhat reduced, accuracy using the
ADS820. The OP-295 has a max Vg of 300 uV, so worst-case
output offset is about 1 mV; with the AD820B thys increases by a
factor of 1.3 (and can be optionally nulled).

Both amplifiers can sovrce 2 4.095-V output, using a 4.75-V
supply, with the ADB20 capable of 10 mA, the OP-295, 5 mA.
The rail-to-rail output stages of both allow linsar swings close 10

ground. For the OP-295, ibe CMOS obipin stage ailows lineac
oulpuis 10 within <) mV of ground, while the bipolar output of
the AD820 pulls down 10 about +35 mV.

Setding time using the OP-295 is below 150 s, bur the AD820
can improve i to about 2.5 us, due 10 the higher slew rate. The
tradeoll here is power; one channel of an OP-295 wiih the DAC
consumes zboutl 660 A, while the (asrer AD820 uses = 1.2 mA.

Complete, single IC buffered 12 bic single-supply DACs are also
available, and the function just described can be realized in both
serial and parallel input formaws with the DAC-8512 and DAC-
8562, vespectively, as moted in Table 3.

Precision Temperature Sensing

Many methods of sensing tempecatuce are available, but very high
precision on single power supplies remains a challenge. Figure 7
shows how 2 precision platinum resistance-lemperature-device
(RTD) sensor circuit ¢an be implemenied on S V. The RTD
bridge is driven with 2 regulated 200-pA comment, !gp/poes
minimizing sel{-heating. Overall corrent drain is (.3 mA, and the
circnit works from supplies of S V for 2 0-400°C oviput, or as litde
as 4.5 V for 0-350°C.

The 200-pA curremt is sensed by Royyep, 2nd the voliage il
develops z¢ross the 1-kQ resisior is compared to 2 0.2-V relerence
appeaning across R in the UL-A comiro) amplifier—an OP-295,
which allows input voliages of 0.2 V. The ril-10-raif ouipui
provides ample bridge-drive headraom. At the bridge ovipot the
common-mode voliage is 0.21 V, 2 difliculc-to-handle level (or
conventional 5-V in-amps, IC or discrete. In this circuit the ouipul
is amplified by U3, an AMP-04,

This deviee has an input CM range of 0-3.5 V 2nd an outpuc range
o{ 010 4.2 V, operating on 5 V. The AMP-04 gain with ihe valoe
ol Rgasn shown here is nominally 245, and 1his gain tmes the
bridge oviput voliage of 38 wV/IPC yields a Vg r sensitivity of
10 mV/C. C, provides a low-pass filier function in conjunction
with 2 100-k0} resestor inside the AMP-04, with 3.4-Hz cutofl.

Several faciors concerning Uie surrounding circuit are impoctant
{or best performance. All crivical resistors(®) should be 0.5%,
25 ppov°C types, or about 100 times better than the RTD's
temperanure coefficient (TC) of 3850 pprv®C. R|-R), in particu-
lar, should be samc-manufaclurer/same-batch unics, with R, by
the same manufactucer (all of which helps minimize dilferential
TCs. Gain resistance, Ry, should have a TC low with cespect to
o5V

U1
DACB043

Vaer = 1.235V
D1

ADS583

R4
2k(l
10T, FILM

— sl

ALL FIXED RESISTORS 1%, =50ppm/ C

SERIAL [ CLK
DIGITALS SRI
INPUTS LD

U2 = OP295 OR ADS20/AD822
(SEE TEXT)

Figure 8. 12-bit DAC with rail-to-rail output buffer for single +5-V supply.
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A1t
26.Thit

100
RTD

1000 = 0°C
1666112 = 175°C
22967 = 0T

(@ 12FS)

HOTES:
*+0.5%, +25ppm/C
1%, 250ppm C

Figure 7. Precision single-supply RTD biidge and amplifier with
feedback linearization.

the AMP-04's TC (50 ppm/°C). Less-critical resistors (**) with
smaller  percentage-ector  contributions can be more loosely
controlled. AD rimmers should be muliiple-turn film types.

The bridge/amplifier combination has a small amownt of non-
Jinearify, typically <0.5%. In comparison, the RTD has 2 much
larger non-linearicy, as much as §°C over 2 400°C span, or 1.5%.
Fortunately, this non-linearity can be corrected with controlled
positive feedback, increasing bridge drive with increasing oviput.
A fraction of V7 is picked off by R,,, buflered by Ui-B, and
summed with the reference voliage via R,. With correct
adjusiment, this cancels the RTD non-linearivy.

Calibration is 2 refatively simple 3-step process. First, care must
be taken in sening for 0°C, since the lack of 2 negative supply
prevents this end point from atiaining 0 V. One technique (step 1)
is (0 substitute a resistance of exactly 100 0 for the RTD (or place
the acrual RTD in an ice bath solution), and 2djust R, (ZERO)
until V- begins 10 swing positive. Then, trim R, in the reverse
direction unil Vo, jost stops changing, which should be 210 V.

For the FULL-SCALE 1rim (step 2), preset Ry, 10 a midpownt and
substitute 2 274.04-0) resistor for the RTD. Then wim Ry for
4.000 V a1 Vg7 (400°C). For LINEARITY (step 3), substitute 2
175.84-0) resistor for the RTD, and trim R,, for 2.000 Vat V5 7.
Steps 2 and 3 should be repeated for best accuracy, as they
interact. When fully trimmed, the output errors of the ¢ircuit are
within *0.5°C over the 0 1o 400°C range

Single-Ended High-Impedance Microphone Preamp

The microphone preamplifier is 2 basic andio Jow-level circuit.
While it ¢an assume a variety of forms, designs for Jow-vollage,
singfe-supply systems can be pasticularly challenging, because
there are few devices with really low noise on 5-V power. The
choice gers easier if the ow) supply voltage is =10V, or if 2
higher-voluge dval supply can be vsed.

Figuce 8 shows 2 simple non-inverting stage with 2 single-ended
input, 2 useful approzch with high-impedance microphones—
higher-Z dynamic rypes and crystal or ceramic piezoedectrics. The

22

circuit, with 2 gzio range of 20-40 dB, can be readily optimized for
microphones with impedances =600 Q. The op amp used for U)
affects pecformance in general and suitability for single-supply
operation. UT should preferably have low input noise with =500
Q sources. The most suitable types are the AD820, 2nd the dual
SSM-2135 and ADS822.

Gain-determining resistors, R, and R,, are scaled for parallel
resistance fess than the expected source impedance, 1o minimize
their noise contribution ar fugh gain. Gain is adjusied with R,,
while capacitors C,, C,, 2nd C, decouple dc levels. The amplifier
biasing and resistors must nol introduce noise, even indirecuy®;
thus, resistors with dc acrass them (R, Ry, R;, 2nd Rg), 204 the
gain resisiors, should have low excess noise—mexal Ghns arc
prefecred —or be bypassed (R, Rg)- R;-R, bias the UL ourput to
2.2 V (in this case) for maximwm symmetrical outpue swing.

Whife the SSM-2135 is optimwop when operating from low-
impedance sources, the FET-input AD820 (or ADS822) is
prefecable with higb-iropedance crysial of ceramic mikes. For
such sources, Ry and R, should be | MO or more, with C, 2
0.1-pF G capacitos. The input cable 10 the microphone must be
short and shielded. ¥ith symumeuic dual supplies, R is grounded
and — Vg is 2pplied 10 Ud; Xs mark the spots.

Bandwidth 21 maxioum gain is about 30 kHz with 1the SSM-2135,
20 kHz with ADS820. With a shoried input, the SSM-2135
me2sures an ouiput noise of about 110 uV mns at 2 gaio of 100,
and 0.022% )-kHz THD4N with | V mns ino 2 2-kQ load.
Sirnilar tests with the AD820 give about 200 pV rms and 0.05%
THD +N. All figores improve at lower gains. a
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What’s New in DSP

Fast 3-Volt Digital Signal Processor

ADSP-2103 is pin- and code-compatible with ADSP-2101,
Dissipates 65 mW maximum, 10 mW in standby

The ADSP-2103, the first of 2 series of 3
voli-powered digital signal proceasors
(DSPs), is a 16-bil (ixed-point unil,
funcionally equivalent Lo the industry-
standard ADSP-2101. Using transistor-
size reduction and design enhancements,
il maintains 13-MH2 performance,
dissipating 30 mW in lypical operation,
65 mW maximum, and less than 10 mW
in a soflware-controlled “idle™ mode.

The ADSP-2(03 is ideally suiled for DSP
and mixed-signal applications that
demang high performance, low power
drain, and increased bailery life, e.g.,
such portable equipment as GSM, TIA,
CT2, and other handheld cellvlar
elephones, laplop and notebook PC
modems, remole instrumentation, and
data loggers.

Based on the ADSP-21xx processor core,
Qike the ADSP-2101), it includes 2K
words of program-memory RAM, 1K

words ol dala-memory RAM, Lwo serial
ports and an interval Limer. L operales at
3.3 V (210%), with maximom power dis-
sipalion of 65 m\W 2zl I3-MHz clock
(compared (o the ADSP-2101's 275 mW).
IL is supported by he standard sct of
ADSP-21xx software development tools
and uses the same object code fles as
the ADSP-2101. I is available in PLCC
and PQFP packages al comparable prices
to the ADSP-2i01. Circle 7 > |

...and even more briefly:

Personal sound architecture for PCs,
Modem datapump chipsets, Signal port for PSTN

Personal Sound Architecture (PSA)
is 2 progranimable architeclure for
flexibly integrating sound into personal
compuler systems. Cards based on chip
sets comprising DSPs (like the ADSP-
21 15), codecs (like the ADI848), and
micrface chips (dike the ECHO®
ESC614) are developing widespread
support for vse in software-defined
applications, such as music synthesis,
audio compression, and spatial effecis at
low cosi.

Such products are compatible with
stangdard applications, looking in both
divections—for example, emulating
Sound Blasiler®, compatibly with the
insalled base of games; on the obher
hand, compatible with Microsoil.
Windows Sound System™. Circle 9

An example is the low-cost Cardinal

“Digia) Sound ’ro 16™ audio card, widely
available at retz2il in the US. —and on iis
way (o store shelves worldwide, I claims
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0.0129% harmonic distortion, 84.8-dB SNR,
67.5-dB slereo~channel separation, and
13 dB bandwidlh, 20 Hz to 20 kHz

Datapump chipsets: These chipsels,
compiising an ADSP-2ixx processor, an
AD28msp01 signal port for PSTN
(pudlic-service Letephone network)
applications, and an intev{ace chip, vse
Digicom Systems datapomp algorithi
software (o implemcnt high-pcrformance
modems aLlow cosl. Circle 10 a

Al brand or prothict wames mentroned are
{rademmXs or regisiered vademarks of their
respective holders.

M-S Processors

Include DSP, memory, plus
On-chip 16-bit ADC & DAC

The ADSP-21mspS0A/65A/56A are high-
performance fully integrated systems on
a chip, based on the mixed-signal-proces-
sor architecture introduced earlier in
these pages (Analog Dialogue 24-2, 1990,
pp- 3-7). They combine, on a monolithic
CMOS chip, 2 13-MHz general-purpose
signal-processing core like that of the
ADSP-2(1{, a 1G-bit ADC, {6-bit DAC,
ang signal-conditioning circuitry.

The ADSP-2imspbx processor family
provide a low-cost and corapact means
of processing voice-band analog signals
in applicarions such as digital maobile
radio, anzlog cellular radio, personal
compulers,lelephone answering
machines, voice-mail systems, pagers,
angd personal assistants, cspecially where
scparate DSP and codec components are
nol feasible.

These processors are (ully code-compali-
ble with all other members of the ADSP-
21xx family of 16-bit fixed-point DSPs,
and cvery instruciion is execoted within
a single clock cycle. In addilion to Lhe
base archilecture (3 computational units,
2 data-address geneva(ors, and a program
sequencer), the chip has a host inlerface
port (HIP), programmabdble timer, and
cxlensive inlerrupt capabilities. .

Al three devices include 2K words of on-
chip program-memory RAM and LK word
of on—chip data-memorv RAM. In addi-
tion, the ADSP-2fmspS6A contains 2K
24-bit words of on-chip program-memory
ROM,

The high-performance analog inlerface
has 65-dB S/(N+D), useful in highquality
speech-processing, and includes
programmablc gain siages and on~chip
anti-ahiasing and anti-imaging fillers, in
addition o the 16-bit ADC and DAC. o
CONSCYVC chergy in hailery-powered
cquipment, a <1-mW power-down mode
is provided, with 100-cycle recovery.

The '50A is packaged in a 144pin PGA;

the more-compact "55A and ‘56A come in
low-profile 00-pm PQF{’s. *nces starn alL
$4S5 in (000s. Circle 8 > |
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Chips for communications: Ports, PLLs, Synthesizers

Monolithic Direct Digital Synthesizer

AD7008 clocks at up to 50 MHz, includes 10-bit DAC
Has 32-bit frequency resolution, 12-bit phase resolution

QPSK Transmit Ports

AD7011 for North America
AD7010 for Japan JDC

The AD7010 and AD7011 are QPSK
Transmit poris (or digilal communica-
dons. They generale quadrature difieren-
tia) W4 QPSK-modvlated signals, derived
{rom a senal daia stream. The AD70)1's

oulpwt is specified (or operzlion in North
American 15-54 digital celular phones,
while (he AD7010 meels the Japan
Digit2) Telephone (JDC) standard. Both
include ROM lookup (able, a pair of 10-
bil pulse-shaping DACs, angd a pair of
Bessel fillers for DAC image altenuation.

Featvres include diferential oulpuls, on-
chip reference, and signal power rmmp-
ing. Operaling on a single +5-V supply
from —40 Lo +85°C, they are housed in 2
24-pin shrink smatl-outline package
(SSOP—50% smaller than SOIC). Prices
(1000s) are $6.30 and $9.37. Circle 12 3

General-Purpose
1/0 Port

Includes auxiliary DAC port

The AD7001 is a complete VO port. A
critical building block of digital cellular
GSM phones, the AD7001 converts two
channels of digilally modulaied Transmit
dala inlo a pair of analog ou(puls. On-
board anti-imaging Hliers insure
cxceellent rejection of DAG-generated
images. The Receive palh consists of
(ixed and programmable analog gain
blocks, followed by a 2.16-Msps 8-bit A/D
converier, The wide input bandwidth of
the ADC makes il suilable for nse in GSM
digital mobile telephony.

Features include on-board reference and
power-down mades. Operaling from -25
10 +85°C, il is housed in a 44-pin PQFP.
Price in 100s s $26. Circle 13 [ |
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The AD7008 is 2 monolithic direct digital
synthesizer wilh analog output provided
by an on-chip 10-bit current-output D/A
converter. Included on chip are a 32-bit
phase accumulalor, sine and cosine
lookup 1ables, a 1.27-V relerence, and
modulation facililies for phase modula-
lion, frequency modulation, and both in-
phase and quadratore AM—suitable for
single-sideband generation.

Powered by a single +5-voll supply, the
CMOS chip can be clocked aL rates up Lo
20 and 50 MHz (AD7008AP20 and
AD70084P50). With a 50-MHz clock, it
can generale bsable oulput frequencies
up (0 20 MHz The modulation signal
registers may be loaded through either
parallel or seria) inlerfaces, and a
{requency-selecl pin pemiils selection
belween two lrequencies on each cvcle,

The AD7008 can be vsed in a variely of

applications. Its primary vse is in the
generauon of fast frequency-hopping
local-oscillator signals required in
modern analog and digital land mobile
ragdias. Its modulalion capabililies make
iL especially suitable for applications
requiring direct generation of modolated
IF signals from a digilal source. Other
applications include salellite receivers,
imaging, wireless base stalions, and test
instrumeniation.

Specifications include 50-dB minimum
SNR at the maximum clock rate and
-55-aB max THD ai 20 MHz while
generaling a 2-MHz sine. Fulf-scale
output is | V into a 50-ohm load.

The AD7008 is available in Lwo versions,
{or 20-MHz (40 o +85°C) and 50-MHz
(0 10 +70°C). Both versions are packaged
in 3 44.pin PLCC. Prices (100s) s1art at
$22.50. Cirele 14 > |

Data-Retiming Phase-Locked Loop

AD805 provides 155-Mbps clock recovery & data retiming
Exhibits no pattern jitter; Random jitter <1° rms

‘The ADSOS is a daia reliming phase-
lacked loop designed Lo perforta clock
recovery and dala retiming on non-
relurn-Lo-zero (NR7) data at 155.52
megabils per second. lis primary applica-
tion is in SONET (synchronous optical
nelwork)/ SDH (synchronous digital hier-
archy) fiberoplic regeneralive applica-
tions. For excitalion, it vses a single -5.2-
V (or +5-V) supply and an external volt-
age-conbrolled crystal oscillator (VCXO0),
for example, the Vecivon CO434Y Series.

The ADB0S micels or exceeds CCITT
regencrator specifications G.958 for
STM-1 Type A (resonant filler) wideband
jitler tolerance and Type B (phase-locked
loop) narrow-band jilLer Lransfer. This
nteans that accunmulaled jitler over many
stages of signal regeneration in fiberoplic
sysiems slops at the ADS05; it will not
add excessive jitker of s own. In addh-
\ion, the ADSOGS has no problem with
Type A & B regeneralors “inlenvorking”.
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Acquisition time is less than 44 bil
periods for 3 27-1 pseudo-random num-
ber (PRN) sequence, and random jilter is
less than (° rims for both 27—1 ang 223-)
PRN sequences. The AD8G5 virtually
eliminales pattem jitler, and there is
fundamentally no jiller peaking, NRZ
daia does nol require a preamble, and vp
to 500 bit-periods of Lransitionless data
will be passed without error. The AD80OS
is compalible with 10 KH ECL daia. {tis
packaged in a 20-pin plastic DI and
operales from —40 o +85°C. Price in 100s
is $45.70. Circle 15 3
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Sampling ADCs for Size, Channels, Resolution
Single-Supply 12-Bit ADC with 8 Pins

AD7893 operates from +5 V, dissipates 45 mW
Serial interface, throughput rates up to 117 ksps

The AD7893 is a fast 12-bit sampling A/D
converter, available in 8-pin miniDIP and
low-profile (0.15"—3.81 mum) SOIC pack-
ages. Operating from 2a single 5-voll sup-
ply, it has low power dissipation, 45 mW,
max, and a thronghpul rate of up 10 117

%sps. Communication is serizl, via 3 high-

speed, 2-wire-plus-ground interface.

The AD7893 needs only a 2.5-V reference
inpul ang decoupling capacitors (o form
a complele single-channe) dalz-acquisi-
tion sysiem. The reference may be
derived from the power supply, from an
accuraie low-ppm extemal reference; or
from Lhe same reference as Lhe input
source for raliomeAc operation.

A generzl purpose device, Lhe ac- and de-
specified AD7893 is svilable for bolh

industria)l measurement and DSP applica-

tions. lis small package and high level of
integration permit dense circuil lavouwls.
IS high throughpul rate, low power, and
single 5V-supply operation make for a
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no-fuss design in a broad specuvm of
applicauons.

Specifications include 70 dB min SNR
and -80-dB max THD (10-kHz sine
sampled at (17 ksps), no missing codes
over Leraperature (~40 (o +85°C). Three
signal-inpul-range versions are available,
01025V IS (AD7893-2),0to 5V FS
(AD7893-5) and £10 V FS (AD7893-10),
wilh two performance grades (A.B) for
each version. Prices sfari aL $10 (100s).
Circle 18 > |

10 Bits, 400 ksps, Multi-Channels

AD7776: 1, AD7777: 4, AD7778: 8 channels
Complete, No missing codes, 7.5-mW power-down

Funclioning as complele single-supply,
low-power dala-acquisilion systems,
these devices form a family of 2.5-psper-
conversion (400 ksps), 10-bit multi-
channel sampling a/d conveners. Each is
complele, with sample-hold functions,
control logic, a precision reference, and
a 10-bit ADC, along with a muliiplexer of
appropriate widih. For operation, (hey
require only a +5-voll supply, an 8-MHz
clock, and the wsual decovpling capaci-
tors. They interface directly (o popular
microprocessors and DSPs and offer 3
rangc of sampling oplions:

AD?7776: | channel, 24-pin SOIC
AD7777: 4 singlc or 2 channels simulia-
ncovsly, 28-pin DIP or SOIC

AD7778: 8 single or any 2 channcls
simullancously, 44-pin PQFT

The converters are specified with both

ac and dc paramelers, permitling each o
be considered for both signal-processing

Analog Diakogue 27-2 {1993)
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and measarcmenl applications. DC specs
include max infegral nonlinearily of

+1 LS8 and goaraniced no-missing-
codes. AC specifications include mini-
mumn SAN+D) of 57 4B and tolal
harmonic distortion of -60 dB. Maximun
power consumplion is only 75 mW, drop-
ping 10 7.5 pW in Lthe power-down node.
Prices (1000s) are $7.85, $9.20, $10.)0 for
the AD7776, -77, -78. Circle 17 3

16 Bits, 100 ksps

Sigma-Delta AD776
+5-V Single Supply

The AD776 is a 100-ksps, 16-bit A/D
converter designed Lo inlerface analog
signals Lo pPs and DSPs. Because of the
high inherent ¥-A sampling rale, it
requires just a simple antialiasing filler
and no sample-hold. 1t can operate from
a single +5-voll supply (400-m W max
dissipation), inchudes an on-chip voltage
refercence, and requires only a f-10-§2.8-
Mliz clock inpwl for operation.

lis analog front end is differential,
improving signal swing, PSR and clock
jiler sensitivity. his serial output pon
permiis easy interfacing with a varely ol
processors, incloding the Analog Devices
ADSP-2Ixx series. Speed can be wraded
for resolution (400 ¥Hz at {2 biis) using
an on-chip comb Olier. The AD776 is
packaged in 2 20-pin cerdip, with 2 <40 Lo
+85°C temperalure range. Price in 100s is
$18.00. Circle 18 a

16 Bits, 100 ksps

Autocalibrated AD677
Needs no user trims

The ADG77 is a gencral-purpose serial-
outpul high-aceuracy 16-biL sampling A/D
converter packaged in a narvow [G-pin
DIP. lts swilched-capacilor successive-
approximation architce(ure provides
automalic calibralion, resulling in 2 max-
imom infegral-nonlinearity spec (K and
B grades) of 1.5 LSB (22 ppm). lis apphi-
calions—\where ac performance and dc
accuracy, plus price and speed, arc
important—include da(a acquisition, sig-
nal processing, and inshirumeniation.

IL uses £12-volt (2nalog) and +5-volt
(logic) supplies and an external 5 o 10-V
reference. The K (0 Lo +70°C) ang B3 (-40
L0 +85°C) grades have mimnwm SNR of
90 aB and maximum THD of 95 dB over
temperafore for 2 1-kllz signal sampled
at 83 ksps. Prices (4D grade) start al 538
in 100s. Circle 19 |
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Single or Multiple Op Amps for Every Reason

Four on a Chip

High speed and precision
OP467 saves power & room

The OP-467, with four fast op amps in
one package, has the fastest slew rate
(170 V/us) and settling time (£250 ns Lo
0.01%) among quads. In multichannel
systems, it saves space and cost-per-
channel, reduces power drain, ang
boosts reliability. Unity-gain stable, it can
drive high-capacitance loads (<1600 pF).

Besides iis speed, it also offers low offset
(€500 pV) and should be the first choice
of designers of high-speed instrumenta-
tion and test equipment, as well as high-
speed detectors, laser scanners, sonar
arrays, and other applications combining
speed, accuracy, and low power con-
sumption at voltages from £510 +15 V. It
is available in 14-pin plastic DIP, cerdip,
16-lead SOL, and 20-contact LCC surface-
rount packages. [ts data sheet includes
a SPICE macromodel. Prices (100s) start
at $6.50 (~40 to +85°C). Circle 20 > |

Single-Supply FET
AD820 swings rail to rail
Supply range is +3 to =18V

The AD820 Is a precision, low-power
FET-input op amp that can operate from
a single supply from +3 to +36 V or with
dual supplies from £1.5 10 £18 V., Its out-
put swings from rall to rail (within 10
mV) and Its input can actvally swing

0.2 V below ground. Its JFET input stage
nainsains Jow bias current (<10 pA at
25°C, B grade), with offsets as low as
900 pV max over tenperature (=490 to
+85°C) and 25 nV/NHz noise at 10 Hz.

Though its quiescent current. drain is
only 800 pA, it will drive loads of up to
15 mA and 350 pF. It has unity-gain
bandwidth of 1.8 MHz and 3 V/ps slew
rate. A 3-volt version, AD820A-3V has
specs optimized for 3-volt operation
(=40 10 +85°C) at no extra cost. The
AD820 is available in 8-pin plastic DIPs
and SOIC. Prices start at $1.28 in 1000s.
Circle 21 >
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1-2-4-Channels, +5-V
OP113/213/413: Low drift
and noise, single supply

The OP113/213/413 op-amp family are
useful for amplifying low vollages in
single-supply systems from +5 V (o +36
V, or dual-supply systems from +2.5V (o
+18 V, where low drift and voliage noise
are critical requirements. Examples
include precision instruments, such as
digital weighing scales, also amlomolive
5ensors, strain gages and Llemperaiure
transducers.

They arc the lowest-noise-and-diifl
single-supply anuplificrs 4.7 nVAHz aL

1 kHz, and 0.2 uV/°C, wiily 100-pV offsct).
In addition, their gain-bangwidth is 3.4
MHz, and they are unity-gain stable.
Input comnion-niode range is from the
negative supply rail to <1 V of the
positive rail. They are specified for 600-
ohm loads on single supplies. Packages
inchide DIP's and 8-pin 50 (single and
dual) SOL-16 (quad); operaling (empera-
tures are 40 to +85°C. Prices sian a!
$1.60 in 100s. Circle 22 > |

Hi-Speed, Low-Power
Dual AD826 has 50-MHz BW
Drives unlimited cap loads

The AD826 chip features 2 pair of casy-
to-use, low-power op anps (or high-
speed systcms—combining good video
and dc performance. They will work on
supplies from £2.5V (0 £18 V and are
specified for £5, £15, and «3-vol single-
supply operation; they drew ony 7.5-mA
per channel. Maximui ofisct voliage is
2 mV (3 mV over the ~40 (o +85°C
temperature range).

Dynamic performance specs include 50-
MHz vnity-gain bandwidih, 350-V/s
slew rate, and 70-ns sciling (ime 10
0.01%. For video applications,
differentlal gain and phase arc 0.07%
and 0.] 1. They will grive unliniited
capacitive loads. deliver up 1o 50-mA
(min), and swing a 150-Q load 2 V p-p
on a +53-V supply.

The ADB26 is avaitable in 8-pin plastic
DIPs and SOICs and is priced at $2.10 in
1000s. Circle 23 =3

Choose Your Gain

AD962x optimizes wideband
performance atG=1,2,4,6 V/V

The ADOG2{, AD9622, ADI623, and
ADB624 wideband op amps combine the
dynaniic feawres of current-feedback
anplifiers with the simplicity and ease of
use of vollage feedback. With respective
minimom s(able gains of +1, +2, +4, and
+6 V/V ang large-signal bandwid(hs of
130, 160, 190, and 200 MHz, harmonic
distortion is =52, -66, ~64, and -66 dB,
input noise is 80, 49, 36, and 32 pV yms
(0.1 10 200 MHz), and sellling times (o
0.01% cwe 11, 14, 14, 2and 14 ns.

Wide bandwidih, low distoriion, fask
slewing and seiding, plus the ability 1o
chaose 2 device based on required gain,
are vseful in many applications.
Dcesigned for use on supply vollages
{rom £3 (0 £5 V, indvsirnial versions are
available n 8-pin plastic DIP, SOIC, and
cerdip; MIL versions in cerdip only.
Prices for all four start af $5.05 in (000s.
Circle 24 =3

+5-V Audio Dual

SSM-2135 can drive 25 (),
has low noise and distertion

The SSM-2135 is a dual op amp designed
for high performance in awdio circuils, in
such applications as headphone driver,
nicrophone preamplifier, balanced line
dnver, differential line receiver, ADC
and DAC buffer and filler. lis low noise
(5.2 nVAK, 3L L kid2) and distodtion
(0.003% a1 ) kHz), wide bandwidih

(3.5 Miiz), and versaiile load-daiving
ubility (£30-mA short-circuil current and
only 0.005% distortion when ¢riving a
32-Q) load) make it an excellent choice
for use with codecs as a2 microphone
preamp or output bulfer in muliimedia
comptler audio sysiems.

The SSM-2135 is unity-gain stable. It has
2 power-supply range of ¢4 10 +36 V or
+2 Vo £18 V, an operating lemperature
range of —40 10 +85°C and is packaged in
8-pin DIP or SOIC. Prices stan a1 $2.10
(100s). Circle 25 |
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DACs, References, Color Encoder & Much More

Lo-Dropout & Hi-Accuracy References

REF-195: +5 V, can operate with a +5.10-V supply
AD780 offers 2.5/3.0V +1 mV, 3 ppm/°C

These two references provide high accu-
racy and excellent stability for vollages of
2.5, 3.0, and 6.0 V. Both are available al
low cost in B-pin plastic DIPs, cerdips,
and SOICs, and for both, the —40 to +85°C
(extended industnial) and the -55 Lo
+126°C (military) temperature ranges.

The REF-195 is the industry's firsh
micropower low-dropout precision
reference. Iis specified oulput is § volls
(22 mV), with a 5-ppnv°C 1empco, al cur-
renils up Lo 30 MA; yel ils quiescendt cur-
rent is only 45 gA, which can be (urther
reduced (o 15 YA in sleep mode. lts regu-
lation against load and line is 4 ppm/mA
and 4 ppm/mV, and it will work with line
vollage from 15V (oaslowas 5.1 V

(5.50 V min al 10 mA and 6.30 Y min at
30 mA). Prices siart aL $}1.94 in 1000s.

Video DACs

ADV473 triple-8-b, 135 MH2z
ADV7128: 1 x 10-b, 80 MH2

The ADV473 is an improved second-
sovrce (riple-8-bit PC-speed CMOS video
RAM-DAC in 2 68-pin PLCC, with an on-
chip vollage reference. A Lrue-color pan,
it can display (6.7 million colors
simuliancously; it is backward compali-
ble with the ADV471/ (/8 family. It is
available for irue-color pixel rates of 66,
85, 110, and 135 MHz and is compalible
with IBM PS/2 sysiems, VGA/XGA, and
Apple Macintosh systems. Prices (1000s)
start al $25.60 (66 MHz).

The ADV7128, a single-supply, 10-bil,
CMOS DAC in 2 28-pin SOIC, with dxia
rates of 30, 50, and 80 MHz, is ideal for
both video and non-video high-speed
applications where space and sopply
voliage zare limiled and low dissipation
(625 mW max) s reguired. Applications
include DDS, wireless LAN, digital radio,
and instrumentadion. Prices sian al $4.75
(1000s). Circle 27 > |

Analog Dialogue 27-2 (1993)

The 2.6-V AD780 can be jumpered Lo
deliver 3.0 V, both voltages within * { mV
max, with a lempco of 3 ppv°C max.
This pin-compalidle upgrade of Lhe
LT1019 can source or sink 10 mA with
max load regulation of 75 gV/mA (<40 0
+85°C); max line regulalion of 10 0£V/V,
from 4 (0 36 V (24.5 V for 3.0-V oulput).
Prices start aL $3.31 (1000s). Circle 26 [J

Dual 12-b DACPORT

Serial; single or dual supply
With amplifiers & reference

The AD7249, a 2-channel (2-bil
DACPORT® with a serial inlerface, can
operate (rom a §2-to-15-voll single sup-
ply. Complete with inpui shift-regisier,
pair of 12-bit voltage-output DACs, and
on-chip 5-volt refercnce, it provides a
doal version of the AD7243 or a serial
version of the AD7237/7247, for applica-
iions in measurement, control, & com-
municakions.

Each channcl has three scleclable
ouipul ranges, 0 1o +5 V, 00 +10 V, and
£5V. On 2 12-vole supply, the AD7249
draws (5 mA max, or 180 mV. Max
setling Lime is 10 ps for a ful)-scale step.
Two performance grades are available
{or the 40 (0 +85°C (emperalure range;
and a -55 Lo +125°C grade is also
available. The serial input z2llows for a
small package size— 16-lead plastic DIP
ang SOIC for the industrial range, cerdip
for the miliLary range. Prices start al
£14.00 in 100s. Circle 28 3

RGB-to-NTSC/PAL

Fully integrated encoder
No filters or delays required

The AD720 is induslry's first analog RGB-
10-NTSC/PAL encoder Lo provide video
system designers wilth 2 high-
performance, (ully calibrated single-1C
solution; no discrele low-pass fillers or
delay lines are required. With differential
gain and phase of 0.1% and 0.1°, the
composite video oulputs are capable of
generating “smear-free” reverse lype (as
small as 9-poinl) in applications such as
PC video add-in cards, CATV converier
boxes, mullimedia sysitems, and other
video imaging systems.

It provides dc-caupled ang filtered lomy-
nance, chrominance, ang composiic voll-
age oulpuls, and can drive 753-) reverse-
terminated loads. Wilth 25-V supplies, the
AD720 dissipates 200 mW ang has a 50-
mW power-down mode. Housed in a
PLCC, it operates from 0 (o +70°C. Price
(10005) begins at $18.39. Cirele 29 [

Coming Attractions:

Vector Processor, Temp.
Controller, uP Supervisors

The next issue of Analog Diclogne will
{eature these recently announced new
products of especial interest. Technica)
dala is available now, and so are Lhe
products themselves.

*The AD2§100 AC Vector Processor
is a low-cost mixed-signal IC that greatly
simplifies the design of field-orenled
control systems for induction motors
(315.39 in 1000s). Circle 30

¢The TMP-01 Low-Power Program-
mable Temperature Controlleris an
casy-to-usc single-chip thermosiat with
accorale on-board temperzlure sensor
and healing & cooling setpoint ov(puls
(Prices stan al $2.48 in (000s). Cirele 31

*The ADME9x are improved Micro-
Processor Supervisory Clrcuits with
exisling second sources. (Prices stan au
$1.15 in 5000s). Circle 32 3
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Ask The Applications Engineer— 14

by James Bryant (ADI Europe)
with Herman Gelbach (The Boeing Company)

HIGH-FREQUENCY SIGNAL-CONTAMINATION

0.

A.

28

I’ve heard that RF ¢an make lows-frequency circuits do strange
things. What's thar all abour?

1 was once summoned to France because an Analog Devices
Volcage-Frequency Converter (VFC), the AD654, suffered
from “vnacceptable variation of accuracy.” I had measuced the
offending parts in my own laboratory and found them to be
stable and wichin specification, but when I returned them to
the customer with my tesc jig he was unable to reproduce my
results. While considering a site visit to confirm my
suspicions, 1 discovered chat che restaurant “La Cognerte” in
the town where our customer was located hagd chree stars in the
Guide Michelin, and the chef was a **Maitre Cuisinier de Franee”
—a ttle not lightly bestowed. The visit to the cuscomer
became doubly necessary. Herman, who was in England to
look at data offsets in a Boeing wind tunnel test, offered to
come and help—he said it was che interesting technical
problem (but just before he affered 1 saw him eamesdy
consulting the Guide Michelin).

To drive from the Analog Devices office in Newbury in the
South of England to the eentre of France involves six hours of
driving, a six hour ferry crossing of the English Channel, and
a change from the correct side to the right side of the road.
Nevertheless, driving is beuer than flying, because one can
take more cesc gear (and the portable ham-radio station as
well—we are both hams).

As we approached the customer’s works we passed an
enormous short=wave transmirting antenna, and then another,
and yet another. We began 10 guess what might be wrong, and
when we entered the Jaboratory 1 was carrying a hand-portable
two-metre ham rransceiver (an HT or “handy-1alky”) in my
1acket pocket.

The AD654 was indecd behaving unstably, as the custoroer
had claimed. The VFC's output frequency varied by an
eguivalent offset of tens of mV over the space of a few minutes.
I quietly reached into my pocket and pressed the transmit
button of my HT. The output frequency jumped by 3n
equivalent of 150 mV, thus demonstrating the problem to be
high-frequency pickup. More-formal measurements a litle
later showed that the loca) transmitters (of the French
Overseas Braadcast organization) produced high-frequency
(HF) ficld strengths within out customer’s warks of tens or
hundreds of mV/m,

Many problems of instability in précision measufement cit-
cuitry can be traced to bigh-frequency intecference, but unless
there is a loudspeaker in the system that might vnexpectedly
burst into hard rock music from the nearby radio station, it is
common for engineers to overlook this source of inaccuracy and
blame the marnufacturer of the amplifiers or data converters.

Furthermore, this case was upusval in that it took a high-
powered signal 10 affect the AD634, which is single-ended and
also relatively jnsensitive 10 RF =it is much more common to
see with g differential amplifier in-amp. Both inputs of these
types of amplifier have high input impedances to ¢ommon;

they are therefore far more vulnerable and are affected by
low-level RF, such as radiztion from 2 personal computer
(PC). (This phenomenon will be detailed in the forthcoming
Analog Devices Svsiem-Design Seminar Notes, 10 be ollered
for sale as Sysient Appheonon Guide in fate 1993.)

An important factor is that, in instcumenr2ation amplifiers,
common-mode rejection decreases with increasing frequency,
starting 10 roll ofl 21 quite low frequencies —and distoriion
increases with (requency. Thus, not only are high-frequency
common-mode signals not rejected; they are disioried,
producing oflsets. For some applicalions, where RF
interference s a srrong possibifity, the ADB830 dilference
amplifier (page 8) has wideband common-made rejection and
is designed for line-receiver applications; it may be 2 useful
substituie for an instrumentation amplifier.

Sensors are often connecled 10 their signal-conditioning
electronics by long cables. Radio engineers have 2 rerm for
soch long pieces of wire; they call them axiennas. The long
lecders from sensors 1o their electronics will behave in the
same way and wijll serve as 2otennas, even il we do not wish
them 0 do so. It does ol maiter if the sensor case is
grounded —at fngh frequencies the reactances of the case and
feeders will allow the system 10 behave as an anienna, and any
figh-frequency signals (E-field, M-field, or E-M-field) wbich
it encounters will appear across any Ompedances. The most
likely place for them (0 end up is a1 ihe amplifier inpul.
Precision low-frequency amplifiers can rarely cope with large
HF signals, and the result is error —commonly 2 varying offset
error.

. But this couldn’t hoppen io0 ne!

. Never believe it won't happen (6 you! An easy (ree lunch can

always be obuained by persuadiag an innocent 10 bet on fus or
her circuit being (ree of such problems. Using 2 ham radio BT
on the two-metre (144-148-MHz) band, one waut a a distance
of one meter for one second will win you your free lunch
almost cvery time. But a less-dramatic test can be cqually
convincing.

Disconncct the sensor and its leads. Short-circuit the amplifier
inpul teaminals (o each other and 10 the amplifiee circuit
common (probably ground) with the shortest possible links
and measure the amplifier output; observe s stzbility over a
few minutes. Now rcmove the shori~ciccuit, replace the sensor
leads and place them in (hcie normal opecating enviconment.
Disable the excitation and shon-circuit the signal leads at the
sensor end. Again measure the amplificr output, and ils
vanation with time. Weep quietly.

I1 is often possible 10 see what is happening by using a high-
frequency oscilloscope (or 3 spectrum analyzer, which is more
sensilive but less gasy 10 interpret) 10 measure the HF noise,
both normal mode and commoon-mode, a1 the amplifier input;
but normal mode mcasurements must be treated with some
suspicion, because the oscilloscope itself —and its power- and
probe leads =may themselves introduce signals and invalidaie
the measurement. The efiect of the oscilloscope may be
minimized by using a simple broadband ranslormer between
the measurement point and the oscilloscope input, 2s shown in
the figure; but such a transformer has (airly low impedance
and «will load the circuit being measured.
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Comamon-mode signals can be observed quite easily by
disabling any sensor excitation and connecting the oscilloscope
ground ro the ground at the board input and joining 2l the
sensor leads together and to the osalloscope inpur. Al) 1o
ofien this signal will have an ampliwgde of several hundred
millivolts and conwzin componenis from low frequencies 10
tens of hundreds of MHz.

The world is ful) of HF noise sources: ham radio operators,
police, people with portable phones, garage door openers, the
sun, supernovas, switching power-supply and logic signals
(e.g., PCs). Since we canmot eliminate HF noise in the
environment, we must Hlrer y out of low-freguency signals
belore they arrive a1 precision amplifiers.

The simplest type of protecrion can be vsed when the signal
bandwidih is only z2 few Hz. A simple RC fow-pass Oher
nsered ahead of 2n amplifier will 2fford both normal-mode
and common-mode HF protection. A suitable circuit )s shown
in the OHgure. There are two imporiant issues to be considered
in the choice of components: the resisiances R and R’ (shown
as ) &0 ; the diagram, a vaue suitable lor amplifier bias
currents of 2 few nA or less) must be chosen so that they do nat
increase the offser appreciably as the amplilier bjas corrent
flows in them. The norma)-mode rime consiant, (R + R)C,,
most be much lacgec than the common-mode Lime conslanis,
RC, and R’C,’, otherwise the coramon-mode time consiants
would have (0 be very carcfully maiched 10 avoid an imbalance
that would convert the common-mode 10 a signial between the
differential npots.

—| R 1kQ I i
Cc1
001|1F
D1uF
001!1F

If the signa) bandwidih is wider, such simple filiers will not be
suitable because they remove the desired HF normal-mode
signals as wel) as the vnwanied HF common-mode signals.
Large HF common-mode signzls are very bkely 10 sufler
common-mode—normal mode conversion (as well as minor
reciification, producing low-frequency errors) if ithey get o the
amplifier, so it is necessary (o vse 2 filter which will reject HF
common-mode signals but wil) pass DC 2nd HF normal-mode
signals.

R 1k

Such a filier is shown below. [t was devised many vears ago by
Bil Guaning of Asirodaia and is reled o the “phantom
ciccuil” uvsed in fong-distance telephone circoits. It uses a
tightly coupled “iriblar™ transformer having three windings in
an accurate [:1:1 ravo. An AC voliage across any winding will
aJso be present on the others.

The guard line is connected 1o grovnd at the source end angd at
the other end 10 the amplifiec's guard pin (or a2 comparable
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derived voliage), which represents whai the ampliber “thinks"”
i comimon mode, via 2 capacicor. The high-frequency
common-mode signal will appcar (by definition) across the
bouom winding, and will induce an cgual common-mode
voltage in the other two, subiracting 1the common-mode
voliage in series with cach dine and effeciively cancelling the
HF common-mode signal at 1he amplifier inpois.

3

There are, of course, potential problems. A capacitor in serfies
with the (ransformer is almost essential in the goard circuit 10
block DC and LF and prevent transformer core saturation by
low-frequency cucrenis in the guard circoit. The impedance
looking into the amplifier guard terminal must be much lower
than the impedance of the transformer windings; and at very
high frequencies the capacitances of the transformer will allow
signal leakage or may cause phase shift. These issues se
incosnpatible consiraints on the design of the wransformer,
if it must deal with a very wide range of common-mode
frequencies.

In such 2 case double cancellation using two separale
transformers as shown might be coasidered —the ane nearer
the amplifier having high induciance (and corcespondingly
high capacitance) and the other having good VHF elficiency.

HF TRANSFORMER
{LOW C) MF TRANSFORMER

SIGNAL m LM) (m W_'-
GUARD w w e

PiN

Oiher approaches are also possible: the amplifier can be siled
closer to the sensor and the lang leads be replaced by leads (or
opuical fibre) carrying digual dara, which is less vulnerable;
more shielding s olien (bur not always) helpful; and
sometimes (but rarely) it is possible to reduce the possibiliy of
uncxpected HF signals (even if you keep away the hams and
police, there is always the possibiliy ol the vnespecied pizza
delivery wruck radioing (0 its base . . )

The most imporiant consideration, though, is awareness of the
possibility of HF interfetence a2nd readiness 10 tackle it. If
designs are always made in the expectation of unwanied HF,
chances are excellent that precautions will be adequate—ii's
when you don't expect it that the trouble siaris.

. How did it work ont with the French cusiomier?

. His problem was cured with two resisiors, three capacicors and

2 piece of grounded copper foil. We went off 10 “La Cogneite"
10 celcbraie. =
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Ideas for Design

Use Analog I/0 Ports

as High-Performance
Infinite Sample/Holds
and Peak Followers

by Mike Curtin and Albert O'Grady

The challenges in acquiring signals rapidly and accurarely with
high-speed sample-and-hold amplifiers are well known and
docomented. However, less well-known is the problem 2t the
other end of 1he spectrum: finding a sample-and-hold thar will
vetain the held signal for 2 significantly long time withoul lasing
accuracy due o droop.

The essential memory clemenmt in 2n analog sample-and-hold
amplifier is the hold capacitor. There is a 1rade-oll between
capacitance, acquisition lime, and droop rave. To get a2 fast
acquisition 1ime, the hold capacirance should be low, but 10 gel a
low droop rate the capacitance should be high. Normally, 2
compromise is reached, depending on the application. A ypical
specification for droop rate is 0.1 V/s (often specified as 100 mV/s
or even 100 uV/ms). If it is required (0 hold the signal for 10 ms,
for example, there will be 2 1-mV error voliage due 10 the droop
rate. This is often significam in peak-detectors and in samiple-hold
applications which need long hold tmes. The option of increasing
the hold capacitance has its drawbacks, as acquisition rime and
aperiure time will be increased as a resuli.

A delinitive solution 10 the problem is the concepi of the infinite
sample-and-hold. This consists of digitzing the input signal 2t or
near the desived point in time (sampling insiznt) with a fast
sampling ADC, and using a2 D/A converter 1o reconstauct and hold
the signal umil 2 new sample is required. With the advemt of
increased inlegeation in converter circuits, this solution i
increasingly practical. v can be implemenied ever more
economiczlly, occupying less board area and using less power.
Figure | shows 2 single device capable of embodying both
funciions.,

figure 1. 12-bit sampling A/D and D/A on a chip.
The throughput of 2 convenional samiple-and-hold amplifier is

limited by acquisition (ixte and apernae thne. This is crivical in
high-speed applications. However, in fasi-acquisition, long-hold
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applications, the delay berween the hold command 2nd vhe oviput
switching 10 a2 pew value is pot as cnvcal. The droop rate becomes
the critical performance specification, since hold eryor inereases
with time. Figure 2 shows 2 typical implementation of an infinite
sample-and-hold amplifies, vsing 2 sampling A/D and a D/A on 2
single monolithic chip. For very high perforoance, separate
converters could be used, but this solulion, employing commonly
available devices, such as the AD7868 or AD7869*, resuls in z
compact, self~conizined soludion. In addition, the use of 2
common on-chip reference for both converters can resoh in
supenor tracking between analog input and analog output.

INPUT OUTPUT
SIGNAL Vi Vour O siGNAL
¥
AD7868 o
AD7869 4,7kir 2k < 4.TksL
DR
DT
HOLD e
COMMAND CONVSE RCLK
TCLK
RFS
LDAC TS
5 CLK  CONTROL

o

Vss

NOTE: POWER SUPPLY CONNECTIONS
OMITTED FOR CLARITY.

figure 2. Sample/infinite-hold circoit using AD7868 or
AD7869 monolithic analog inpul/oulput pons.

Figure 3 shows the timing diagram. \When the Hold command is
given, the ADC section begins conversion and the senal daiz
stream comes ol on DR. At the same time it is clocked into the
D/A section through the DT pin. At the end of conversion, the
D/A converter oulpul 2ntomatically updates to the new vzlve.

The D/A converter seuling-time spec detemmines the time 10 reach
the final held value. Once this value has been reached, the ourpun
is held vnul 1he next Hold command is applied. Either 12- or
14-bit accuracy can be achieved depending on the device used.
12-bit system: AD7868
Hold Delay Time = 10 ps (conversion time) +
3 us (D/A Sending Time) = 13 ps
14-bit system: AD7869
Hold Delay Time = 10 ps (conversion \ime) +
4 us (D/A Seuling Time) = 14 ps

LC
2T

HOLD | I
COMMAND

nrs_l
TFS 55 |
1 ML LI
TCLK
g4
3? \ feen] 7 [ 080 [ ourpur serrieo

OUTFUT (N « 1)
ANALOG
QUTPUT OUTPUT (N) e

E2d
Figure 3. Timing Diagram.

*Usc the reply card for technica) daa. Ciede 33
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PEAK/VALLEY FOLLOWER

In many cases, the sample-and-hold cireuit is required to operace
as a peak- or valley detecror. This can be implemented in either
the analog or the digital domain. The analog solution is the
simplest. Figure 4 shows how to modify the basic samgple/ infinite-
hold circuit to become a peak detector with zero droop.

INPUT ¢ - v ” ouTPUT
SIGHAL ™ o © siamaL
AD7868 g Yoo
AD7B69 470 < B 4G
COMPARATOR b f
0 - ENABLE, DA
1 - DISABLE or
HOLD CONVYST RCLK
COMMAND TELK
RFS
F LDAC TS
CLK_ CONTROL
Yo

HOTE: POWER SUPPLY CONNECTIONS
OMITTED FOR CLARITY.

Figure 4. Peak detector with the sample/infinite-holg circuit.

The held analog output is fed 0 a comparator input which
compares it with the new analog input. Only when the input goes
above che held output is a new conversion initiated. This means
that the converted value of the input when a peak has been
detected is beld indefinitely a1 the DAC’s output. The peak
detector can be preset (0 a low stamting value at any time by
switching the RIDAC input to ground. This causes the analog
ourpuc 10 go w -3 V. Subsequendy (ever), any analog input
greater than —3 V will trigger a conversion and it will be held as
the peak valuc to-date. Though very quick at detecting presence of
a pezk, the circuit can foster error when triggered by noise
impulses riding on the signal.

The digita) solution requires that the analog input be continuously
sampled, and the digital result is compared with the previous
maximurn digital value, The DAC is loaded with a new digital
word only when this new word exceeds the previous maximum.
This digita) solution requires cither external digital comparators or
else 2 processor, where the comparison can be done in software.

AHALOG +5V SUPPLY

Both of ithese digital solutions are more cumbersome and less
sensilive \han the analog sofution, but they are less sensitive to
noisc peaks, since the companson is always berween already-
converted values. Also, digital processing can be vsed 10 provide
hhiering of noisy signals. O

Design ideas for >-A
Instrumentation ADCs

by Mike Byme

DIGITIZE 4-to-20-mA CURRENT SIGNALS

The AD7712 is 2 member of 2 (amily* of high-resolution second-
generation  sigima-deha  converters  designed for  precision
applications involving relatively low-bandwidth signals (see
Analog Dialogue 26-2, pp. 7-9). The converiers feaiuse
24-bil-no-nmissing  codes, low oulput noise (<360 nV), 12
programmable-gain front ¢nd, programmable filier, dilferential
input capability, and flexible digital calibriion techniques. The
AD7712 is targeied primarily for process and indusirizl-conrol
applicaiions. In sueh applications, 2nzlog comrol daia from
wransdocers is often transmitied (rom remote locabons via curcent
loops (4-to-20-mA is popular in the USA, 0-10-20-mA in Europe),
but it must vsually be (ranslated 10 digital fov logging or
processing by computers. Here is how the AD7712 can be vsed as
an interface 10 directily digitize the outpots of current Joops.

The AD7712 coniains fwo anzlog inpot channels (Figure S), one
differeniial (AIN1), 1he other single-ended (AIN2). The single-
ended npot stage has a resistive atienuator, which provides for 20
analog input voliage range {rom 0 w up 10 +10 V, 1hough
operating from a single +35-volt supply. The programmazble-gain
front end (PGA) provides software-programmable gains, {rom | o
128 V/V, in binary steps, for both input chanacls. For AIN2, this
means that signal ranges as low as 0 (o about 80 mV can be
handled when 2 single supply is used. For a =S5-volt supply the
signal ranges go from abouvt =80 mV 10 =10 V.

CHARGING BALANCING A'D

CONVERTER

AMN1(+)

YOLTAGE
ATTEHUATION

4 = 20ma
LOOP

P

AUTO-ZERDED

DIGITAL
FILTER

T 4
MODULATOR

'y

CLOCK
GENERATION

SERIAL INTE

=AFACE

CONTROL
REGISTER

CUTPUT
REGISTER

Figure 5. Digitizing 4-t0-20-mA signals using the AD7712.

#Usc the reply card for technical data on the AD771x family. Circle 34
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The 4-10-20-mA current llowing in 1he loop is usually converted 10
vohiage for (urther signal processing, or conversion 10 digial, by
weans of a high-wawage 250- resistor, for an inpu voliage range
of 110 5 V. When this voliage is applied divectly 1o a conventional
converter with 2 0-10-5-voll range, 20% of the convertef’s range is
wasted. In addnion, aher conversion, the convenied digiwal signal
must be re-interpreted with ihe olfser subtracied oui, and some
form of calibration st be vsed to trim any errors in offset oF
scale-factor in the onginal input signal.

The AD7712 has a system calibraiion function which allows 1he
user o apply the zero-scale and (ull-scale input vohages during 2
calibration cycle. The (vl span of the ADC will be adjusied 10
exiend from the zero-scale voltage 10 the full-scale voliage. The
range of calibration is from 80% 1o 105% of the nominal input
span. With z gain of 2 and vnipolar inpul range selecied for AIN2,
the nominal iput spap is wterpreied as 0 to S V. The allowable
range for system calibradon is thus from ¢ V (80% of nominal) 10
5.25 V (105% of nominal). Therefore, the AD7712 can apply
systemn calibration udilize the full range of e ADC 10 represent
the §-10-5-voli range applied 1o the input terminals.

The zero-scale of the inpul span is calibrated by 2pplying Lhe input
voliage corresponding 10 4 mA ol curvent flowing in the loop and
performing the hirst calibraiion siep (of(set), imerpreting whatever
that voltage is as zero-scale. Then fulf-scale is calibrated by
applying the inpot voliage corresponding to 20-mA in the (oop,
and performing the second cabibration step (full-scale), to interpret
that level as ful)-scale. As a resuly, the AD7712 will outpud zll Os
when 4 mA is flowing in (he loop, and a1l is when 20 mA flows in
the loop. The drop across a samall additional series resistance can
be monitored by AINL 10 detect the absence of loop current in
open-circuit fault conditions.

For applicaiions where 0 mA flowing in the lcop needs 10 be
recognized (including loops for which the full-scale measurement
range is 0 10 20 mA), calibration coeflicients can be written (o the
AD7712's cadibration registers 10 accept a 20-mA nput span. 3

DIGITIZE STRAIN-GAGE BRIDGE DIRECTLY

Figure & shows an AD7710 providing excitation for, and
dilferential readour from, 2 strain-gage bridge. The AD7710 is
ydea) for such apphications. The software-programmable gain
provides a range of sensitivilies to below 20 mV fuf)-seale.
Common-mode rejection is better than 92 8B {rom dc 10 several
kHz, and on-chip digial filiering extends it 10 150 dB at fine
frequency and 1s muliiples.

The bridge neiwork shown has (wo active gages and balancing
resistors equal 10 the unloaded resisiance of the gages. Their
resisiance increases as they are loaded, 10 typiczlly about 1.02 10
1.04 of 1heir resc value. Current excitation, I, is provided by the
AD707, connecied as 3 curvent source. The constant volaage at
REF OUT must be duphcated a1 the feedback terrmnal), “A™,
forcing the AD707 10 sopply 2 constant current equal 10 Vg /R
10 flow through R, and the bridge.

As the bridge is loaded and 1he gage resistances increase, 3
differentizl voliage is developed across the bridge ouvtpot:

Vo ~1 X AR

R, determines the exciaton current, which detemines the
bridge's sensiovity, and the maximum AR esiablishes the (ull-
scale input 10 the AD7710. Assuming 350 ) as the nominal bridge
resistance, 4% as full-scale variation (14 ), and 20 mV 2s \he
corresponding output vofiage (o the AD7710, the bridge current
should be 2bout 2.85 mA. Wih a 2.5-V relerence, the required
value of Rz would 2bouwt 877 (). However, because of ihe
substanuzl calibraiion range of the AD7710, 2 standard 1-kX0
resistor could be used (17.5 mV).

The circuit has the addidonal benefit that if REF OUT varies
(with temperawve or (rom device 10 device), [, vanes
proportionally, as does 1he bridge ouvipur. Thecefore, a fixed
ovipul code will resuft from a given value of sirain, regardless of
REF OUT"s variation. The calibration feaivres of the AD7710 are
helplul in reducing drifr effects in the device or Ry.. With simple
additional circuniry, 1he effects of tare in weighing mechanisms
can be corrected lor. =

REF OUT

CHARGE BALAMCING AD
CONVERTER

DIGITAL

AUTO-ZERDED
¥y
MODULATOR FILTER

ML
CLOCK L
o syl

out

SERIAL INTERFACE

COMTROL CUTPUT
REGISTER REGISTER

figure 6. Swrain-gage solution using the AD7710.

"Use ahe teply card for acchinical daz on the AD771x (amily. Ciscle 34
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Analog Devices Names Three New Fellows

Three new Fellows were imroduced at the Anzlog Devices 1993
Geweral Technical Conference: Mohammad Nasser, Brad Scharf,
and Jim Wilson.

Fellow, at Analog Devices, represems the highest level of ad-
vancement that 2 technical contributor ¢can achieve, on 2 par with
Vice President. The criteria for promotion 10 Fellow 2re very
demanding. Fellows wifl have camed universal respect and recog-
nivon (rom the technical community {oF unosual alem and iden-
tifiable innovation 2t the siate of the 2n; their significani 1echnical
conuibutions will have had a2 major impaci on the company’s
revenues; they must have demonstraied superior creative ability in
product- or process technology leading 10 commercial success.

Other auribuies include rofes as mentor, consoliant, organiza-
tional bridge, gaickeeper, enlrepreneur, teacher, and ambassador.
Thev must ziso be eflective as leaders of (eams and comnbutors to
team elfort and in undersianding the voice and needs of the
customer. Our three new Fellows' accomplishments and techaical
abilives, 2s well as their personal qualities, make rthem well-
aualified for this appoinumeat. They join Fellows Derek Bowers
(1991), Paul Brokaw (1980), Lew Counis (1934), Barrie Gilbert
(1980), Jody Lapham (i988), Fred Moapplcbeck (1989), Jack
Mermishizn (1980), Wyn Palmer (1991), Carf Roberts (1992), Mike
Timko (1982), Bob Tsang (1988), and Mike Tuihili (1988).

MOHAMMAD NASSER
Mohammad joined  Precision
Monolithics, Inc. (which became
ADIl's PMI Diwvision) n 1980.
During the early’ 80's he was 1he
key engineering contribuior (6 de-
veloping PMI’s CMOS rechnology
and led (he developmem ol PMI‘s
proprietary thin-Glin process. He
is also responsible for the (amily
of complemecniary-bipolar-CMOS
(CBCMOS) processes, including a
process with 2 patented bunied-layer struciure that requires 2
greatly reduced nomber of mask levels. These processes have been
responsible (or major comicibuiions 0 \he product mix and
revenues of PM].

Mohammag is unigue among (2b people in that he designs circuis
himsell; there is perhaps no betier way 10 undecsiand the needs of
the circun designers who are the clienis of process development
than 10 be 2 designer onesell. He also iniegraies process
decelopsnient with mapufactoring discipline cight {rom (he scart —
in fact they are inseparable; Mohammad does both.

He carmed an MS in solid-staic physics 21 UCLA and continucd
his studies 10ward a2 Ph.D. degree. He has since made esseniizlly
his entire carcer with PMI and Analog Devices. He has bved in the
U.S. for 20 years and in northecn California since 1980.
Mohammad and his wile, Dianc, married 14 years, have wo
young sons. His major exiernal interest is spending time with his
family and wking care of his poo) and backyard. He is 2n
cnthusiastic investor and works on his porifolio using his PC. He
loves 10 play all card games 2nd epjoys travel 1o places such as
Europe and Las Vegas, (or both business and pleasure.
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BRAD SCHARF

Brad joined Analog Devices in
1981 and, in his first assighment,
working wih (1988 Fellow) Jody
Laphagm, won 2 joint patent cover-
ing the use of p-epi for complemen-
tary bipolar processes. He l(ater
worked on the FLASH process,
esseniial 10 2 number of highly
successful producis. In the mid-
eighties, Brad began experiment-
ng with polysilicon emitiers, and
this work cvenually led 10 several genecations of ABCMOS,
which is key 10 high-speed mixed-signal producis. His recemt
studies in modern submicron bipolar technology will be important
10 processes for future gencrations of mixed-signal producis.

Besides his 1echnical accomphshments and commercial successes,
Brad has demonsiraied the solter qualities of technical leadecship.
He is known lor developing processes that are roabust in manufac-
wring, and for concentrating on manulacturability even during
the early stages o development. He is an advocate of cosiomer
{ocus as zn imporwani element of process-development siralegy.

Brad earned his bachelor's degree (BSEE) at Sovthern Methadist
University, in Dallas, and eamed both his Masier's and Ph.D
degrees a1 Swisnford. While a1 Swanford, he epjoyed camping,
backpacking and hiking. Afier gradvation, Brad spent 2 1/2 vears
working wn Germany and (ouring Europe, Egypi, 2nd Jsteel. His
wife, Mary \White-Scharf, is an immunpologist depariment
manager 21 2 biolech stariup company. They have wo sons and 2
daoghier. Brad enjoys participating and waiching all spons—
especially doring the playofl season. He plays baskedball, baseball,
volleyball, and casual (ootball —and 1he guitar —with enthusiasm.

JIM WILSON

Jim began his carecr at Anzlog
Devices 1S years ago 2s 2 test-
engineering manager 2t Analog
Devices, BV, in Limerick, lreland.
Here, he gaincd valuable vnder-
standing of whav it 1akes 10 gel
new products into profitable, high-
volome produciion. He also gained
experience as 2 Senior Applications
Engineer, refining s skills in in-
lerpreling customer's requirements
and wranslaing them inlo solutions.

In 1980, he joined the embryonic DSP division, and for the lasi 12
years has led the design of floaling-point building-block producis
and mixed-signa) products, which have been responsible for
subsianuial revennes. Jim has cecemtly been working with the
audio codec group 10 develop soch products as the recemily
announced —and already highly successful—AD 848 2nd 1849.

Jim was bom in Notthern Ireland and educated in Scolland. He
has two sons. His hobbies inctude chess, goll, and rcading.
His interesis are in anything involving math 2nd digital
signal-processing. |



Worth Reading

NEW BOOK

Applications Reference Manual, 1,344 pages, softcover, 1993,
published by Analog Devices, $9.95. A compilation of the “best”
of technical articles from the trade press, application notes, Analog
Dialogue articles, and design tutorials by Analog Devices authors.
Arranged by device or application classification, and cross-indexed
by model number, subject, application-note number, and author.
Includes conversion charts in an Appendix. Use the book order
card, fax or phone the Literature Center.

SPICE MODEL LIBRARY disk, release H (7/93). 352
macromodels, including 34 new models, and featuring the first-
ever CMOS-switch macromodel. Circle 35

BROCHURES AND GUIDES
High-Speed Op Amp Selection Guide, 1993 update. A 6-page
short-form highlighting new products. Circle 36

Personal Sound Architecture—a programmable architecture for
flexibly integrating sound into personal compuler systems.
Circle 37

Corporate Capabilities Brochure, “Leadership in Real-World
Signal Processing.” Some answers to the question: What is Analog
Devices? Circle 38

SERIALS

DSPatch—The DSP Applications Newsletter: Number 26,
Winter, 1993 (16 pages): Features Compression Labs’ Cameo
Personal Video™ system; the ADSP-2115; C compiler for the
ADSP-21000 floating-point family, based on the Free Software
Foundation’s GNU compiler. Also includes: Formant speech
analysis, DSP-augmented ham radio, SCELP speech coding,
ADSP-2105 booting from host, ADA compiler for ADSP-21020.
Circle 39

Number 27, Spring, 1993 (20 pages): Features ICASSP *93, Signal
Computing Technical Exchange, and introduction of the ADSP-
2103. Also features CSDK-100 Compressed Speech Design Kit.
Also includes: C programming for DSP; New 3rd-party
development tools, and new software releases for ADSP-2100 and
21000 families. Circle 40

Analog Briefings—The Newsletter for the Defense/Aerospace
Industry. Vol. 9, no. 1 (6 pages + ADC information card).
Features high-speed A/D conversion, Testing op amps, Multichip
modules, New products. Circle 41

APPLICATION NOTES

Using the AD2S80A Series Resolver-to-Digital Converters as a
control transformer, by John Christacopoulos (AN-203).

Circle 42

Bootstrapped IC substrate lowers distortion in JFET op amps,
by Walt Jung (AN-232). Circle 43

Evaluation Board for the AD7710, 24-bit sigma-delta A/D
converter, by Mike Byrne and Albert O’Grady (AN-241).
Circle 4

A low-poise microphone preamp with a phantom power option,
by Walt Jung and Adolfo Garcia (AN-242). Circle 45

Circuit delivers 16-bit, 150-kHz multichannel sampling system,
by Mike Curtin, Albert O’Grady, and Sean O’Leary (AN-341).
Circle 46

34

Eonhancing the performance of the AD7111A and AD7112
LOGDACs®, by Albert O’ Grady (AN-364). Circle 47

Evaluation Board for the AD7712, 24-bit sigma-delta A/D
converter—a signal-conditioning ADC, by Mike Byrne and
Albert O’Grady (AN-365). Circle 48

Evaluation Board for the AD7711, 24-bit sigma-delta A/D
converter—a signal-conditioning ADC with RTD excitation, by
Mike Byrne and Albert O’Grady (AN-366). Circle 49

Evaluation Board for the AD7713, 24-bit sigma-delta A/D
converter—a loop-powered signal-conditioning ADC, by Mike
Byrne and Albert O’Grady (AN-367). Circle 50

Thermocouple signal conditioning using the AD594/AD395, by
Joe Marcin (AN-369). Circle 51 O

MORE AUTHORS (continued from page 2)

James Bryant (page 28) is European Applications Manager for
ADI, based in Walton-on-Thames, England. His photo and a
biographical sketch appeared in Analog Dialogue 26-2.

Herman Gelbach (page 28) is a
Principal Engineer at the Boeing
Company in Seattle, Washington.
He has been involved in
aerodynamics instrumentation for
some 40 years and authored
several papers on related topics,
most recently ome on high-
frequency induced errors in data-
system amplifiers. He holds a
BSEE from Washington State University, is a Registered
Professional Engineer, and has held an amateur radio license
(W7JPU) since 1942. His outside interests involve the outdoors,
including rockhounding and fishing.

Mike Byrne (page 30) is a Staff
Engineer with the Applications
Group in Limerick, Ireland,
where he provides customer
support and is involved with new-
product definition for CMOS
converter products. He holds a
B Sc. in electronic systems from
the University of Limerick. A
patent-holder, he is the author of
several application notes and technical articles. His leisure-time
activities include music and outdoor sports.

Albert O’Grady (page 30) is a
member of the Applications Group
at Analog Devices BV, Limerick,
Ireland in support of both analog-
to-digital and digital-to-analog
converter products. He holds a
B.Eng. from the University of
Limerick. In his spare time,
Albert enjoys reading and plays
badminton and tennis.

Mike Curtin (page 30) is a Senior Applications Engineer at our
Limerick, Ireland, facility. His photo and a biographical sketch
appeared in Analog Dialogue 27-1. a
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Potpourri

An Eclectic Collection of Miscellaneous Items of Timely and
Topical Interest. Further Information on Products
Mentioned Here May Be Obtained Via the Reply Card.

STOP PRESS—NEW PRODUCTS:

¢ Application-specific DSPs optimize memory configuration, save cost IN THE l-AST ISSUE
and power. Four models offer choice of program-memory size and Volume 27, Number 1, 1993, 32 Pages
operating power. Ask for ADSP-216x or circle 53 For a copy, circle 52

 Industry’s first stereo asynchronous sample-rate converter ICs solve Editor's Notes, Authors «
digital audio sample-rate incompatibility.AD1890/AD1891. Circle 54 Fast, accurate timing recovery for 155-Mbps fiberoptic links (ADS0Z)

« Dual single-supply FET-input op amp swings rail-to-rail, +3 to 18 V. SoundPort® codecs: complete audio 1 /0 subsystem 1Cs for PCs (AD1843)
Ask for AD822 or circle 55 The 7B Series: Al_)l s Mfal, lowest~cost “Ff'.”’ condirioning modules

« Digitizi ignal conditioner IC, a T o re T oT L BLbavate Ml-ﬂlpj?l'\‘ AlZ-bu‘ muln-(hwmltl datf:ﬂ{qumnan system .{_mnplts_ @ »50 kHz
!K‘ 1zIng sign. el & saLOMpL 2! £ ReYSIOIE Op amps in line driver and recerver ciranis: (Part 2. Audio applicanons)
includes ADC, excitation, linearization, compensation, scaling, and The New Op Amps:
self-calibration. Request AD1B60 or circle 56 X Op-amp types combine precision and toide bandwidth (AD797, OP-285)

s 12-bit single-supply 8-channel sampling ADC includes MUX, 100-kHz Four wideband OAs for video and imaging (AD$10/217/818/ADEL2020)
throughput, sleep modes, serial interface. Ask for AD7890 or circle 57 Low noise, low drift precision OAs for insinonentarion (AD795, OP-213)

o B-bit, 20-MHz, 60-mW single-supply sampling ADC with existing 2nd Monolithic 80-dB +5-V smple suppl Ig amp has 50-MHe range (AD606)
sources. Request AD775 or circle 58 Complere ) 2-bit 10- and 25.6-MSPS A/D conoeriers (AD872, AD%032)

» Precision quad 3-V op amp with rail-to-rail output, low offset, low What's new in DSP: Low-cost, faster FLOPS, new EZ-Tools
power. Ask for OP-495 or circle 59 New-Product Briefs:

e Complete LVDT conditioning system includes excitation and sync Fast sample/hold, low power & cost, 375 ns max to 0.01% (AD783)
demodulation. Ask for ADG9S or circle 60 Precision single-supply instrumentation amp, G = 1-1000 (AMP-04)

Autocalibrated 16-bit, 100-ksps sampling ADC, ac & dc specs (AD676)
LOGDACs® with 88.5-dB gain range, 0.375 dB/bit (AD7111A/7112)
Octal &-bit Vo e DAC for single supply,— 40 1o +85°C (AD7228A)

¢ Complete serial/byte-input 16-bit DACPORT® in 24-pin skinny DIP
and SOIC. Ask for AD880 or circle 61

¢ Dual 130-MHz (G=+2) hig‘h-performanoe voltage feedback video op 12-bit DACPORTS*, single-supply, scriaparallel (DAC-8512/8562)
amp. Ask for AD82S or circle 62 T Quad SPST switches handle signals to rails, low Ron (ADG41U412)

s Clock recovery & data-retiming PLL for 20.48 Mbps. AD803, Circle 63 200-MHz pin driver for ATE: 2-V/ns slew, 200-ps edge maich (AD1324)

s Linearized isolated thermocouple signal conditioner module in 7B 100-MHz DDS for 12-bit digital sin¢ waves, >90-dB SFDR (AD9955)
series. Request 7B47 or circle 64 Ask the Applications Engincer—13: Demystiifying distortion spees

¢ Improved +5-V-powered CMOS RS-232 drivers and receivers. Worth Reading, more Authors
Ask for ADM2300L-ADM241L or circle 65 Potpourri (Last issu¢, New daia, Errala, Products, MIL, Patents)

* Improved +5-V-powered EIA RS-485 transceivers for 5 and 30 Mbps Advertisement

data. Ask for ADM485 and ADM1485 or circle 66
» Improved quad SPST switches: trench isolated, no latchup. Ask for ADG431/432/433 or circle 67

STOP PRESS—NEW LITERATURE:
¢ Short-form designers’ guide. 160-page guide to the Analog Devices product line. Includes selection trees, selection guides, comprehensive
index to all products, new-product information, and a product package listing. Circle 68

ERRATA & CHANGES + * » OP-295 data sheet, rev. 0, Page 9, Figure 5: “5” in the gain formula should be “6”. Also, delete the last sentence on
page 8, relating to that circuit'’s common-mode range. * ¢ * AD1849 data sheet, rev. 0: an interim errata sheet is available until rev.1 (which
includes AD1849K) is published ¢ ¢ * AD2S83 data sheet, page 2. under VELOCITY SIGNAL, Linearity spec is changed to $0.15% typical, +0.25%
max for 0-500 kHz, and +0.25% typical, £1.0% max for 0.5-1 MHz; Reversion Error is +0.5% typical, £1.0% max. The original specification is
available with a special part number » ¢ » AD396 data sheet, page 2, and also 1992 Data Converter Reference Manual, Vol. 1, page 2-40, under
REFERENCE INPUTS, Input resistance spec is 2.9 kQ2 min, 6.6 kQ max.

IC PRODUCT NOTES ¢ * » The AD1848 SoundPort® codec is included in the “reference” motherboard design for Intel’s new Pentium
microprocessor to implement business audio in personal computers and workstations ¢ ¢ * The AD600 and AD602 X-Amps™ (eXponential
AMPlifiers) are now available in Industrial grades * * » New rev “A” versions of the AD7237 and AD7247 dual 12-bit DACPORTS are now
available; they include operation on supplies from 10.8 to 16.5 V, a faster pP interface, faster settling, and wider reference input range. Prices are
unchanged and existing models continue to be supported ¢ ¢ * For information about functionality enhancements to ADSP-21xx processors with
date codes of 93xxG and later, get in touch with the nearest ADI Sales office or call DSP Applications at (617) 461-3672 = ¢ Full-feature in-circuit
emulators for 12.5-MHz ADSP-2101 and 13-MHz ADSP-2111 processors can be upgraded to 16.67 MHz. Get in touch with the nearest ADI Sales office

DATA ACQUISITION AND TEST PRODUCT NOTES (mostly modules, boards, and system-level): ¢ ¢ ¢« 7B34s are available with two new
temperature ranges for nickel RTDs; 7B37s are available with four new temperature ranges for both Type J and Type K thermocouples ¢ ¢ ¢ A

24 hour Bulletin-Board Service is available for RTI boards and “B”-series data-acquisition products. Call 617-461-4361 with modems of any speed
up to 14.4 kbaud—no parity, 8 data bits, 1 stop bit * * « RTI-834/835 multi-function /O boards for PCs feature a 200-ksps sampling rate with 12-bit
resolution for up to 32 channels. Also included are digital IO, 12-bit analog outputs, and timer/counters ¢ ¢ ¢ The CTS-5000 mixed-signal test
system, proven in our own manufacturing environment, is now available to IC manufacturers and users. It offers the performance of $1M test
systems at 1/3 the cost. For information, phone (617) 937-1300 or fax (617) 937-1013

MILITARY, HI-REL, AND STANDARDS ¢ » RADTESTSM Data Service, available through the Analog Devices sales force, can save customers
time and money. It provides free radiation test data on a great many of our IC products ¢ *  Newly available: AD1674ATD/883B, AD671SD/883B,
AD783SD & SQ/883B, SMDs 5962-93060 (AD872 12-bit, 10-MSPS ADC), 5962-63128 (AD1671 12-bit 1.25-MSPS ADC), and 5962-93164 (AD1674 12-bit,
100-ksps ADC) ¢ ¢ * More than 173 Class S parts are available * * ¢ Newly available: AD9005/883B, AD9058/883B, AD9712B & 9713B/883B, AD9720
& 9721/883B ¢ * ¢ The AD600 and AD602 X-Amps™ (eXponential AMPlifiers) are now available in 883B grades ¢ * * If you're planning to attend
GOMAC (Nov. 1-4, 1993, New Orleans), be sure to visit our booth.

PATENTS ¢ » * 5,184,130 to Christopher Mangelsdorf for Multi-stage A/D Converter ¢ * © 5,192,922 to Edward Jordan for Anti-false triggering
system for a pulsewidth modulation system * ¢ ¢ 5,195,827 to Jonathan Audy and Barrie Gilbert for a Multiple sequential excitation temperature
sensing method and apparatus ¢ ¢ * 5,198,785 to Edward Jordan for Dual edge pulse width modulation system ¢ ¢ ¢ 5,208,559 to Edward Jordan for
Pulse shaping system for a pulse width modulation system ¢ ¢ ¢ 5,210,537 to Christopher Mangelsdorf for a Multi-stage A/D converter * * ¢
5,220,206 to Stephen Tsang and Gregory Koker for Control apparatus with improved recovery from power reduction and storage device therfor ¢ » ¢
5,225.811 to Jonathan Audy for Temperature limit circuit with dual hysteresis ¢ « ¢ 5,227,670 to . Paul Brokaw for Electronic switch with very low
dynamic “on” resistance utilizing an op amp ¢ ¢ * 5,237,209 to Robert Brewer for Bipolar voltage doubler circuit.

All brand or product names mentioned are trademarks o registered trademarks of their respective holders.
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