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Editor’s Notes
CAN ANALOG MAKE IT? E"! ‘

A scant two ycars ago, Analog De-
vices broke into the 9-digit revenue
class. At chis year’s annual meet-

ing, our President and Board
Chairman suggested that, among
other goals, by the conclusion of
our next five-ycar planning inver-
val, our revenues could reach 10
digits, cxpressed in rcasonably
stable U.S. dollars, without adversely aflccting either our internal
chimate orour treasured customer relationships.

The above question, impelled by this ambitious goal, called to
mind a number of quescions of somewhat similar ilk chac have arci-
sen at key junctures during the Company's history, most of which
have been answered (sometinics resoundingly) in the affirmative.
The following examples may provide some encouragement for
those who wish us well.

Perhaps the first such question was “Can a new company in the
op-amp business survive in the face of established module compe-
tition and the coming of IC op amps?* Chalk one up for the
affirmative,

“Can a successful op-amp company make it in
other products {e.g., converters)?™ Readers of this publication
{and mosrt uscrs of a/d and d/a converters) can ateest to the correce
ANS\wer.

Another one was,

Then came a big one, ““Can a successful precision module company
make it in precision [Cs?™" Well, not only are we #1 in precision
linear 1Cs, but we're #5 in total lincars (including consumer cir-

cuits, which we don’tmake) and gaining fascon #4.

And another big onc: **Can a successful component and subassem-
bly company make it in systems?™ (a relaced question is, **Can
Analog make it in digital>™) Though the jury has only started to
consider its verdict, MACSYM Mcasurement And Contro)
SYsteMs and LTS Lincar-circuit Test Systems have given us a
flying stare.

CAN ENGINEERS MAKE IT?

While perusing a recently published roster, we were interested to
note (and you may be, too) that every single member of top man-
agement at Analog Devices has atleast one engincering degree, in-
cluding our Trcasurer, our Sewnior Vice President — Finance, and
our Vice President = Human Resources.

It may also be worth noting that nearly one-half of (his group had
contributed technical arcicles to Analog Dialogiee carlier in their
carcers. One might reasonably conclude from their vertical ascent
thacir pays co publish.

We can't guarantee success, but we would encourage others to test
this assection, Technical authors gain visibilicy and the perception
by their peers of increased professional stature. p |
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HYBRID DACS FOR GRAPHIC DISPLAYS

Whether It's Vector Refresh or Raster Scan

Fast-Settling, Low-Glitch D/A Converters Are Essential

The graphic-display oscilloscope can be found in increasingly
widespread use in a growing varicty of applications that were just
wild dreams {if that) just a few years ago. According to Venture
Development Corporation, CRT graphic terminal sales will in-
crease fourfold between 1978 and 1983, Today’s displays arc
characierized by high resolution, the promiscucus use of color,
and awide range of hardware and software options.

With computer processing, memory, and software widely availa-
ble at low cost, computer-controlled displays have become popu-
Jar in two basic forms: The vector-refresh (random scan, or callig-
raphic) display, which plots points or line-segments of randomly
programmed length and direction, and the TV-like raster scan,
which places a large number of closely spaced dots of variable il-
lumination-and color-along a raster of closely spaced horizontal
lincs cvery Yao or eo or a second.' While sales of vector-refresh dis-
ptays are forecasc to grow at about 15% per year, raster-scan dis-
plays arc expected to grow explosively—tenfold—Dbetween 1978
and 1983, at which dme they will account for 74% of all pur-
chased graphic displays.

Driven to ever-higher scanning speeds to obtain increased resolu-
tion without flicker, the displays require extremely fast informa-
tion transfer, For example, in a display with 1280 x 1024 finc
structure, there are 1.31 X 10° picture clements (pixels). At 60 up-
daces per sccond, cach pixe) must be displayed in less than 13ns.
For sharp, clean raster-type displays, icis vitally important chat the
ougput d/a converter have fast response with imperceptible
cransient “glicches.” For cthe user (and manufacturer) of such
DACs, the very measurement of such performance poses a chal-
lenging problem.

In the following pages, we will discuss some of the differences be-
vween calligraphic and raster displays, the requirements for DACs,
and suggestions as 1o how measurements may be implemented to
verily their performance. We will also discuss ¢the characeeristics
of a sct vl new 4-6-8-bit DACs with performance and archicecture
specifically oriented towards intensity modulation in raseer-scan
displays {the HDG-0405/0605/0805 scrics). In the next issue, we
will describe a new deglhitched 12-bit DAC, well-suited to callig-
raphic displays and for trace positioning in displays using digitally
gcncr:‘rlcd rasiers.

ABOUT THE DISPLAYS

Vector-scan graphic displays are very much like ordinary oscillos-
copes used in the X-Y plot mode, but che analog information s fur-
nished via DACs instead of from the real world. Figure 1a shows
the basic nature of the ealligraphic plot. Typically, the beam is de-
fleceed to che appropriace valaes of X and Y at each point, and in-
tensified; adjacent points are close enough together to appear o
form a solid tine or area {depending on the resolution of the DACs
and che CRT phosphors). Figuee 2 is a block diagram of a typical
vector-scanned graphics application. In some easces, to avoid the

See pp S 1=8T70 Analig-Digital Conversion Notes, Analog Devices, 1977 (85.9€)
Use the reply card tor technieal dara,

Analog Dialogue 15-2 1981

by Walter Kester and Mark Skillings

TRHALCE m——

- = — BLANKED
Sl = RETRACE
‘—.—.-
o
_-"‘—_'-.
d"‘—‘
- e
. i THE ER SHOWN 15

- —e— TYPICALLY GENERATE
BY DIGITAL STAIRCASE

a. Randomly program- b, Repetitive raster-scan beam path.
mable vector-scan
beam path.

Figure 1. Display traces compared.

usc of excessively high-resolution DACs where large numbers of
repeated small figures are required (c.g., alpha-numerics), the
main DACs are used {or positioning the outputs of a pair of ROM-
operated fine=structure DACs, which gencrate the characters.

Vector-scan displays generally have considerably better resolution
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Figure 2. Block diagram of vector-scan display system.
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displays use 12-bit DACs with 50ns setcling time to yield 4096 x
4096 (16-million-pixel) effective resolution, buc color capabilities
and gradations of intensity are limited.

The DACs must be monotonic and linear to avoid irregular spac-
ing or actual reversal of direction; dynamically they must be fast
and free of transient “glitches,” which can cause distortion and
loss of sharpness of transicions.

Raster-scan graphic displays are very much like television pictures
(and, in fact, often use TV hardware): for cach vertical sweep,
there is a large number of harizontal scans during which the signal
information is modulating the intensity input of the cacthode-ray
tube (Figure 1b). The major difference is that, in high-resolution
displays, there are many more scans, and many more points per
scan. The scans are synchronized, so that points occurring at the
same time from the start of each sweep are dircetly above one
another, and-if occurring on successive sweeps—will form a verti-
catline,

Because all points on the raster are scanned on each full ¢ycle, the
raster-scan cannot be as fast and sharp as the calligraphic display,
especially for plotting simple figures; however the synchronization
and standard nature of rascer displays inake it easier to use the in-
tensity gray scale and to obtain a very greac varicty of color mix-
cures and hues, at low hardware cost,

One fast d/a convercer is used for cach clectron gun: a single one
for black-and-white displays, chree for color. Figure 3a is a block
diagram of a typical computer-controlled raster-scan graphic dis-
play, using a single DAC. The syscem consists of a MOS random-
access memory buffer for storing display daca in digical form, one
or more memory controllers for managing the updating of the dis-
play and controlling the refresh cycle of the CRT, and a prog-
rammable microprocessor for gencrating display graphics and
manipulading the image. The entire system operates as an intelli-

T RONT |
¥ PORCH

e S NC . VIDEQ PORT ION —=
FORTION

b. Composite DAC output waveform.
Figure 3. Raster-scan display system.,

gent penpheral to a host computer; most of the processing as-
sociated with image and graphic display is down-loaded 1o the
graphic subsystem.

If the picture resolution is specified as 1024 x 1024, there arc
1024 horizontal lines, cach baving 1024 independent dots, each
having its own programmable intensicy level. Thus, there are
1,048,576 total pixels. If the picture on cthe CRT is (o be refreshed
60 times per second, then a new pixcl must appear on the screen
ar least every 15.8 nanoseconds {this is exclusive of “overhcad
time” associated with vertical and horizontal blanking during the
sweep retrace portion of the cycle).

The d/a converter controls the Z axis of the CRT, to modulate che
brightness of the raster-scan beam. For this example, the DAC
must be capable of being updated at the pixel rate corresponding
to 15.8ns; it should be capable of settling 10 a new value in less
than 10ns. If a whice dot is being plotted on a black background,
the DAC output must make a full-scale transition betwen adjacent
pixels. The resolution of the DAC determincs the number of finite
intensity levels available. Typical DACs for chis purpose have re-
solutions ranging from 4 to 8 bits, corresponding to 16 1o 256
levels of gray scale. For color displays, three memories and
three DACs are required, one for each color gun of the CRT (red,
green, blue).

Figure 3b shows the standard composite intensity waveform over
1Y2 cycles of the horizontal sweep. The concrolled range of the
DAC’s full scale (0 to —643mV) is from reference white (= 71mV)
to reference black {—=714mV). [n the illustration, the incensity is
varying from full white to full black. At the beginning of the syne¢
portion, the intensity signal drops to the blacker-than-black *fronc
porch™ (—=785mV), and then to the extreme black level
(—=1071mV) during the horizontal retrace. As the next sweep
starts, the intensity returns ¢o the “back porch” {(—785mV), and,
as the first elemenr of the picture is triggered, (o the conrtrolled
range of the DAC. During this scan, the cursor is displayed at the
10% “brighter than white™ level (OmV).

From 3b, it should be evidenct chat it would be most helpful to the
system designer if these additional analog functions were available
m the DAC. All that would be needed are the appropriate syn-
chronizing levels—cthe DAC would do the rest. The reader can cor-
rectly anticipate that these capabilities, hinted at in Figure 3a, are
to be foundin che HDG family (page 6).

ABOUT GLITCHES

[n response (0 a DAC inpur change, the output should move
quickly and smoothly to the new value. A large transient spike ac-
companying a small output change {(say 1LSB) is intolecable, since
it creates a false intensity level (vertical lincs, or fuzzy edges) in a
raster-scan display, and a distorted waveshape in a vector-graphics
display.? Such transients, or “‘glitches,” are due to asymmetry in
on-to-off and off-to-on times in switches and logic; they arc inher-
entto some degree in all real DACs.

Consider, for example, the worst-case glicch, which can occur at
a major 1-bit cransition, such a 01111111 to 10000000. 1If the
switches are slower to turn on chan to turn off, there will be an
intermediate outpuc scare where the lesser bits have turned off and
the MSB has not yet turned on; thus the output will swing from
a level 1 bir less than the MSB (V2 full scale) down towards zero,
then back up to the MSB level, as Figure 4a shows, producing a
large negative spike.

fibid. . page 87
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Since the glitch is a nonlinear and code-dependent phenomenon,
which produces an actual change in the average value of the new
code, it cannot be simply filtcred. In fact, there are just two basic
ways of dealing with it—deglitching, and controlling the
wavcform to minimize glicch energy.

A deglitched DAC's output amplifier is connected as a track-hold;
when the code is changed, the circuit is switched to hold; shortly
thereafter, when the glitch has sectled, che circuit is switched to
track, and the stable output value is acquired. The output, as
shown in Figure 4b, simply switches o the new level; any trans-
icnts associated with the track-hold function tend to be of low
energy, and are well-behaved and filterable in a decent design. The
scheme is quite useful; its principal disadvantage is that the track-
hold operation delays the acquisition of the new output value, a
eritical problem for a DAC that must modulate the CRT's intensity
axis. This technique becomes difficult for update rates greater than
about20MHz.

The alternative is to minimize the overall magnitude of the glitch,
and to further reduce its net area by causing it to be a fast doublet,
susceptible to filtering (sce Figure 5). Though it is difficult to ac-
complish in TTL circuits, because of the inherent asymmetry of
saturated logic, non-sacurating ECL (Emicter-Coupled Logic) is ¢s-
sentially independenc of the direction of the logic transition and
can be deskewed by small capacitive nweaks.
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Figure 5. Typical controlled midscale glitch. LSB is 2.5mV.

Gliteh “charge,” proportional to the arca under the plotof voltage
vs. time, can be estimated in Figure 5, by approximating the
waveforms by triangles, computing the arcas, and subtracting the
negative area (if any) from the positive area. Thus, the glitcch
charge in the case shown is controlled to 2(26 x 1.8) - 1/4(22 x 3)
= = 10pV-s,anaverage of ImV (less than YALSB) over 10ns.

[f a d/a converter has a switching-threshold adjustment for the in-
ternal switches, it should be set to equalize the positive and nega-
tive glitcches for the best compromise between the up-transition
(OLT11111 ¢o 10000000) and che down-transition (10000000 to
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01111111). In this way, net glitch charge (often called glicch
energy ) can be minimized. In a well-designed DAC, the net glitch
charge can be made much lcss than 100 picovolt-scconds; in the
HDG-0805 family, itis reducible to less than 50pV-s.

ABOUT MEASUREMENTS

You may never have to make these measurements, but it's nice to
know how it’s done. Even if an engineer is experienced in high-fre-
quency techniques, verifying the performance of (or using) an 8-
nanosecond d/a convercer presents a significant challenge. Tt is im-
portant that good practice be used; here are a few general pointers:

® The usc of a good ground planc (double-sided copper board
with ground on one side and conductors on the other) around the
device being tested is mandatory! All converter ground pins should
be soldered to the ground plane as closely as possible to where they
leave the package. Instead of plastic or ceramic sockees (if sockers
must be used), use spring-loaded pin sockets for each lead. Inserc
them through plated holes on the printed wiring board and solder
them to pads on the conductor side.

®  Decouple all power supply inputs with good 0.1-pF ceramic
capacitors connected as closcly as possible to the respective pins
on the hybrid package.

®  Use “microstrip” techniques in routing digital and strobe in-
puts to the DAC over distances greater than { inch,

® Terminate the DAC output with a 75-Q resistive load as closely
as possible to cthe package.

® Don’t use oscilloscope ‘‘ground clip leads.” Do use “*bayonct
adapters’ on probe tips or ““oscilloscope-to-BNC'" adaptors. Keep
ground impedance between the DAC output and the scope at
aminimum.

® Don't use switching-type supplies. They tend to put out sev-
eral-hundred-millivolt spikes containing components at very high
frequencies that are almost impossible to filter out. These spikes
tend to getinto the grounding system and cause noise in the systemn
for which the DAC or other analog circuitry gets blamed. Use a
high-accuracy linear-regulated power supply with noise compo-
nents of less than SmV p-p for the — 5.2V source.

®  Make surc the mcasurement environment is clean, i.c., frec of
sources of ambicnt RFE (and shielded from the ncarby TV tower).

The specifications of the BDG-0805 call for a minimum setup time
of 2.5ns; this is the time the data must remain on the inputs before
the strobe is applied. A minimum strobe hold 1ime of 1.5ns must
be allowed to ensure that the data is latched. The propagation
delay (10 50% of final output change from the start of the strobe)
is 3ns, and the setding time (from the first LSB of change to the
final LSB) is 8ns.

Settling c¢ime at the major carry (01111111 co 10000000) can be
measured on an oscilloscope with sufficient bandwidth. The major
component of delay is the ame required for the ghitch o settle out.

However, sewling time for a full-scale change (255LSBs in 8
nanoseconds) is considerably more difficult to measurc. The gain
required to measure scteling time to 0.4% will overdrive the oscil-
loscopc's vertical amplifier and produce ercors. A useful way to
avoid this praoblem is to employ fast window comparators
(AM-685, AM-687, SP-9685, or SP-9687) (o establish when the
response has started (i.e., exceeds 1LSBY and when ic is within
1158 of the final value (Ty and T,). The oscilloscope is used only
10 observe che binary switching af logic levels rather than a graded
analog response. Figure 6 shows a typical measurement sctup.
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Figure 6. ECL window comparatar circuit for measuring full-
scale settling time.

To measuce full-scale seteling ¢cime, Ty and T must be measured.
The window is set for 1LSB (2.5mV for the HDG-0805). For Ty,
the reference is set at the mese positive valae that will sull leave
the comparator ouput at logic 0 during the dme immediaiely pre-
ceding the output transition of the DAC. T is defined as the time
the comparator vutput reaches 0% of its transition following the
starcof the DAC ontput transition (Figure 7).

COMPARATOR CIRCUIT
CQUTPUT-WINDOW 1

]

1
COMPARATOR CIRCUIT
OQUTPUT-WINDOW 2

I
I
)
)
L} ]
- == COMPARATOR DELAY
i
|
I
I
]
1)
I T2 SETTLING TIME =T2-T1

L}
I
[
1
I
I
I
[}
T

Figure 7. Time relationship of window comparator waveforms
in full-scale settling—time measurement.

For T'y. the reference is shifted + until the comparator output re-
warns 1o logic O during the time following the DAC's output transi-
ton, and the 30% point of the 1 to O transition is the shortest pos-
sible ime after 1. T, = T represents the seteling rime, as defined
above, independendy of the fixed delay dhrough the DAC
input registers,

Since T, is established with both comparators in a stawe of large
overdrive, and T with the comparators in small averdrive, icis de-
sirable (o consult the specifications for the specific comparators
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Figure 8. Waveforms for measurement of full-scale settling
time. “Glitech” in Window 2 measurement is caused by over-
drive conditions.)
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being used to see if the difference in comparator response is sulfi-
ciendy sigmificant to cequire a correction, and to establish che size
of the carrcction. Figure 8 shows the comparator waveforus for
Ty and 15 superimposed in a double exposure, The eyeballed seul-
ing dmeisabout 7.5ns,

ABOUTTHEHDG FAMILY

Models HDG-0B0S/0605/0405 are 8-, 6-, 4-bit d/a converers
specifically designed to meec the needs of most raster-scan systems
requiring the resolution of 256, 64, and 16 pray-scale levels.
Housed in 24-pin meeal hybrid packages wich 0.6” double-DIP
spacing, they require only asingle = 5.2V power supply. Figure 9
isa block diagram of che HDG-0805.

Resolution is 8-bits, and full-scale sctthing to within 1LSB is typy-
cally 7ns (8ns max). The output impedance is 75 ohms, and full-
seale output current develops 1V p-p video across a 75-ohm load.
In order to minimize the glitch, a sct of internal ECL registers
provides minimum time skew between bics. Typical net glicch
charge is S0pV-s. A Gliteh-Adjust inpuc is provided to opti-
niize performance,

As Figare 9 shows, the unit provides self-contained digitally con-
trolled sync and blanking capability. compadible wich EIA Stan-
dards RS-170, RS-330, and RS-343 A, to produce compaosite video
waveforms like the one illustrated in Figure 3b. [n addition to the
236 levels of gray scale provided by the 8-bic digital inpat, ¢three
additiona) digitally conerolled switches independently provide au-
xiliary output currents of appropriate magnitude and polaricy for
blanking, syne, and 10% brighclevels.

Because of its small physical size, the HDG-0805 can be located
quite close to the CRT's intensity input, eliminating degradacion
caused by the skin effect associated with coaxial-cable incercon-
nections (but ic can drive 75-€) cables direetly if required). The
grounded metal package cffectively screens out the effects of the
high noise environment usually associated with CRT drives.

Although rudimentary monolichic low-ghitch d/a converters are
available, che HDG-080S provides, in a single cost-cffective pack-
age, all the cireuitry required for 256-level intensity modulation in
raster-scan displays, acup to 100MHz video dot rates, for less than
$60 in quantity. LEven fascer, the HDG-0605 (6ns setding, 64
levels) and HDG-0403 {4us, 16 levels), are priced at only $49 and
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MEASUREMENT-AND-CONTROL SYSTEM WITH MASS STORAGE
MAC02-28 Is aMACSYM 2in a Rack with 9-Track Mag-Tape Drive
It Can Store 10° Floating-Point Samples/1000’ of Magnetic Tape

Analog Devices MACSYM® Measurement And Control SYsteMs
are being used more and more to acquire, reduce, store, display,

periments in laboracory, process-control, and discrete manufac-
turing applications.

There are a number of feacures thae make this minicomputer-based
systemn powerful and casy-to-use. First, its universal ADIO
(Analog/Digital Input/Output) bus aceepts a growing sct of meer-
changeable ADIO cards configured for a wide variery of directly
connected  extermal inputs and  outputs—-multi-chamnel  ther-
mocouple measurements, digical switch contruols, frequency in-
puts. cte. Other advantages include the versatile, casy-to-learn-
and-use, high-level MACBASIC progranuning language; inherent
multitasking and floating-point; and the stand-alone housing with
an ASCII keyboard/display, data-cartridge, real-ume clock, and

seral communicaton ports.

The MAC02-28%, an enhanced MACSYM 20 minicomputcr-
bascd Measurement And Control SYsteM, was designed 1o ac-
quire large amounts of data in a shorc cime, usually for later pro-
cessing. Ie will gadher large amounts of data and store them on 9-
crack magnetic tape. More than 1 million 4-byte floacing-point
samples at a continuous throughput rate of up to 40075 can be
stored on 1000 feet of tape (and up to 4000/ in burst mode).

Typical applications for which you might use it include energy-
management research, jet-engine testing, structural analysis, and
automobile engine testing. Tt also has great potential for use in
datalogging, archival storage. and program storage. The system
can be interconnected with Targe mainframe computcers, and s in-
Justry-standard recording formats foster data portability. It repre-
sents an cconomical way (0 acquire, store. and retrieve Yarge
amounts of daca via a computer-based data-acquisition system.

The standard MAC02-28 system includes a 128K byte MACSYM
2 (conhgured for an external CRT rerminal), with an advanced
central-processing unit and a swicch-selectable 800bpi NRZI or
1600bpi PE formac, 18.75 inch-per-second. 9-track A" tape drive,
all mounted in a 6-foot relay rack, with a separare CRT terminal
(CRT032), as shown in the photograph. It also includes miercon-
necting cables, manaals, and asystem sofoware package on 9-track
tape. Jis U.S, price 0f $29,328 includes installacion supervision and
assistance by Analog Devices factory-trained personnel.

There is additional space in the relay rack for other pivees of equip-
ment; for example, up o 3 ADIO Expansion Chassis may be
mounted in the rack enclosure, increasing to 61 che maximum
number of multi-channe! ADIO cards that can be nsed withouc ad-
ditional “real-estate™ cost. The maximum number of expansion
chassis chat can be connected to the MACO02-28 is 16, the sume
as for any MACSYM 2, making it possible to connect up to 256
ADIO cards.

Other options include a dual floppy-disk drive—for more-flexible
file management; IECE-488  capability-which allows  the

® Fur (echmenl data, use the eeply card,
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by RobertJ. Rogers

MACSYM 2 1o be an intelligent controller, acquiring data from

various instruments and recording it on the 9-track tape; a
hardcopy printer; and the usual wide variety of peripheral options
avadlable for MACSY M systems.

The 9-track {anc B-bit byte plus parity) 1ape drive is casy (o usc.
lis self-contained controller interfaces (o the MACSYM 2 via the
peripheral bus extender port; thus the backplane slot normally
used for the data-carwridge controller is available for additional
commumcations channels (ACPO4Y. The 9-crack tape operates on
the same systems and applications software as the daca careridge
it replaces: ic thus offers greatly enhanced storage capacity and
speed with no programming changes.

The MACN2-28 s specified for operation over the 15.5°Co 32°C
temperature range at 20% o §0% relative humidity. Power con-
sumption is specificd at 945 wants (including the host MACSY M
2 and the CRT terminal). Pawer supplics are available for 115V
(@ 50/60Hz ar 230V (@ SUHz. In general, the tape drive can also
be used with upgraded existing MACSY M systenis.

MORE ABOUT MACSYM

The MACSYM 2 system is introduced and described av greac
length in Analog Dialogre 13-1. Articles include a general deserip-
tion, the CPU, ADIO controaller and bus, ADIO card library,
MACRBASIC programming language, and application examples.
For a free copy use the reply card. For furcher information on
MACSYM or MAC02-28, call the nearcst Analog Devices Sysiems
Sales Ottice. u
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NEW PACKAGE IS THE KEY TO SUPERIOR HYBRIDS

Reliability, Cost, and Performance Are All Improved
Multilayer Slam Package Is Smaller, Minimizes Bond Wiring

by R.P.Knapp and T.R. Narasimhan'

The recent dramatic fluctuaiions in the market price of many of
the precious metals used in the manufacture of electronic compo-
nents have had a significant impact on the electronics industry.
From 1C packages to switches, from relays to connectors, man-
ufacturers are forced to reconsider the economics of manufactue-
ing mecthods developed when metals such as gold and silver were
buca fraction of their currenc cost.

Among those industrics deeply affected by the pricc of gold is the
high-votume manufacture of hybrid miceocircuits. Large numbers
of gold wires have been used (o connect components (o the sub-
strace, and the substrates themselves often use thick gold-film
interconnects.

Recognizing the need for cost-elfective bybrid packaging, Analog
Devices began work on a new concept for hybrid design-and-pack-
aging, in collaboration with some of the key manufacturers of
technical ceramics. The resule of these efforts is the Slam package
technique, which bas been successfully implemenced in the man-
ufacture of current models of many of our popular hybrids {e.g.,
ADS522, AD2700, ADS572)* and forms the basis of many of our
new designs {e.g., ADS78,AD612,AD2710/2712)*.

TRADITIONAL HYBRID TECHNIQUES

Among the more popular housings used by hybrid-circuit man-
ufacturers are mecal or ceramic flat packs and packages employing
metal placforms, mecal sidewalls, and ceramic cavitics. As the cost
of the precious metals normally used wn these designs increased,
packaging cost became a large percentage of the total device cost.

For example, most of these package types require a substrate cthat
utilizes a printed gold-interconnect system. In addition, the sub-
strace area is directly proporcional to the circuit's size and com-
plexity, since the economics of the thick-film processing
techniques used in mecallization preclude more chan 3- or 4-layer
conscruction. In addition, these package designs call for ovo-step
mounting (components to substrate, and substrate to package), as
well as multilevel wire-bond operations. The end result is a pack-
aging system which is relatively costly (morc components and pro-
cessing, lower yields) and has lower inherent reliability (more
bond wires) than the Slam technique.

THE SLAM PACKAGE

The Slam package is a multilayer laminated ceramic package; cic-
cuitinterconnections and lead connections are integrated inco the
package design. The design eliminates che need for a separate sub-
strate insert with mecallized interconnects, and chus makes it un-
necessary to sccure the substrace inside the package and to bond
numerous wires to connect the substrate to the package leads. Fig-

"This article is drawn from a paper presented by the authors at the 1950 ERADCOM
Hybrid Circuit Symposium and published by the U.S. Army Electronics Rescarch &
Developmen) Command, Fart Monmouth N), as part of the Proccedings (not availa-
ble from Analog Devices), We are indebted to Ed Soron for his invaluable editwnial
assistance.

* For technical data, use the reply card.
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ure 1 compares the cross-scctions of two popular package types—
metal platform and ceramic bathtub—and a Slam-packaged device.

Each layer of the laminated package is made from 10-30-mil
ceramic tapes which contain a metallization pattern of tungsten or
moly-manganese, which is screencd onto the tapes using a conven-
tional thick-film process. Interconncections between the tape layers
are madc by punching holes, or “vias,” through which a metal
paste is drawn under vacuum, All vias on the tape are punched
simultancously using a mecal die. A package can contain as many
as ninc layers. The tapes are stacked in order, pressed, and co-fired
at high temperacure (=1200°C) to form the Slam package.

fr—

3. Conventionazl metal.
[ II/—S‘ EPOXY
]

b. Ceramic ‘‘bath tub”.

(

c¢. Slam package.

Figure 1. Cross sectional views of two convential hybrid
packaging techniques (a, b} compared to Slam construction {c).

Leads are attached using conventional side-braze techniques, wich
silver/copper alloy. After the package has been fired, and the leads
attached, the package is electroplated wich nickel and gold on the
pins and on areas of the top layer where conductors and pads have
been left exposed with no diclectric. The lid is made of the same
material and is generally pressed with a sidewall around the edge,
deep enough for components and bond wires.

ADVANTAGES OF THE SLAM PACKAGE

The Slam package offers simpler processing, higher reliability, and
better electrical performance than the current alcernatives.

Processitg Fewer asserbly steps are needed, since there is no sub-
strate insert; this eliminates substrate attachment, curing, and vis-
ual inspection from the assembly process flow. The integrated 1cad

Analog Dialogue 15-2 1981



connections eliminate bond wires, equal in number to the leads.
Automatic wire bonding is facilitated, because the number of bond
levels is reduced (only chip and package levels ace needed—the post
or pin level is climinated). Chip carriers can be used, as well as
chip-and-wire assembly.

Eliminated are common problems inherent in bonding to thick-
film gold metallization, such as weak bond strength, variability of
gold thickness, open circuits, bridging, poor reliability, and life-
test failures. The controlled plating process that prepares the
metallization for bonding is quite consistent and less sensitive to
process vaeiations.

Slam devices are casily handled for automatic processing; the side-
brazed pins fit easily inco 1C holding chucks for assembly and
handlers for testing, and the devices fit casily into tubes for
automatic loading and unloading. Batch sealing processes, such as
polymer or solder reflow, can be used instead of brazing or weld-

ing.

FORCE -
: .{‘5 FORCE
] ' =
] —_—
p
L [ /"'?
- 9
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SENSE~ P — ?
/7 :
L~
L

If

Vour GND

Figure 2. Simplified exploded view of Slam-packaged reference
device.

Quality and Reliability Slam packaging is inhcrently more reliable.
There are fewer bond wircs; bond integrity is superior to that of
thick-film gold; pull screngeh is consistently higher; and there is
virtually no chance of conductar sharting, with 10-30-mil separa-
tion of laminarion layers, instead of the common 2-mil diclectric
thickness,

Figure 3. Popular hybrid products in metal angd Slam packages.
From left, AD572, AD522, AD2700.

The Slam process results in the widely accepted side-brazed pack-
age. Hermetdicity is inherent, since most of the conductors are
buried inside the ceramic package, and the side-brazed construc-
tion eliminates possible leaks at mecal-to-glass interfaces at the
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posts in other package types. Compact construction and light
weight means that Slam-packaged circuits can withstand higher
mechanical stresses. Finally, climination of the subscrate andits in-
terfacc to the package results in better thermal conductivity from
chip to the environment, lowering junction temperatures and im-
proving reliability.

Electrical Performance The dircet connection to the package leads
results in lower series resistance, reducing voltage drops in the
package interconnections. Kelvin connections can be established
incernally, wich the Sense lead contacting the pin and the Force
lead on a differenc layer (Figure 2). Inteenal crosstalk and noise are
minimized by che partitioning of the circuit into tayers with up to
30-mil separacion; this also reduces stray capacitance. Noise can
be reduced by isolation of sensitive ctrcuicry on scparate layers
away from noisc sources within the device.

"
a
a
a
a
a
o
"
a
o
o
L

Figure 4. Second-source products: original (above), Slam
(below). From left, AD DAC80, AD ADCS80.

SLAM-PACKAGED PRODUCTS (Figures 3,4, 5)

Despite the high tooling cost for Slam packaging, Analog Devices
has been able to maintain and improve the price-performance
characteristics of the most-popular hybrid designs. Older designs
now available in Slam include the AD322* instrumentation
amplifier, the AD2700* series of precision references, and the
ADS572* 12-bic ADC. Slam has made possible low-cost, reliable,
high-performance  second-source products, such as the
AD DACB0/85/87* scries, the AD370/71* series, and the AD
ADCR0*. And finally, most members of the new gencration of
hybrids from Analog Devices are packaged in Slam, setting new
standards of value for devices of cheir type. Representative exam-
ples are the AD378% 3us true 12-bit &/d convereer and the
AD2710* high-precision 10V-reference family. [» |

Figure 5. New hybrid products using Slarn package: from left,
AD578 (see text), AD2710.



New-Product Briefs

REAL-WORLD DIGITAL 1/0 WITH 2500-V RMS ISOLATION

8 Mix-Match Inputs Sense AC or BG Power
8 Mix-Match Outputs Switch 3-Ampere AC or DC Loads

In the last issue, we described in some detail
the LMAC-4000 cxpandable Single-Board
Mcasurement and Control System™ | which
provides dircet data acquisition from sen-
sors and includes signal conditioning, con-
version, and serial communications to any
host computer. In addition to its ability 10
handle analog scnsor inputs, it also has 8
channcls of boch digital input and digital
outpuc logic levels. The pMAC-4020, to be
described here, provides a means of beefing
up the digical /0 to respond o and switch
power-level voltages and currents,

The ukMAC-4020” is a manifold card which
can accomniodate up to § digital input mod-
ules and 8 digital output modules. These
plug-in modules provide optically isolaced
(2500V) interfaces to ac or de inputs and ac
or dc outputs. They can be mixed and
matched to mect the needs of the user's
application.

By translating high-level signals, such asline
volaage, to TTL levels compatible with the
RMAC-4000's logic inputs, or translaung
logic outputs to isolated switch closures at
high voltage and up to 3 amperes, the
nMAC-4020 subsystem  increases  the
rMAC-4000s ability to monitar a¢ or dc
voltages and control acor deloads.

ACI/OINTERFACE

The ac modules switeh at zero-crossings o
reduce the generation of transients and in-
terference, and they contain RC snubbers to
climinate line-voltage spikes. They can sense
or switch ac¢ voltages of 140V or 280V and
have current ratings of 3JA continuous rms
andup to S5 A peak.

DCI/OINTERFACE

The de modules incorporace debounce cir-
cuitry 1o provide clean switching. Ourput
modules will switch levels of up 1o 60V, and
input modules will handle 10V o 32V
levels. DC output switching can withstand
SA peak surges.

The plug-in madules are physically inter-
changeable and have threaded inserts which
accept hold-down screws that pass through
the center of each module to secure it to the
manifold. Each 1/O module position in-

*Fortechnical data, use the reply eard.
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cludes a LED status indicator and a plug-in
fuse o protect againse miswiring and short
circuits. Field wiring is accomplished via a
screw-terminal strip on the pMAC-4020
manifold card.

APPLICATIONS

Designed to meet the requirements of indus-
try, the pMAC-4020 provides a means of di-
rect control for motors, solenoid valves, an-
nanciator pancls, and numerous other con-
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trol mechanisms requiring power switching
of up to 3 amperes to loads. The ac and dc¢
input modules serve as important clements
of the control loop by providing feedback
information on the status ol actuated heat-
TS, IMOLOTS, e,

The pMAC-4020 manifold card and its
moduales arc available from scock. The man-
ifold is priced at $139(1-9), and the digital
I/O modules range rom $22 10 $24 cach. @
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New-Product Briefs

THERMOCOUPLE SIGNAL CONDITIONER

Compact 2B50 Isolates, Amplifiers, Filters, and
Compensates Reference-Junction Temperature

Maodcl 2B30* is a high-performance ther-
mocouple signal-conditioner. In addition to
amplification, it providesisolation, filtering,
and cold-junction sensing-and-compensa-
toninasingle compactpackage.

Dcsigncd for case of use, it has screw-cermi-
nal input connections and jumper-prog-
rammable cold-junction compensation, and
its gain (S0 1o 1000 V/V) is sec by the choice
of a single external resiscor. Ioherendy iso-
lated, the 2B50 is ideally suited for single- or
mulu-point applications in data-acqusition
systems, computer interfaces, and measure-
ment-and-concrol instrumentation,

An input normal-mode  filter network
provides protection (to 220V rms) for che
low-drifc  (=1pV”C max), high-perfor-
mance amplificr (2B50B), which has Yess
than £0.01% nonlincarity., lsolated power
is availabte for convenient optional adjust-

ment of the input offset.

Reference-junction compensation is pro-
vided by internal circuitry. An integral
cold-junction sensor is provided for direet
thermocouple  connections;  for  remote
thermocouple termination, an external re-
ference sensor {2N2222 transistor) may

be used.

The 2B50 has jumper-programmable pre-
calibrated compensation neaworks for types
I, K, and T thermocouples. A fourth com-
pensation neework (XY is resistor-prog-

ISOLATED POWER
+Vour =Vour

ANALOG

DEVICES

2850A

(+ LATED THERMOCOUPLE
[ SO NDITIONER

aai e

rammable for convenience in compensating
other thermocouple types (E, R, S, or B). The
module may also be programmed for no
compensation if it is vsed as a signal con-
ditioner or isolated amplifier for inputs
other chan chermocouples.

The 2B50 reliably provides inpuc-to-output
galvanicisolation of 21500V peak and high
common-mode rejection (160dB min (@
60H?z). Opcen-input detection, for indicading
faulty thermocouples, provides a down-
scale-limit response.

Full-scale output is =5V wich the output
jumpered directly; it may be scaled upto 2 x
for =10V full-scale. The 2B50 measures
1.5"%2.5"%x0.6" (38x63x 14mm") and is
available from stack. Prices for grades

2BSOA/B 18 $86/5103 in 100s., a
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*Foriechnical data, use the reply card.
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RTD TRANSMITTER

Small, Low-Cost
2-Wire Input & Cutput

Model 2BS9* is a low-cost (emperature
cransmitter designed to accept an RTD sen-
sor inputl and produce a 4-t0-20mA output
proportional to che sensor’s emperature.
The same two wires that are vsed lor the
2159’5 output also provide power rom a re-
mote voltage source connected in series with
the outpuct load resistance.

The 2B59 is designed to work wich 100-0chm
placinum and 1000-ohm nickel-iron sen-
sors. Devices with additional input range are
under  development. Four  precalibrated
ranges (to within 0.} % accuracy) are av-
ailable for temperature measurcments from
—17.8°C(0°F)to + 100°C ( + 212°F), User-
accessible screwdriver adjustments permit
zero and span 10 be adjusced over a 5%
range.

The 2B59 has been specifically designed for
temperatare transmission at low cost in
mulii-point  energy-managemenc  applica-
tons. Its small size (1.2°x 1.5"%0.5") and
case of interconnccdion, using conventional
wirce nuts, allow it to be mounted in stan-
dard 2”%4” unility boxes or thermostac
boxes for remote temperature sensing. Price

is 545 in 100s. > |




New-Product Briefs

HIGH-PERFORMANCE DUAL FET-OP-AMPS
Laser-Trimmed Monolithic AD642L/644L
TmV Max Offset over Temperature

The AD642% and AD644° are dual versions
of the popular ADS42* and AD3544~ preci-
sion BI-FET opcrational amplificrs. The two
types differ anly in chat the AD642%
amplificrs are optimized for gain, while the
AD644 has improved and
bandwidth specifications.

the ADG642]J/K/L  have
maximum offscts of 3.5/2/1mV and gains of
100/110/110 dB over the temperature
range, while the AD644J/K/L have similar
maximum olfsets of 3.5/2/1 mV with gains
of 86/92/92 dB over the temperacure range.

On the other hand, the AD644 has 13V/ps
slew rate and 2MHz unity-gain small-
signal bandwidth, vs. 3V/pus and IMHz
for AD642. Both families have low warmed-
up bias current, ¢.g., 35pA max for
“L"versions.

slew-rate

For example,

o

They are packaged in the hermetically sealed
TO-99 header with standard dual op-amp
pinout. Prices in 100s are: $4.50/56.75/
$9.50/$18.95 for both AD642)/K/L/S and
AD644]J/K/US families. a

CMOS LOGARITHMIC MULTIPLYING DAC
85.5dB Dynamic Range, 1.5dB/Bit
Ceramic Package, MIL-Temp Availahle

The AD7118% is a monolithic muloplying
d/a convercer in a 14-pin plastic or ceramic
DIP. Accepting a 6-bit digital input, it pro-
vides digitally controlled gains from 0dB to

—85.5dB, in 1.5-dB increments, for an

analog input signal.

Used with an external op amp, it will accept
analog input signals of up to =25V (or the
amplifier output range) and provide the
digitally set logarithmic attenuation. Tt 1s
useful for a variety of applications, includ-

*Use the reply card loe technical daea.
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ing digitally controlled AGC systems, audio
attenuators, wide-dynamic-range a/d con-
vereers, and function generators,

[t operates from a +5V o + 15V supply,
with low power consumption, and does not
require Schottky diodes to prevent latchup.

It is available in a choice of accuracy and
temperature grades, in plastic and ceramic
packages. Devices in ceramic packages are

available  screened 1o MIL-STD-883B.
Prices in 100s start from $7.50 for
AD7118KN (0°to 70°C, plastic). 3

DIGITAL INPUTS

12-BIT 1C DAC
AD565A/566A Settle Fast

250/300ns Maxto +1/2LSB

The ADS65A and ADS66A are the fastest
monolithic currenc-output 12-bit d/a con-
verters available. The ADS56SA, an im-
proved version of the ADSGS, is a complete
current-output DAC with its own self-con-
tained 10.00V reference; it is pin-compadi-
ble with the popular ADS63. The ADS66A,
an improved version of the ADS66, is de-
signed to use an external reference and is
pin-compatiblewith the AD562.

True 12-bic converters, these devices zre
guarantecd monotonic over the operating
temperature range. The ADI65A chip nses
12 high-precision bipolar current-steering
switches, a control amplifier, laser-trimmed
thin-film resistance ncawvork, and buried
Zener reference. Built-in SiCr thin-film pre-
cision application resistors scale the external
op amp {or analog input when used i a/d
conversion). Both devices are guarantced for
operation on * 12-volt supplics.

Available for the commercial or MIL tem-
perature rangc, they are available in J/K/S/T
versions. Prices scare at $15.95/$12.95 in
100s, for ADS65A)/S66A). > ]
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New-Product Briefs

RESOLVER-TO-DIGITAL CONVERTER
IRDC1731 Handles Resolvers & Inductosyns
Isolated Inputs, 4000-Count Serial Qutput

LT |

:l__J i

Madel IRDC1731% is an Inductosyn- ar Re-
solver-to-Digital Convercer that converts re-
solver-format (sinc and casine) signals inco
a 4000-count scrial output. Inputs may be
cither from a resolver (4000 counts =
shaft revolucion) or an Induceosyn slider, via
external preamps (4000 counts = 1 picch of
the Inductosyn arack).

I'he converter is of the continuously track-
ing typc in a Type 2 serva loop; this has the
advantages of zero drift and up-to-darte, in-

FAST SAMPLE-HOLD

stanty available data with no velocity error.
The system can track acrates up to 100 revo-
lutions/pitches per second.

Even though the signal and reference inputs
are transformer-isolated, they can be exter-
nally scaled with resistance to accommodaie
the user’s particular voltage levels. Since the
IRDC173}
amplicude-comparison principle, any vol-

works  on  a  rauemetric,
(age drops bewween the resolver and the
converter do not substantially affect accu-
racy. The technique also fosters high noisc
immunity. No external trims or adjustments
are required.

The IRDC1731 is well-suited o digical dis-
play of Inductosyn or resolver information
m roboducs or machine-tool axis measure-
ments. The low-profile (0.4"H) module
weights only 3.50z U.S. prices startar $255

(1-9). a

ADSHC-85 Settles to = 1mVin 300ns
Replaces and Supersedes Other SHC-83s

The ADSHC-85% is an improved sccond-
for this popular sample-hold
amplifierin the 14-pin DIP. If you were con-

source

cerned abouc the primary source’s 500ns
“typical” settling time ta = tmV, you'll find
thec ADSHC-85’s 500ns max (300 typical) a
rcassuring improvement.

Nois¢ and inpuc bias are also significantly
betcee=typically 60uV and 350pA. The
ADSHC-85 can be used with optional paral-
leled external capacitors, ar with its own in-
ternal  capacitor alone; this permits a

° For techmical data use the eeply card.
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tradeoff of speed for reduced droop and
fecdthrough errars.

Twa versions of the device are available: the
ADSHC-85 operates vver the 0% 10 70° C
range, and the ADSHC-85 ET s specified
over the military temperature range  of
—53°Cro + 125°C.

Both versions are available from stock,
priced ac $95/8129; substantial quantity

discounts are available. » |
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FAST 12-BIT ADCs

AD ADC84/85 Convertin 10s

MIL-Temp, 883 Available

AD ADCB4/RS5 senes devices® are high-
speed Jow-cost 10- and § 2-bit successive-ap-
proximation hybrid a/d converters that re-
quire no exeernal components o perform a
conversion.

Their most important performance charac-
teristcs include maximum hincarity error of
£0.0125% ar 25°C, gain tempeo below
I15ppm/°C, power  dissipaton
{(B8OMW), and conversion time less than
10ps.
aver the operating temperature range.

low

No-missing-codes  are  guaranieed

Employing the industry-standard pinout,
The AD ADCBS directly replaces other de-
vices of its type with significantly improved
performance. [n addition, its substantially
lower chip count means high reliability. 2"
modcls are available foroperationon =12V
supplics, and MIL-STD-8838 processing is
available. Prices starc at $55.75 (100s) for

12-bic devices. o
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ADVANTAGES OF 3-STATES IN SYNCHRO CONVERSION

Track the Input Signal Continuously without Opening the Loop
Digital Multiplexing is Sometimes Easier than Analog

by Steve Bloom

Conventional tracking-type synchro-to-digital converters eun into
settling-time problems when the input angle has changed during
an “INHIBIT. When the datais placed on three-seace lacches in-
stead, the worst-case throughpue delays can be as lictle as 30
nanosceconds. In additon, muldiplexing is made casier. A new
microtransformer-isolated hybrid-circuit 14-bit SDC, with MIL-
ST1-883B screening available, will solve a number of these prob-
lems simultancously.®

F
i - ERROR b
fiLooH
s1o4] micro el miGHsPEED AMP _
o TRANS DIGITAL PHASE  |sinfo - o
S20-Heopmens|yz|  SINCOS [ SENSITIVE
s3o- V2L MOLTIPLIER DETECTOR
540-4
@ (DIGITAL)
LP-DOWN HioH FREQUENEY
INHIBIT O DYNAMIC
COUNTER Jrame Hbradir)
] -3 & 3
L M 1T VEL

DIGITAL
OQUTPUT WORD

Figure 1. Typical Type |l tracking synchro-to-digital converter.

Figure 1is a block diagram of a convennonal tracking s/d conver-
ter. The voleage-controlled oscillator (VCO) causes the up-down
coanter o produce an increasing or decreasing digitat ouepur, as
needed, to balance the sensed error. During readout, when the in-
hibit line stops the count, by opening the loop, the ceroc increases.
When tracking resumes, there will be 2 finite serthing e while
the servo loop catches up, as much as 150 milliseconds for a worst-
case change of =179.99°!

As Figure 2 shows, the loop can be freed o seck its null conanu-
ously if the counter is buffered by a set of latches and three-stace
switches. The information in the counter is always up-to-date.

Besides making it casier for the SDC (o interface with an existing
data bus, Figure 3 shows that digical on-the-bus multiplexing of
SDCs with independent excitation frequencies and voltages be-
comes an easy matcer, This simple scheme compares favorably
with the complex system needed for analog multiplexing of SDCs
shown in Figure 4. a

*The data-teansfer problem is discussed atlength in pages 52-35 of Syrebro & Resol-
ver Conpersion, 1980, 192 pp.., edited by Geolf Boyes, available from Aaalag Devices
tr $11,50, P.O. Box 796, Norwoud MA 02062, For technical data on the popular
(2-bit Model SDC1742, and on 14-bit Model SDCY740—when available—use the
eeply card.

14

SDC40 1747
L

ERAGR
AME

HAGH SPEED

FHASE
mGiTaL

FERSITIVE
I DETECTOR

FREGUENCY
SHAPING

SINCOS
MULTIFLIER

IDIGITAL

Wi
DY SAMIC
HANGE VCO

L DO N
COUNTEH _J

M

W
ot o
LANOHER MOROETARLE :
(DTG
Tus ks
MONDSTABL sy

ENABLE W
o

ol
ENABLE L

DIGITAL QUTRUT
W0

Figure 2. Tracking SDC with three-state bus communication.
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Figure 3. Muitiplexed SDCs on a common bus.
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Application Note

USER PROTOTYPE FAMILY BOARD

For Testing “Anything” with the LTS-2010 Tester Family
You Configure the Testin the Privacy of Your Own Lab

Figure 1. Photograph of the LTS-2010 and Family Board.

The LTS-2010 computerized test syscem for linear devices was in-
troduced in Dialognes 14=3 (1980)* and 151 (1981)*. Its basic
architecture is that of a aniversal cester: precision sources and
measuring circuitry, controls, computer, memory, and communi-
cations facilities for humans and machines. To chisare added spec-
ialized hardwarce and software (for example, family boards, device
socketry, and program disks) o test specific classes of devices,
and—within those classes—specilic device types.

A key feature of this near-universal tester is the plugin family
board, a drawer-like module that slides into the system console
(Figure 1). Interfacing between the device under test, the precision
measurcment sources and ciccuitry, and the digital 170 and control
circuits, it provides the special functions necessary 10 test a family
of devices (e.g.. op amps, ADCs, DACs),

T [1F) (%) ma A

AT ACCURATE
WEFEHENCE BAC
Fat ARD GHOUND

TE I HESD
WO TAGL RS
EQURLE

A HIRED

AL NI T T L
I WL £ LNCOMMI T T D

BT 1 ADDALK
FORT FULLY
ELEMENTID

oAb PP
W1 TH B YR ASSIN

AT ETROME ANG
ATHINFUT §CH
DM WL FAMING

o LA T

CAFANSION DATA LS
C BASUOHT 16 rADS

Figure 2. Services available on the board.

*For technical informatian on LFS-2010 computer-based testers or copies of Analog
Dicdogues 19-3 and 15=1, usethe reply card,
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Although an increasing number of standard fanily test boards is
being made available, they can never fally exploitthe global cesting
capabilities of che LTS-2010. For specialized applications, where
custom test cireuitry is necessary, the L15-2400 User Prototype
Family Board is aviilable. As Figure 2 shows, the available
facihdes include 2 sockec adaptor connectors for the device under
test, a DIP switeh to identify the board, and a number of relay driv-
ers, digital comparators, open-collector inverters, ¢ec., and the ser-
vices pravided by the consale, available at the edge connectors.

As an exaniple of a simple application of dhis board, Figure 3
shows a scheme which has been used for testing and sorting resis-
tars to better than 6.02%. The resistance of RUT is determined by
applying a preciscly known voltage and measuring che resulting de
current. The voltage applicd, via Kelvin connections, is the differ-
ence berween the LTS-2010°s + 10V reference and the (negative)
output of the reference DAC, On the board, the force voltages are
buffered by unity-gain followers (Z23, Z24), and the sensc vol-
tages are broughtdireedy back to the console,

The current is measured by means of the voltage it develops across
a 0.01% resistor (R6 . .. R9). The appropriate resistance range is
established antomatically, via software, The voliage is amplified
by Z2§, a precision instrumentacion amplifier, and returned to the
console for measurement. The LTS-2010 program (or perlorming
the measurement and grading the resistors—including calibration-
iswritten in BASIC, > |
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Figure 3. Circuit for resistor-test application.
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plication Brief

BEHIND THE SWITCH SYMBOL

Use CMOS Analog Switches More Effectively

When You Gonsider Them as Circuits
by Jerry Whitmore

CMOS analog switches are widely used to make or break circuits
in such applications as multiplexing and function swirching. lde-
ally, they have zero resistance when closed, infinite resisrance
when open, no leakage, instantancous glitch-free response, and no
parasitic capacitance. While these assumptions are reasonably
valid for low-frequency applications at moderate impedance
levels, the good designer will always challenge them, o establish
what errors may be introduced and even to determine whether the
circuit configuration is viable.

SWITCH CIRCUITS

Figure 1 is a reasonable approximation of the circuitry in a single-
pole dielectrically isolated CMOS switch (c.g., AD7510DI
or AD7590D] scrics*).The dielectric isolation makes possible pro-
tection against latchup and overvoltage to 25V beyond the
supplics. Note that, for one polarity, conduction is via an N-chan-
nel FET; for the other polarity, it 3s via a P-channel FET. The nwo
types are not perfectly symmetrical.

[ I O Vpp 18V
LEVEL

TTL A
CONTRAOL ©—1 SHIFTER/ |
INPUT DRIVEA
|__
1
Lin =)

]
L N ;
= L EFFECTIVE
| l-.--‘ SHITCH
LOCATION
r
- ]
)
]
bp
R

NOTE. CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS

Typical output switch circuitry of the
AD7590DI Series.

Figure 1.

Figure 2 is an equivalent circuit of a pair of adjacent switches. The
parameters are defined in Table 1. There are threc principal
categories of ecror one should be concerned about: low-frequency
errors due to resistances and current leakage (switch open or
closed), high-frequency and signal-transient errors due to stray
capacitances {switch open or closed) and dynamic errors due to
switching transients while the state of the swicch is changing, Be-
causc of the present limitations of space, we shall for now consider
just the first category, since it answers the most urgent question,
“How well does the switch actually work for Jow-frequency sig-
nals?”

Although the leakage currents of the P- and N-channel transistors
(devices 4 and 5 in Figure 1) might appear to tend to cancel, they
don’t, since the P channel is three times Jarger than the N channel.

*For technical daa, vse the reply card.
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Table 1. Nomenclature

Cps: Open-switch capacitance

Ci.Cp Source, drain capacitance

Ron Series on resistance

S,D Source, drain; electrically interchangeable
Css,Cisn Capacitance berween any two

corresponding switch terminals
ke Leakage current of back-gate diode

Because of the size mismatch of the reverse-biased source-or-
drain-to-back-gate diodes, plus the differing lot-to-lot variations
in breakdown voltage of the diodes, itis difficult to predicr leakage
or its tempco. However, maximum values at 25°C and over tem-
perature are specified and 100% tested.

P-CHANNEL
DIODE

o B
1
| + -

—hm;* $ Coom
l Vg v/‘\r"
N-CHANNEL

| % DIODE

Voo Vop

+IikG +

51 o—e- $—0D1

=1

Voo

Cos
+lks é —— +"||K<
Row
S2o NA—0To b 44002
=lkaG +% >

Figure 2. Equivalent circuit of a pair of adjacent switches.

Figure 3 shows the factors affecting dc performance for the on
switch condidion and how the various parameters affect the ourput
voltage. Figure 4 shows typical curves of Ropy, as they appear on
the product data sheet. They indicate how R, is affected, as 2
function of input voliage, by supply voltages and by temperature,
Ry is lower and less signal-dependent ac the higher supply volt-
ages and lower temperatures.

How 1o minimize the influence of variable Ry o1 cirenit aceu-
racy: Eigure § shows a problem circuit-an inverting amplificr with
four switched inputs. R, in series with the 10-kilohm inpat resis-
tor, alfects the circuit gain. Evenif itis compensated for at onclevel
of suply voltage and analog input voltage, the input’s variations
will cause the gain to change and degrade che gain accuracy.

The most obvious solution—if the amplifier doesn’t have 1o invert
or act as a precision attenuator—is to use the amplifier in a nonin-
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verting mode, as shown in Figure 6. Since there are no resistors in
scries, thereis noeffect on gain.

Another solution (Figure 7) is (o connect the quad switch at the
amplifier’s summing point. Then the switch sees only millivolis—
rather than volts—of signal variacion, minimizing the variation of
Ron with signal. This solution can impair bandwidth, since
capacitance Cg may require a capacitor in parallel with the feed-
back resistor for compensation. Also, [, k¢, flowing through the
feedback resistor, may cause significant error, depending on the
accuracy requiremencs. (AVgour = [ kg X Rp)-

Another possible solution is to use larger values of input and feed-
back resistance (Figure 8). Then the ARy variations will be small
compared to the 1- megohm load. However, bandwidth will be af-
fected by the larger R-C time constants.

Figures 7 and 8 do not compensate for the effects of variation of
Ron with eemperature. A circuit that provides good compensacion
(Figure 9) uses one of che switches, wired o, tn serics with the

iy = Ip OR ls oy
)

Rigais [ Rioan |Ron* 8Ba)
WV, Ving QAR ¢ ligg |- RaR TN b ” 34
el ™ [HL; * Bon * Hipap LRG| TRg VRoN + RLoap

IfRg +0,

VouT = Vi Bronn |, | Proso Ron
RLoap * Hon Rroap *Hon

Figure 3. Effective circuit of switch in the ON condition.
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Figure 4. Rgn vs. input voltage as 2 function of
supply voltage and temperature.
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feedback resistor. Its Ry will tend o crack that of the other
switches on the same substrate with temperature; thus the feed-
back and input resistances will tend to track quite well, keeping
the gain constant.

The principal dc effect in the switch off condition is that of I, x¢
(In oFF or Is ofe), which will bias the output of a circuit by I, 4
X Ry. Polarity of the error is determined by the dominant leakage

polaricy of agiven switch, > |
QuabD
SWITCH
e kG
0V Ving 0——o® o—l— *
10k
0V Vinz o :r’(c

10k
0V Vina o ——O/': A

210V Ving 0——0ANAD
Rown

1005

—0 Vour

Figure 5. Unity-gain inverter with switched input.
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Figure 6. Noninverting solution.
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Figure 7. Connecting switch at the surmming point.
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Figure 8. Using larger values of resistance.
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to compensate gain.
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Across the Editor’s Desk

The following cormmnication has been received from Phil Burton and
John Wyrnte, of AD-BV, Limerick, Ireland:

MICROPROCESSORS AND AD7581

The AD7581°%, described in Dialogues 14-3 and 15-1, is an 8-bit,
8-channel monolithic CMOS a/d converter with 8 x 8 dual-pon
bus-addressable random-access memory. The converted value of
cach analog inpuc appears at a separatc memory location.
Dialogne 15-1 shawed examples of interfacing it with 6800 and
R085-typc microprocessors. Here's how to connect it to some
other microprocessors as amemory-mapped [/O device.

7.80: Simple Method Connect CLK (pin 15)of AD7581 10 M1 (pin
27) of Z80. Strap ALE (pin (6) of AD7581 to V5. The rest of the
connections are as fora ROM with a single CS input.

One clock pulse is reccived by the AD7581 for each instruction
executed by the Z80. Although the a/d conversion race is slow, the
method works with Z80s of any speed. [f the application uscs any
of the Z80 Mcmory-Block Scarch or Move instructions, the con-
version rate is slowed down considerably. The AD7581 requires
640 clock pulses to complete a/d conversion of the signals on all
8 channels.

280: Advanced Method Drive the AD7581's CLK (pin LS) from
MREQ (pin 19) of the Z80 via a fairly high-specd inverter, e.g.,
741504, The clock frequency to the converter will vary, depending
on the Z80 instruction, but it will be between V2 and Yz of the Z80's
clock frequency. As wich che simple method described above, ALE
{(pin 16) of the AD7581 should be strapped high and the part oper-
atedasa ROM.

The advanced method may cause the AD758 1 o place invalid data
on the data bus at the beginming of the READ cycle; however, the
data will sctdde in dme for the Z80 to read the correct data. This
hookup may be used only where the Z80 clock frequency is less
than 2.4MHz. Faster Z80s can be used if MREQ is divided down
to an aceeptable lower frequency.

COSMACCDP1802 The COP 1802 has an 8-bit address bas mul-
tiplexed between the address high byte and low byte. TPA is a
clock which occurs every machine cycle. les rising edge precedes
by 600ns the pointat which the CPU expects valid daca on the daca
bus at maximum CPU clock frequency; it is an ideal clock source
for the AD7358). The falling cdge of TPA indicates when the high
byee is valid on the address bus; therelore it is used to drive the
4-bit address latch in the CDPISS9 (sce Figure). MRD is low
during memory read cycles; ic is used o enable the address-
decode logic.

ADDRESS BUS ——
MA D7 = ADTO A2
AB-AT -
p < 5 1 1 91
ARD T LATCH A0 A1 A2
AND -
DECODE G
COP1B0Z =1LATCH
[ CDP1859 AD7581
TPA CLK
+5Y O-m={ ALE
DBO-DBY
D0-07 DATA BUS

*Fortechnival data, use the reply card,
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6802/6809 The AD7581°s 8 bytes of RAM are simply incorpa-
rated into the 6802/6809 mcmory map. Updating cach of the
analog input channels cakes place in a way thatis completely trans-
parent to the system CPU; however the clock source must be cho-
sen so that an update cannot occur just as the CPU is reading data.
Therefore, the diagram for these pPs is similar to thac for the 6800
(Dialogue 15-1, page 13, Figure 2a), except that, for che 6802, E
is connected to the AD7581’s CLK; for the 6809, Q is connected
to the AD7581°s CLK, R/W is connected to the 74LS138’s EN, and
BAisconnected to EN.

Notes for Users of Other Ps All che incernal action of che AD7581
is initiated by the rising edge of the CLK input. By 200ns after the
rising cdge, most of the “action™ is over, and stable dara is availa-
ble in the internal memory. If the AD7581 is operated ac above the
specified 1.2MHz, the first effect that inay be noted is a loss of ac-
curacy, and codes may stact being missed, since the maximum
clock rate is dictated by the conversion process, not the internal
logic. General note: Pin BOFS of AD7581 should be connected to
AGND, if not used, to minimize crosstalk and comparator seuling

time. |
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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.

IN THE LAST ISSUE (Volume 15, Number 1, 1981) . . . Single-Board Measurement And Control System:
UMAC-4000 . . . Two-VWire Temperature Transmitters: 2B52, 2B53, 2B57, 2B58 . . . 6-Bit ADCs
Convert in 10/20 Nanoseconds: Monolithic AD5010KD/6020KD . . . Stable, High-Aceuracy 10.0000V
References: AD2710 Family . . . 8-Bit 8-Channel DAS Stores Conversion Results: AD7581 (see also
opposite page <« ) . . . and these New Products: High-Speed Sample-Holds (ADSHM-5 and ADSHM-5K)

. . HOS-100 Fast Follower (Slews at 1000V/us Minimum, 125MHz -3dB Bandwidth) . . . Flexible
Tester Programmable in BASIC (LTS-2010) . . . Six New MACSYM I/0 Interface Cards: Thermocouple
Interface; Isolated Digital 1/0; IEEE-488;: Analog Input; Digital Output; Interrupts . . . True
RMS-to-DC Monolithic A/A Converter (AD636) . . . Hybrid 12-bit ADCs in Hermetic DIP (AD5200
Series) . . . Application Brief: High-Speed Software-Controlled Gains, using the AD612/614
Hybrid Programmable-Gain Amplifiers . . . Worth Reading: A New Book: Synchro and Resolver
Conversion, edited by Geoffrey Boyes. 192 pp., $11.50, from Analog Devices, P.0. Box 796,
Norwood MA 02062, in the U.S. . . . Signal-Conditioning-Product Guide: How to Optimize the
Transducer-to-Computer Interface in Data-Acquisition Systems (Free) . . . Destgner's Guide to
High-Resolution Products (18 pp. - Free) . . . plus Editor's Notes, Across the Editor's Desk,
Authors, Potpourri, etc.

NEW DATA SHEETS . . . An updated data sheet on the AD544 fast monolithic Trimmed Implanted FET-
Input Op Amp is now available (11/80) with more performance data and applications . . . A data

sheet describing peripherals for MACSYM is available: It describes two CRT terminals, a tele-
printer terminal, an X-Y plotter, floppy-disk drives, serial impact printers, and a CRT monitor
« + . Data sheets on the new high-resolution quad-12-bit-DAC voltage and current output cards
for MACSYM (AOC@l and AOCH2) are available. The AOC@2 offers two current-transmitter options.

FREE APPLICATIONS INFO . . . Macsymizer, a MACSYM Users' Newsletter, is available free to anyone
interested. The first issue (Vol. 1, No. 1) includes programs for solving linear equations with
MACSYM 2, time-of-day testing, and square-rooting. Also discussed are low-pass filtering,
running concurrent tasks in MACBASIC, and inexpensive data storage and transportation, with
MACSYM 2 and cassette tape. A number of new products are described, and information on MACSYM 2
training courses is made available. In addition, there's lots of useful miscellany: descriptions
of available application notes, new software releases, and manuals. Write on letterhead to
MACSYMIZER, c/o MACSYM Marketing, Analog Devices, Inc., 4 Norwood Technology Center, Norwood

MA 02062 . . . Our Component Test Systems Group has been industriously building up a

library of programs for testing linear devices: op amps, DACs, voltage regulators, and
comparators, using LTS2000 and LTS2010 computer-based benchtop testers (4nalog Dialogue 14-3).
Included are both BASIC and menu-type programs. For information on programs to test your
favorite linear device(s), get in touch with your Analog Devices field sales office.

TECHNICAL TIPS . . . Did you know? The AD758)1, in addition to its ease-of-use with microproces-
sors and ability to provide 8 channels of analog input information upon demand, is also latch-
up proof, because its analog inputs are buffered by resistors (unlike some popular 8-channel
devices now on the market that have been compared with it) . . . Mysterious offsets in op amps —
it’s been said before and is worth repeating: Unexplained drifts in low-frequency dc op-amp
circuits may be caused by rectification of high-frequency signals that may somehow have gotten
into the input stages of the (precision) op amp, and are invisible to dc instrumentation. Use
an oscilloscope to track them down! Where do they come from? Anywhere! Your friendly local TV
tower, your noisy power line, a high-frequency source sharing your power supply, perhaps even
an oscillation in the amplifier itself! Or perhaps it's coupled from a nearby computer of high-
frequency source - if you didn't bother to shield the circuit . . . The AD558 complete 8-bit IC
JP-compatible single-supply DAC is a little slower on the downswing than on the upswing. If
you're looking for top speed in both directions, all it takes is a little pulldown current.

NEW PATENT . . . 4,250,445: Band-Gap Voltage Reference with Curvature Correction, by. A. Paul
Brokaw, was issued recently.
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