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Editor’s Notes

WHAT IS “APPLICATION-SPECIFIC'?

To a casual reader of the trade —— .
press it must seem that the world
has gone ASIC-happy. Certainly
the ability to develop libraries of
standard functional blocks and in-
terconnect them on monolithic JC
chips with a few swift strokes at
the keyboard and a couple of
passcs with a mouse is an ¢xciting : : .
prospect; it warrants a great deal of enthusiasm over potential
savings of cost and space for both producers and customers. In
fact, we at Analog Devices are looking forward 10 a major role in
the high-performancc application-specific IC market.

However, before a designer gets carried away with the idea that
everything should be done this way and that you aren't really up
with the state of the art unless designing a chip that will “do it
all,”” it may be useful to consider what “application-specific’
really means and the implications for the designer.

v

“Application,” like “system,” is an overused universa) word that
mecans different things to different people. To a user, an
applicaton-specific circuit is a purchased device or assembled
collection of devices that can be used to maximize performance/
cost for a given job; it may involve a2 home-grown kludge, 2
standard IC, a custom JC, a hybrid circuit, or cven a modufe. In
general, 1o a device manufacturer, an application-specific circuit
can be a custom project for one user, a device intended for a
specific role in a specific market (e.g., disk-drive data-recovery
circuit), or a specialized device distinguished by function or per-
formance —like a log amp or rms-to-dc converier.

Standard-cell-based custom ASICs have made their greatest in-
roads in digital circuitry, where low cost and turnaround time
have become the norm. They are beginning to enter wide usage in
some aspects of analog circuitry, typically in very-high-volume
circuits with low-to-moderate performance and sophistication.

But high-performance analog and mixed-signal custom devices
require something more: the same kinds of processes, test capability,
and design and applications expertise and experience that are needed 1o
make high-performance gencral-purpose and applicarion-specific 1Cs
Sor the merchant market.

Required processing capabilities include as a minimum the ability
reliably to make low-drift references and high-input-impedance
junction FETs; a combined bipolar-CMOS process 1o facilitate
digital and analog signals on the same chip; a complementary-
bipolar process 10 make possible high-speed analog circuits with
excellent de characieristics; and the ability to deposit precision
resistors and laser-trim them. Also required are the design know-
how to avoid the many pitfalls in predicting circuit behavior by
simulation—and the experience in characterizing and testing lin-
car [Cs 10 insure the integrity of the product’s performance.

There aren’t manv manufacturers of high-performance analog and
interface ICs who have all of these capabilitics, and there are ¢ven
fewer who have manifested a scrious interest in entering this
market. That's why we're smiling. 3

Dan Sheingold
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DISK-READ ICs CONDITION AND DELIVER BITS AT 30 MBITS/s
AD890 Provides AGC Over Wide Range of Input Amplitudes
AD891's Precise Comparators and One-Shot Pinpoint Qutput Signal

by Wyn Palmer and Phil Carrier

The AD890 Precision Wideband Channel Processing Element*
and AD89) Rigid-Disk Data Qualifier* ar¢ a pair of application-
specific integrated circuits (ASICs) designed for use between the
head readback preamplifier and data decoder of high-performance
disk drives. Starting with the noise-corrupted and distorted signal
from the disk head, these monolithic componcents produce error-
free digital bits at rates up to and beyond 50 megabits/second
(Mbits/s). With low-cost, user-provided reliable passive filters to
shape the signal, the response of the read-channel circuitry can be
matched o the data rate, the medium, and drive-mechanism
characteristics.

The AD890 and ADS891 remove a major impediment 1o realizing
the potenual of high performance drives in computer systems: the
rate at which data bits can be recovered {rom the disk platter and
passed on to the compuier system. Increases in performance and
capacity have been achieved by decreasing the track-to-track spac-
ing, increasing the bit density within tracks, and using run-
length-limited codes! that increase the amount of data represented
by each group of flux reversals on the disk.

Until now, disk-read electronics, using either IC or discrete com-
ponent designs, could accept data from the disk surface and
rcliably decode it into the original bits at maximum rates limited
to 10-25 Mbit/s. However, with proper design, the interface be-
tween the drive and the computer bus is capable of much faster
rates than the rate at which bits can be retrieved from the disk
surface itself. The bus interface design is selected to match the
disk capabilities and system needs, which range from lower-speed
asynchronous designs 10 high speed, fully synchronous circuits.
Any substantial improvement in overall data transfer speed has
required significant improvements in the disk-read electronics, to
avoid underunlizing the larger disk’s capacity.

Extracting this dara requires a combination of analog signal pro-
cessing and digital circuitry. It is ironic that the original data bits
were essentially ideal digital signals, and were stored 1o be used
again as digital signals—but they must be recovered in the much
more complex world of analog circuitry because of the non-ideal
pature of the disk mechanism and magnetic data storage.

Though the physical distance between disk and head is small, the
technical situation is analogous to a long-distance communications
system that transfers data by radio or satellite from one continent
to another, subject to varying noise and signal fading. Interest-
ingly, the precision automatic gain control (AGC) developed for
the AD890 can also be used in non-disk-drive applications, such as
the front ends of communications receivers.

The disk-data-recovery circuitry needs to handle low-level, high-
rate signals in a very unfavorable and noisy environment, and
maximize the data transfer with acceptably low error rates.Uncor-
rected, raw bit error rates (BER) must typically be 1 in 10" or

*Use the reply card for technical data on these devices.
'EDN., Mar. 31, 1987, “Run-Length-Limited Coding Inereases Disk-Drive
Capacity,”
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better despite these challenges:

@ The signal from the disk head is small and noisy. Amplification
boosts signal levels but can do nothing to improve the signal-
to-noise ratio—may even make it worse.

® The signal level varies considerably (as much as 40 dB),
depending on the instantaneous distance between the head and
disk surface. This distance is continuously changing by small
but significant amounts, as a result of mechanical tolerances and
varjations as the disk rotates.

® The shape of the signal from the Read head is not optimuem for
data recovery; it may change, depending on many factors.
High-frequency speciral components are attenuated, and the
signal spreads out in time, resulting in overlap with adjacent
pulses (1’s) or pulse-absences (0’s).

® Temperature variations In the drive cabinet can cause circuit
performance to drift.

® The timing of the data signals is not exact; minute variations in
drive speed and mechanical cccentricities introduce jitter.

® A rates greater than 20 Mbiis/s, recovering data birs reliably is
always a challenge 10 the circuit designer, even when the data
bits are relatively noisc-free and stable. Propagation delays and
phase shifts alone seriously affect performance; with tempera-
ture or time instabilivies, the difficulties are compounded.

FUNCTIONS IN A DATA-RECOVERY SYSTEM

The functional blocks of the AD890 and AD89] are shown in
Figure 1, along with wypical signal waveforms at key points.
Encoded binary signals are recorded as magnetic flux reversals;
they occur at specific points in the medium, The output of the
Read head is a band-limited voltage proportional 1o the derivative
of the flux. The low-level signal from the Read head is amplified
by an ¢xternal preamplifier, located close o the head.

The prcamp output goes 1o a critical element, a variable-gain
amplifier (VGA). This amplifiec provides continuously variable
gain or attenuation over a wide range of 40 dB, depending on the
signal lcvel, controlled to produce an output at precisely the level
required for optimum opcration of the subsequent filters and
comparators that make the l-or-0 data-bit decision. The control

PASSIVE PASSIVE PHASE-
LOW.PASS COMPENSATION

signal for the VGA comes from an automatic gain control (AGC)
circuit, a feedback loop that measures the output, compares it
with the desired level, and continously adjusts the gain of the
VGA (0 maintain the desired output level.

An amplificd and properly leveled signal from the Read head is
not yet ready to be decoded into error-free 1’s and 0’s. Accord-
ingly, the read-head signal from the VGA goes through filtering
and gain stages, including gain-of-4 buffers. The purpose of low-
pass filtering and equalization is to shape the signal amplitude and
phase spectra to compensate for distortion, phase shifts, and
nonhinearities in the data -writing and -reading processes (e.g.,
head coil inductance, mechanical arm resonances).

The design of these intermediate filters Is quite critical to the
specific application and must be done by the drive manufacturer
based on the characteristics of the particular disk technology and
head design cmployed. This represents, in effect, the value that
must be added by the manufacturer to achieve low error rates
through proper equalization-filter design?.

The signal from the buffer and filter stages is used in two ways: it
goes to the AGC circuit as part of the closed-loop level control,
and 1t continues through the signal processing chain for extraction
of the acwal bipary data.

The AGC circuit has a full-wave rectifier to measure the outpur of
the VGA and derive an output proportional to the average devia-
ton. The rectifier output is subtracted from a relerence—or am-
plitude set-point—and integrated; the result is applicd to an ex-
ponential function, then multiplied by the input 10 control the
VGA gain. The imegrator provides filtering and insures zero
average crror in the sicady state, and the exponential factor is used
so that steadv-state integrator oulput increments correspond to
equal percentage changes of input rather than o the actual wide-
ranging magnitude of change.

The attack and decay rates at which the AGC changes gain in
response 1o signal amplitude changes must be matched 10 the
application 1o keep the response from being cither oo slow (inad-
cquate gain tracking) or too fast (instability and gain “‘pumping’);
this is accomplished with an exiernal capacitor that adjusts the
integration time constant.
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Figure 1. Disk output bit-recovery system. Simplified gia-
gram shows chip functions, auxiliary filter circuitry, and

waveforms at key points.

2Hewvlett-Packard Journul, January, 1984, *‘Second-Generation Disc Read/\Write
Electronicy.™
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After the filtering and equalization, the data is ready to be ex-
tracted. The signal is differentiated to locate the peaks (zero
crossings of the derivative); when the derivarive of the signal is at
zero, the signal waveform should be compared to the "valid signal”
threshold (Figure 2a - 2c). Both the original signal and the differ-
entiated signal are passed to threshold comparators.

The threshold level is set low enough to qualify valid pulses, but
high enough to ignore noisc. The amplitude comparator output
goes to a D-type flip-flop clocked by the derivative comparator;
a flip-flop outpuc transition corresponds 10 a data bit; (a one-shot
resets the flip flop shortly thereafter). The flip-flop transition
drives a one-shot that finally produces data output pulses of
precise width. These pulses are accurate counterparts of the data
bits originally recorded on the disk surface; they can be decoded
and error-corrected using standard high-speed digital circuitry.
The one-shot’s stability is critical at these high rates since even
slight drift or jitter can look like false bits and lead to errors in the
decoder and timing-recovery circuitry of the disk controller.

A usefu) data recovery circuit necds some additional features. To
avoid saturation by the high-level Write fields, an input clamp is
applied to the read circuit when writing to the disk by reducing
the impedance of the input stage 10 a very low value; at the same
time, the integrator can be switched to a hold mode 1o preserve the
value of gain. This minimizes disturbance 1o the AGC and VGA
and assists in producing a rapid recovery after writefread switch-
ing. The ability to externally set VGA gain is also useful in test
and for specific application modes.

DESIGN AND PERFORMANCE OF THE AD890

The key to the design and performance of the AD890 Precision,
Wideband, Channel Processing Element is a 4-GHz FLASH bi-
polar process that uses double-level menallization and lascr-
trimmed thin-film resistors (Figure 3). This combination provides
stable and predictable currents in bias circuits, and the ability 10
compensate for temperature variations in gain and comparator
offsct. Bandgap voltage refcrences provide the required stability.
When operating at 50 Mbits/s and higher rates, achicving high
performance depends as much on stability, predictability, and low
jitter as on such traditional parameters as noise, bandwidih, and

o
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Figure 2. Data qualifier examines signal level at time of
waveform peak to determine if valid bits are present.
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maximum slew rates.

The AD890 is essentially a precise 100-MHz AGC with up to 40
dB of gain-conirol range (+30, —)0). The r-f path is fully differ-
ential for optimal high-frequency performance and mimmal dis-
tortion. Three gain cells arc provided: a 30-dB (nominal maxi-
mum) variable-gain block, and two 12.75-dB bulflers.
buffer stages simplify the low-pass filter and cqualizer design.

The two

The outputs of the gain stages are emitter followers capable of
driving 200-ohm differential networks, The variable-gain amplifi-
er's full-scale gain sctting is trimmed 10 30 dB =0.6 dB and
remains within 0.25 dB of nominal over the full operating temper-
ature range. Widcband gain is maintained 1o within | dB of
nominal at 50 MHz, at gains up to 26 dB below full-scale gain
sctting. Together, these three gain cells offer the best performance
available in monolithic designs for this application.

As an AGC, the ADS90’s essentially single-time-constant feed-
back loop provides highly predictable autack and decay character-
istics in response to input steps. With an external integrating
capacitance of 1,000 pF connected, attack and decay times are
about lus. The low-to-high and high-to-low gain transients are
essentially identical, and independent of the inivial gain scaing,
thus providing a nearly idcal AGC action (Figure 4). The single
pole also ensurcs no overshoot or ringing. The AGC charactens-
tics arc gain-compensated so as 10 make the scttling time essen-
tially independcent of transjent magnitude.

OXIDE LAYER PLATINUM FIRST SECOND
| THIN FILM SILICIDE METAL METAL
l INTERLAYER

| DIELECTRIC BASE EMITTER COLLECTOR

BASE \n*‘ EPITRKIAL
P

¥ IMPU\NT
nEPITAXIAL -
LAYER /
’ \.
s DIFFUSED n* REGION
p SUBSTRATE /

Figure 3. Cross section of FLASH-process die showing two-
level metallization and laser-trimmed thin-film resistors.

In the AGC gain-sctting scection, the full-wave rectilier has 100-
MHz bandwidth; for acccuracy, its dc offsct is trimmed to less
than 10 mV in manufacturing. The (ull-wave reaiificr design
allows casy, accurate amplitude detection of signals intended 10
provide servo positioning information 1o the disk arm. A single
external capacitor can adjust the peak-to-average ratio of the full-
wave rectifier. The rectifier ourput and a precision reference
voltage arc differenced in an averaging, high gain intcgrator-
sample/ hold circuit for accuratc AGC aperation. A second full-
wave rectifier in the AD890 can be used to gencrate a threshold
ourpur used for creating @ data qualification level.

The gain acquired during AGC can be “held™ (set via control
lines) to minimize signal degradation during data regions. When
in hold mode, the decay rate for the AGC is about 0.2 dB per ms,
or about 0.02 JUB for an average 100-ps scctor length, a gain
change of less than 0.2%. As an alternative approach —and for test
purpeses —the AD890 can be used in a mode sclected by 1he
control lines, not as an AGC, but as a very accurate programmable



gain amplifier with 55.5 dB of VGA and buffer gain with 0 V on
the gain control pin, and a gain-reduction rate of 1 dB for cach
20-mV decrease in the control voltage. Performance is trimmed
and temperature-compensated.

The variable-gain amplifier has an cquivalent input noisc figure of
only S nV/\/Hz, while the “gain of 4" bulfers have a noise figure
of 7 n\'/\/Hz. The AGC control is lincar to within =0.5 dB over
a 26-dB AGC range for the full bandwidth, and has excellent
performance to 40 dB of range, Figure 5. [ts fast and clean
response 10 an input step can be seen in Figure 4.

Another c¢ritical feature is the input clamp, operated during data
writes 1o the disk. When the clamp is activated (via the mode
control lines), the input impedance of the amplificr falls to about
8 ohms, greatly reducing the input resistance/coupling capacitance
uime constant. Also, with 200 €1 || 0.1uF source impedance driv-
ing the input (a tpical source value), differential input signals are
attenuated by more than 34 dB. This greatly assists in producing
a rapid reeovery afier read/inte switching.

DESIGN AND PERFORMANCE OF THE AD891

The AD89I is basically a very fast, single-bit a/d converter, which
provides output pulses corresponding 10 zero-crossing events of
sufficient magnitude o exceed a threshold value. 1t is fabricated
in temperaturc-compensated reduced-swing ECL, which exhibits
tvpical propagation delays of 0.6 ns per gate. The output’s ECL
data pulsc has standard 10KH ECL logic levels. [t can drive a
75-0hm 1ransmission line, if properly terminated.

The signal from the AD890 arrives through a sccond-order
discrete-delav-line and differentiator, which is made of passive
components and provides identical time delays through both the
undiffereniated and differentiaied dara pachs. This scheme per-
mits the signal amplitude to be qualified at the zero-crossing time.
The second-order design also provides unilorm magnitude and
phasc-delay/group-delay characteristics, up to about 60% of the
resonant frequency. This minimizes dispersion of the processed
readback data coming from the AD890 and prevents degradation
in error rates. The 2nd-order section also provides a high-
frequency rolloff, uscful in rejecting high-frequency noise.

This design qualifies the pulse by both level and time. Level
qualification is performed on alicrnating half ¢veles of the data
waveform via a user-defined threshold level, applied to a pair of
ultra-fast comparators with 3-ns propagation delavs (only one
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Figure 5. VGA gain versus frequency as a function of control
voitage- showing linear 20 dB/400-mV gain sensitivity.

shown in Figure 1—the upper one), maiched to better than
300 ps. A third comparator (the lower one in Figure 1), for
derivative zero-crossing detection, provides the time qualification.

Since a comparator with significant offset will produce a double
pulse (“pulse pairing™) in rcal waveforms with non-infinite slew
rates, the offsets of the comparators in the AD89) arc trimmed to
Jess than 2500V 10 minimize 1his error source, The offset and
delay charactenistics of the comparators are carefully controlled to
remain constant over temperature; a bandgap reference provides
temperature siability. The timing error contributed by the AD8SI
from offset, gain, and drift is less (han 1 nanosecond.

The outputs from the amplitude qualification comparators are
applied to the “D™ inputs of two master-slave flip-flops (one
shown in Figure 1), clocked by the outputs from the zcro crossing
detector/comparator. Each valid zero-crossing event causcs a one-
shot—with a user-definable period—10 be triggered. This delays
resetting ol the fhip-flops, preventing detection of additional zero-
crossing cvents until the one-shot period ends. Simultanecusly, an
outpul one-shot is activated; its leading edge is svnchronous with
the change in D-flop outputs.

The user-definable period of this one shot is intended to insure
adequate output-pulse duration for transmission to the users’ data
decoder. The period of each one-shot, ranging {rom 5.4 ns 1o 180
ns, 18 sel by a single resistor; all the one-shots are trimmed to
cnsure predictable settling of the pulse periods. The final output
of the IC is a 10KH ECL-compatible pulse, which corresponds to
the detected zero-crossing, with a 7-ns delay.

Both units require = S-volt power and dissipate less than 500 m\WV.
For operation on +3- and +12-volt power, only five resistors and
one diode are needed: four resistors for level-shifting the TTL
mode control lines, and one resistor and a diode 1o reduce internal
power dissipation under maximum operating voltage conditions.
The AD890 is housed in a 24-pin Cerdip package or 28-pin plastic
leadless chip carrier (PLCC), while the AD89) is available in
cither 14-pin Cerdip or a 20-pin PLCC. Price of vach drops 1o well
below $10 in quantities of 10,000. 3
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PRECISION BIPOLAR OP AMP HAS LOWEST OFFSET, DRIFT

AD707 Series Has max Offsets & Drifts as Lowas 15 wV, 0.1 wV/°C
Open-Loop Gainis typically 13V/Vwith CMR of 140 dB

The AD707 op-amp* scts a new standard among high-de-
precision devices for designers who require low input offset voli-
age and doift, low noise, high open-loop gain, and high common-
mode rejection. The highest performance grade, AD707C, with
less than 15-pV offset, is the first bipolar monolithic op amp
specified to have offset voltage drift below 0.1 uV/C. Its dc
accuracy specifications are comparable tw those of chopper-
stabilized amplifiers, but with less noise and far lower cost.

Higher accuracy and precision benefit the designer by tighter
error budgets at lower cost through the climination of offset trim
components and the associated time required for trimming. Even
the lower-cost, relaxed-spec grades, AD707] and AD707K, pro-
vide significant performance improvements over industry-
standard op amps: the AD707] has typical input offset voliage of
30 pV with drift of 0.3 pV/°C; for the AD707K (best price/per-
formance choice), offsct 1s 10 wV, with 0.1 nV/°C drift.

The high open-loop gain (8 V/uV min and typically 13 V/iV) and
140-dB 1ypical common-mode rejection (CMR) of the AD707C
make i1 ideal for applications such as precision instrumcntation
amplifiers. This open-loop gain is maintained over the full 10-V
output range when driving a 1,000-0hm load. As shown in Figure |,
the gain and gain lincarity are better over the output range than
for comparable industry-standard op amps.

Open-loop gain and phase shift as a function of frequency are
shown in Figure 2. Unity gain occurs at 0.9 MHz, with a phasc
margin—the difference between the measured phase shift and
180° at the unity-gain frequency —of 38°.

Offset current for most grades drifts less than 1 pA/°C, while the
input bias current has a maximum value of 1 nA for the C-grade
device. Power supply rejection (PSR) is at least 120 dB—and is
typically 10 dB greater than that minimum figure,

Noisc is a critical parameter for dc precision op amps; both
low-frequency and wideband noise are specified. Input voltage
noise in the 0.1 10 10 Hz band is 0.35 pV peak-10-prak (max-

1=

CHANGO I O F 30T VOULAGL - 10uY Owy

OUTIUT vOLTAGE - V

Figure 1. Linearity error of the AD707 and other precision dc
op amps (ADI test results),

*For technical data, use the reply card.

Analog Dialogue 22-1 1988

VOQ
100 -
MAX
DRIFT . 741
uv/c 10
(XY
V‘°1
1.0 -
« OPO7A
0.1- « AD707C
100k 1™ 10M

TYPICAL OPEN-LOOP GAIN

imum), guaranteed by test; at 1 kHz, the noisc spectral density is
less than 1) nV/\/Hz. Input current-noise spectral density is
typically 0.12 pA/\VHz (0.17 nA/\Hz, max) at 1 kHz.

Output impedance of the AD707 scries is low: for closed-loop gain
of +1,itis essenuially a 5 pH inductance (1 m(} at 33 Hz, 1 () at
33 kHz) and, for gain of 1,000, it is essentially S mH in parallel
with 30 ohms (1 () at 33 Hz). With a 10-k(} load. the output can
swing to within 1 volc of positive and negative rail {or power
supplies from =3 V1o =22 V.

For a dc-optimized op amp, the AD707 is surprisingly fast. The
closed-loop bandwidth of the AD707 (unity gain) is at minimum
0.5 MHz, and typjcally 0.9 MHz. It can settle to 18 bits within
100 s, with a typical slew rate greater than 0.3 V/ps.

The AD707 family js available in 7 performance grades and sev-
cral packages: 8-pin plastic mini-DIP, small outline, hermeiic
Cerdip, and hermetic TO-99 metal cans, for temperature ranges
of 0 10 +70°C, —40 10 +85°C, and —55 to +125°C. S- and
T-grade devices are available processed 10 MIL-STD-883B, Rev.
C. Prices (100s) begin at $1.25/$3.25/$16 (AD707]N/KR/CQ).

The AD707 family was designed by Moshe Gerstenhaber, ar Analog
Devices Semiconductor, Wilmington, MA. 3
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Figure 2. Open-loop gain and phase versus frequency



LOW- COST TRUE-RMS CHIPS ALSO COMPUTE AC AVERAGE
Measure 200-mV-RMS LF & Audio Signalswith 100-).V Resolution
AD736 Has Buffered Voltage Output; AD737 Saves Battery Power

by Chuck Kitchin, Will Drachler, and Wyn Palmer

The AD736* and AD737* are flexible new monolithic rms-to-de
converters combining low cost, small size, and low power drain.
They replace discrete designs, saving board space and assembly
cost in multimeter, audio, automatic-gain-control, and many
portable-equipment applications. They are housed in a choice of
8-pin plastic small-outline and minidip packages, for 0°C 10 70°C
grades—and in Cerdip for —40 to +85°C grades. Prices start at
$3.58 in 100s for both the AD736]N and the AD737]N.

They are members of a family of monolithic rms-to-dc converters
that started with the ADS36 (Analog Dialogue 11-2, 1977). The
AD736 is a complete low-impedance-voltage-output device, while
the AD737—designed for very low power-drain applications—has
a power-down control input for standby currents as low as 40 pA
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a. The AD738, shown here connected for true rms, has a
buffered output.
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b. The AD737 omits the output buffer, has power-down
control to minimize drain on power supply.

Figure 1. RMS-to-dc converter block diagrams.

*Use the reply card for technical data
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maximum, and it omits the output buffer amplifier. Even without
this feature, both devices require little quiescent power, 200 and
160 LA (AD736 and AD737) with =5-volt supplies.

Depending on how they are connected, these devices will compute
either mecan absolute-value, root mean-square, or instantaneous
absolute-value measures of an ac or dc input voltage:

lf'm| (0ld JL( e d Iyl
= yildt  or —f yildr or Iyl
T) 7, T) 1,

HOW THEY WORK

RMS is a direct measure of the power or heating value of an ac
voltage: if an a¢ (or ac + dc¢) signal of any peak value and shape
has an rms value of 1 volt, it will produce the same amount of heat
in an R-obm resistive load as will 1 volt of steady dc voliage. In
this sense, rms is a universal measure of a signal. Some excellent
wideband rms measuring units have been built that use the heat-
ing effect; however, it does not stack up as 2 good general-purpose
approach for practical low-power, low-cost, wide-dynamic-range
IC measuring devices.

Analog Devices rms-to-d¢ converterst solve the rms equation by
analog computing; that is, they continuously produce the absolute
valuc of the signal to be measured, square its magnitude, then
take the average and square-root it. Since the measurement is
performed continuously, an averaging (low-pass) filter is used to
approximate continuous averaging instead of computing the defi-
nite integral indicated above. The time constant of of the filier is
established by the nser —with externally connected capacitance —to
serve the needs of the applicauon.

Figure 1a illustrates the process. An input buffer amplifier pro-
vides a choice between a high-impedance (FET) buffered input

TFor turther information on root-mean-square advantages, concepls and de-
vices, see RALS-10-DC Conversion Application Gurde, 2nd cdition (1986) avai)-
able from Analog Devices FREE apon request —and ADI's classic: Nonlinear
Circuits Hundbook (1974), $5.95.]
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and a lower-impedance (8-k(1) input having wider dynamic range
and bandwidch. The signal is fu)l-wave rectified and applied 10 an
“rms core,” which consists of a set of logarithmic diodes in a
temperature-compensated configuration; they perform the squar-
ing and square-rooting. Terminals are furnished for connection to
the averaging capacitor, C,... Output (AD736) is via a buffer op
amp, with provision for an optional external feedback capacitor,
Cy, which can provide additional filiering in the rms mode and
basic Nltering in the full-wave-rectifier mode.

If C,v is not connected, the computation is in effect the square
root of the square of the absolute value of the input—which in the
ideal case is simply equal to the absolute value of the input. With
no capacitors, the output is the unfiltered instant-by instant abso-
lute value; but with feedback capacitor, C, connected, the device
measures the mean absolute value (average rectified value).

If the measurement is a purely “ac’” measurement, i.c., if it must
ignore the average (or dc) level of the input waveform, the input
may be capacitively coupled. When the high-impedance “+”
input is used, connect an optional ac-coupling capacitance, Cg,
from pin 1 10 ground to eliminate errors due to input offset and
drift, insuring a resolution of 100 WV or better.

Figure 1b shows the basic circuitry of the AD737 connected for
true-rms computation. It is similar 1o the AD736, except that its
output is brought out at low level across an 8-k(Q) source resistance
(in parallel with the optional external filter capacitance, Cy).

HOW WELL DO THEY WORK?

The general-purpose AD736 is internally laser trimmed o an
accuracy of =0.5 mV = 0.5% of reading max in the low cost J/A
grades (0.3 mV = 0.3% rdg max K/B grades) including its out-
put buffer amplifier. The AD737, optimized for portable mcters,
omits the buffer amplhifier, reducing these errors 10 *0.4 mV
+ 0.5% of rdg (=0.2 mV = 0.3% rdg). These sets of specs are for
1-kHz sine waves. Both chips will operate over a wide range of
supply voliage: from =3 volts up to = 16.5 volis.

1ov »
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Figure 2. Frequency response, driving high-impedance
input (pin 2). Flat response (to beyond 100 kHz at higher
amplitudes) is available when low-impedance pin 1is used.

*Crest factor [of a given input signa) is the ratio of peak 10 rms. a proper(y of the
input waveform. Typical crest factors are ) for square waves, \/2 for sine
waves, and 10 for a square pulse having a 1% duty cyele.
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Sine-wave response at a given frequency depends on amplitude
and on which terminal is used for the input. Figure 2 shows the
response when the high-impedance input is used. As crest factor*
(CF) increases from 1 10 3, up to 0.7% of additional error is
produced; with CF of 5 (1-V peak), the additional error is 2.5%,
with C . = Cr = 100 uF. In general, the higher CF, the larger
C,v must be to maintain a given level of accuracy.

The table below shows settling times with typical combinations of
practical values of C,,, and C;: for various input levels and low-
frequency cutoffs—and crest-factor ranges—found in a variety of
applications.

APPLICATIONS

Figure 3 shows how the AD737 would be applied in a portable
9-volt battery-powered 3 1/2-digit voltmeter, using a 7136-type
DPM chip as the a/d converter, which drives an LCD display.
High input impedance permits an att¢nuator to be used for the
higher-voliage ranges. The AD737's input is protected by a 47-k(2
scries resistor and 2 pair of 1N4148 diodes, which serve 10 clamp
the input to either end of the supply. Operating on less than 4
milliwatts of power, this circuit will run cven if the battery voltage
drops to as hittle as 6 volts.

Input ranging is provided by the standard 10-M(} input attenua-
tor. AC input coupling is provided by capacitors C and C,.
Because of the a/d converter’s high input impedance, the post-
filter doesn’t require a high value of capacitance; a |-megohm-
0.1-pF R-C filter provides adequate smoothing without loading
the 7136%s input significantly, while saving board space.

Other applications include wide-range dB-measuring circuits and
rms ratio circuits. However, because of the versatility and low cost
of these devices, their most popular use will be as a one-chip
replacement for average-responding ac measurement ¢ircuits, with
the bonus of a free upgrade to the kind of ac measurement
accuracy only an rms circuit can provide.

The originator of the AD736/AD737 was Letsis Counts, ADI Fellow; the chip wwas
designed by Wyn Palmery test and v design teere by Andrere Wheeler. AN are ot
Analog Devicex Scmiconducior, Wilmingion MA. [
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Figure3. Applyingthe AD737 in a3 1/2-digitvoltmeter.




TRUE 18-BITDAC INHYBRID PACKAGE HAS SMALL SIZE, LOW COST

AD11391s Complete With Latches, Reference, Output Amplifier
Includes Range Resistors and Kelvin Connections

by Jeffrey Greenwald and Bill Sheppard

The ADI139 d/a converter (DAC)* provides true 18-bit perfor-
mance in a hybrid package, smaller and less costly than carlier
modular designs. It is complete (Figure 1), with all functions
—inputl datwa latches, precision reference, output amplifier and
ranging resistors, and Kelvin connections—needed 10 translate
digital data to voliage that drives a load accurately.

Applications for a DAC of this caliber include automatic test
(including equipment for testing ADCs and lesser DACs) and
scientific instrumentation (chromatographs, spectrographs), and
clectron beam positioners. High accuracy and stability mean that
calibration of systems using such devices may in many cases not
be needed over the product life, a major benefit in the ficld.

No user adjustments are needed 1o achieve the specified 18-bit
(0.00019%) accuracy, with =1/2 LSB ( =2 ppm) maximum dif-
ferential and integral nonlinearity (DNL and INL). For a full-
scale step (10 V) the DAC’s output scttles to within 1/2 LSB in
40 ps, and a single-bit ¢hange settles in 6 ws; glitch impulse at
major carries 1s 400 mV x 500 ns. INL and DNL temperature
coefficients are =0.5 ppm/°C and =1 ppm/°C of full-scale range
(FSR), and gain drift is a maximum of =4 ppm/°C, including the
reference. The maximum offset tempeo is =1 ppm/°C FSR.

Digital Input Structure: Input to the AD1139 is latched as a single
18-bit 5-V-CMOS-compatible parallel rank. Inputs are binary
coded for unipolar outpur and offset binary for bipolar. A 200-ns
wrnite pulse latches the data bits; if the wnite line is held active, the
latches are transparent to data changes. To interface the DAC
input to an 8-bit bus requires only five ICs: two for 1/O space
address decoding and enabling, and three for latching the data
from the 8-bjt data bus. Wider buses require fewer ICs.

Analog Owutput: Pin-programmable internal resistors set the out-
put voliage range to one of four voltage spans: 0 to +5,0 10 +10,
=5,and =10 V. A current output is available from another pin of
the DAC; normally 0 to —1 mA, it can be offset by 0.5 mA via
pin strapping to provide a bipolar =0.5 mA output range.
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Figure1. AD1139 blockdiagram.

“Use the reply card for technical data.
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GETTING BEST RESULTS
Offset- and gain-trim pins are provided to reduce initial offset and
gain errors. The procedure steps are straightforward —adjust for
zero offset, then adjust gain at full-scale output—but at the 18-bit
level, great care is necessary. The voltmeter used must resolve to
10 nV for end-point calibration.

Remore Sensing Voltage drops due 1o line resistance berween the
output and load <an be a major source of gain error and gain
temperature coefficents when using a high-resolution DAC. On
the =10 V range, a single bit corresponds to only 76.3 uV (and
correspondingly less on the smaller span ranges). A 0.02"-wide
copper track, with 50 milliohm/inch track resistance, that con-
nects the output of a DAC to a load just 3 inches away will have a
resistance of 0.15 © in each direction, a 0.3 ) toal. A 10-mA

output current will cause a 3-mV voltage drop, or a 0.03 % gain
error (79 LSBs at 18 bits). Variations of the track-resistance effect
with temperature cannot be trimmed out (unlike the initial gain
error) and can contribute as much as 1.2 ppm/°C 1o the gajn drift.

The AD1139 can be configured 1o sensc the actual output value at
the load and feed back a correction; the DAC adjusts its output
voltage so as to deliver accurate vohage to the load. When config-
ured as shown in Figure 2, all the load ¢urrent will flow through
the force line connected to the internal output amplifier on the
high side—and power ground on the low side—of the load, but
not through the sense lines. The input of the output amplifier
senses the load voluage through the DAC feedback resistor; the
low side of the load is sensed by the AD1139's measurement
ground —where only bias currents flow.

Cioap + Coans

Figure 2. Remote Sensing compensates for lead resistance.
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When remote sensing is used, the track-resistance contribution at
the remote load is reduced to 0.0015%, with a tempco of less than
0.1 ppm/°C. Although the AD1139’s output amplifier can typi-
cally drive up 10 =20 mA, the load should not exceed =10 mA or
2,000 oF for rated accuracy and amplifier stability.

Grounding and Ground Currents  Because a small amount of cur-
rent flows through a DAC’s signal ground, a length of ground
wire or equivalent circuit-board track will cause errors due to
voltage drop through the ground lead. Milliohms are critical when
one LSB is less than 100 .V, even on the highest range.

This error cannot be calibrated out in most DAC architectures,
since the ground current varies with the actual DAC code; this
variation produces system nonlinearity and gain errors. A typical
range of ground currents is 0 1o —2 mA, or =1 mA. In the
ADI1139, a combination of techniques makes the ground current
independent of the DAC code. The two internal DACs and the
voltage reference were initially idennfied as sources of potential
code-dependent ground-current; their design was improved to
keep the ADI1139 ground current constant, regardless of code.

There are two grounds on the AD1139, the measurement ground
and the power ground. The measurement ground is intended to
be used for remote sensing 10 the point considered as the user’s
high-quality “star”” ground. Small bias currents (less than 1 pA)
flow from this terminal. The power ground carries analog and
CMOS digital supply current from the ADI139, 10 be returned to
the power supply—about 1.5 mA, independent of code.

With separate grounds available, the user can define the sysiem
measurcment ground instead of having to use the DAC’s power
ground as a measurcment point. This works to advantage in
systemns with multiple DACS, since the signal grounds can all be
conncected to a single star point, which in turn can be connected 10
the digital ground at one point only. For the AD1139 10 operate
properly, the measurement ground must be connected 10 power
ground somewhere in the system, because the two grounds are not
directly connccted to each other within the DAC. Clamp diodes
arc used 10 restrict the open-terminal voltage (sense loop open) 10 a
single diode drop from power ground.

The 18 bits of resolution are divided between two DACs within
the ADI1139. The six most-significant bits are developed by a
novel switched-voltage DAC, while the 12 lower-order bits, DBO
through DBI11, are converted by J2 bits of a 14-bit current-
steering DAC. Its output is converted to a voltage and then back
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Figure 3. Ratiometric testing of 14- and 16-bit DACs with the
AD1138.
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0 a current 10 be properly summed along with the MSBs in the
output stage of the ADI1139. Typically, R-2R current-steering
DACs have nonlinear code-dependent ground current. To elimi-
nate this error source, the DAC ground is driven with a “voltage-
follower ground buffer,” which provides a convenient scnse point
10 be connected to measurement ground.

Reference: A highly accurate DAC requires a precise, stable ref-
crence. The ADI1139's —10-volt reference circuit is based on the
Analog Devices ADS88 IC reference. Initial maximum errcor of
the reference is =0.1%; temperature compensation results in a
maximum tempco of =3 ppm/°C over the 0 1o 70° range. The
performance specifications of the AD1139 includc reference error.
The refercnce has narrowband noisc (0.1 to 10 Hz) of 10 V' pcak
10 peak (p-p) and wideband (100 kHz) noise <50 WV rms.

A buffered version of the reference is available for external appli-
cations, such as ratviometric device testing. When the AD1139’s
REF OUT is used as the refecence for a DAC under test, Figure
3, the gain of the DUT will track the AD1139 gain; the refer-
ence’s contribution 1o gain error is thus ¢liminated.

As a reference DAC for testing linearity, the AD1139 measures to
1732 LSB of uncertainty for 14-bit DACs, 1/8 LSB for 16-bit
devices. The integral-linearity error is the difference between the
outputs of a reference AD1139 and the DAC under test. For
differential linearity error, the DAC digital input is stepped and
the new output is compared with the previous output—any differ-
ence from the ideal is a differential linearity error.

External Owput Amplifier: The ADI1139's output amplificer is
optimized for very low noise, dc-stable applications and moderate
settling time. For higher speed or more output current, an exter-
nal op amp i3 used instead of the internal amplifier (Figure 4).
The AD711 is a good choice for higher-speed applications; it will
settle to within 16 bits in only 6 us for a unipolar full-scale siep.
Other amplificrs may be chosen for differing tradeoffs. The noise
gain, as scen by the output amplifier, depends on the oulput
voltage range sclected: it is 2 for 0 to +5 V range, 3 for 0 10 +10
V, and 7 for the =10 V range. The amplifier selected must be
stable at the noise gain corresponding 1o the output range.

Two grades of the AD1139 are available; the =1-LSB J and the
+1/2-LSB K are both packaged in a hermetic 32-lead triple-width
DIP package. Prices (100s) are $195 and $295. O

i

1PSOB2-2B11 ADT11 K W,
12 3 i et
4
3 33u4L * < - 15

- ——0 MEASUREMENT
GROUND

Q01pF

4

-

Figure 4. External amplifier for augmented DAC-output
performance.



12-BITADCs FORDSP PROVIDE COMPLETE INTERFACE
Single-Channel AD1332 Has S/H, Filter, FIFO, Digital Interface
Multichannel AD1334 Can Do Simultaneous Sampling

by Bob Malone and Rene Sierra

The AD1332 and ADI1334 sampling a/d converters,* with 12-bit
resolution and accuracy, provide the functions necessary for a
complete interface between audio-bandwidth signals and digital
signal-processing systems. The 40-pin-DIP-packaged hybrid de-
vices provide a space-saving, system-level means of data acquisi-
ton for DSP applications, replacing a board-full of ICs.

The single channet AD1332 combines a sample/hold amplifier with
ap anti-aliasing filtcr and 12-bit A/D converter; the ADI334 con-
verter provides 4 input channels which can used independently or
sampled simultaneously. The digital side of these converters is
fully asynchronous, with extremely fast (15-ns) bus-access time;
included is a 32-word first-in birst out (FIFO) memory to make
the interface between the converter and the processor transparcnt
and efficient. Because the AD1332 and AD1334 convert asynchro-
nously; there is no need 1o synchronize the sampling clock and the
svstem clock.

This digital imerface design greatly simplifics the circuitry and
softwar¢ nceded to transfer digitized signals to the processor.
High-speed DSP processors, such as the ADSP-2100/2100A (sce
page 20), TMS320C25, and DSP36000, can access data directly
without an inefficient “‘wait state.” The 32-word FIFO decouples
the data sampling and conversion cycle from the needs of the
processor and its software timing; conversion results can be rans-
ferred as a group ta the processor memory, rather than singly.

AD1332 SINGLE-CHANNEL FRONT END

A block diagram of the ADI1332 is shown in Figure 1. The
converter js scaled fora =5 V input signal range, using an internal
precision reference. The sample/hold operates on a band-limited
input signal prior to conversion by the ADC. §/H and conversion
timing are set by an externally applied 20 x clock; a clock fre-
quency of 2.5 MHz will achieve the maximum sampling ratc of
125 kHz. The clock must be stable, since clock jitter affects the
precision of the sampling period.
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Figure 1. AD1332 block diagram.

*Use (he reply card for 1echnical data.
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Two conversion modces arc available, In the periodic uming modc,
sampling and conversion proceed continuously, at the rate deter-
mined by the clock—useful where data will be processed contin-
uously, as in digital filters or FFTs. The other mode is externally
miggered conversion, where sampling and conversion take place
only after the Convert Start control line goes active. This mode’s
maximum conversion rate is 110 kHz unless the trigger is syn-
chronized 1o the ¢lock.

The ADI1332’s internal anti-aliasing filter is intended to limit
bandwidth. Sampling theory states that a signal can be fully
represented and reconsiructed from 2N samples per scecond for a
signal that is bandwidch-limited to N Hz. Sampling a1 <2V, or
sampling signals with bandwidths >N results in aliasing, which
makes it impossiblc 10 reconstruct the original analog signal.
That's why the input-signal bandwidth must be limited.

The AD 1332 filter is an active 4-pole Butterworth low-pass. The
user can set the cutoff frequency, £, at up to 50 kHz with four
identical capacitances. The Butterworth filter was chosen because
it provides maximally flat magnitude response in the passband.
Attenuation at the cutoff frequency is 3 dB, and rolloff bevond [,
20 dB/decade per pole, 1otals 80 dB/decade. Figure 2 shows
passband and stop band responses for (. of 25 kHz and 50 kHz.
Guaranteed minimum atcenuation is 45 dB at 4, and 76 dB at 10f_.

The filter uses low-noise, high-speed op amps for low distortion
and consistent frequency response over the entire range. Precisely
trimmed thin-film resistors give consistent and accurate filter
setting with user-supplied capacitors. Unlike switched-capacitor
filters (which are sampled-data systems), the filter in the AD1332
does not require a clock, pre-filtering, or post-filering. Although
present, the filter is optional. External filters allow connection of
the input signal directly to the S/H input, or a programmable-gain
amplifiec between the filter and the ADC.

To meet the needs of DSP applications, the device is specified for
both static (d¢) and dynamic (ac) performance. Integral nonlinear-
ity over temperature is =1/2 LSB typical, =1 LSB maximum.
The full-scale error is =2 LSB at 25° C, for both + and — FS.

Analog Dialogue 22-1 1988



Dynamic specifications: with the anti-aliasing filier set to . of 50
kHz and an input sine wave of 38.7 kHz, signal-10-noise ratio
(SNR) is 70 dB, corresponding to 11.3 effective bits. Total har-
monic distortion (THD)—same input conditions—is at least 72
dB below the fundamental (Figure 3). Intermodulation distortion
(IMD) with inputs of 32.8 kHz and 34.3 kHz is also at Jeast 72 dB
down. Resulis are similar without a filter and 60-kHz input.

AD1334 FOUR-CHANNEL FRONT END

Each input channel of the AD1334 has i1s own S/H, which pro-
vides signals to the high-speed 12-bit ADC via the multiplexer
(Tigure 4). Anti-alias filtering js user-provided externally. The
channels can be digitally programmed ta operate cither indepen-
dently or in concert. All four channels can be sampled simulta-
neously (and converted sequentially) at rates up 10 28 kHz; the
maximum one-channel-only sampling rate is 65 kHz. The four
channels can be sampled at differing rates.

The low effective S/H aperture-delay-time mismatch and aperture
uncertainly from channel to channel and device 10 device are
essential where the signal phase information and relationships are
as ymportant as amplitude, e.g., in phased-array sonar, medical
ultrasound, and multiple-axis position control.

Integral and differential nonlinearity arc typically less than = 1/2
LSB (=1 LSB over tempcrature). Full scale error is =2 LSB
maximum at 25° C and typically hal( as much. Total harmonic
distortion and intermedulation distortion are 72 dB below the
fundamental; the 70-dB SNR corresponds o 11.3 cffective bits,
very close 1o the theoretical maximum of )2 bits.

REF 1,0 dBa
1 48701V RRNEE 0 ¢b

NARKER 25 000.0 Nz
L] =2.80 don

ClIY(I 50 00000 L]

SPRN 40D €00.0 We
0 N2 Y81 300 Hx ({4

ST 20.0 §

a. Passbandresponse. Scale: 10 dB/div, 0 kHz/div.

NARKIR 25 oun.o Wz
-2.D dba

REF .0 4ba
10 ¢broly RANCE -0 dBm

STRRY .0 H2
RN 4 KKx

5729 1 000 000.0 Hx
YEM 10 Mz ST 53.8 SEC

b. Stopband attenuation. Scale: 10 dB/div, 100 kHz/div.
Figure 2. AD1332 filterresponses at 25 and 50 kHz.
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Figure 3. AD1332 spectral response, with filter; note low
level of aliased harmonics.

DIGITAL INTERFACE

Both devices have 32-word FIFO memories. The FIFO in the
single-channel AD1332 is 12 bits wide, but the AD1334’s FIFO is
14 bits wide, 10 store both the 12 bit conversion data and a 2-bit
channel identification code. Interrupts indicate 10 the processor
that dawa is available.

Interaction betwecen the converters and the processor is managed
by a conmol byte and a starus byte. The control byte sets FIFO
operating mode and sampling conversion mode (periodic or trig-
gered). The srains byte indicates FIFO conditions; it can cither be
polled by the processor or read after an interrupt.

The contral word sets the interrupt to occur when the FIFO is
full, half-full, or indicating analog overrange (beyond the =5 V
range). This last seuting allows the analog range to be changed
immediately 1o prevent useless conversions from conunuing.
There is also a ansparent mode, effectively bypassing the FIFO,
where the result of cach conversion is available immediately with-
out waiting for it to propagate through the FIFO. Upon the
interrupt, the processor can quickly access all results in the FJFO
in a single burst, even while another conversion is occurring.

The interface between a DSP processor and the AD1332 or
ADI1334 usually requires only a simple address decoder. The fast
data access—15 ns—results in zero wait states; no special wait
state circuitry or handshake lines are needed for DSP [Cs available
1oday and known members of the next generation. Internal three-
state buffers connect directly to the processor bus.

Both the AD1332 and the AD1334 operatc from =12 10 =15 V
supplies. Total power consumption is <2 W, maximum, and
operation is specified for the —40° to +85° C emperature range,
Devices will be available screened to MIL-STD-883B. Prices
begin at $140 (100s) for the AD1332 and S180 for the ADI334. 3
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Figure 4. AD1334 block diagram.



MONGLITHIC DIGITALLY PROGRAMMABLE DELAY GENERATOR

AD3500 Converts an 8-Bit Digital Inputto an Qutput Time Interval
FSRange Is from 2.5 ns (with 10-ps Resolution) to 100 pus And More

The AD9500 Programmable Deloy Generator* receives a digital
migger pulse and outputs a signal after a specified delay period, as
programmed by an 8-bit digital input. The full-scalc delay range is
flexible, ranging from a few nanoseconds to more than 100 ys; it
1 sct by an externally connected R-C combination. Compact,
low-cost single-chip digitally programmable delays have immeds-
ate practical applications in test systems: eliminating signal skews
in high-speed systems, measuring unknown delays, and construct-
ing programmable ring oscillators.

Figure 1 shows the various functions within the AD9500. The key
functions are the reference and the timing-control circuit—which
form an analog integrator; an 8-bit &/a converter, set by the §-bit
digital control input; and a high-speed precision comparator with
complementary ECL outputs. Inputs are differential rrigger and
reset signals, which may also be used with single-ended inputs.
The maximum triggering rate is 100 MHz.

HOW IT WORKS

The irigger and reset inputs are designed primarily for ECL signal
levels, but they can function with analog and TTL input levels.
An on-board reference midpoint allows both of the inputs to be
driven by cither single-ended or differential ECL circuits.

As the timing diagram in Figure 2 shows, the delay is initiated
when the trigger input gocs high. The integrator gencrates a
downgoing ramp; when it crosses a level cstablished by the 8-bit
DAC, the comparator output changes state, producing the de-
layed outputs, Q and Q. A parallel Qu output circuit is available
for uses where the AD9500 drives its own resel.

Its delay is ¢qual to the programmed delay, 1,,—a function of the
selectable RC time constant (Figure 3) and the precision threshold
sct by the DAC—plus a propagation delay (¢,,,, = 7.4 ns max with
a 5-ns (ull-scale input).

Total delay Sipp + Ip

digiral value

= tpp + — 55— Rapr (Cryy + 10 pF)
256

Ciis ECL
Ve s COMMON
[ I AD9500
TRIGGER 1
TRIGGER DIF;:‘::EBEM TIMING
T CONTROL
RCUIT ]
RESET STAGE Cl
RESET
ECL a

VOLTAGE
REFERENCE

ECLpgs

INTERMNAL DAC

I ) il

REFERENCE
CURREMNT ]—_‘ TTL LATCHES

Fas

-V,  GROUND D, D, D, D, D, D, D, D, LATCH OFFSET
ILSB) ({MSE| ENABLE ADJUST

Figure 1. Block diagram of the AD9500.

*Use the reply card for technical data.
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Reset: A pulse of appropriate width applied at the Reset input
rescts the integrator and the Q outputs 10 prepare the device for
the next trigger. At the end of the reset propagation delay (1,
approximately equal to 1;,,), Q returns to its original state; 0.2 ns
after the Reset input goes low, the device is ready for the next
trigger. A reset interval, ¢y, should be allowed for the linear
ramp to return and settle 1o its original level,

When Cj;vp = 0, and Ry, = 250 (), the full-scale programmed
delay time is 2.5 ns, and the LSB (one increment of delay) is 2,500
ps/256 = 10 ps, which is also the 1ypical jitter level; this estab-
lishes the basic delay-time resolution.

The digital control data is passed to the AD9500 via a transparent
latch, controlled by the larch enable signal. In the transparent
mode, the DAC follows changes at the inputs; the latch enable
signal is used to strobe the digital data into the AD9500’s latches.

Because the DAC has fast response, the programmed delay may in
principle be updated in the same time frame as the signals being

g (MAX)
ULL-SCALE DELAY

INTERMAL
LINEAR
RAMP g —
5 LOWER THRESHOLD
l B LinT

TRIGGER
INPUT |

QOuTPUT

LT oy
RESET
INPUT
|

1, (MAX) - PROGRAMDELAY [FULL SCALE)}

oo - MINIMUM PROPAGATION DELAY
1o - PROGRAM DELAY

ILRS - LINEARRAMP SETTLING TIME
RD - RESETPROPAGATION DELAY

Figure 2. Timing diagram.
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Figure 3. Typical values of programmed delay ranges as a
function of resistance and capacitance.

delaved. However, the next teigger should wait for the DAC 1o
sctile, typically 29 ns after latching in a new value,

The AD9500’s programmed time delay is lincar to within 1 LSB
maximum integral nonlincarity with >100-ns full-scale input,
with 1/2-LSB max differential nonlinearity; monotonicity is guar-
antced over the full specified opcrating temperature range.
312mW of power is drawn (rom the +5-V and —5.2-V supplics.

Devices are graded to operate from —25 0 +85°C (B grades) and
—55 to +125°C (T grades). Except for operating temperature
range, all grades have identical electrical spees. Available packages
include 28-pin PLCC (P) and LCC (E) packages and 24-pin
ccramic “skinny” DIPs (Q). Prices in 100s start at $16.00,

APPLICATIONS

Mudiichannel Deskewing: A highly cffective use of the AD9500 is
in multiple delay-matching applications. For example, in a high-
speed, high-pin-count logic tester, slight differences in impedance
and cable length can creare large timing skews. The high speed of
modern test systems makes timing accuracy particularly impor-
1ant, and the large number of driver lines {(c.g., 128 driver lines
with switching capabilities 1n excess of 100 MH2z) requires the use
of compensating circuitry. In practice, cach signal line would
drive an AD9500; its output would drive a logic test-head hine
(Figurc 4). With onc linc as a standard, the programmed delays of
the others arc adjusied to eliminate the iming skews,

With the very fine timing adjustments possible from the AD9500
(as small as 10 ps), ncarly any high-speed system should be able 10

AD9500

#1

ir

—_—T

TErssennans

sessssanns

ADS500

—_ T Q

#N
LOGIC DIGITALDATA |-\

CONTROL

Figure 4. Multiple delay matching.
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adjust itself automatically ta within very tight tolerances.

Measuring Unknown Delays: Two AD9300s can measure delays
preciscly (Figure 5). One is set with little or no programmed
delay; i1s output drives the unknown-dclay circuit, which in trn
drives the input of the “D”-type flip-flop. The sccond AD9500
drives the clock input of the flip-flop. With bath wriggered to-
gether repetitively, the programmed delay of the second unit is
varicd to detect the output edge {rom the unknown delay.

Detecting the output ¢dge is straighiforward. If the programmed
delay through the second A1D9500 is too long, the flip-flop output
will be at logic iigh—if 100 short, at logic loze. When the unknown
is very closcly matched, the flip-flop’s output will bounce between
high and low. The digital code value used to create the second
programmed dclay is a direct indication of the delay though the
unknown circuit. Best results are achieved by calibrating the
system with the unknown delay removed.

Progranemable Oscillator: A digitally programmed oscillator for
frequencics up 10 67 MHz 1s an interesting use of the AD9500.
The high-precision delays it gencrates can be exploited 10 create a
ring oscillator with variable duty cycle (Figure 6). The delayed
autput of the first AD9500 is used 10 drive the migger input of the
second unit; the output of the sccond, in wrn, drves the trigger

QuTPUT
T E | ADB.'EOU a o
L4
z s TORESET _
ouTPUT’
T ADS500 a o
#2
G _TOSET _
CONTROL
LOGIC DIGITALDATA F

Figure5. Programmabie oscillator.

input of the first. Together, the devices will alicrnately trigger one
another, crecating two pulse chains on their outputs.

The total delay through both AD9500s determines the period of
the oscillation. The duty cycle can be controlled by using the
outputs 10 drive the set and reser inputs of a flip-Nlop. The delay
through 1he first AD9500 controls the flip-flop logic loze output
pulscwidih; the second controls the logic high pulsewidth.

The AD9500 was designed by Jeff Barrow ar ADI’s Computer Labs
Division, i Greensboro NC. Cnitical portions of this cwrcuit are
covered by U.S. Patemis 4,742,331 (Jeff Barrow and A. Paul
Brokaw) and 4,349,811 (A. Paul Brokaw). 4
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- AD9500 a |—] UNKNOWN
#1 DELAY _1
j r D QM
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"2
' I
|
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Figure 6. Measuringunknown delays.
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15NEW CMOS SWITGHES AND MUXES IN CONVENIENT VARIETY

ADG Series Is Spec’d for 44-Vmax Supply, Wide Temperature Range, Single-Supply
Superior 2nd Sources Include ADG-201HS:50-ns ty,

Fifteen additions to Analog Devices’ line of CMOS switches and
multiplexers (muxes) give designers a choice of components oputi-
mized for the application. The ADG201A/202A* (utility),
ADG201HS (high-speed)*, ADG211A/212A* (lowest cost), and
ADG221/222 (latched) quad switches—and the multiplexers in
the ADGS06A/507A & 526A/527A (16/dual-8-channel),* and the
ADGS508/509A & 528A/529A* (8/dual-4-channel) familics
—are specified for dual- and single supplies and for applications
with higher supply voltages and wider 1emperature ranges than
many of the industry-standard namesakes that they replace.

Avoiding diclectric isolation, these components are fabricated at
low cost in a high-performance, lincar-compatible CMOS process
(LC*MOS) with a breakdown voltage of 44 V. The normal oper-
ating voltage range is =10.8 to =16.5 V, but the devices can
opcrate with supply voltages up to the breakdown voltage. Low
Jeakage currents (=) nA at 25° C) minimize offscts.

The sclf-aligned high-voltage switch process results in much lower
parasitic capacitances than dielectric isolation, with correspond-
ingly higher switching speeds. The basic switch is laichup-free
over the full operating range; advanced design and process tech-
niques eliminate latchup-prone parasitic transistors.

ANALOG SWITCHES

The ADG201A & 201HS, ADG202A, 211A, 212A, 221, and 222
are quad SPST switches; each switch is independent of the other
threc in the package (Figure 1). The xx!’s and xx2’s differ only in
the sense of their control logic, as shown in the table. The digital
control signal can be either TTL or 5-V CMOS compatible. The
latches in ADG221/222 permit switch-state storage.

A low charge-injection design minimizes transicnts that occur
during switching. All switches are *“‘break before make,” an ad-
vantage in muldplexer applications, since the outputs of the
switches can be safely tied together. The analog signal range that
can be handled is =15 V. The switches can be operated from a
single + 15-volt supply for unipolar (0 to +15-V) analog signals.

ADG211A ADG212A
Lo 51 Lo 51
INT o———>0—---r_ |mo——-—->——-
-0 D1 o D1
e s L 052
N2 o——>0--— N2 o~—->———[
Lo b2 Lo D2
o s Lo 53
IN3 o——->v——-é IN3 o—~>———[
Lo D3 Lo D3
o s Lo 54
N4 °~—>0——~L N4 o——->————-£
Lo s o Da

SWITCHES SHOWN FOR A LOGIC “17 INPUT

' Figure 1. Biock diagram of complementary quad switches.

*Use the reply caed for complete data sheets on any of these product pairs and
1o request the short-form guide: Analog Szitches and Muluiplexers.
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COMPARING ADG QUAD SWITCHES

ADG:

Logic for OPEN
Latches

R max (25°C)
R max (T,p

Turn-on Time,25°C.max
Turn-off Time,25°C.max
Grades (Temp. Ranges)

Packages’

Lowest-Price Uni(100s)

2014/
202A
1/0

No

9011
14502
30 ns
250 ns
K,B,T'
N, Q,E
$3.15/52.95

201HS

1

No

5002

750

75 ns/50 ns
75 ns/SO ns
J,A,S/K,B,T?
N,Q,E, P
$3.10/84.80

211A/
2124
1/0
No
115
17501
600 ns
450 ns
KI
N, P
$1.60

221/
222
1/0
Yes
9011
1450
300 ns
250 ns
K, B, T'
N.Q
$2.56

'Temp. Ranges: J, K = 0°C 10 70°C, A, B = -25°C 10 +85°C, S,T — -55°C
o +125°C.

*Temp. Ranges: J. K = —40°C 10 +85°C, A, B = —40°C 1o +85°C,

S. T = =55°C o +125°C.

‘Packages: N=Plastic DIP, Q=Cerdip, E=LCC, P=PLCC.

90 T
o 60— —
N : —  70°C
2 ___-//'\\__:‘25 C
o 0°C
r 30}

‘ Voo= 15V
Vee= - 15V
0 | |
-20 -15 =10 -5 0 5 10 15 20

VD (Vs) -~ Volts

Figure 2. RoyVversustemperature for =15 Vsupplies.

120 . ‘ T . I
goilEdleal _ﬂ_..__A _/\\
-l | 1 o /\ 70°C
( 60 —!_ S _% . ___._.x 25°C
3 I ' 0°C
= |
30 —l_ ] ——— - :, i
Voo =15V |
Vgs=0 ‘ ‘
o |
-20 -15 -10 -5 0 5 10 15 20

Vp [Vs) - Volts

Figure 3. Rpnversustemperature forsingle +15 Vsupply.
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7
An important specification that affects accuracy of the final sys-

temn design is the on resistance, Rgy; its maximum values at both
+25°C and T, are shown in the table. Note that, for both single
and dual supplies (Figures 2 and 3), the on resistance docs not
vary by more than 2:1 over temperature. Switch tum-on and
turn-off times are also critical; they too are shown in the table.
Data sheets* show characteristics for both dual- and single-supply
opcration. Power consumption of these switches is less than 33
mW, except for the ADG201HS (240 mW max).

ANALOG MULTIPLEXERS

Multiplexers select one of N analog signals and direct the selected
signal 10 a single line. Since the signal flow for analog muxes is
bidirectional, they can also be used as demultiplexers to direct a
single input to one of N outputs. Muxes enbance the basic analog
switch by providing address decoding; some devices also have
internal latches to facilitate interfacing with microprocessor bus-
scs. These recent additions to the ADG family provide designers
with a choice of basic features:

MULTIPLEXERS
Single or Dual  No. Channels  Latches?
ADGS06A Single 16 No
ADGS507A Dual 8. 8 No
ADGS26A Singlc 16 Yes
ADG527A Dual 8,8 Yes
ADGS308A Single 8 No
ADGS509A Dual 4,4 No
ADGS528A Single 8 Yes
ADG529A Dual 4,4 Yes

Single-channe] devices switch a single line, while the dual devices
switch two lines simultancously. Thus the single-channel devices
can switch analog signals that sharc a common ground, while the
dual devices can switch differennal signals; they ¢an also be used
10 switch two unrelated single-ended signals at the same time.

The desired mux channel (Figure 4) i1s sclected via TTL-and-
5-V-CMOS-compatible paralicl address lines with binary-coded
channel-control signals, decoded within the mux. In non-latched
devices, the enable input operates the switches when the address
bits are valid; when the enable line is low, all switches within the
mux are off, with no memory of the last address.

Latched address encoders are used in system designs where the
address information must be retained after an address is presented
and removed. A processor bus can present this address as data
during a wrire cycle, then continue with unrelated data. Latched
muxes greatly simplify connection 10 a bus. Two comrol lines,
enable and wrire, make the mux look like a writcable memory

! ADGS526A | ADG527A
s1 ) D S1A o————9( DA

(]

S16 O

e DECODER/
t LATCHES
50

AD A1 AZ A3 EN RS

WR

AD Al A2 EN RS

Figured4. Latched 16- and dual 8-channel multiplexers.
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location. Address bits are written when the enable line is high and
the write line is low; when wrize goes high, the address is latched
and held until purposcly ovenwritten. The rite pulse must be 100
ns wide, compatible with the timing of most processor busses.

A third control line, reser, when low clears both the address and
enable dara and forces all switches off, resulting in no output. This
line is normally connected 10 the microprocessor reser line to
insure that the mux has a known, benign state on power up. If
reset is not needed, the reser line can be permanently set high.

Leakage of the mux devices when off is only 1 nA max at 25°C
(with =10V supplics). Figure 5 shows the typical lcakage as a
function of temperature using power supplies of =16.5 V. Leak-

age current decreases with supply voliage.
100

| | |
o B — . . | If

| 1o 10m
| 1o 0F5yA
:

LEAKAGE CURRENT - na

0.1

% 34 45 55 65 ) s 5 1058 s 128

TEMPERATURE - “C
—_——

Figure5. Leakagecurrentversustemperature.

The switching time of the mux, known as transition time, charac-
terizes the dynamic performance when switching from onc ad-
dress to another. The transition time for these muxes is 300 ns
max at +25°C (400 ns max over temperature) for dual supplics;
comparable figures are 450 ns max and 600 ns max for single-
supply opcration. Transition timce decreases with increased supply
voltage. Figure 6 shows the wypical variation in t with
supply voltage for the ADGS08A and ADGS309A.

tranailion

The muxes arc specified for operation over: —40° to +85° C(K &
B grades) and —55° 10 +125° C (T grades). Power consumption is
less than 28 mW over the full temperature range. They arc avail-
able in plastic DIP (KN), plastic leaded chip carrier (KP), her-
metic DIP (BQ and TQ), and lcadless ccramic chip carrier (TE),
and can be qualified to MIL-STD-883B, Prices vary with madel,
from $3.95 10 $7.75 for plastic DIPs (100s).

These CMOS switching devices were designed by Colin Price (now at
Analog Devices, Newbury, U.K.) and Tim Cuwmmins at Analog
Devices BV in Limerick, Ireland. 3

80D

J00

&00
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Bioansitim - Ay

5 6 7 8 9 0 AL 2 3 14 s
SUPPLY VOLTAGE - Vohs

Figure 8. Transitiontime versus supply voltage.
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FASTMONOLITHIC LOG AMP WITHBETTER THAN 250-MHz BW
AD9521 Approaches Performance of Expensive Hybrid Designs

Use Itfor Successive-Detection RF Strips
by Tom Tice

The AD9521* is a monalithic wideband ac logarithmic amplificr
with typical gain of 12 dB. Wideband log amplificrs are cascaded
ta form “strips” with gains of 90 dB and more, for frequencics
typically in the range of 7MHz to 250 MHz. The AD9521, a
superior replacement for the monolithic SL521, has performance
nearly comparable to the hybrid SL1521.

Amplificrs in the class of the AD9521 are cssenuially Hminng
amplifiers, providing high gain for small signals and Jow gain for
large signals. They accept high-frequency ac signals (7 MHz 10
250 MHz) and provide two outputs (Figure 1): a lincar, but
saturating, radio-frequency output (voltage) and a logarithmically
detected outpur (current). The detected-output  characteristic
(current output vs. rf inpur) on a semilog scale is S-shaped,
starting with zero slope, increasing to linear, then soft-saturating.

They are used in sirips, or cascades, of » (for example, 6 10 9)
stages, with the r-f output of onc unit becoming the input of the
next, thus multiplying their gains (Figure 2). The nonlinearly
detected (or video) outputs are connected together for current
summation.

The resulting output-vs.-input characteristic (semilog scale) is
S-shaped, with a lengthy log-lincar region whose extent depends
on the number of stages (1ypical gain of 12 dB per device). Once
an amplificr saruratcs, its contribution to the summation is fixed;
thus the maximum output for large signals is » times the full-scale
output of onc device. The maximum dynamic range is realized
when the number of stages, n, is the smallest number that causes
the input-stage noisc alone to produce full output at the last stage.

HOW IT WORKS
Figure 3a shows a typical plot of r-( output voltage vs. r-f input
voltage for a representative device. The voltage gain in the lincar

RF
m o OUTPUT

RF o
INFUT V (VOLTAGE]
LOG
DET
DETECTED
QUTPUT
({CURRENT)

—aAA—0 + Vg

1 DETECTED
: 2 outPUT
BIAS O L ' il
INPUT O L &

\ % [ o RFOUTPUT
2 L 3

INPUT i oUTPUT

GROUND —2 GROUND

Figure 1. Block diagram and simplified schematic of the
AD9S21.

*Use the rephy card for techoical data.
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X\
region (10 about 100 mV) is 4, or about 12 dB. Beyond 100 mV,
the amplifier saturates at about 460 mV.

Figure 3b shows a plot of detected ourput current vs. r-{ input
voltage (on a logarithmic sealc). The output is scen to range from
a floor of 30 pA for low-level signals to a saturated maximum of
1.05 mA, with a log-lincar region from about 25 mV to 100 mV
(corresponding to output of about 200 to 930 pA). These num-
bers can of course differ somewhat from unit to umt.

When stages ace cascaded, the of input to a given stage is ampli-
fied by 4 to become the r-f input to the following stage. Thus, for
a given value of input to a cascade of four units, say 5 millivolts,
the output of the first stage (and input to the next) is 20 mV, the
input to the third is 80 mV, the input 10 the fourth is 320 mV, and
the output of the fourth (in saturation) is 460 mV.

The corresponding output crrrents, according to Figure 3b, are
30 A, 120 pA, 820 wA, and 1,080 pA, for a rotal of 2.05 mA.
The table below, illustrating the results for inputs of 1.67 mV, 5
mV, and 15 mV (in cqual ratios of 3:1), demonstrates the loga-
rithmic behavior of the cascade; cqual input ratios of 3:1 produce
total output currenis with cqual differcnces of 810 pA.

Stage Detecior  Stage  Detector Stage  Detector
Stage Input Output Input Output Input Output
| 1.67mV 30 pA 5m\ 0pA 15 m\V 60 pA
2 6.67 mV 30 A 20 mV 120 p A 60 mV 660 pA
3 26.7 mV 220pA 80mV 820pA  240m\V 1070 pA
4 107 mV 950 A  320m\ 1,080 pA  460m\ 1070 pA
Total Det. Output 1,240 A 2.050 WA 2,860 A
Difference 8§10 A S10 A
RFIV) RFIV) RF(V)
| LOG L_ LOG L LOG L_ LOG
reinveut | AMP e e AMP 1 arouTeuT

Xl
SUMMED DETECTED
OUTPUT

Figure 2. Using log amplifiers in successive detection.
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Figure 3. Typical log amp output/input characteristic.

This rclationship is summarized graphically in Figure 4. The
current-out vs. voltage-in (scmilog) plots for all four stages arc
combined on a single plot, cach displaced horizontally by its
per-stage gain of 4. Thus, for a given value of input, the outputs
of all stages line up vertically. The sum of these four outputs,
when plotted, is a steaight line except for the initial curvature
below 1 mV and saturation beyond 100 mV: 40 dB of lincarity.

Since cach stage has a gain of 12 dB, the maximon gain is 48 dB.
As more scctions arc added, additional S-curves appear on the plot
to show the increase in total gain and dynamic range, increasing
the Jog-lincar 10tal 10 include cver-smaller inputs, until the noisc
threshold is reached. Figure S is an example of a typical log strip.
The AD9521 can be used in log strips with gasn up to 90 dB.
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Figure 4. Example of combined response of four log
amps.

PERFORMANCE

Guaranticed minimum gain at any temperature and at frequencics
from 30 MHz 10 160 MH2 for any device gradc is )1 to 1§.7 dB,
depending on frequency, with typical gains ranging from 12.2 dB
to 13.4 dB, increasing with frequency. Typical upper cutolf fre-
quency is 245 MHz, with lower cutoff a1 7 MHz; min-max specs
over temperature are 200 MHz and 10 MHz. ‘Typical propagation
delay is 1.4 ns. Currenr drain at +6.0-V supply is 16.5 mA max
over temperature, with 84-mW typical dissipation.

Devices are available for 0°-70°C (J/K) and —55°C 10 +125°C
(8/T); Hermetic cans (H package) are available for al/ grades, with
LCCs (E) available for S/T grades. K/T grades have tighier 1oler-
ances on guaranteed current output than J/S, depending on fre-
quency and temperature range. Prices start at $16 (100s). 3

INPUT

t—-o DETECTED VIDEQ OUTPUT

o

s 60V

Figure 5. Typical AD9521 log-amp strip configuration,
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FASTERDSP p.P: 1,024-POINTRADIX-4 FFTIN3.0ms
ADSP-2100AKRuns at 12.5 MHz; Available in 100-Lead PGA or PQFP
Evaluation Board, ANSI C Compilers, Other Cross-Software Available

The ADSP-2(00A* is a faster version of the ADSP-2100 DSP
Microprocessor, introduced in these pages in 1986 (Analog Dia-
logue 20-2). Fabricated in 2 1.0-pm CMOS process, the new
12.5-MHz ADSP-2100AK and 10-MHz ADSP-2100A] join the 8-
and 6-MHz ADSP-2100K and J. This extended family makes
available the ADSP-2(00's code, instruction sct, and all of its
architectural advantages in a choice of speeds, packages, and
prices. Military grades arc also available. Packages include the
100-lead ccramic pin-grid-array (G) and a 100-lcad plastic quad
Nat pack (P). Prices start at $78 in 1,000s (ADSP-2100]P).

The ADSP-2100/2100A contains (Figure 1) a muliphier/accomu-
lator, arithmetic-logic unit, shifter, two address gencrators, a
program scquencer, and an instruction cache —plus registers, in-
ternal buses, feedback connections, and buses that provide inde-
pendent (simultancous) access to a pair of external data and pro-
gram memorics. The program memory can also storc data, which
is accessed in parallel with the data memory while the internal
cache provides instructions.

A DSP microprocessor’s performance depends on both iis cycle
rat¢ and what it can accomplish per cycle. The 56% increcase in
clock speed of the ADSP-2100AK over its powerful predecessor is
thus only part of the story. The ADSP-2100/2100A's parallel
architecture is designed 10 make cach cycle highly productive. In
a single cyclce it can simdianconsly: perform a computational oper-
ation (MAC, ALU, or shift), generate the next program address
and feich that instruction, perform one or 1wo data transfers, and
update onc or two address pointers.

Combining this faculty with 1ts increased speed, the ADSP-2100A
can perform a 1,024-point complex radix-4 FFT in 3.0 ms, faster

T ] |

INSTRUCTION
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ATa DATA
ADDRESS ADDRESS 5
GENERATOR GINERATDR CACHE x
M P MEMCRY FRCGHAM
l- SEQUENCER
BET REVERSTR i | l FROGRAM L] MEMDRY ADDRESS § PR ;ﬁ)

[] Dnm[]m\*mn ADDAFSS ] l DMJ\[!:{>
U vunom\uﬂmn.auu\-rmu. ]

e — |
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DATA MEMOHY DATA
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s NPT : 1
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Figure 1. Basic architecture of the ADSP-2100. The inde-
pendent MAC, ALU, and barrel-shifter sections - plus the
dual bus and addressing structure, the internal R-bus, and
instruction cache — are central to its processing power.
“TFor technical data, use the reply card. I vou wish 10 see copics of the various
Manuals: User'sc Applicanons, Cross=Softizare, and Evofeation-Board, get in
touch with vour leval sales office.
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than any of today’s general-purpose DSuPs—and approaching the
speed of dedicated FFT chips.

The ADSP-2100/2100A includes among its imporiam features:

® Single-cycle access 10 large external memories: 16K < 16 of data
memory and 32K x24 of program memory (16K instructions
and 16K additional data). Data can be accessed in both memo-
rics within a single cycle.

® The “virtual” three-bus architecture that is supported by the
16-instruction cache memory is automatically used in program
loops typical of DSP algorithms; it allows two external data
accesses in parallel.

® The powerful program sequencer makes available zero-overhead
looping for cfficient implementation of DSP algorithms, single-
cycle (“immediate™) branches for speed and simplified pro-
gramming, and sophisticated inteerupt processing for qQuick and
painless response to external conditions.

o [Casy-to-use software tools are available for PC/MS-DOS,
VAX/VMS, and UNIX; they include cross-software modules,
including Assembler, Linker, and Simulator, and an ANSI
draft standard C Compiler. In additon, an available stand-alone
cvaluation board executes signal-processing algorithms i real
nme; with it, engineers and programmers can run simulations
before committing 1o a final production design (sce photo).

The ADSP-2100A scaling was engineered by Dan Essig, with layout

by Denmmis Hillstrom; The Evaluation Board —and the ADSP-2100

Emudator—were designed by Kevin Leary. All are im ADI’s Digiial

Signal Processing Division, in Norvood MA. O3
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CMOSVIDEO DACS PROVIDE MEMORY, INTERFACE, 3 OUTPUTS
ADV478 (8-Bit)and ADV471 (6-Bit) Provide 256 Colors
Support Golor Overlays, Drive CRT Amplifiers Directly

The ADV478* and ADV471 monolithic triple video DACs—{it-,
form- and function-compatible equivalents of the Bi478 and
Btd471 —are designed to act as the interface between computer
graphics memory (such as in the VGA graphics of an IBM Per-
sonal Systern/2®) and the clectron gun drivers of a color CRT.
Both devices contain three DACs (for red, green, and blue pri-
mary colors), RAM for color lookup tables, separatc memory for
special color overlays, and output circvitry. Also included are
support circuits and processor-bus interfacing circuits.

The ADV478 and ADV471 are pin- and software-compatible and
differ only in the number of bits allocated for each color. The
ADV478 can be configured for cither 8-bit (256 intensity levels
per color) or 6-bit (64 levels) operation. The ADVA471 has only 6
bits, (64 intensity levels) per color. The devices’ various grades
will support clock cates of 35, 50, or 80 MHz; higher clock rates
are nceded to refresh higher-resolution displays often enough to
prevent perccived image flicker. A 35-MHx rate is suitable for 768
% 576 pixel resolution; 80 MHz gives 1,000 x 1,200 flicker-free
pixcls.

The ADV478 can display any 256 colors (out of 16.8 million), via
a 256 x 24-bit internal color-palette RAM. The RAM’s 24-bit
output supplies the 8-bit intensity code for each of the three
DACs. The ADV471’s internal color palctte is also 256 words
deep, with cach word 18 bits wide, for a universe of 262 thousand
color choices.Under program control, the colors in the palette can
be changed as needed; they can also be read back by the graphics
program using a read command. The palette’s colors can be any
subgroup from the total universe: ¢.g., all shades of a single color,
or fewer shades of some colors plus specific single-shade colors.

Both devices support overlay registers. A special 15 X 24 bit RAM

Var Van Van Van [T Winis

ADVATE 4T

LATCH

15 = 24|18}
OVERLAY
PALETTE

GRLY fetativ] no o7 Bl WH RS0 RS1 RRZ

NOTES
1 RUMBERS IN PARENTHESIS INDICATE PIN NAMES FOR THE abyvan
7 ONG O NQ CONNECT

B_lock diagram

«Usc the reply card for technical data.
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in the ADV478 (15 x 18 bits in the ADV47)) holds color infor-
mation for scrcen overlays—cursors, grids, and menus—rthat
should appear in programmed colors, regardless of the screen
graphics. With these priority registers, 15 additional colors can be
displayed independently of the main color palette and without
overwriting the palettc colors; this simplifies software and reduces
the number of color-palette rewrites that must be executed.

The DACs are interfaced to the processor bus via a standard 8-bit
microprocessor interface, which operates asynchronously 1o the
high-speed pixel clock. Data transfers between internal registers
are synchronized by internal logic; they occur between P ac-
cesses. The color-palettc RAM and overlay registers can be ac-
cessed a1 any time without causing visible glitches on the display.

DAC Owuipwts  The external full-scale reference for the DACs can
be either voltage (1.2-V nominal) or current (=3 10 —10 mA). A
single resistor sets the relationship beiween the reference valuc
and full-scale output level. A bit in the sctup-control word indi-
cates whether a 0 IRE or 7.5 IRE blanking pedestal (the ampli-
wde difference between black and retrace blanking ) should be
used. The span from blanking to full intensity is divided into 100
IRE (Instiwute of Radio Engineers) units; most signal levels arc
quantihied in terms of these units.

Video outputs are high-impedance current sources that are RS-
343A compatible and can dircctly drive a doubly terminated 75-Q
load (37.5-02 equivalent impedance); they are also RS-170 compat-
ible for singly terminated 75¢} loads. All three DAC outpuis
provide sync at —40 IRE, along with the analog color output.
Maximum differential and imegral linearity errors are *1 LSB for
the 8-bit AD478 and 1/4 LSB for the 6-bit ADV471, over the
entire 0 to + 70°C operating temperature range.

The ADV471 and ADV478 arc packaged in 44-pin PLCCs. Typ-
ical power dissipation for these +5-V CMOS dcvices is
<800 mW. Prices for the ADV471 and ADV478 arc $29/$36/357
and $41/$51/889 (100s) for 35/50/80-MHz versions. [3
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MONOLITHIC 12-BIT QUAD READBACK DAC SAVES BOARD SPACE

The AD664 Offers Voltage Output, Foeur-Quadrant Multiplication
Choice of Featuresin Two Packages: 44-Pin LCGC and 28-Pin DIP

The AD664* is a monolithic chip (Figure 1) with four complete
12-bit voltage-output multiplying d/a converters that share 2 bi-
dircctiona) microprocessor interface. Monolithic multiple DACs
provide savings when many high-resolution voltage-output DACs
ar¢ needed for systems applications in which reliability is para-
mount and board space, power dissipation, and design effort are
costly; examples include automatic test equipment, avionics, 1/0
boards for PCs, robotics, and high-end disk drives.

The analog portion of the AD664 (Figure 2) consists of four DAC
cells, four output amplifiers, a control amplifier, and switches.
The ourput range of each DAC cell is independently programmed
through the digital /O port (LCC-packaged units) and may be sct
10 unipolar or bipolar range, with a gain of 1 or 2 times the
reference voltage; with a +10-volt reference, *15-volt analog
supplics, and a +5-volt logic supply, the specificd output ranges
are 0o +10V, -Sto +5V, —10 w0 +10 V.,

The ADéE64 is available in two sets of versions, a 44-pin LCC
(*“E”) package with all functions described herc—and a 28-pin
ceramic DIP (“D” package) with dedicated unity gain and op-
tional unipolar (UN7 , 0 V to + Vip:) or bipolac (BIP , =V pp)
range. In addition, the “D” versions have a 12-bit [/O data buffer,
for 12- or 16-bit buses, whilc the “E™ versions® three 4-bit nybbles
allow themn also to communicate with 4- and 8-bit buscs.

The AD664’s multiplying DACs permit the usc of a common
positive-or-negative fixed-or-variable external reference; for exam-
ple, the system reference of an ATE system. All four DACs
guarantee * [/2-LSB max integral and differential nonlinearity at
25°C—and monotonic performance with *3/4 LSB max intcgral
nonlinearity over the rated temperature range. Maximum gain
error is +5 LSB, with a gain tempeo of =10 ppm of full-scale
range/°C. Unipolar offsct ¢rror is =1 LSB, and bipolar zcro error
is =2 LSB, with tempcos of =2 ppm/°C and * 10 ppm/°C. DAC-
10-DAC matching and tracking specifications are comparable.

Each DAC has a double-buffered input latch structure, which

OouBLE BUPFERID LATOMES
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Figure 1. Chip photo of the AD664.

*Use the reply card 1o receive a (rec 20-page dala sheet.
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permits simultancous update of one—or all four—DACs, and a
data-readback function. All DAC read and write operations are
conducted through a single microprocessor-compatible I/O port.
The choice of 4-, 8-, or 12-bit parallel lines (“E” versions} allows
simple interfacing with a wide variely of microprocessors. A reset-
1o-zero control pin is provided o allow a user to set all DAC
outputs to zcro simultaneously, regardless of the contents of the
input latch. Any one, or all, of the DACs may have both ranks of
latches placed in a mansparent mode (“E” versions), allowing the
outputs 1o respond immediately to the input data.

Operating from *12-volt to =15-volt (and +5-V) supplics, the
ADG664 typically dissipates 400 mW. It is specified (or operation
over 1wo lemperature ranges, —40 to +85°C (AD664BD-UNI,
AD664BD-BIP, and AD6&64BE), and —S55 to +125°C (AD664-
TD-UNI, AD664TD-BIP, and AD664TE, all available to MIL-
STD-883B). Prices start at $60.80 in 100s (AD664BD-UNI).

The AD664 was designed by Steve Lewis at Analog Devices Semi-
conductor, Wilmington MA. 3
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VOLTAGE-TO-CURRENT ISOLATOR PROVIDES HIGH ACCURACY
1B21 Provides 1,500-VRMS Isolation in a Small Package at Low Cost
Device Has Programmable 4-20 mAand 0-20 mARanges

The 1B21* voltage-10-current (V/I) converter provides isolation to
=1,500 V rms in a small, low-cost package using surface-mount
technology. It is intended 1o protect the signal source in process-
contro) applications that require clectrical isolation between the
source, ¢.g., programmable-controller output, and the load (typi-
cally a valve or actuator) controlled by this sourge.

The IB2) receives a high-level signal voltage, ranging up to 0 to
+10 V, and converts it to a 0-20 mA or 4-20 mA oulpu for a
control loop. The input section of the IB21 is powered by a
=15V supply, while the output loop uses a separate local or
remote supply. Magnetic coupling techniques achieve high isola-
ton with low nonlin¢arity, typically =0.02% (=0.05% max). The
small size of this module is advaptagcous—and necessary—(or
high-density multi-channel printed-circuit board designs.

Simijlar in concept and technology to the AD202/AD204 series of
isolation amplifiers (Analog Dialogre 20-1), the 1B21 has three
functional scctions: a programmable inverting amplificr for the
signal input, an isolation barricr, and a modulated current source
(Figure 1). The gain and offset of the input amplificr arc set by
wo external, wser-supplied resistors. Any range {rom 0-1 V o
0-10 V can be selected (for example, 1-5 V), ¢ither from a table or
by simple calculations.

The scaled and conditioned input signal modulates a carrier to
produce a square wave of pcak-to-peak amplitude proportional to
the input signal. This signal is applicd 10 the signal transformer,
which is specified to provide isolation to 1,500 V rms and = 2,000
V dc, continuous. The isolation, which also eliminates ground
loops, mects IEEE Standard 472 (Surge Withstand Capability) for
Transicnt Voltage Protection (=2,500 V peak CMV).

After passing through the signal transformer, the signal is demod-
utated and filtered using a single-pole filter. This filter's owput
provides the current-control signal for the output stage. The
oulpul current source draws excitation from an external supply in
series with 1he load, completing the loop.

Power for the ourpur-side circuitry of the 1B21 (except for the
current loop) is provided by a rectificd signal gencrated by a
transformer-isolated 25-kHz oscillator (on the input side); it also
provides timing information for modulation/demodulation.

4<b ouT
SIGNAL i_ i

ISOLATION

MODULATOR i“ DEMODULATOR 1 l
T
POWER TIMING aur
rHMING ISOLATION T 38 Lo

OSCILLATOR ? H E RECTIFIER
T2

Figure 1. Block diagram

1B21

*Use the reply card for wehnical data.
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Output range, of either 0-20 mA or 4-20 mA, is determined by the
value of an external resistor. The loop supply is typically +24 V
dc but can range from +15 to +30 V; because the 1B21%s output
is only 25 mA for input saturation, the supply need be rated for
only 25 mA. Compliance is 27 V with the +30 V supply, which
allows the 1B2l to drive <1.35-k{) loads. An internal 6.4-\
reference, with a =20 ppm/°C temperature coefficient, is provided
to develop the 4-mA offset required for the 4-20 mA range.

1B21 modules can share a circuit board, providing muluple-
channel outputs for analog signals. 11 the output circuits have a
common connection, a single loop-supply can be used for all
channcls (Figure 2), as long as the supply can furnish 25 mA per
channel. With a single supply, the owtput channels are not isolated
from onc¢ another, but in such applications isolation achicves the
objective of protecting data acquisition systems on the input side
from damage by output-side transicnt voltages.

The high accuracy of the 1B21 is indicated by the low output
oftset and gain temperature-cocfficients, =300 nA/°C and =S50
ppm/°C FSR, respectively. Small size (0.7 x 2.1 x 0.35 inches,
18 x 53 x 8.9 mm) provides a new level of price and functional
density in a single, casy-to- apply package. The IB21 is priced a1
$39 cach in quanutics of 100 pieces.

The 1B2] was designed by Alan Jefferv, at the Analog Devices
Iuterface Products Division, Norwood MA. 3
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Figure 2. Multiple 1821s with a single loop supply.
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AD652: IMPROVED MONOLITHIC SYNCHRONOUSV/F CONVERTER
0.005% max Nonlinearityto 1 MHzFullScale;0.02% at 2MHzFS
Pin-Compatible with VFC100; Has Accurate 5-V Reference Qutput

The AD652* is a fast, high-precision single-chip analog (voltage
or currem)-to-frequency converter. It is synchronous, in that its
full-scale output frequency depends on an external cleck instead
ol the period of a one-shot oscillator. Its many applications in-
clude analog-to-digital conversion, signal isolation, analog-signal
multiplcxing, transducer interfacing, frequency-10-voltage conver-
sion, frequency muliiplication, and dclia modulation.

The AD652 has low =0.005% maximum nonlincarity for full-
scale frequencies up 1o 1 MHz, increasing 0 =0.02% maximum at
2 MHz. The high clock rate, combined with the low nonlincariy,
facilitates high-speed, high-accuracy a/d conversion; at 2 MHz
full-scale (4-MHz clock), the AD652 can perform a 16-bit a/d
conversion in 32.77 ms (Figure 1). The AD652 contains a +5-volt
reference that can supply up to 10 mA (over temperature) 10 an
external load, such as a bridge transducer, for direct sensor-
to-digital conversion. It is accurate o =25 mV,
= 50 ppm/°C max in KP/BQ versions.

The AD652's basic (requency-voltage relationship is:

within

Vi Saroek
Jour = Jov " 72

for 10-voli full-scale input. By employing an external clock (which
may be crystal-controlled) to sct its full-scale frequency,
fer.o0r/2, the AD652 climinates the need for critical 1iming com-
ponents, such as cxpensive precision capacitors. This reduces
maximum gan drift 10 =25 ppm/°C and cnsures a low =0.5%
maximum gain crror. Because synchronous operation makes mul-
tiplexing easicr, the AD652 is a powerful tool in multichanncl data
acquisition.

The AD652 is pin-compatible with the AD651 (Analog Dialogue
20-2] and VFC100 synchronous VFCs; it is also more accurate and
less expensive. Additional features not found elsewhere include
PLCC packaging with on-chip application resistors for space-
critical designs (Figure 2), and an optional offsct trim capability 10
improve accuracy beyond rated specifications,

Available in 20-terminal PLCC (“P™) and 16-pin Cerdip (Q™),
the AD652 is available 5n five grades and specilied over the 0 to
+70°C (JP, KP), —40 to +85°C (AQ, BQ), and —55 1o +125°C
(SQ) temperature ranges. The JP/AQ/SQ guarantee these maxi-
mum spees: = | % gain error, =50 ppm/°C gain drift, and =0.02%

>TO pP

Vin 00— COUNTER

ADBS2 | four INPUT

b GATE

CLOCK =2N

Figure 1. A/D converter using a synchronous VFC.

*Use the reply card 16 oblsin a free 16-page Jduta sheet.
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include =0.5% gain crror, =25 ppnV*C gain drift, and =0.005%
nonlin¢arity ar S00 kHz. Prices siart at $6.95 (100s).

The AD6S52 was designed by Larry DeVito at Analog Devices Semi-
conductor, in Wilmington MA. [
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12-BIT MONOLITHIC ADC GUARANTEES 3-j.s CONVERSIONTIME

CMOSAD7672 Uses +5, —12-Volt Supply, Handles Unipolar & Bipolar Data
Has FastBus Access: 90 ns; PackagedinLGC, PLCC, and “Skinny’ DIP

The AD7672* is a monolithic CMOS high-speed successive-
approximation analog-to-digital converter capable of performing
12-bit conversions in 3 microseconds. [t can handle both unipolar
inputs (0 to +5 V and 0 1o +10 V) and bipolar inputs ( =35 V) with
on-chip application resistors (Figure 1).

Its low 180-mW maximum power dissipation permits the AD7672
10 be packaged in small 28-terminal leaded ceramic chip carrier
(LCCC—“E”) and plastic-leaded chip carrier (PLCC—“P")
surface-mount packages, as well as skinny 0.3" 24-pin plastic
(“N" or ceramic {“Q”) DIPs. Designed for high-speed process-
ing applications, the AD7672’s 90-ns maximum bus-access time
climinates zair states when using high-speed processors such as
the ADSP-2100, the TMS320C25, and the MC68020.

The AD7672 is a descendant of the AD7572, the industry’s first
5-ps monolithic 12-bit ADC (Analog Dialogue 20-1). For maxi-
mum flexibility (and improved accuracy and drift characeeristics),
an off-chip reference is used. For example, designers of wideband
dc measuremecnts can specify a precision device, such as the
AD588* 1.5-ppm/°C monolithic reference (Figure 2); on the other
hand, for ac signal processing applications, where offset and gain
accuracies are less critical, a more ocdinary reference can be used.

As Figure 2 shows, thc AD588 is especially useful because i
provides both the reference voltage and a precisely tracking
bipolar-offset voltage for applications involving inputs in the
range from —35 to +5 volts.

The AD7672 operates from +5-volt and —12-volt supplies; this
makes the device convenient to use for applications in PC-based
input/output systems, since a de-de converter is not necessary.

Available options include speed, accuracy, tempcraturce range,
and (as noted above) packaging. Its threce speed versions are the
AD7672XX03, -05, and -10, which guarantee maximum conver-
sion times of 3.125, 5, and 10 ps with synchronous clocks of 4,
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Figure 1. Functional black diagram
*For complete technical data, use the reply card.
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2.5, and 1.25 MHz—and 3.125%0.125, 5=0.2, and 10=0.4 ps
with asynchronous clocks.

Specified operating temperature ranges are 0 to +70°C (K,L),
—25°C o +85°C (B,C), and —55 o +125°C (T,U—05 and )0
suffixes only at present). Guaranteed maximum specifications for
K/B/T grades over temperature include =1 LSB integral nonlin-
carity, =0.9 LSB differential nonlinearity, =4 LSB offset error,
and =6 LSB gain error. Comparable specs for the L/C/U grades
(over temperature) include: =1/2 LSB integral nonlinearity
(=3/4 LSB for U grade), =0.9 LSB differe¢ntial nonlincarity,
+6 LSB offset error, and =7 LSB gain error. Prices start at
$33/$44/875 (100s) for the 10/05/03 versions.

The AD7672 has a 12-bit parallel interface, with three-state data
outputs and s1andard microprocessor control inputs (Chip Select
and Read). The on-chip clock oscillator may be used with a crystal
resonator for accurate definition of conversion time. The clock
input may also bc driven from an external source, such as a
microprocessor clock.

The AD7672 was designed by ADI Fellow Mike Twihill, ar Analog
Devices BV, Limerick, Ireland. O3
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Figure 2. Bipolar operation using an AD588 reference.
The bipolar-offset voltage is applied to AIN2.
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CHOOSEVMEbus VIDEQ DIGITIZER BOARDS TO MATCH SOURCE

RTI-684-HS Supports Eight RS-170 Inputs, Has RGB Qutput
RTI-683-HS Supports Non-RS-170 Cameras and Sensors

For VMEbus-based systems used in video applications, two
plug-in boards in the RTI-680 Serics provide a wide range of
video signal options. The RTI-684-HS*, for RS-170-compatible
inputs, and the RTI-683-HS*, for other video inpucs (Figure 1),
provide features common to all video digitizing applications yet
differing substantially between RS-170 and other environments.

RTI-683-HS: TV camcras generally have output formats defined
by the RS-170 standard. However, many industrial and sciemific
sensors create images with line and frame signals and rates that are
not RS-170-compatible. Line-scan and area sensors, using lincar
and square arrays, provide video information in formats that arc
much more varied and flexible than RS-)70 allows. The RTI-
683-HS, a programmable asynchronous input module, digitizes
images with a gamut from low resolution/fast frame rates 10 very
high resolution/slow frame rates.

The line length and the conversion rate are fully programmable.
Slow imaging devices, for example, scanning clectron micro-
scopes, and fast image devices—such as radar scanners—can be
accommodated with a pixel conversion rate up to 10 MHz and
maximum resolution of 8 bits. The conversion rate can be slaved
1o the sensor sampling pulse, if necessary, or a clock within the
RTI-683-HS can be used. The range of image resolutions spans
1 x 1 pixel 10 4,096 x 4,096 pixels, with frame rates from 0.1 10
1,000 frames per second.

To minimize noise in the digitized image —most often a problem
in slow-scan images—digital block-average ciceuitry s included; it
averages many samples to produce an accurate pixel value despite
the noise. Each of the 4,096 pixels on a line has scparately deter-
mined digital gain and offset settings; this provides the ability 10
calibrate and compensate (or nonuniformities in both sensor and
ambient lighting.
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Figure 1. RTI-683-HS subsystem for non-RS-170 signals.

*Use the reply card for 1echnical daw.
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RTI-683-HS

RTI-684-HS

Many imaging applications require locating the edge transitions of
the image and ignoring the broad, unchanging areas of the jmage.
For these applicavions, a horizontal run-length encoder with
programmable threshold is available to store the positions of gray-
scale transitions. This produces a compressed-data version of the
image, requiring less memory space to store and greatly reduced
bus time 10 transfer to the host CPU.

RTI-684-HS: Unlike the variety of scnsor formats that non-RS-
170 devices supply, many video-output devices (such as TV
camcras) provide signals in the ‘“‘broadcast-originated” RS-170
format, either directly or in emulation. The RTI-684-HS board
(sec photo) can accept any one of eight RS-170 inputs, selected
under software control. Each input is passed through a sync strip-
per, onc of four selectable filters (for anti-aliasing and noise reduc-
tion), and dc-level-restoration circuitry. A programmable-gain
amplifier and offsct cireuitry [urther condition the video signal.

The resulting signal is then digitized, to 6- or 8-bit resolution — for
further analysis by the host CPU and for ¢reating an RS-170 video
output. This RGB (red-green-blue) output is generated by digital
values entered into three color output look-up tables, which feed
three d/a converters to drive standard color monitors.

Both of these VMEbus-compatible video digitizing boards can
transfer data to other system boards over the VMEbus itself or via
a high-speed, private bus which provides timing, handshaking,
and data paths for transfercing large blocks of data at high rates
(often necessary in image-processing applications).

The RTI-683-HS non-RS-170 board is a 16-channel digital (D16),
24-channel analog (A24), VMEbus slave; it looks like a 64-K byte
block of memory. The RS-170 board (RTI1-684-HS) is a D§, A24
slave device, configured as a 16-byte memory block. Prices are
$3,995 and $2,475, respectively. 3
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DATAACQUISITION & CONTROL SOFTWARE FOR PC PLUG-INS

Menu-Driven Control EG: High Point-Count, Functionality, Graphics
Directly Supports RTI-800 Series Boards, 3B/5B Modules

Control EG*™ provides industrial and laboratory users of IBM
PCs {(and compatibles) with flexible, powerful menu-driven data-
acquisition and control capability. Up to 256 1/O points per
PC—up to 160 of them analog—can be handled, using multiple
plug-in boards (a single RTI-820 board can support 64 analog 1/0
points). The system operator can call up a varety of screen
displays of data ang results (Figure ))—historical data, X-Y plot,
annunciator panels, bargraphs, text, logs, or sequence-of-events.

Designed for use with the RTI-800 and 3B/5B series of analog and
digital I/O boards and signal conditioning modules, Control EG’s
software functions can acquire data, analyze it, and present it in a
variety of formats. Control EG can also control a process automat-
jcally throughout its entire cycle. Under program control, it can
open and close valves, change and ramp set-points, modify
channel-scanning rates, log data to disk, and activate a printer.

In a typical measurement-and-control loop, the sensor signal (e.g.,
thermocouple voltage) cannot be used directly by the system
computer. Weak signals must be amplified and (often) isolated,
scaled to the proper range, and linearized. Control EG works
closely with the 3B and 5B series of signal conditioning modules
that precede the RTI-800 series ¥/O board. The user types in the
signal-conditioner model number, and the software looks up the
proper scaling and linearization factors in built-in tables. The
result is scaled in engineering units (e.g., volts, degrees).

Users can also define calculated variables, mathematical or logical
functions of analog or digital inputs, entered as algebraic or Bool-
ean equations. Results can be displayed and logged like inputs.

Software for the most common closed-loop control algorithm,
PID (proportional + integral + derivative, relating the manipu-
lated variable 1o the error), is built into Control EG, for up to 32
independent loops. The operator enters setpoints and coefficients
(gain, reset rate, derivative rate); the loop runs automatically.

When the system is programmed for alarm scanning for high and
low input values, at up to 64 ch/s on an IBM PC AT, any alarms
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that occur are logged; user-defined messages appear on the screen.

In setting up Control EG, Configuration Tables define hardware
(which board, which location), input and output channels, desired
calculations, alarm limits and messages, sequence of up o0 8
different events, variables to be graphed (and format), and run-
time parameters, e.g., scanning and update rates. The user selects
what the screen displays: real-time or saved data, and whether to
alternate. A spreadsheet-compatible format aids further analysis.

Furnished complete (no “add-ons” neceded), Control EG com-
prises 2 disks, a comprehensive user’s manual, and a single-usc or
site-licensing agreement. Single-use cost is $500. O
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Figure 1. Control EG screens.
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NEW ENHANGEMENTSTO LTS-SERIES OF BENCHTOP ICTESTERS

High-Accuracy Op-Amp Family Board, VAX and PC Networking, and
Component Manipulator Increase LTS-2020’s Capabilities

The LTS-2020* Component-Test System family can test linear,
digital, data-conversion, and discrete devices in a convenient
menu-driven, BASIC-programmable instrument. Included in the
LTS-2020 system are RS-232 and IEEE-488 ports, dual disk-
drives for test-program and data storage, automatic self-cali-
bration, and software for statistical analysis. LTS-2020 systems
are used in both the engineering lab and incoming inspection.

Enhancements* to the 1LLTS-2020 benchtop component tester se-

ries expand its ability 10 test precision devices, improve its net-

working capability, and increase its device-handling productivity:

e an Op Amp Family Board, the LTS-2101, designed for testing
high-accuracy, high-precision linear devices

® software packages in the 2020NET series for nerworking to
DEC VAX, microVAX, and ]BM PC sysierns

e The LTS-1536 manipulator for mechanically interfacing the
LTS console to probers and handlers.

The LTS-2101 Op Amp Family Board is a significant improve-
ment over the LTS-2100, its predecessor. It can test offset voltage
with accuracy to within =(0.25% + 5pV), necessary for compar-
ators, voltage regulators, and low-offset op amps. For FET-input
op amps with sub-picoamp bias currents, the LTS-2101 can mea-
sure current with error less than (5% + 25 fA).

Several precautions minimize measurement-induced errors: A
multilayer printed-wiring board, careful grounding, and 0.5-pV-
thermal-EMF relays in the switching matrix reduce errors caused
by ground loops and thermocouple effects. Test times are reduced
by a “pulse load ready” signal, which is polled by the test pro-
gram to check whether the capacitor for the pulse load is charged.
The test-loop gain is greater than 10,000 for the high resolution
needed when amplifying small signals.

All software developed for the existing 1.TS-2100, including pro-
geam libraries, is compatible with the LTS-210) hardware. Doc-
umentation includes instructions for creating test programs with
“merge” software, information about low-leakage testing, sche-
matics of family boards and socket assemblics, and BASIC-
programming information. All standard op amps can be handled
by this board, including dual and quad devices, 8-pin mini-DJPS,
]4-pin DIPs, and a variety of TO metal can packages.

In addition to the basic board, accessories and socket assemblies
are available. The LTS-2101 is priced at $4,000.

The 2020NET series of networking software is intended for
DEC VAX/microVAX II computers or IBM PC (and compatible)
systems. [t allows data and programs in ASCII fles 10 be trans-
mitted via a bi-directional RS-232 port for uploading and down-
loading between a host computer and an LTS-2020 tester or
1.TS-2020 Test-Development station (Analog Dialogue 21-1) .

In a typical application, the host stores a sequence of setup pro-
cedures to be sent 10 the LTS$-2020 for automated operation of the
svstem. The L'TS-2020 uses the host computer’s hard disk to store

*Use the reply card to request technical daia.
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test data and test programs. This reduces the need to save test
programs on separate floppy disks, minimizes intervention by the
operator, and provides overall system flexibility. The greater pro-
cessing capabilities of the host computer can be used for ¢orrela-
tion of data and test results, as well as central program library
maintenance and revision control.

The 2020NET VAX-based networking software allows up to
twelve LTS-2020s to be connected to a single mulritasking VAX
or microVAX; the PC-based system connects a PC to a single
LTS-2020. Price for 2020NET depends on the host computer and
magnetic media required. The range 1s from $1,500 to $2,000,

The LTS-1536 Reid-Ashman Manipulator is designed to provide
a mechanical interface between automatic handlers and probers
and the LTS-2020, The manipulator eases movement of the sys-
tem console; it requires little time 10 set up on the test floor. Its
power-assist reduces thc console’s “effective” weight to 20
pounds, so that little effort is needed to position the console; setup
times are shortened and production throughput increases.

Positioning capabilities of this manipulator include up/down, side-
to-side, infout, and rotation around a side-to-side axis, Cumber-
some mechanical locking of the interface cables is eliminated by
the hard-docking fcature, which improves cable and connector
reliability while maintaining signal integrity due 1o the reduced
distances between console and test head. Guide pins and latches
prevent damage to contacts.

Accessories allow interfacing to the commonly used MCT auto-
matic component handler (other interfaces are available; contact
the factory for details). The standard LTS-1536 manipulator is
priced at $5,950.

The LTS-2101 fomily board was designed by Jon Johnson and Pud Baginski ai
Analog Devices Component Test Systems (they ave now ar Analog Devices Semicon-

ductor, Wilnungton MA). The 2020NET sofrware wes designed by Nick Norman at
cTs. 3
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New-Product Briefs

8-BITICVIDEO DAC

8 MIPS Multibus I ARRAY PROCESSOR
16-BitRT!-980 Is Based onthe ADSP-2100 Chip
DevelopmentTools Include Assembler, Linker, & Simulator

The RTI-980* Multibus JI®-compatible
Array Processor Board ¢runches numbers at
up 10 8 MIPS (million instructions per sec-
ond) with 16-bit fixed-point format. It can
compute algorithms for communication,

signal processing, machine vision, and real-
uvme data acquisition and analysis.

Speedy calculations are provided by the
ADSP-2100 single-chip programmable DSP
microprocessor, which features single-cycle
instruction cxecution and incorporates an
ALU, multiplier-accumulator, and barrel
shifter; it works in conjunction with an
80188 microprocessor as an /O processor,
built-in self-test, and DMA support for a
message-passing co-processor (MPC).

To communicate with other Muluibus 11
boards in a system, the RTI-980 uses either
the public bus or a high-speed private bus,
supporting control signals, 20 address bits,
16 data bits, and data transfers at 8 MHz.

Software-development tools include an as-
sembler, linker, and simulator for IBM PCs
(MS DOS) and Intel iIRMX286, plus warget-
environment tools. The RTI-980%s price
(1's) is $5,995. 3

TTL-COMPATIBLE 100-MHz 8-BIT FLASHADC
AD9012 Has Wide Analog Bandwidth, High SNR, Low Power
Low Input Capacitance Minimizes Demands on Input Buffer

The AD9012* is an 8-bit monoalithic flash
converter with minimum full-scale sampling
rate of 75 Msps (100 typical). A direct de-
scendant of the 125 (150 typ)-Msps AD9002
(see Analog Dialogue 21-1), it has conve-
nient TTL (instead of ECL) outputs. Typ-
ical applications include radar, digital oscil-
loscopes, digital radio, and electronic
warfare systems.

The AD9012 has 16-pF input capacitance
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*Use the reply card for wechnical dala.
# Mulubus 11 s 2 regisiered trade mark of
Intel Corporation.
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and 180-MHz analog bandwidth (for ac-
quiring high-speed pulse inputs without an
external track-and-hold). Signal-to-nojse is
greater than 46 dB, and harmonic suppres-
sion is 54 dB from dc¢ to 1.23 MHz.

The AD9012’s options include 0.5 or 0.75
I.SB max nonlinearity, —25 to +85°C or
~55 to +125°C operation, and 28-pin DIP
or LCC package). An evaluation board is
available. Prices (100s) begin at $70. o
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250-MHz Update Rate
Low (60 pV-s) Glitch

The AD9701* is a high-speed monolithic
8-bit d/a converter with fully integrated
composite video functions. [t provides 8-bit
updates a1 250 MHz in synchronous opera-
tion. Applications include raster-scan &
multicolor displays (one AD9701/color).

Built-in composite control functions—for
composite sync and blanking, reference
white level, and 10% bright level—min-
imize additional raster-scan logic require-
ments, The 250-MHz update rate supports
CRT resolutions up to 1K x 1K pixels.

Features include 60 pV-s glitch impulse
(eritical in video applications), single-supply
(—=5.2-V) operation, with 728-mW typical
power dissipation, and an internal voltage
reference (for operation as a stand-alone
video-reconstruction DAC). The video out-
put setup level is adjustable through the
control pin from 0 to 20 IRE units.

Two temperature ranges are available:
AD9701BQ (—25 10 +85°C), in a 22-pin
ceramic DIP, and AD9701SQ/SE (-55 w0
+125°C), in either a ceramic DIP or a 28-
terminal LCC. Prices start at $14 (100s). 3
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New-Product Briefs

TTLCOMPARATORWITH 7-ns PROP DELAY

High-Speed AD9686 Includes Complementary TTL Outputs,
Latch-Enable Control Line; Uses Industry-Standard Pinout

280-MHz OP AMP
AD9611: 7-ns 1% Settling
Low Noise and Distortion

The AD9611* is a fast-settling, wide-
bandwidth de-coupled op amp combining
high speed and dc¢ precision. Designed for

signal-processing  applications  requiring
both high gain and wide bandwidth, it can
be used as a buffer-driver for ADCs, an
output amplifier for fast DACs, a photo-
diode preamp, and in many other way's.

It is designed as a transimpedance op
amp: onc whose error signal is current
instead of voltage; because of this, its
dynamic performance is essentizally indepen-
dent of closed-loop gain. Iis —3-dB
inverting bandwidth s > 250 MHz for
closed-loop gains of up to 5 V/V and drops
only to 200 MHz at a gain of 20.

Stable without compensation at unity gain,
it sctides to 1% in 7 ns—and t0 0.1% in 13
ns. Rise and fall times are 1.3 nsand 1.5 ns,
independently of the output siep.

It is designed for widcband applications,
but Jd¢ performance was not ignored. Input
offset voltage is typically =0.5 mV, with
=35 pV/°C dnift; bias current at either input
is =1 pA, with drift of =140/=75 nA”C for
the inverting/non-inverting inputs.

With =S-volt supplies, its minimum output
swing is =2.8 V' (at high temperatures,
=2.5 V), and 1t delivers a minimum [ull-
range output current of =40 mA. Available
in 1wo grades, BH (—25°C 10 +85°C) and
TH (-55°C o +125°C), it typically dissi-
pates 720 mW. Power dissipation remains
comstant as a function of load; this feature
means that the AD961)TH can operate in
ambients up 1o +110°C without needing a
heat sink. Prices start at $84 (100s). O3

*Usc the reply card (or techmeal daw.
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The AD9686* is a monolithic TTL latching
comparator with industry-standard pinout
and only 7 ns of propagation delay. In addi-
tion to its complementary TTL outputs, the
AD9686 provides a latch-enable contro) line
—with 2-ns max setup time—for very high
speed voltage comparisons.

With the capability to detect high-speed
voltage transitions in both analog 2nd digital
systems, the AD%686 can be used for a va-
ricty of circuitry, including crystal- and RC-
controlled TTL clocks, window compara-
tors, peak and threshold detectors, and
high-spced triggers and line receivers. Ap-
plications are found in input-range detec-
tion, high-specd analog and digital signal
measurement, automatic test equipment,
data communications, radar, EW, and mis-
sile guidance.

In addition o its high speed, the AD9686
has low input offset vollage: 2 mV max,
with less than 10 wV/°C drift over the —25

to +85°C industrial temperature range and
less than 13 wV/°C over the —55 10 =125°C
military temnperature range. Other key spec-
ifications include 4-pA input bjas current
and 85-dB common-mode rejection.

The AD9686 has comparable power dis-
sipation to pin-compatible alternatives,
367 mW, maximum. It requires +5 and
—6-volt power supplies and is available in a
TO-100 mertal can and a {6-pin hermetic
ceramic DIP. The MIL-temp version is also
available in a 20-terminal ceramic LCC.
Prices start at $3.00 in 100s. 3

LOWEST-COST COMPLETE V-0UT 8-BITDAC
AD557 DACPORT ™ is Available in Skinny DIP or PLCC
Operates from Single + 5-VLogic Supply

The AD5357* is a complete monolithic §-bit
digital-to-analog interface. Guaranteeing
monotonic bchavior over temperature, it
operates from a single +S5-volt supply. On-
chip functions include a complete double-
buffered microprocessor interface, a
bandgap voltage reference, and an output
amplifier for driving loads directly.

It is designed and specified to produce any
discrete 8-bit voltage in the full-scale range
from 0 10 +2.56 V (10 mV/bit) with a single
+5-volt power supply. Dynamically, it sct-
tles to within =1/2 LSB in 1.5 ps max. Its
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completeness and low cost make it an ideal
upgrade for DACO8 in new designs and the
most desirable choice wherever a true 8-bit
monotonic bus-interfacing DAC must be
powered by a single supply bus.

Additional maxinuon specifications of the
ADSS7] include 1-LSB relative-accuracy
error over tempecrature, full-scale error of
+2.5 LSB at 25°C (=4.5 LSB over temper-
ature), and zero offset to within =1 LSB at
+25°C (=3 LSB over temperature).

The ADS57] is available for 0°C 10 +70°C
operation in 2 choice of 16-pin DIP (JN)
and 20-terminal PLCC (JP) packages. Price
(either package) is $3.35 in 100’s, dropping
to $2.80 in 1,000s. 3
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New-Product Briefs

ISOLATED LINEARIZED TC-INPUTMODULE

Complete Signal Conditioner with 0.05%-of-Span Accuracy
9B47 Produces0to + 5-VoltQutputsfromJ, K, T,E,R,S,B

The SB47%, a2 2.25" x 2.25" x 0.6” plug-in,
accepts thermocouple signals and provides a
linear, isolated 0 to +5-V output. Smaller
and Jess costly than other market offerings,
it is also competitive with jn-house designs.

The 5B Series modular signal-conditioner
family was introduced in these pages (20-2,
pp. 8-9). SB’s, in modular packages with
standard interconnections and ready access
to field wiring, interface 1o transducers,
millivolt-level signals, and current inputs.

The inpur has open-thermocouple derection
and 240-volt rms fault protection; an input
filter rejects line (requencies (60 dB).
Transformer isolation (1.5-kV rms continu-
ous) gives 160-dB CMR. The SB47 mects
IEEE-472 surge-withstand standards.

Cold-junction compensation and chopper-
stabilization foster measurement precision.
A TTL-driven output switch eases muln-
plexing. The selectable signal span s
=5 mV o =0.5 V; accuracy (J & T) is to
within =0.5°C, including nonlineanity, hys-

teresis, and repeatability errors. Zero and
span errors are =0.05% of span.

The 5B47 operates from —40 to +85°C,
requires a single +5-volt supply, and dissi-
pates 150 mW. Price (250s) is $130. 3

12-BIT, 1-MHz TRACKING ADCINADIP

AD9003 Has 850-ns Maximum Conversion Time
No Missing Codes over Full Operating Temperature Range

The AD9003* combines a 12-bit a/d con-
verter and a track-hold amplifier in a sin-
gle package. Maximum conversion time
of 850ns—including acquisivion time—
insures true 1-MHz performance. Because
it is small and completes, the ADS003 is
suitable for digital oscilloscopes, high-speed
data-acquisition, and radar systcms.

Combining an ADC and T/H in the same
package permits complete ac and de charac-
terization of the device; specifications in-
clude —74 dB maximum in-band THD, 65~
dB minimum SNR, and —87-dB typical
two-tone IMD.Accuracy specifications in-
clude =1 LSB max differential nonlinear-
ity, =1.5 LSB max integral nonlinearity,
=0.2% maximum full-scale gain error, and
no missing codes over temperature.

Input voltage range is 5 V p-p. Typical

*Use the reply card for 1echnical daia.
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aperture jitter and delay are 26 ps and 16
ns. All digital outputs are TTL-compatible.
Coding for the 12-bit parallel output word is
complementary binary (unipolar) and com-
plementary offsct binary (bipolar).

The AD9003 is packaged in a 40-pin

double-widih hermetic melal DIP and re-

quires +5V and = 15-volt supplies. Speci-
fied operating 1emperature ranges include 0
o 70°C (KM) and —25 to + 100°C (SM and
TM). Pricc in 100s begins at $250. 3

15-ps, 12-BITADC
AD674Ais Complete,
Pin-Compatible with AD574A

The AD674A* is a 15-us, 12-bit a/d con-
verter that offers faster conversion and bus
speed than the AD574, while maintaining
all of the features and flexibility that made
the ADS574 an industry standard. The
ADG674A is compauble (and highly compet-
itive) with existing 674A devices. The com-
plete 12-bit ADC includes a high-precision
voltage reference, clock, control logic, and
microprocessor intecface.

With its 3-state buffers and maximum daia-
access time of only 150 ns, the AD874A can
interface o most digital processors; data is
read as one 12-bit word or as two 8-bit
bytes. While normally operating under nP
control, it can also stand alone.

In addivon o its fully specified perfor-
mance with =12-volt or =15-V power
supplies (while drawing 390 mW), it fur-
nishes a pin-programmable choice among
four calibrated signal ranges, 0 to +10 V or
+20 V, and =5 V or =10 V. The internal
buried-Zencr reference has maximum error
of 1%; it is trimmed to 10.00 volts, drifts
less than 15 ppm (1yp), and can drive exter-
nal loads up to 2.0 mA.

Other key specs include =1/2-LSB maxi-
mum nonlinearity over temperature (K & L
grades) and no missing codes over the tem-
perature range. The AD674A is available in
six different grades, with performance rated
over the 0 10 +70°C commercial tempera-
ture range (J/K/L) ang the —55 o +125°C
military  range (S/T/U). MIL-STD-883B
versions will be available soon. All grades
arc housed in 28-pin hermetic ceramic
DIPs. Pricing starts at $39.25 (100s). O3
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ANALOG DEVICES NAMES THREE NEW FELLOWS

Jody Lapham

Jerome F. Lapham was born in
Fort Edwards, NY. He received a
BChE in 1960 and a BS in Physics
(with distinction) in 1963, both
from Clarkson College of Technol-
ogy, and in 1965 was awarded an
MS in Physics from the Case Inst-
tute of Technology.

Before joining Analog Devices Semiconductor (ADS) in 1974, he
worked at Sprague Electric Company, where he managed a high-
spced-TTL line, developed processes, and produced a number of
smarl power circuits, including dual Darlingtons, power drivers,
and high-voliage display drivers—also standard linear products,
such as op amps and d/a switches.

Coming to ADS, he managed all aspects of wafer fabrication,
improving yields, designing facilities, developing processcs for
many high-performance devices, making thin-film resistor process
manufacturable, and helping to solve reliability probiems. Later,
as Wafer Engineering Manager, then Manager of Advanced Wafer
Processing, he was involved in BIFET and complementary bipolar
development programs, improvement of thin-film-resistor stabil-
ity and rcliability, and establishing a measurement capability for
transistor model parameters.

Most recently, as Senior Staff Engineer, he has been deeply
involved in perfecting a complementary bipolar (CB) process,
which makes possible PNP and NPN transistors with nearly equal
capabilities. Products manufactured with this process combine the
low drift and high gain alrcadv demonstrated in earlier NPN-
based products with the wide bandwidth made possible by im-
proved PNP transistors. Examples inciude the ADS68 high-speed
DAC (Analog Dinlogue 21-2), the recenty announced AD842,
ADS845, and AD847 op amps, and many other products to be seen
in these pages in future issues.

CB was described in a paper prepared by Jody (jointly with Brad
Scharf and Rich Payne) for presentation at the JEEE Bipolar
Circuits Conference in Minneapolis MN, September, 1986. He
has a number of patents, with more in the works.

Jody lives with his wife and children in Groton, Massachusctts.
He enjoys swimming (usually with fellow-Fellow Paul Brokaw)
and is an antique-boat enthusiast.

Bob Tsang

Robert W, K. Tsang was born in
Shanghai, China. He won a BS-
with First Degree Honors in
Chemical Engineering at the Uni-
versity of London, in 1958, and
received an MS in Chemical Engi-
neering from MIT in 1960.

\
Upon graduation, he joined Fair- \\‘
child Semiconductor, in Mountain
View, CA, as a Process Engineer, and was promoted 1o Senior
Process Engincer. Later, as Member of the Techmical Sraff at
Spraguc Elcctric Rescarch Center, North Adams MA, he made
fundamental contributions 10 the understanding of the device

!
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physics of lateral PNPs; at Zenith Radio, Elk Grove IL, he was
Group Leader in monolithic wafer processing.

He joined Analog Devices Semiconductor, in Wilminglon MA, in
1972, and —prior to his ¢levation (o Fellow—has served as Group
Leader-Process Development, Device Development Manager,
Manager of Silicon Device Processing, and Senior Technology
and Device Engineer.

His important contributions have resulted in patents and profits.
He has been responsible for development of new processcs that
have made possible many of the devices that appeared in feature
articies in this publication and have long since become industry
standards.

For example, Bob developed Bipolar Process 2, the I2L-
compatible linear process that is the mainstay of ADS's
successive-approximation a/d converter effort. He also invented a
diffused buned-Zcner technology, for stable, reliable, laser-
trimmable references before ion implantation came into wide use.,
Hc was also responsible for developing our BiMOS 11 process; it
combines the density of CMOS with the precision of bipolar and
makes passible fast, high-accuracy converters. BiMOS 1T products
include the AD569 and 2580, (seen in recent issues); many more
will be available soon.

Bob is married and has wwo daughters. He enjoys working in the
yard and plaving tennis.

Mike Tuthill

Before becoming an ADI Fellow,
Mike Tuthill was a Staff Engineer
for Analog Devices, BV, in Lim-
crick, Ircland—the town of his
birth in 1948. He went 10 school
locally and from there to Univer-
sity College (Cork), whence he
was graduated in 1970 with a BE
(Bachelors of Engineering) degree.

His first job was with Marconi Radar Division in Chelmsford,
Essex, England; he worked for 2 1/2 years as a designer of 100-
MHz 10 4-GHz microwave circuits (with transistors).

He then returned 1o Ireland to work as a designer of FDM
equipment with an Irish telecommunications firm, Telectron. His
work embraced a wide varicty of circuits from dc 10 4 MHz,
including amplifiers, crystal oscillators, carrier generators, and
frequency multiplicrs, mixers, etc.

In 1977, back in Limerick, he joined the startup analog CMOS
manufacturer, Analog Devices BV, as a Scnior Design Engineer;
he has since advanced 10 Staff Engineer—and now, Fellow.

Mike has been responsible for, participated in, or influenced the
design of most of ADBV’s important CMOS data-conversion
preducts. Examples include: the AD7574 8-bit CMOS ADC, the
AD7546 16-bit guaranteed-monotonic DAC, the AD7582/78
12-bit auto-zeroed CMOS ADCs—and most recently, the AD7572
and AD7672 high-speed 12-bit bipolar/CMOS ADCs. His innova-
tions have resulted in a number of p;ncms.
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He is married to Marie and has two daughters, Eve (18) and Jean
(6). His pastimes include camping and caravanning in Europe,
swimming, walking, reading, and —of course—clectranics.

WHAT IS AN ADI FELLOW?

ADI Fellows constitute the highest Jevels of a Parallel Ladder
program, started in 1980 and developed to clarify and enhance the
career opportunities for technical contributors at Analog Devices.
The program is intended 1o provide the same caceer potential for
technical contributors as for managers, in terms of compensation,
recognition, and impact on the corporation. With it, the Company
aspires to retain and motivate lifelong carecr technologists as a
cornerstone to continued success.

Analog’s program recognizes that technical contributors expand
their influence and contributions to the company as they progress
in their careers, with contributions equivalent in scope to those of
professionals who choose management careers.

An example of the nature of this carcer potential can be scen in
the 1able, which illustrates the equivalences between technical
contcibutor positions and those of the management hierarchy;
below the office of Preident:

Technical Contributor Manager

Fellow VP/General Manager/Director

Senior Saff Engincer Product-Line Manager

Suaff Enginecr Functional Manager

Senior Project Engineer Engincering Supcrvisor

Fecllows combine many of the following roles: innovator, mentor,
entreprencur, consultant, engincering manager, organizational

bridge, teacher, publisher, gatckeeper, and ambassador —in a way
that produces an imporiant impact on the corporation.

Nominations for Fellow are initiated by the technical community,
spearhcaded by the current Fellows. Although many of the carlier
Fellows are design engineers, the newest crop includes process
cngineers—signifying the importance of our technologies in the
progress of the company.

In general, according to President Ray Stata, “we are looking for
innovation, for past and future contributions, and for people we
can look at and sav that we want our other technical people 10
aspirc 10 be like them.™

As of oday, our Fellows are:
A. Paul Brokaw (1980)
Lew Counts (1984)
Barrie Gilbert (1980)
Peter R. Holloway (1985)
Jody Lapham (1988)
Jack Mcmishian (1980)
Michael P. Timko (1982)
Robert W. K. Tsang (1988)
Mike Tuthill (1988) >
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MORE AUTHORS (Continued from page 2)

Jeffrey Greenwald (page 10) is a
Design Engineer in the Interface
Products Division at Analog De-
vices in Norwood MA. He earned
his BSEE in 1980 from Northeast-
ern University. He is an active
member of ISHM and the Audio
Engineering Sacicty. In his spare
time, he is a musician on home-
recording projects and enjoys
struggling with his golf game.

Bill Sheppard (page 10) is a Mar-
kcting Engincer in the Interface
Products Division (IPD) of Ana-
log Devices. Since joining ADI in
1969, he has held positions as Test
Supervisor and Quality-Control
Supervisor. In his present posi-
tion, he supports IPD’s High-
Resolution  Converter  product
line. He received his ASET ar e
Brevard Junior College in Cocoa, Florida. His hobbics include
golf, fishing, and high-performance Buicks.

Bob Malone (page 12) is a Design
Engincer at the Microelectronics
Division of Analog Decvices, in
Wilmington MA. Before joining
the company in 1984, he was a
Design Engineer with the Test
Systems Division of Fairchild.
Bob holds a BSEE from RPI and
an MSEL from Northeastern Uni-
versity. In his sparc ume, Bob en-
joys spending time with his family.

Rene Sterra (page 12) is Product
Marketing Manager for Signal-
Processing Components at ADD’s
Microelectronics  Division. Prior
to joining Analog Devices, he
worked as a Dcsign Engincer at
Hughes  Aircraft (Los Angeles)
and as a DSP/Converter Market-
ing Manager at TRW LSI prod-
ucts (San Diego). Rene has a
BSEE trom the University of Puerto Rico. In his spare time, he
enjoys “building things” and playing golf.

Tom Tice (page 18) is an IC Project
Engineer on high-speed a/d con-
verter design at ADI’s Computer
Labs Division. Earlier, he was ¢n-
gaged in instrumentation design at
R. J. Reynolds Industries. He re-
ceived a BSEE from North Caro-
lina State University in 1983. In
his spare time, he designs and
builds sterco hi-fi equipment and .
plavs golf, racquetball, and volleyball. (> |
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Worth Reading

DATABOOKS & SHORT FORMS

Data-Conversion Products Databook and Linear Products
Databook.* Two volumes (shipped as a unit) containing 2,022
pages of FREE technical data on high-performance products for
data acquisition and lincar signal processing. 23 product classes
include op amps (42 families), instrumentation amps, isolators,
comparators, anzlog function circuits, signal conditioners, voltage
refcrences, track-holds, and a/d-; d/a-, v/f~, and resolver-digital
converters. There are comprchensive data shecets, selection
guides, and much other uscful information. With the DSP Prod-
ucts Databook, described in the last issue, they form a complete
three-volume catalog of the world's most-comprehensive hne of
ICs and other products for high-performance signal processing:
digital, analog, and interface.

Analog CMOS Switches and Multiplexers.*A short-form guide
to switches and multiplexers manufactured using ADI's LC?MOS
(linear-compatible CMOS) high-performance enhanced process
featuring high breakdown voltages, low Ry, low leakage, and
high swability. 16 pages of product listings, block diagrams, reli-
ability data, and more.

LTS-2020 Series Test Systems. A 45-page short-form guide to
LTS-2020-series Component Test Systems lor incoming test and
inspection, component evaluation, and semiconductor product
testing. Described are svstem consoles; test capabilities for lincar
and discrete devices, data-conversion devices, and digital devices;
as well as prototyping hardware, handlers, options, and supplics.
Write 10 Analog Decvices Component Test Systemns, 181 Bal-
lardvale St., Wilmington MA 01887 or phone (617) 658-9400.

Revised ADSP-2100 Manuals. Now available, the newly revised
ADSP-2100 User's Manual describes the ADSP-2]00's architec-
ture, and includes an overview of the instruction set. The ADSP-
2100 Cross-Software Manual, a programmer's refercnce, has
major new information coinciding with Release 1.5 of the Cross
Software; complete programming information in one book, it
includes a bound-in Reference Card and a chapter devoted to the
new C Compiler. Get in touch with the local sales office to request
a free copy of either (or both) book(s).

SERIALS

Analog Briefings—The Newsletter for the Milirary/Bvionics Indus-
try. Volume 1V, No. | discusses standard military drawings for
the ADSP-2100 DSP pP; addition of ADI’s Microelectronics
Division to the MIL-STD-1772 Section B Qualified Manufactur-
ers List; the meaning of the “B” in our /883B part markings;
MIL-STD-883 Novice 5 and 6 changes; issues in new ESD pro-
posals by the U. S. Government; and new military-grade and
Standard-Military-Drawing products now available. Also included
is a 4-page insert with a recent compilation of our available QPL,
SMD, and /883B products. For a free copy, and 10 subscribe, ger
in touch with our nearest sales office.

DSPatch-The Digital Signal Processing Newsletier. Number 7 (16
pp.) features “Analog Issues for Digital Systems,” which will
become a regular feature. Also included are articles on uses of
Analog Devices DSP chips by Hewleu-Packard (workstation and

*Use the reply card (or a free copy (article reprints only while they last).
® Induciosyn is a registered 1rade mark of Farrand Industrics, Inc.
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floating-point  accelerator), Loughborough, Hazelline (sysitiic
processor), and Logabex; Questions & Answers; updaie on prod-
ucts, data shects, and support, seminars and training programs,
and much more. For a free copy, and 1o subscribe, get in 1ouch
with our nearest sales office.

APPLICATION NOTES

AD7578 and AD7582 Performance with Reduced V,,,, Supply
(12 V =10%),* by Dan Shechan, summarizes performance in
12-volt opcration for 100-ps, 12-bit a/d converters, and compares
ic with the +15-volt data-shect specifications. 2 pages.

Circuit Applications of the 2881 and 2880 Resolver-to-Digital
Converters,* by Hitesh Patcel, discusses lopics of interest to users
of monolithic resolver-to-digital converters, ranging from power-
supply conncctions 1o incremental encoder simulation  and
connection 1o [nductosyns®. 6 pages.

Dynamic Characleristics of Tracking Converters,* by Mark Tho-
mas, a simple explanation of the dvnamic-characteristic specifica-
tions, explains their particular relevance for synchro- and resolver-
to-digital converters. Espccially helpfu) 1o designers interested in
using the 2580 and 2S8) monolithic RDCs. 4 pages.

Dvnamic Perfonmance of CAMOS DACs in Modem Applications,™ by
Mike Curtin and Matt Smith, looks at the performance of a
number of CMOS DACs when gencrating a standard carrier fre-
quency for V32 and V33 modems. 6 pages.

8th-Order Progranumable Low-Pass Analog Filter Using Dual 12-
Bit DACs,* by Bill Slattery, describes the design of a low-pass
analog filier with software-programmable cutoff frequencies, from
100 Hz 10 50 kHz, using the AD7537 DAC. § pages.

ARTICLE REPRINTS AVAILABLE
“Quad 12-Bit V-out DAC IC Rcads Back Input Words to Host,”*
Electronic Design, December 10, 1987. (AD664).

“Stable Reference 1C Simplifies the Design of Analog Systems,”™™
by Bill Thompson, EDN, January 21, 1988. (AD588).

ADI AUTHORS IN THE TRADE PRESS
“Converters Digitize Signals for DSP,” by Bob Malone, EDN
News, January, 1988.

“Programmable-Delay ICs Control System Timing,” by Craven
Hilton and Jeff Barrow, EDN, February 18, 1988. (AD9500).

“Transform Your IBM PC into a 6 )/2-Digit Volumeter,”* by
Geoff Haigh, Electronic Design, February 18, 1988, (AD1175).

BRIEF BOOK REVIEW

Operational  Amplifier  Circuns—Theory and Applications, by
E. J. Kennedy. New York: Holt, Rinchart and Winston, Inc.,
1988. ISBN 0-03-001948-6. Topics include: The ideal operational
amplifier, The non-idcal operational amplifier, Frequency stabil-
ity for multiple-pole systems, Noise analysis in op-amp circuits,
Other lincar circuit applications, Active RC filiers, Nonlinear and
other functional circuits, and Transducers and signal-processing
examples; plus S Appendixes. Our Contributing Editor, Bill
Schweber, comments: “Fairly thorough. Appendixes D (Com-
puter Modelling) and E (R & C 1ables) were especially uselul, as
was Chapter 8." (Not available fromt Analog Devices.) o
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REVISED DATA SHEETS . . . Data sheets for ADGS526A/527A and
ADG528A/5298, numbered C1153 and C1041, dated 11/87, have been

replaced by C1153a and C104la, dated 2/88 (see upper RH comner of
back pages). In Cl04la, incorrect 16-pin outline drawings are
replaced by correct 18-pin; and room-temperature specs are
corrected to +25°C from -25°C. In Cl04la, incorrect truth tables
have been replaced and room-temperature is corrected to +25°C

f . A corrected version of the AD7824/7828 data sheet, C950Db,
dated 5/2/88, 1s now available . . . A revised version of the
ADSP-2100 data sheet, Cl064a, dated 1/88, is avallable. It
includes information about the PLCC (PQFP) package and minor
revisions to specifications and timing.

PRODUCT NOTES (COMPONENTS) . . .
D~ —A42 i ¥
Consult your nearby ADI sales office for the 8-page results of a

bench evaluation that concludes “Qur parts clearly win on ac
performance, dc performance, packaging, and price.”

O amps available™n SOIC packages: ADOP-QTCR, ADIONR/KR,
ADT11JR/KR, BDS48JR/KR . . . A low-cost exact plug-in replacement
for the Brand “B” 16-bit ADC, the ADADC71JD/KD, is now available.
{And it has a wider NMC temperature range—0-70°C vs. 10-40°C)

. The flood of surface-mountable products continues to crest;
among the converter types newly available in PLCC: AD6S0 and
ADS?4A; in LCC, ADSSH; and in SO, ADSB6 . . . Revised specs for
ADSP3201/02/10/11/20/21: J/K/S/T enly (not includlng

ADSP-3210L/U}, tsu s 20 ps, tpe is 75 ps . . . Revised specs
for ADSP-1401: {Ouiescent Supply Current} is 50 mA (J/K} and
65 mA (S/T); IDD JMMMLMMMM
1TSOV is 13 ns (J/K) and unchanged for $/T . . . ADI6685/87; PICC
samples are avallable . . . M_dﬁta_shﬂbw
paracrach (p. 8) . . . Typical distortion measurements on AD910
transconductance op amp have shown less than -80 dB 2nd & 3rd
below 3 Miz and less than -100 dB below 10 kHz (unity-gain
inverter, Ry = 100 Q, Vgyyp = 2 Vp-p) .

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.

INTHE LASTISSUE
Volume 21, Number 2, 1987 - 32 Pages

Editor's Notes, Authors
Camplete Monofreine 3-Bit 3iN0-ksps Amafog 1 O System - AD7569.
Monolithie 10-Bit, 20-ps Samplieg ADCrerth Vel Dynanie Specs AD7§79:80
Maonolabic DAC 0.3 DIP: 38-rs Neithng Tone, 1 2By Accuracy . ADS68
22 Bt Modular bategrating ADC Performs 20 Comversions per Second ADI73
Monnohithse Suftware-Programmable-Guam Amplifrer wenh Binary Gams ADS26-
BIFET Op Antp Settles to D017 o 900 ns wmax, Has 250 pV oiax Offser A4
X-Bu \'rdeo Diganzer: Complete RS- 10 Subsystem pra 30-Pm DIP ADSS02
\'MEbug Boards: Graphics ¢ Video Cantrofler, Video Array Processor RTI681HS, -6801{S
2 Mudtsple Mudvplying DACS: Monolihie ¥ « 8 Rirs, Hyhrd 4 < 14 8rs AD722R,AD 196,
- SV ADSBT, ADSKS
Monolubre Electromerer Has 60\ max Bras Cnerent, Uses Standard Process ADS49}
2 Analog Inprat Boards for PC-AT Offer High Resolution, High Speed .RT1-850,-860
Complete 12-BUDAC i 037 DIP Interfaces ul's in 0 Nunaseconds 1AN767
16-Bie Monohithic Resolver-tosDigrnal Conterter Has Progranvnable Resolunon: 2580
SO MELOPS Throughprt wnh Monolubie 64-Ba Eloaumg-Pont Chapet (ADSP-3212,-3222-
Monolubie Latching Comparatorsienh 3.3-ns Prap Delay, $U-ps Dispersion - ADI668S/87
New-Product Brie(s:
Complete 12-Ri CMOSDACOttee Chance of Bus, Single ar Dual Supply AD7245/48
Pan-Companbie Upgrade for AD7 848 Impeoved Accuracs . Speed. Price AD75484
14 Bt Revolution-and-Accucacy Monolahic CMOSNEDAC AD?$38
Preasson $- and 10-Volt References with Exnting Sccond Sources ADREFO (/02
Tese Board tor Switches and Maltpleaers Extends LTS 2000 Capabiliey LTS-2700
Fast4:Bit Flash A 1 Converter with =B Lmeariry w Extenduble AD9888
Worth Reading, Morte Authors
Porponen

2 High-Precysion Monolubic Voltage References: < 10V and

Adveetivement

. The AD368 12-bit sampling ADC with programmable gain is similar to the AD369 (Analog

Dialogue 20-1) but has a series of octal gain steps: 1, 8, 64, 512. Military {SD) versions of both devices are available . . .

In addition to IBM-PC and VAX/YMS versions, UNIX BSD

Rev, 1.5 of ADSP-2100 Cross Software eliminates bugs and adds ephancements.
4,2 is now available in data cartridges for Sun-2 and Sun-3 workstations. Announcements of these revisions will appear in

DSPatch and the DSP Bulletin Board (see “Potpourri” in 21-2)
eliminates bugs; will go to all Emulator customers .

. Rev, 3.0 of ADSP-2100 Bmulator firmware now available—
Mmmms are available for flash converters:

ADS0Q0, AD9Q12,

ADS002; and for high-speed op amps:ADI610 § ADOE1N. Consult the sales force.

PRODUCT NOTES (SYSTEMS) .

. Consult the System Sales force for information abecut the following: .

. The WUMAC-6000 is

no_muame_m_th_an_ogu,onal_ﬁﬁla_mam_&mm . Solid-state relays for our relay modules and boards are now being
furnished by a different suoplier. The new products are u_and_c&_aaemm A small subset have specs that differ in turn-off
fime or turn-on current from those of the original modules; they are identified with the suffix, “A” . . . Enhanced UMACBASIC,

Rev. 2.20 is being shipped with UMAC-6000M, and Rev. 2.01 on UMAC-6Q00E. Will WMM&&M
{4 vs. 2} and Analog 1/0 points (104 vs, 56); now include MOCOMM and MCCOMM; and many other enhancements . . .

now available to OEMS/system houses for ASYST, DI models AC1902 and AC1903; significant discounts in auantity . M
IBM PC bus T/0 board (RTI-800 Series) inguirers (orders, information, catalogs, etc.): M@M

STB-TC 16é-channel signal-conditioning panel for thermocouple jnputs to UMAC-6000 and RTI-820— (PC-compatible I/0) . . LQh._.J.L
backplane and 1/0 options are now available for the UMAC-6000 family.

MILITARY NEWS . . . We are in the process of switching over from hermetic side-brazed ceramic (D) to hermetic Cerdip (O
packages for our C]UOS product line. Some newcomer Cerdip families include: AD7SOL (J/K/S and SQ/883B), ADTS510/11/12D] (J/K/S/T and
S0/TQ/883B), ADIS41B (S/T and S/T/883B), and ADJS48 (S/T and S/T/883B). PCN customers will receive individual notifications
New SMDs: MIL-STD-883B versions of the following generic conversion-product families are now available to Standardized
Mxlituv Drawings: AD7524 to SMD 5962-87700; AD7528 to SMD 5962-87701: AD7545 to SMD 5962-87702: AD?572 to SMD 5962-87591; ADSSY
-87 2 7 - 5 0 The AD590 Temperature Transducer is now available to SMD 5962-8757
now available; SMDs to come . ADLHQQJLan;LADLﬂQQlLaml;ﬁms
now avallable to DE&C__d,:mng_&Q_Qll . The Mﬂ_qp_am and the M_S;Mﬁzﬂu_ﬂash_m are now available in
MILMZM Rmm;m are avallable to W for a large number of ADI products; consult
o Re o A 74 . . . A -55°%C to +125°C (SD) version of the

]a}] SI rain- g,;gg conditionger is now avallable.
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ANALOG
DEVICES

3ps, 12-Bit Monolithic ADC

-

AD7672

FEATURES

12-81t Resolution and Accuracy

East Conversion Time
AD?672XX03 - 3us
AD7672XX05 — Spus
AD7€672XX10 — 10ps

Unipolsr or Bipolar Input Aanges

Low Power: 110mW

Fast Bus Access Times: 90ns

Small, 0.3°, 24-Pin Package

PRODUCT DESCRIFTION
Toe AD7672 is a high-spocd 12-bit ADC, fabricated in an ad-
vanced, mized technology, Li patible CMOS (LCIMOS)

b

process, wh ch peecition bipolar with
low-power, high-spoed CMOS logic. The AD7672 oaes an sccurate
high-speed DAC and compartoc in un otherwisc conventaaal
FCCCHive-apProTimation koop to schicve convervon times a3
low as Ips while dissipating oaly 110mW of power.

To atiow maximum fewibility, the AD7672 is designed for e
with an caernal reference voltege. This allown the user 10 choose
arefe whose perf snits the appls o¢ to drrec
many AD7672s from a sungle vystam refe . since the ref
iopuz of the AD7672 is buffered and draws linge current. For
sigad sigral p . s ; s

PRODUCT HIGHLIGHTS i |
1. Fast, 3, Spa 10d 10us conversion epoeds make tie AD7672 | 1!
m tel > N

2. LC'MOS dircuitry gives high precsioa with low power dnin

(1100 1yp) |

L Choxcx ol Qo +5V,0t0 + L0V or = SV input ranges, sccom- ‘ H
plished by pinaouppag. B

4, Past, nmple, diginl interface has a bus acccss time of 9ns { l§= :
lioering casy 300 to most pr i [)

5. Awzilable 10 specesaving 24-pa, 0.3 DIP or surface mount

AD7672 Funcirional Block Diagram

ide) foc & wide range of appl
sooar and radar sigoal peoccising of any high-speed dat
Mnuisiton system.

The on~chip dock-circuit may be used with a crysul for accurate
definition of 200 tine Al ly the clock wput may
be driven from an exxerna) source much a3 & mucTOprOCEION
dock.

AT 5.5, WE SET
THE 12-BIT A/D RECORD.
TELLS HOW WE BRO

>~ When we introduced our AD7572, it set the
&S monolithic 12-bit A/D conversion
speed record at 5ps. Now, our
AD7672 establishes a new record
with an even faster conversion time of only 3u.s.
The AD7672 reaches this blazing speed wath only
110mWof power dissipation because, like the AD7572,
it's manufactured on an advanced merged bipolar/CMQOS
process.
The 90ns bus access time of the AD7672 affords easy
interfacing with most microprocessors, while the +5Vand

<

— 12V nominal power supply voltages allow its use \ ,. »"
in PC and modem designs. All this is available ina narrow NN~
0.3" DIPor asurface mount package, so whatever your
application, the AD7672 won't take up much space.

The AD7672 also features unipolar or bipolar analog
inputs that are selected by pin-strapping. This lets you
avoid external circuitry for input range changing.

For more information on how the AD7672 can speed

up your designs, contact
the Analog Devices office ANALOG
nearest you. DEV'CES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106; Headquaniers: (617) 329-3700: California: (714) 841-9391, (6191 268-4621. (403) 559-2037;
Colorado: (303) 590-9952: Maryland: (301) 992-195.); Ohio: (614) 764-8793: Pennsylvania: (213) 643-7790; Texas: (2(4) 231-5094: Washington: (206) 251-9550; Austria: {222) 8855N:
Belgium: (3) 237 1672; Denmark: (2) 845800: France: (1) 4687-34-1 L; Hollan: (16201 $1500: Isracl: (052) 23995: lraly: (2) 6883331, (2) 6883832, {2) 6833833: Japan: (3) 263-6826:
Sweden: (8)282740; Switzerland: (22) 31 57 60; United Kingdom: (432) 232222, West Germany: (89 3T0050

Use the reply card to request technical data.
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