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Editor’s Notes
THOUGHTS ABOUT TIME

We received a letter from Profes-
sor Sergio Franco, of San Fran-
cisco State University, stimulated
by some comments in this space,
under the beading, “Tempus
Fugit” (22-2, 1988). His first para-
graph read (in par) as follows:

“I just received the latest issue of p! . / /
Analog Dialogue and was shocked to learn that 22 years have
elapsed since 1 received its first issue, in my glotious days as a
graduate student (by the way, I sdll have it!)... Did you really
have to bring that nutober up? May 1 suggest that Analog Devices
concentrate on the development of an IC to slow down the flow of
time, just a bit. Please send me samples as soon as you can.”

The question was of course posed tongue-in-cheek, buc let’s pur-
sue it. [f we could slow time electronically, how might it be
accomplished? What is “time”, anyway? Can it be modified? Is
there enough time and space here to deal with the question?
(No—but lets air a few ideas, just to stimulate thought.)

Of time’s many facets, quite a few are not germane to this discus-
sion—for example, the cosmic nature of time-space (except per-
haps for the possibility of slowing a clock by sending it on a
voyage at relativistic speeds).® We might also do well to avoid
philosophical issues such as cause-and-effect or time reversal.

Since the flow of time couwld be slowed tf processes could be slowed,
or the tntermal clock used to perceive time were speeded up, some
aspects worth thinking abour include: the objective passage of
time (e.g., clocks, dynamic phenomena), the subjective feeling of
the passage of time, time for bodily processes, and time’s extent
(from seconds to huran lifetimes).

A way to increase the objective passage of time is: use slower
clocks with lower-frequency resonant elements. (There might be
an opportunity for ICs here.) But our clocks are tied to the
rotation frequencies of the Earth around its axis and around the
sun (which ICs can’t change). So time would need rescaling.

But even with slower clocks, a pitched baseball would seem to
whizz by just as fast. We’d have to speed up whatever internal
clock governs our time perception. Drugs might achieve that
effect, but they’re not acceptable. Electronically, “all we have to
do” is find our subjective clock, and implant an IC “pacemaker”.

So we see the ball in “slow motion,” but how get the bat around
“in time”> Not only our perceptions, but our whole mechanical
system, and the motor nerves that serve them, would have 1o
develop faster response: (with faster muscular chemical reactions,
lower-mass body structures, and “bjonic” neural nets (1Cs?)).

But this doesn’t address the question behind the question. Profes-
sor Franco is really concerned about the perceived passage of days
and years—this concern would also embrace the rate at which we
breathe, metabolize food, replace cells, etc., all of which would
have to be slowed. It might take a long, slow wait (oo any time
scale) before ICs become useful in this quest.

Dan Sheingold 3

*This is not discussed here, but do sec A Brief History of Time, by Stephen
Hawking.
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ADVANGED MICROCOMPUTER IS OPTIMIZED FOR DSP

ADSP-2101 Features On-Chip Program- and Data Memories
Includes Serial 1/0 Ports, Timer; Compatible with ADSP-2100

The ADSP-2101* is a single-chip CMOS microcomputer opti-
mized for digital signal-processing applications. The ADSP-2101
combives core features of the ADSP-2100 DSP microprocessor
(Analog Dialogue 20-2, pp. 3-6) with 1K of on-chip data memory
and 2K of on-chip programn memory; it also adds two serial ports
and other features. The internal program memory can be loaded
into the microcomputer from an inexpensive external read-only
memory. An alternative choice for higher volume applications is a
mask-programmed version, the ADSP-2102.

Readers of these pages know that Analog Devices has been
actively developing digiral signal processing (DSP) circuitry for
the better part of a decade, following the introduction of the
industry’s first low-power CMOS fixed-point multipliers and
MAC: in 1983 (see Analog Dialogue 17-1, pp. 3-7).

Digital processing is inherently reliable and stable; For example,
unlike analog filters, equivalenct digical filcers do not drift with
ambient temperature. DSP can iroplement functions thac are dif-
ficult to achieve with analog circuitry or simply not realizable,
thus providing new capabilities in advanced signal processing.
Equally important, it offers flexible programmability to meet
changing system requirements adaptively. As advances in the
density and speed of CMOS digital logic continue, DSP is replac-
ing analog signal processing in many applications.

APPLICATIONS FOR THE ADSP-2100

Announced in 1986, the ADSP-2100 (Analog Dialogue 20-2), a
16-bi1, fixed-point microprocessor, supports both precessing of
real-world digitized signals and high-speed numeric applications
(*number-crunching”). Originally produced in 1.5-pm CMOS,
the ADSP-2100 offers a modified off-chip Harvard architecture;
unlike a swrict Harvard-architecture machine, where instructions
and data are stored in separate memories, ADSP-2100 systems
also store data in program memory as needed. The processor
addresses 16K of external data memory and up to 32K of external
prograrm memory.

With this architecture, the ADSP-2100 can fetch two pieces of
data from external memortes on every c¢ycle with no performance
penalties. An on-chip instruction cache supports loops of up to
sixteen instructions; the instructions are fetched once and then
supplied by the cache on subsequent passes. The cache permits
the ADSP-2100 to achieve the performance of a three-bus
machine for the majority of DSP algorithms.

With its one-cycle-per-instruction performance, the ADSP-2100 is
best-suited for applications that require efficient access to Jarge
amounts of memory, such as radar, sonar, image processing, and
medical instrumentation. In 1988, Analog Devices introduced the
ADSP-2100A, a 1-um “shrink” of the ADSP-2100.7 It supported
an increase in the microprocessor’s speed from 8 MHz 1o
12.5 MHz.

*Use the reply card for technical data. Consult the sales force about availabilicy
of sample units.

1We will use the universal nomenclature, ADSP-2100, throughout this text to
include all versions.
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THE ADSP-2101 (AND ADSP-2102)

Advances in process technology make it possible to integrate
sufficient memory into the IC to execute DSP applications
entirely on-chip, for reduced cost and greater efficiency. The
ONE-MICron Process supports a practical microcomputer version of
the basic ADSP-2100 processor. The ADSP-2101 adds 1K of data
memory and 2K of program memory to the basic ADSP-2100
core. The on-chip memory, like off-chip memory (f used),
appears as a part of the total address space; no special addressing is
required to access it. This amount of memory is enough for the
ADSP-2101 10 execute a compleie 1,024-point FFT entirety from
on-chip memory.

Besides incorporating on-chip memory, the ADSP-210] includes
dual serial ports with companding hardware and a timer. With
this combination of features, the ADSP-2101 is suitable for appli-
cauons such as cellular telephones, modems, facsimile machines,
and guidance systems, where serial communications are important
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and on-chip memory js typically sufficient. The ADSP-2101 is
packaged in a 68-lead PLCC or a low-cost 68-pin PGA; the lower
pin count is achieved by muluplexing access to off-chip memory.

Together, the ADSP-2100 and the ADSP-2101 form the founda-
tion for a complete family of digital signal-processors. The essen-
vial core architecnure and instruction set of the ADSP-2100 have
been proven and validated by hundreds of DSP applications.
Because of this common core, program code developed for the
ADSP-2]00 is upward compatible when migrating to the ADSP-
2101. Of equal importance, the common core means that basic
applications experience, including most of the code in the ADSP-
2100 Family Applicarions Handbook series, is transportable to the
new processor. Future members of the family will be based on the
same core archirecture.

INTERNAL ARCHITECTURE: THE ADSP-210X CORE
The shaded area in Figure 1 shows the basic ADSP-210X core
(the “X” denotes its incorporation in the ADSP-2101 and -2102 as
well as in the ADSP-2100). The five buses that can be seen
support the rapid processing speed of the design. There are indi-
vidual program-memoary data (PMD) and address (PMA) buses
for the programn memory side—and data-memory data (DMD)
and address (DMA) buses for the data memory side. In addition,
there is an internal results (“R') bus.

All address buses are t4 bits wide, capable of addressing up 1o
16K words. The data-memory data (DMD) bus is 16-bits wide
and the program-memory data (PMD) bus has 24 bits, 1o match
the 24-bjit ADSP-2100 opcode width. The pragram memory can
also store 16-bir data values. The fifth bus, the internal R bus,
which is not extended off-chip, interconnects the three computa-
tional units: the arithmetic-logic unit (ALU), multiplier-
accumulator (MAC) and barrel shifter. They sit side-by-side and
also have individual feedback paths. This multiplicity of intercon-
nections makes ir possible for the results of any computation to be
used as the operands for a computation in any unit—ALU, MAC,
or shifter—on the very next cycle.

All computational units operate on 16-bit data with provisions for
multiword (e.g., extended precision, complex numbers, or
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floating-point) operations. The ALU executes a standard set of
arithmetic operations (add, subtract, with borrow or carry, decre-
ment, increment) and logical operations (OR, AND, NOT,
XOR). The MAC takes two 16-bit operands and generates a 32-bit
product. However, the accumulator/subtractor result register set
is 40 birs wide, to allow up to 256 successive multiplication-
accumulation operations 1o occur before there is any possibility of
overflow. The shifter can place its 16-bit operand anywhere in a
32-bic field, optionally XORing it with the current contents of the
shifter resulc registers, This makes it possible to reconstruct nor-
malized 32-bit results in a small number of instructions.

The chips include ™o independent data address generators
(DAG), which support automati¢ circular buffer wraparound for
greater efficiency in implernenting many algorithms. In addition,
DAGT can bit-reverse addresses, a feature useful in FFT calcula-
tions; DAG2 can address both program and data memory.

The program sequencer supports zero-overhead looping and
single-cycle branching on conditional arithmeric instructions. A
cache memory (found only on the ADSP-2100) permits the pro-
cessor to store most loops on-chip and achieve three-bus perfor-
mance, ferching instructions (from cache) and two operands (one
from each external memory) on every cycle.

NEW FEATURES OF THE ADSP-2101 (& ADSP-2102)
The right side of Figure 1 shows the new features added 1o the
ADSP-210X core for the ADSP-2101 (and ADSP-2102, unless
stated otherwise). Along the top of the figure are the on-chip
program memory and dara memory. They are addressed and
accessed via the same PMA/PMD and DMA/DMD buses used for
off-chip memory. The on-chip program memory can also feed the
sequencer direcuy; it is fast enough to provide a data value and
the next instruction in a single-cycle.

The boot address generator controls the loading of the microcom-
puter from externa! storage (typically EPROM) shown in the
system interface, Figure 2. Up to eight different “pages” of boot
memory can be stored, albeit all may physically reside within a
single memory IC. They can be dynamically selected under soft-
ware control, and the processor can then force itself 10 reboot,
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Figure 1. Block diagram of ADSP-2101 showing ADSP-2100 core on left.

Analog Dialogue 23-2 1989



loading a different page (and program) from EPROM.

At the far right of the figure the on-chip address buses are
multiplexed into a single 14-bit external address bus. Likewise the
two on-chip data buses are multiplexed into a single 24-bit exter-
nal data bus. A memory select signal indicates whether data-,
program-, or boot memory is being accessed.

The timer, which provides a periodic interrupt, is controlled by a
16-bit count register and an 8-bit prescaler. It can therefare oper-
ate over a wide dynamic range of resolution and elapsed time. Up
to 1.34 seconds can be timed (in a 12.5-MHz-clock device).

The two double-buffered bidirectional serial ports, SPORTO and
SPORT], are configurable with a wide variety of framing, clock-
ing and data-wordlength options. The ports are supported by
shared companding hardware which can execute p-law or A-law
compression or expansion (standard in many telecommunjcations
systems) in a single cycle. The serial ports can autobuffer their data,
transferring it 10 and from memory with the absolute minimum of
CPU overhead. A single cycle is taken, transparently, for trans-
ferring each data word. Only when a full buffer of data has been
sent or received is a serial-port interrupt generated. (The serial
ports can also generate an interrupt on every data word if desired.)

SPORTO also provides a multichannel option for selectively
receiving or sending channels from a 24- or 32-channel time-
division multiplexed serial bitstream, such as a Tl or CEPT
interface. When not needed for serial data, SPORT’s pias can be
alternately configured as a flag in and flag out pin and two
additional external interrupts.

The speed of a 12.5-MHz ADSP-2100 is a good indicatar of the
performance of the ADSP-2101. A 1,024-point FFT (radix 4),
executing entirely on-chip, requires <2.9ms. The ADSP-2101 can
implement an adaptive differential pulse code modulation (ADPCM)
transcoder program (ADSP-2100 Family Application Handbook,
Vol. 2) every 62 ps, fast enough for the standard two-channel
125-ws update rate, To permit their configuration and activation,
while preserving the programming features of the ADSP-2100,
the ADSP-2101’s special features are controlled by a set of
memory-mapped control registers that appear in the upper 1K of
data memory and are reserved for this purpose.
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Figure 2. ADSP-2101 Basic system configuration.
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EASE OF INTERFACING

The ADSP-2101 requires little external circnitry to interface to
standard a/d and d/a converters, codecs (coder/decoder, a type of.
a/d converter and d/a converter pair optimized for communica-
tions), and boot memory. A complete system can be constructed
with just the ADSP-2102, a system clock, and codecs.

Access to slower off-chip memories, if required, is simplified by a
system of programmable wait-state zones. The data-memory map
is divided into sections, each associated with one to seven wait
states. Slow peripherals can be clustered into sections of memory
with appropnate common wait states, while faster memories can
operate at full speed. This simplifies external timing hardware and
allows the maximum potential speed of each memory or periph-
eral device to be realized.

A HIGH-PERFORMANCE MODEM EXAMPLE

The ADSP-2101 is practical in high-speed V.32 modem applica-
tions (Figure 3), in which the CCITT recommendation requires a
signal map with 32 trellis-coded carrier states for data transmission.
The on~chip memory and serial ports provide the key elements
required in a digital signal processor for these applications. The
basic processing power is essential for the many computational
tasks required in the V.32 “data pump.” In such an application, a
single ADSP-210]1 can do the work of two or more general-
purpose predecessor DSPs.

A major requirement of V.32 modems is the ability to implement
trellis coded modulation (TCM), a combined coding and modulation
technique for digital transmissien!. TCM modulates the in-phase
and quadrature components of the carrier in a way that minimizes
errors introduced during transmission of data over general-
switched telephone nerworks; simple TCM schemes can increase
the bir-error-rate performance of a modem by three orders of
magnitude.

In V.32 TCM, each 4 data bits are transformed into a 5-bit code
word prior to transmission. With the 5-bit format, the 32 possible
combinations of in-phase and quadrarure modufations (forming
the carrier state signal map) are divided into 8 four-element sub-
sets. The first three bits specify one of eight subsets (Y0 Y1 Y2).
The last two bits specify one of four elements (Q3 Q4).

Each element within a subset is mapped as far away from other
elements within that subsec as possible (Figure 4) so that, when
received, closely related elements can be easily differentiated, thus
reducing possible errors due to noise. Trellis-coding modulation
further limits transition of successive words from one subset by
one-half (or 10 4 other specified subsets). This limitation guaran-
tees that transmitted data poincs are always at maximum distances
on the signal map, thus making low error-rate data recovery
possible.

TRELLIS PULSE SHAPE
’—‘{ ENCODER H MODULATOR H FILTER
DTE

SCRAMBLER
DESCRAMBLER

1 |oan
|
DIFFERENTIAL VITERBI ADAPTIVE ECHO ANALOG
DECODER DECODER EQUALLTER CANCELLER FRONT  pata

END  acciss
ARHANGEMENT
\ 2
N

ADSP-2101

Figure 3. Modem block diagram.



The modem must also implement a data-decoding algorithm (such
as Viterbi decoding) 10 recover the original data bits from the
received, encoded bit patrern. The significant improvement in bit
error rate that TCM provides at a given signal-to-noise ratio has a
cost of just one extra bit per four original data bits. The ADSP-
2101 can perform differential encoding, convolution encoding,
and required data formatting in 58 processor cycles, or 4.64 ps,
with a 12.5-MHz clock.

DEVELOPMENT TOOLS

Like the ADSP-2100, the ADSP-2101 is supported by a set of
software and hardware development tools. The Cross-Software
system runs on IBM® PCs and compatibles, VAX/VMS® and
Sun-3 workstations. The System Builder is a module that allows
the software developer 10 define target hardware configuration in
a simple notation. The location of memory-mapped ports, the
amount of memory available, or the address of specific memory
segments can be changed via the System Builder without the need
10 rewrite source code.

ADSP-210X Assembly Language: Easier to Read, Write and
Debug: The Assembler supports the uniquely readable ADSP-
210X assembly language. Unlike most assembilers, this language
uses an algebraic notation. For example, the multiplication/accu-
mulation operation ¢an be expressed as

Z = Z+X*Y
and is coded in a remarkably similar form
MR = MR+MX0*MYO0 (SS5);

where MR is the MAC result register and MX0 and MYO are the
MAC X and Y input registers. The (SS) notation tells the muld-
plier to treat both operands as signed values.

The Linker reads the architecture description praduced by the
System Builder module and uses that information to place code
and data in the appropriate locations. For ADSP-210! systems,
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Figure 4. TCM signal map.

the Linker generates the information necessary 1o create the boot-
memory image. A PROM splitter reads the image file and creates
the byte-wide files needed for boot memory (or for ROM mem-
ory, in the ADSP-2100 case).

NEW WINDOW-ORIENTED SIMULATOR

An interactive Simulator (Figure 5), offers a window-oriented way
to execute and debug ADSP-210X programs. Windows contain-
ing processor register groups and program and data memory can
be opened on the screen and modified directly. Trace and break-
point capabilities support debugging.

Windows may be interactively resized and repositioned on the
screen by the user. Frequently used command strings can be
“aliased” to avoid repetitive typing. Both the screen configura-
tions and command aliases may be stored and automatically
booted with the Simulator, delivering a customized version of the
Simulator interface programmed to suit the individual user’s
needs.

Best of all, the Simulator interface is virmally identical to the
ADSP-2101 Emulator interface. No additional learning is
required when the design moves from software debugging 1o
hardware debugging.

Other requirements The ADSP-2101 requises a single +5-volt sup-
ply and copsumes less than 80 mW while executing the idle
instruction. Prices for commercial-temperature grades (0 to
+70°C) start at $54 (1,000 pieces). For mask-programmed ADSP-
2102 pricing, consult the factory. C compiler and cross-software
packages cost $2,450, $5,460, and $3,740 respectively for the [BM
PC, VAX/VMS, and Sun-3 versions.
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Figure 5. Typical simulator screen.

The ADSP-2101 was created at Analog Devices’ DSP Division
(Norwood, Mass.) and Development Labs (Salt Lake City, Utah) by
a team founded by Dan Essig and now headed by Greg Koker. The
team’s members include: Mont Buckles, Marc Diamondstein, Doug
Hester, Paul Koralishn, Paul Kramarz, Kevin Leary, Dennis Lewis,
Gerald McGuire, Kirk Peterson, Russ Rivin, Laura Swarts, Peter
Szabo, Jr., Peter Szabo, Sr., Steve Tsang, and Bill Waddington. o

'Ungerboeck, Gottfried, “Trellis-Coded Modulation with Redundant Signal
Sets.” IEEE Communications Magasine, February 1987,
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CONVERTER/FILTER CHIP SET FOR VOICEBAND APPLICATIONS
14-Bit AD7871/AD7872 A/D and AD7840 D/A Converters
AD7371/AD7341 Switched-Capacitor Filters for Antialias/Reconstruction

The monolithic AD7871*/AD7872* sampling analog-to-digital
converters and AD7840* digital-t0-analog converter provide fast
14-bit interfacing of microprocessors to analog signals. When
accompanied by the AD7371* pre-digitizing antialiasing filter and
the AD7341* reconstruction hlter, which employ switched-
capacitor circuitry (see page 10), they form a complementary
4-chip set for digitizing analog waveforms and generating analog
signals in digital-signal-processing applications. These devices are
designed and specified with an eye towards voiceband applications
such as echo-cancelling modems (Figure 1).4

TELEPHONE
LINE

AD7371

ANTIALIAS L
FILTER

ADSP.
210

AD7341

RECONSTRUCTION fe—|  AD7840
FILTER

Figure 1. Modem analog front end and interface to
ADSP-2101 DSP.

AD7871 and AD7872 a/d converters: Complete monolithic
saropling ADCs (Figure 2), they incorporate a 2-ps track/hold
amplificr, 8-pus successive-approximation ADC (based on a fast-
setthing voltage-output DAC), buili-in reference, and laser-
trimmed internal ¢lock. They differ in their ability to communi-
cate digitally. The 28-pin AD787] provides a choice of three
output data formats—a single parallel 14-bit word, two 8-bit
paratlel bytes, and a 14-bit serial bit stream, while the AD7872 is
a complete 16-pin serial-only device.

TRACK/

I HOLD

PARALLEL
AND

DAC

SERIAL
b INTERFACE

(1) convsT
SAR e
AND CONTROL o cs
COUNTER LOGIC o 5

AD7871

Vis  DGND

Figure 2. AD7871 ADC functional block diagram.

*Use the reply card for technical data.
1A demonstration board is available combining the converters and filrers for a
modem application.
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by Mike Curtin and Bill Schweber

The converters’ track-and-hold amplifier handles bipolar signals
to *3 V peak-to-peak and settles 1o 14-bit accuracy in less than
2 ps. To ensure accuracy and low distortion, its 500-kHz full-
linear bandwidth (—0.1 dB) is far greater than the 50-kHz-max
Nyquist bandwidth at a maximum throughput rate of 100 kHz
(allowing 8 s for conversion and 2 ps for signal acquisition).
Both traditional de¢ accuracy and ac-dynamic performance are
fulty specified for these converters; for a 10-kHz input sine wave
sampled at 100 kHz, SNR is > 80dB and THD is < —84dB.
Figure 3 shows an FFT analysis of J-grade device performance
with a 7.525-kHz sine wave (f,) input sampled at 51.2 kHz.

No external clock components are required for operation with the
internal clock; however, the on-chip successive-approximation
clock can be overridden by an external clock of up to 2.5 MHz, if
desired. Free-running conversions using the internal clock always
take 19 clock periods, but an externally triggered conversion cycle
may coosist of 19 or 20 clock periods, depending on the synchro-
nization between the conversion Start signal and the master-

clock edge. Maximum conversion time at full speed is
(20 x 1/2.5 MHz) = 8 ps.
O T e e S
=30 e . e e, L il ol T
fo = 7528 Hx SINE
a8 fgampe = 51.2 kHz
foux = 2.048 MHz
- G0 e Rt e e i i) i i
) e —— e — e —
=120
Figure 3. FFT performance of AD7871J.
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Conversions can be initiated either by an external signal (Mode 1)
or by the read/write cycle of the microprocessor (Mode 2).
Mode 1 is intended for DSP applications, where precise sampling
times are needed to minimize errors due to timing jitter and
sampling uncertainty. Mode 2 is suitable where processor-
converter timing is precise enough for the applicaton. The com-
pact serial-only AD7872 offers Mode-1 operation alone, since
serial operation is controlled externally.

Conversion results are available in twos-complement binary for-
mat; one LSB equals 6 V/16,384 =366 uV. Most DSP applica-
tions are insensitive to offset- and full-scale errors, but they can be
trimmed out with external circuitry if necessary. Gain errors and
bipolar zero error are both less than +10 LSBs.

The internal temperature-compensated buried-Zener voltage ref-
erence is factory trimmed to 3.00 V (=10 mV). It provides both
reference voltage for the DAC and bipolar offset voltage, with an
additional 500 1A available for external loads; it can be bypassed
1o minimize voltage spikes caused by digital activity.

Both a/d converters are fabricated in linear-compatible CMOS
(LC*MOS), a BiCMOS process that comprises both precision
bipolar circuitry and low-power CMOS. The ICs require a
+S.volt supply and consume less than 60 mW. Both types are
available in plastic or hermetic DIPs, and the AD7871 is also
available in LCC and PLCC. Pricing (100s) begins at $39 for the
AD7871 and $34 for the AD7872.

The AD7840 14-bit voltage-output DAC (Figure 4) has both
serial and parallel interfaces, an internal 3-volt reference, output
amplifier, and double-buffered data latches. Fabricated with the
same process as the AD7871 and AD7872 ADCs, it too is fully
specified for dynamic as well as de performance. Data setup time
and write pulse-width for the parallel interface are 21 and 45 ns,
compatible with high-speed wPs. The serial-data clock- and bit-
transfer rates can be as great as 6 MHz.

REF REF
out N Voo Vas

it

14017
DAC

DAC LATCH

INPUT LATCH

v
REFERENCE

AGND

LDAC
CSISERIAL
WRIEVHC

CONTROL

LOGIC RGNR

PARALLEL AND
SERIAL INTERFACE

DI1M/SDATA DO

Figure 4. Functional block diagram of AD7840 DAC.

The AD7840 can produce full-power output (£3 volts full scale)
for inputs up to 20 kHz. In a rypical application, it would output
digitally generated signalling tones and reconstructed analog voice
signals onto the communications link as part of a modem func-
ton. Dynamic performance is measured by updating the DAC at
100 kHz and applying its output to a 9th-order, 50-kHz low-pass
filter. Figure S shows a typical FFT analysis of the filtered out-
put, re-digitized o 16 bits, for a 1-kHz sipusoid.

[
four = 1kHz
fo (UPDATE) = 100 kHz
e _10 SNR = B1.t dB
S
i
w
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g
a4 ~90
-l
a
z
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@ —120
[ 25 50

FREQUENCY - kHz

Figure 5. AD7840 FFT plot.

Depending on grade, output SNR is at least 76 o 80 dB for a
1-kHz waveform, and THD is below —78 10 —84 dB. The ouput,
guaranteed monotonic, has integral nonlineariry ranging from
+2 LSB for the lowest grade to *1/2 LSB for the highest grade,
with zero- and full scale errors less than +10 LSB. Settling time
t within 1/2 LSB is rypically less than 2 ps for a positive full-
scale change and 2.5 s for a negative change; maximum sertling
time is 4 ps. Also importan, the glitch impulse is only 10 nV-s.

The AD7840 contains a 3-volt +10-mV internal reference (usable
externally, like the reference in the ADC), but an external system
reference can be used instead. With the same reference for ADC
and DAC, the system benefits by ratiometric tracking. The
AD7840 is available in 24-pin, 0.3"-wide plastic and hermetic
DIPs and a 28-terminal PLCC. Price begins at $10.50 in 100s.

The AD7371 antialiasing filter. Optimized for use with (but
not limited to) the AD787]1 and AD7872 ADCs, the AD7371
antialiasing filter is designed for high-speed voice-band modems
operating at speeds up to 14.4 kbps, following CCITT V.32 and
V.33 recommendations. A high-order bandpass filter, it has cutoff
frequencies of 180 Hz and 3.5 kHz. With digitally sertable gain
feom 0 to 24 dB, set by an 8-bit code, this filter rejects 50- and
60-Hz line noise as wel} as out-of-band signals.

The filter cascades a second-order Jlow-pass active fileer
(continuous-time —CT), a fourth-order Chebyshev high-pass SCF
(switched-capacitor filter—sometimes referred to as a sampling
filter) with 180-Hz cutoff, and a seventh-order elliptical low-pass
SCF with 3.5-kHz cutoff (Figure 6).

oPo DRI Wy s RXIN
T Wit
INPUT
') PROGRAMMABLE .
L, Q" Hoas i ATTENLATION OLL
11 TO 41 10 TO 24d8] LATCH st
| 21) DBO
ZND ORDER LP
CONTINUDUS TIME
FILTER
FIXED
DIVIDER
8 4TH ORDER WP
EVHCR (a)————- SWITCHED CAPACITOR
SRS FILTER
7TH ORDER LP
QUTPUT SWITCHED CAPACITOR
PROG FILTER
CIVIDER
sveout (3 108
ADTIN
& 5 4 7 22 2 1

D50 051 DS DGND AGND V.. RXOUT

Figure 6. Functional block diagram of AD7371 antialias
filter.
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The input signal is applied to the programmable gain stage and
converted from single-ended to differential. The filters use differ-
ental circuitry for low THD and to improve the rejection of
common-mode noise, such as SCF clock feedthrough. The
second-order CT filter prevents aliasing in the SCF stages; high-
frequency components in the inpur signal would alias back into
the switched-capacitor filter’s passband, appearing as nosse. The
signal is finally converted back to a single-ended output.

Like its companion ADC, the filter is designed for a =3-volt input
range. Using a 288-kHz clock, the AD737] has a SNR of better
than 72 dB in the passband from 180 10 3,500 Hz, with passband
ripple of =0.2 dB. Rejection in the stopband is 70 dB. Overall
frequency response is shown in Figure 7.

10

RXQUT/RXIN - dB

100 1k 10k
FREQUENCY - Hz

Figure 7. AD7371 amplitude response.

While the role of the AD7341 antaliasing filter (“receive™ filter in
modems) is to prevent aliasing in the converter and reject kine
noise, the AD7341 reconstruction filter (modem “transmir” fil-
ter) is designed to smooth the steplike AD7840 DAC output and
reconstruct a continuous analog signal from discrete samples.
Filtering is implemented with a seventh-order elliptical low-pass
SCE, followed by a second-order conrinuous time filter, providing
a cutoff frequency of 3.5 kHz (Figure 8). Like the AD7371
receive filter, the AD7341 transmit filter interpally converts
signal-ended signals to differential for filtering, and reconverts
them to single-ended signals for external application.

The filter provides user-settable attenuation from 0 to 38 dB via a
6-bit code, to allow the user to adapt the output to different
telecommunications line specifications. Stopband attenuation is at
least 70 dB above 6.1 kHz, with a 288-kHz clock (Figure 9), and
THD through the filter is less than —75 dB.

Filter Clocks The 57.6-kHz switch drive, to set the SCFs for the
specified response, is provided by an external 288-kHz clock, via
an internal 5:1 divider. An addivional divider with software-
programmable ratios from 1 to 4 provides flexibility; the user can
supply a clock at 288, 576, 864, or 1,152 kHz, synchronized with
the ADC and DAC via a Sync pin to ensure no low-frequency
beating. When used with converters in systems typically having
sampling rates of 9.6-kHz or 7.2-kHz, the SCFs are substantially
oversampled and pose no aliasing problem.
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Figure 8. Functional block diagram of AD7341 reconstruc-
tion filter.

Both filters are fabricated in LC?MOS (linear-compatible CMOS)
and require = 5-volt supplies, consuming less than 265 mW. They
are available in 24-pin 0.3"-wide DIPs and 28-pin PLCCs. Prices
(100s) are $19.50 for the AD7371 and $16.50 for the AD7341.

Modem application: The primary application for these ICs as a
group is in the analog portion of echa-cancelling modems. Echoes
occur when line discontinuities or unavoidable mismatch in the
2-wire-to-4-wire converter hybrids reflect some of the transmitted
signal back to the sender. Echos include: near-end from the local
hybrid with 4 short echo time, and far-end from the remote hybrid
with a much longer echo time. They have a serious effect on signal
quality, adding to the original signals in a full-duplex modem
(both transmit and receive signals in the same frequency band),
increasing apparent SNR and the bit error rate.

Figure 1 shows a modem application in which an ADSP-2101
digital signal processor provides entirely digital echo-cancelling.
The received signal, filtered and digitized to 14-bits, is processed
by various algorithms to extract the echo and subtract it from the
original signal; then the corrected signal is retransmitted in analog
form. Alternative analog echo-cancelling schemes, requiring
costly high-precision filters, don’t have flexibility to quickly vary
specific filter parameters, or to adaptively change the entire filter
structure (equivalent to a new algorithm) as conditions require.
Only five signals communicate between the processor and the
four-chip-set: clock, rransmitted serial bits, received serial bits,
framing for transmitted bits, and framing for received bits.
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Figure 9. AD7341 amplitude response.



A REVIEW OF SWITCHED-CAPACITOR FILTERS

Signals were once filtered entirely in the continuous analog
domain by configurations of passive components (typically, induc-
tors and capacitors). Later, active filters, with op amps for buffer-
ing and gain, provided filter designers with additional flexibility
and performance, but still operated continuously on analog sig-
nals. Digital signal processing led to stable and flexible discrete-
time filters, where sampled analog signals are processed entirely
by numerical calculations with filtering algorithms—some of
which cannot be realized with continuous filters.

Switched-capacitor (SC) filters are an intermediate class, combin-
ing both continuous- and discrete-time aspects. They use MOS
switches and capacitors to simulate the behavior of resistors in the
manner of Figure A (1). If the switch is initially at left, capacitor
C charges to voltage V,. When the switch is thrown to the right,
the capacitor discharges to voltage V,, and the net charge, AQ,
that flows into (or from) V, is

AQ = C (V,-V.

When the switch is thrown back and forth at a clock rate,
fc = 1/(Arn), the average current flow,

i = AQ/At = CAVI/As

from V, to V,, will be C (V,—V),) fc. The equivalent resistance,
R, that would give the same average current is:

R = VI = VC fe)

In practice, the single-pole double-throw switch is embodied by
MOS switches driven by a non-overlapping two-phase clock
(Figure A (2)). The actual model and analysis are more involved,
but the above discussion should get the point across.

Using this SC resistor-equivalent, many conventional passive and
active filter configurations can be realized. Figure B shows a
single-pole RC low-pass filter and its SC equivalent. The —3-dB
frequency is 1/(2nR,C)); for the SC version, it is:

frus = fc Ci/2nC))

for fo.>>f;4p (to minimize effects of time sampling of the input
and charge sharing). The key idea is that the bandwidth depends
entirely on the clock rate and the ratio of capacitor values, which can
be established in MOS technology with high precision. This RC
becomes an active filter when buffered by a follower-connected op
amp with any value of gain. A first-order inverting low-pass filter
and its SC equivalent are shown in Figure C.

Benefits of Switched Capacitor Filters: With switched capacitors
replacing resistors, many filter architectures can be realized
entirely by a monolithic device without external components.
Critical frequencies are determined by capacitor ratios and the
clock frequency, both of which can be precise and drift free.
Adjustable filtering is practical with precise variable clocks.

Figure A. Switched-capacitor “resistor.” (1) Concept.
(2) MOS implementation.
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Figure B. Single-pole low-pass RC filter. (1) Continuous-
time version. (2) Switched-capacitor version,

Audio-frequency filtering with SC filters can reduce passive-
component size. A 10-MQ resistor, accomplished by switching a
1-pF capacitor (approximately 0.01 mm?) at 100 kHz, requires
about 1/100th the area of a silicon-based resistor.

Other SC Filter Issues: Besides parasitic capacitances and MOS
switch imperfections—which make actual monolithic SC filters
less than ideal and their real models more involved —the designer
must understand additional aspects of SC filter performance. The
switched capacitors and the op amps introduce random noise, and
leakage currents result in offset error. Another (non-random)
noise source is clock feedthrough via the switching transistors.

Also, as they sample analog signals, SC filters must be preceded
by continuous-time antialiasing prefilters to eliminate input-signal
spectral components beyond the Nyquist frequency (one-half the
sampling rate). This is usually much higher than the SC filter
passband, so a single- or double-pole RC filter is sufficient.
References (both reprinted in Analog MOS Integrated Circuits, IEEE Press,
1980):

1. Brodersen, Gray, and Hodges, “MOS Switched-Capacitor Filters,”™ Proc.
IEEE, Jan. 1979.

2. Caves, et al., “Sampled Analog Filtering Using Switched Capacitors as
Resistor Equivalents,” JEEE J. Solid-State Circuits, Dec. 1977.
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Figure C. First-order active low-pass RC filter.
(1) Continuous-time version. (2) SC version.

The converters were designed by Ken Deevy and Ray Speer (AD7871
and AD7872), and P.J. Garavan (AD7840) at Analog Devices, BV,
Limerick, Ireland. The filters (AD7341] and AD7371) were designed
by Doug Calder and Tony Gribben at Analog Devices, Newbury,
U.K. =3
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ISOLATED STRAIN-GAGE MODULE JOINS 5B CONDITIONER FAMILY
5B38 Has 10-kHz Bandwidth, 1,500-Vrms Isolation, Filtering;

The 5B38 Strain-Gage Input Module* is another direct-
application 5B Series signal conditioner (Analog Dialogue 20-2). It
provides the necessary excitation, conditioning, filtering, and
amplification for 300-chm to 10-kQ full- or half-bridge strain
gages, with input-to-output isolation of 1,500 Vrms—which min-
imizes ground loops and suppresses voltage transients. Its 10-kHz
input bandwidth allows the 5B38 to be used with pressure, posi-
tion, and torque transducers, in both low- and high-rate applica-
tions, such as fangue testing and stress/strain investigations.

The 5B38 provides +10.0-voh excitauon for the strain gage.
Standard versions can be purchased for use with strain gages
having optional full-scale sensitivities of 2 mV/V or 3 mV/V of
excitation (20 mV or 30 mV full-scale with a +10-volt supply);
the —5 to +5-valt output range corresponds to full-scale input
spans of =20 and =30 mV. Custom spans are also available.

The 5B38 can be used with half~-bridge transducers at lower-cost
(compared to full bridges) since it contains a pair of laser-trimmed
bridge-completion resistors, matched to within =1 mV (with 10-
volt excitation). Quarter-bridge gages, when completed externally,
can also use the half-bridge completion resistors.

Common-mode rejection (50 and 60 Hz), with a 1-k() resistance
in series with one or both leads, is 100 dB. A low-drift amplifier in
the fronc end contributes 10 low input- and output offset drifts
(1 puV/C and =20 pV/°C), and gain-temperature coefficient
(+25 ppm of reading per degree Celsius).

In addition to its 1,500-volt isolation specification, which meets
IEEE-STD 472 for surges, the input circuit has protection for up
to 240-Vrms-continuous line faults. The isolation prevents sensor
shorts to “hot” wires from damaging the rest of the data acquisi-
tion and control system, even if the input stage is “‘zapped.” The
input circuit also has a one-pole flter for amialiasing for the
device’s internal modulation circuitry.

Like the other modules in the SB Series, the 5B38 uses trans-
former isolation between its input and output circuits. A propri-
etary modulation 1echnique is used; the transformer output is
demodulated 1o recover the original signal, which is then filtered
by an active two-pole low-pass {ilter and buffered to provide a

Provides 10-Volt Excitation; Amplified, MUXable =5-Volt Output

low-impedance output. The result is linear, stable performance,
with overal) nonlinearity of *0.02% of span, while total error
(gain, excitation, nonlinearity, offset, etc.) amounts 1o =0.08% of
span =10 wV, referred to the input (RTT).

The output of each SB Series module {(including the 5B38) can be
multiplexed via a series switch (that closes in 20 s) to a common
line on the backplane controlled by a single active-lJow Enable
input (the 5B02 backplane capitalizes on this featurc). When
multiplexing is not used, Enable is connected to power common
(the 5B0) backplane handles this grounding automatically).The
built-in multiplexed output is a convenience to designers; a single
ADC can serve many 5B Series channels,

A single +5-V supply s required for the module, capable of
supplying up (o 200 mA, depending on the excitation load pre-
sented by the bridge resistance. A clock oscillator within the
module drives power transformers, which develop all necessary
input and output power. In addition to the fully floating input
circuit, the output section also floats (for common-mode voltages
within +3 V of power common). This eliminates ground-loop and
supply-noise problems. The use of interna] power transformers in
SB Series modules also provides cltannel-to-channel isolation,

The design of the SB38 pravides low noise performance, critical in
many strain gage applications. For an input bandwidth of 10 kHz,
noise is 70 nV/V/Hz; for a 100-kHz bandwidth, noise is below

'TEXC AL AGRSING 10 mV peak-to-peak. For relatively narrow-

PR FILTER ] band applications, the 10-Hz-bandwidth noise
3] ® SOLATON factve) 200 is 0.4 uV rms, RTL

2| | |eeor s 19, 10  Housed in a standard 2.25” x 2.25" x 0.60"

r'? N @ 7CoM 5B Series module package, the SB38 is speci-

F PROT Hy e fied for rated performance from —25°C to

-_E"::E<< s ve) LSOURCE l"jé +85°C and wil! operate down to —40°C. Price

POWER ;:l (100s) is $126.
X z2mva) ~ Reer o116 s POWER 5 sy The SB38 was designed by Joshua Israelsohn of
757 < ALTER jnL 0RG: I"L}E‘é\ﬁ the Industrial Products Division of Analog

Figure 1. Functional Block Diagram.

“Use the reply card for technical data.
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— Devices, Norwood, Mass.

Reference: Sheingold, D.H., ed., Transducer Inierfacing
Handbook (1980), available from Analog Devices, Inc.
($14.50).
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6-BIT MONOLITHIC FLASH ADCs SAMPLE AT UP T0 300 MHz
AD9006 AND AD9016 HAVE 550-MHz Analog Bandwidth
Demultiplexed AD9016 Feeds Alternate Samples to Two Databanks

The AD9006 and AD9016* are fast monalithic 6-bit “flash” a/d
converters. They typically encode analog signals at rates up to
500 MSPS (470 MSPS min). The AD%006 provides output data
via a 6-bit ECL latch; the AD9016 feeds its outpur dara alternately
to two 6-bit ECL latches (demultiplexing); this permits data to be
read out of each at ope-half the conversion rate, reducing the
speed requirements for external logic. Each output dara bank
includes a signal overflow bit; it is also used as the MSB when two
converters are wired together for 7-bit resolution. An evaluation
board, the AD9016/PCB, can be used to observe device perfor-
mance in an optimized setting.

Where are such fast a/d converters used? In applications for which
the highest speeds are essential, and 6-bit (64-point) resolution is
adequate; these include fast transient recorders and digiral oscil-
loscopes, plus a variety of defense applicatons, including elec-
wronic countermeasures and radar warning receivers. The
AD9006/16 can directly digitize intermediate-frequency signals,
eliminating the need for analog demodulation of IF signals to
lower bandwidths.

HOW IT WORKS

The AD9006/16 use a flash converter architecture employing 64
comparatars that compare an analog input voltage with a set of tap
voltages on a resistive volrage divider (Figure 1). The comparators
are latched on an Encode command, and the results are applied ¢o
the decoding logic. The aperture delay of 1.2 ns, with jitter of
3 ps, makes jt unnecessary to use a track-and-hold (T/H) ahead of
the converter in many applications.

From the decoding logic, the data are applied 1o output Jatches as
six bits of data and an overflow bit, which can be used when
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Figure 1. Block diagram of the demultiplexed AD9016. The

AD9006 lacks the second latch bank, B, enclosed by dashed -

line.

*Use the reply card for technical data.
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stacking converters to obtain additional bits of resolution; it is also
used as a “flag” for indicating positive out-of-range outputs.

Capturing output data at the (guaranteed) 470-MSPS encode rate
of the AD%016 is simplified by the availability of two Data-Ready
pulses (Figure 2); they track the propagation delay of the output
data and alleviate the need to build an external clock circuit for
tracking propagation delay over temperature.

Output words are directed alternately to Bank A and Bank B; this
allows clocking of demultiplexed data from the AD9016 at one-
half the converter’s sample rate. The user can thus capture output
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a. AD9016, with demultiplexed output.
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b. AD90086, with single output port.

Figure 2. Timing diagrams. Delay intervals are: t -aperture
delay, tpp-pipeline delay, top-output delay, and tgp-data-
ready output delay.
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data with 100K ECL logic, even when the converter is operating
at 470 MSPS.

The AD9016 introduces only one pipeline delay in the processing
of the digital output data, thereby reducing the number of clock
cycles required to obtain the digital representation of the analog
input at the appropriate output port.

Here's a summary of the AD9016‘s timing (Figure 2a): the
(N-1th cycle starts with the Encode command. The (N-I)th
point is sampled shortly thereafter (aperture rime, t,) and
encoded during the time for one Encode cycle (pipeline delay,
tpp). After the next Encode command (N), data for the (N-1)th
point is latched into Bank B (output delay, top), and the Data
Ready line for Bank B goes positive after the midpoint of the
Encode cycle (Data Ready output delay, tpg). Note that the
(N-1)th data remain latched for two whole cycles (until Encode
N+2), and the Data Ready flag remains up for one cycle, until the
midpoint of cycle (N+1).

Meanwhile, after command N, the Nth pojint is sampled, pro-
cessed, and latched into Bank A after the (N+1)th Encode com-
mand; and Data Ready Bank A goes up shortly after the midpoint
of the (N+ 1)th cycle. It remains latched until Enable (N+3); and
Data Ready Bank A goes down at the midpoint of (N+2).

The AD9006 is designed for applications that require a single
output port and can handle the fast data. Its timing is illustrated
in Figure 2b. The first part of the cycle is similar to that for the
AD?9016, the output data for cycle N is latched after the (N+1)th
Encode command, and Data Ready goes upt after the midpoint of
the (N+ Dth cycle. However, data for N remains latched only for
one cycle, until cycle (N+2)'s encode command; and Data Ready
goes down at the same time, after only one-half cycle.

The output data can be set in binary, inverted (complemen-
tary)—binary, twos-complement, and inverted twos-complement
formats. The format of the output data is determined by two
control pins: BIT INVERT (MSB) allows the most-significant bit
(D5) to be inverted; D0-D4 INVERT allows the other five bits to
be inverted.

ANALOG INPUT

The analog input range is determined by user-supplied voltage
references, +Vger and —Vggg, having values berween +1 V and
—1 V, with +Vggr > —Vger. The reference divider is tapped at
midscale; with equal and opposite reference voltages, the MID-
SCALE Vpgr terminal can be connected to reference common for
improved integral linearity.
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Figure 3. Signal-to-noise (SNR)—including harmonics—
and effective number of bits (ENOB).
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The AD9006/16 have a low 10-pF maximum input capacitance 1o
minimize loading at high frequencies—an essential feature, since
the low-pass formed by a 50-Q source, a 50-Q termination, and
10 pF has a —3-dB frequency of about 640 MHz, which is com-
parable to the devices’ analog bandwidth of 550 MHz.

PERFORMANCE

The AD9000/16 are specified for both d¢ and ac performance.
Integral and differential nonlinearity are 1/2 LSB max, with no-
missing-codes guaranteed over the operating temperafure range.

Dynamic specifications include a typical 1.2-ns aperture delay and
3-ps aperture jitter. With a sinusoidal input 1 dB below full-scale
at 196 MHz, encoded at 400 MSPS, the ADCs guarantee a mini-
mum 29 dB of signal to noise, including distortion (SNR); the
corresponding effective number of bits (ENOB) is 4.4. For input
frequencies from 93 to 196 MHz, minimum ENOBs range from
5.2 to 4.4 bits, minimum in-band harmonics vary from 42 to
31 dBc, and minimum SNR spans a range from 34 to 29 dB.
Figure 3 is a plot of typical values of SNR and ENOB vs.
frequency for narrow-band input signals, while Figure 4 shows
FFT data for 14.8 and 192-MHz sine waves.

The ADCs are manufactured in an advanced bipolar process,
delivering high speed while consuming only moderate amounts of
power. The AD9006 typically dissipates 1.7 watts, while the
AD9016 dissipates 2.0 W. The 68-terminal ceramic leaded- and
leadless-chip-carrier packages effectively dissipate heat, eliminat-
ing the need for external heat sinks.

Power supply requirements are +5 V and —5.2 V. Two grades
are available, K and T/883, for 0 to +70°C and —55 to =125°C,
respectively. An evaluation board, AD9016/PCB, is available.
Prices in 100s are $200 (K) and $400 (T/883); the evaluation
board, with an AD9016KE installed, is $690 in small quantity.

The AD9006 and ADY016 were designed by Charles Lane, at the
Analog Devices Computer Labs Division, in Greensboro NC.
1Data Ready for the ADI005 consists of a complementary pair of outputs. “Up”

or “positive” for the direct ourput in these descriptions implies “down” or
“negative” for the complementary ouvtput.
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a. 14.8-MHz signal.

pC MHz 200
FFT of ADS006/AD3016
b. 192-MHz signal.

Figure 4. Output spectrum of ADS006/ADS016, for sine
wave sampled at 400 MSPS, V, = 1 dB below FS.
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FASTEST SLEWING MONOLITHIC OP AMP HAS WIDE BANDWIDTH
AD844 Slews at 2,000 V/ps with 60-MHz Unity-GBW, 0.005% THD
Low Offset & Drift: 50 .V & 1V/°C, =50-mA OQutput Drive

The AD844 op amp* slews at 2,000 V/us—twice as fast as exist-
ing silicon monolithic devices—and has 60-MHz unity-gain band-
width with 20-MHz, 20-V peak-10-peak full-power bandwidth. Its
high speed and excellent dc specifications, combined with Jow
power consumption and high output drive capability, make ir
desirable for fast a/d-converter buffers, video signal amplifiers,
cable drivers, and pulse circujtry.

Like the rest of the AD840 series of op amps (Analog Dialogue
22-2, page 12), the ADS844 is fabricated in a complementary
bipolar process, which combines speed, precision, and tow power.
Due o its current-feedback design, the —3-dB bandwidth does
not decrease significantly at higher gains. Rise and fall times are
essentially independent of output Jevel.

Figure 1. Cable-driver transient response.

Performance  Small-signal bandwidth at gain of — 1 is 60 MHz for
a 10-pF, 500-0 load; at a gain of—10 it is 33 MHz. The AD844
output slews at 2,000 V/ps for a full 20-V output swing, and
settles to within 0.1% in 100 ns. Total barmonic distortion is
below 0.005 % at 100 kHz; differential gain and phase errors are
< 0.1% and 0.1° at 3.58 MHz—critical in video applications.

The AD844 can operate from =4.5-V to = 18-V supplies, with less
than 7.5 mA of quiescent current. The robust output stage drives
S0-0) loads to 2.5 V but is short circuit protected to 80 mA. The
AD844 is primarily intended for high-speed applications, but its
low offset and drift suit it for precision applications as well:
typical offset is 50 pV (300 pV max—A grade, 1500V max—B
grade), with 1 pVr°C doift,

—O V.,
TYP + 6V
10§t 10412 G 15mA

0z2pF = = 0.22):F
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0TO « 3V
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vV, D {1
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e
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WP .
GND = fc & ]
0.22pF if A.U'.'. —0 -V,
1011

Figure 2. 20-MHz variable-gain amplifier using AD539
multiplier.

*Use the reply card for technical data.
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Cable-Driving Application  Figure 1 shows the transient response
(source and far-end load) of the AD844 connected for gain-of-2 as
a 50-Q) cable driver, with matched source and load (overall gain of
1) and 30-MHz —3-dB bandwidth.

20-MHz, Two-Quadrant Variable Gain Amplifier (VGA): The
wide bandwidth and high slew rate of the AD844 make it an
excellenc output amplifier for the ADS39 muluplier (Figure 2),
when used as a variable-gain amplifier. The output voltage is
equal 10 —VyV,/(2 V), where Vy acts ag a gain control (0 to
+3.2 V), and Vy, is the signal voltage (up to =4.2 V). Using the
ADS39’s application resistors, the AD844 circuir has a bandwidth
of about 22 MHz, independent of V.

The small-signal response (Figure 3) for a 50-dB gain-control
range (J0 mV < Vy < 3.16 V) at small values of Vy is affected
by PC-board capacitive feedthrough. Careful Jayout and a ground
strip between the pins of the AD539 eases the problem.

Three performance grades in 8-pin plastic miniDIP and cerdip
packages are available for operation over the —40 1o +85°C and
—55 10 +125°C remperarure ranges. Devices processed to MIL-

" STD/883B are also available. Prices begin at $4.50 (100s).

The AD844 was designed by Fellow Barrie Gilbert, and Ken Wiegel,
of Analog Devices’ Semiconductor Division, based in Wilmington

MA. a
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Figure 3. VGA ac response.
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FAST, LOW-POWER OP AMPS OFFER GAIN-BANDWIDTH CHOICE
AD848 and AD849 Feature 175- and 725-MHz GBW
Both Are Fully Spec’d for £5 and ==15-Volt Operation at 6 mA Quiescent

The AD848 and AD849 op amps* are wideband devices offering
designers a choice of gain X bandwidth (GBW) for optimum
response in specific applications. The uncompensated ADB849,
with 725-MHz GBW, for gains = 25, and the AD848, partially
compensated for GBW of 175 MHz and gains > 3, join the 50-
MHz, unity-gain-stable AD847 (Analog Dialogue 22-2). Using
Analog Devices’ proprietary complementary-bipolar (CB) process
to combine high speed with excellent d¢ performance, they need
only 6 mA of quiescent current. They are fully specified for both
+15-V supptlies for data acquisition and *35-V supplies—conunon
in video applications.

Most popular op amps are itemally corapensated to remain stable
and not oscillate in uniry-gain applications. This compensation
reduces both usable bandwidth in higher-gain applications and
closed-loop accuracy at the upper end of the frequency range. For
maximum bandwidth at high gains, some op amps, including
ADB848 and ADB849, are decontpensated by reduced internal feed-
back—which makes them unstable in low-gain applications with-
out additional external components. A set of interchangeable op
amps—the AD847, AD848, and AD849 —with differing compen-
sation levels, allows the user to maximize bandwidth for the
desired gain witbout external compensating components, while
other aspects of the design stay pur.

Especially useful for up to 30 MHz, the AD848 and AD849 can
slew at 300 V/ps (with =15-V supplies) and settle to 0.1% in
100 ns (AD848) and 80 ns (AD849). For video applications, dif-
ferenual gain- and phase ecrors at 3.58 MHz (the video chroma
subcarrier) are 0.1 dB and 0.1°. Both devices are stable into any
capacitive load, but pulse integrity is degraded as load increases.
Figure 1 shows square-wave response for the AD848 dnving
+5 V into 100- and 1,000-pF loads.

DC open loop gain for these op amps is also high: 8 V/mV into
150 @ and 13 V/mV into 500 Q) for the AD848, using =S-volt
supplies. Input offset voltage is below 1 mV, eliminating the need
for offset nulling in many applications. [nput voltage noise is
S nV/\V/Hz and 3 nV/VHz for the AD848 and AD849, respec-
tively, from 1 kHz to 10 MHz. Both offer full-power bandwidth
greater than 20 MHz, for 2-V peak-to-peak output swing and
=+ 5-volt supplies.

Settling time is nearly symmetrical for both positive and negative
output swings, due 1o matching of NPN and PNP devices in the

100pF
LOAD

1000pF
LOAD

Figure 1. ADB48B Driving Capacitive Loads.

*Use the reply card for technical data.
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complementary-bipolar process. For steady-state inputs, the low
distortion (generally below -100 dB for frequencies up to
100 kHz) is shown in Figure 2, with G = -5 (AD848) and
—~25 (AD849); each op amp deives 3 Vrms into a 1-kQ Joad.

The AD848 and ADB849 are available for commercial, industrial,
and military remperature ranges, in plastic miniDIP, cerdip, and
small-outline surface-mount packages; parts processed to MIL-
STD-883B are also available. Prices begin at $2.95 (100s).

The AD848 and AD849 were designed by Wyn Palmer, of Analog
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ENHANCEMENTS TO LTS-2020 BENCHTOP IC TESTERS

Test Repertoire Expands to Include Wide Parameter Ranges for New
Mixed-Signal, Smartpower-Device, and Opto-Isolator Capabilities

Since 1984, the LTS-2020* Component Test System family has
grown 10 provide convenient menu-driven, BASIC-programmable
testing of linear, digiral, dara-conversion, and discrete devices.
Each systemn includes RS-232 and IEEE-488 ports, disk drives for
storage of test proéra.ms and data, network capability and self-
test, and statistical-analysis software.

Three recentdy announced enhancements to the LTS-2020 series
allow it to be used for testing newer devices and functions, as well
as providing additional flexibility to users:

o Mixed-signal 1est capability—via a new family board, test head,
and performance board

o Testing of “smartpower” devices, such as high-power peripheral
drivers, high-voltage arrays, differential line drivers/receivers,
and repeaters—using a pew test fixture and DUT (device-
under-test) board

® Ability 1o test opto isolators—using a newly available socker
assembly, DUT board, and software.

MIXED-SIGNAL TESTING
The LTS-2800 Mixed-Signal Family Board and LTS-0680 Mixed-

Signal Test Head,* shown in the photo and diagrammed in
Figure 1, petform a wide variety of ac and dc parameter tests on
analog and digital devices. The family board supplies the d¢ pin
drivers, the dc force-and-measure system, a Vcc buffer, an rms-
ta~-dc conversion circuit, voltage- and current sources, and a
24 X 5 switching matrix. Wich its 24 programmable pin drivers,
the system can provide high- and low-digital voltages, a three-

LTS-0680 MIXED SIGNAL
TEST FIXTURE

TEST HEAD

LTS-2800 MIXED SIGNAL
FAMILY BOARD

state (high-impedance) output mode, and accurate voltages and
currents (V/1 source).

The family board incorporates a series of 12-bit, calibrated
sources, used for programming V;, and V,, voltage levels at the
digital inputs of the device under test. A threshold source for
programming voltage levels on a comparator, located on the pin
driver, is used to detect digital output voltage levels accurately.
For forcing and measuring currents, a V/I source provides and
measures 10 pA 10 400 mA and voltages to =20 V.

LTS-2800 MIXED SIGNAL FAMILY BOARD

LTS-0680 MIXED SIGNAL TEST HEAD

CPU BUS
VineVieVin :
@ BNC IN 12-81T DACs ( REGISTERS
TIH
(24) {16) ()
i FORCE e
Dgtc\l'EIRNSf SENSE SPGA RELAY MEASUREMENT 12-BIT
RECEIVERS DRIVERS ]‘I UNIT DACs
MATRIX
I_/ﬁ O
(=T, o RMS TO e
oC

LTS5-2020 SYSTEM CONSOLE

77

sl . & Gigd MATRIX
ACCURATE
INTERFACE MEASURE v

DUT AREA —

APPLICATION CIRCUITRY

//////‘

REFERENCES :/
RS.232 PROGRAMMABLE I
INTERFACE POWER SUPPLIES C

LTS-0380 PERFORMANCE BOARD

B e e— - L_/__(__A_.(.J

Figure 1. Functional block diagram, mixed signal fixture.

*Write to Analog Devices Component Test Systems, 181 Ballardvale St.,
Wilmington MA 01887, or telephone (508) 658-9400 for information.
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The switching matrix provides system flexibility by allowing any
one of several capabilities to be switched to any of the pin dsivers.
These include the measure system, V/I source, Vg, and V;
sources, the rms-to-dc circuit (a wideband, precision circuit based
on Analog Devices’” AD637K*), and BNC input and output con-
nectors for interconnection with external instruments (such as
programmable signal sources) using the IEEE-488 bus.

The LTS-0680 Mixed Signal Test Head contains a precise and
versatile time measure unit, which provides accurate ac measure-
ment of propagation delays, slew rates, pulse widths, and rise- and
fall times—for both linear and digital devices. It also incorporates
a 16-bit user data bus, 16-bit relay-driver bus, four 12-bit
programmable sources, and a user’s expansion board. A square-
wave source for the DUT provides up to *10-volt signals, from
1.22 kHz to0 2.5 MHz.

For accurate measurement capability in the test head, the system
uses an ipstrumentation amplifier, with software-programmable
gain, and a track/hold (based on the AD365*). With the calibrated
16-bit programmable source as one input to the amplifier,
measurements are made differentially berween that source and the
voltage to be measured; small differences are amplified to levels
allowing 16-bit-accurate measuremenss.

The LTS-0380 Performance Board holds the DUT and also pro-
vides space for user circuitry; the LTS-0400 User Expansion
Board (located in the test head) is available for additional user
circuitry. The L.TS-2800, LTS-0680, LTS-0380, and LTS-0400
are priced at $7,500, $6,500, $550, and $300, respectively.

SMARTPOWER TESTING

The LTS-0690 Smartpower Test Fixwure,* (Figure 2), together
with the LTS-0390 DUT Board, performs a large variety of tests,
including (but not limited t0): Iz, Ions Hees BVecos Vegsar Vons
and V4. It works in conjunction with the existing LTS-2600
Discrete Family Board. The Smartpower Test Fixture contains a
matrix board to facilitate multiplexing of high voltage/high

current V/Is, a nanoammeter, a differential amplifier, a 16-bit
measuring system, and a central ground reference to any one of
eight matrix points ar the DUT.

In addition, this fixture contains eight dc pin drivers that are
programmable to any one of four modes: V/, V;,, V,;, or three-
state. This allows true digital d¢ parametric testing of the front
end of smartpower devices, while providing the high voltage and
high current capability needed to test the discrete output stage.
Prices are $3,300 for the LTS-0690 Test Fixrure and $275 for the
LTS-0390 DUT Board.

OPTO ISOLATOR TESTING

The Opto Isolator Test Package* consists of a Socket Assembly
(LTS-0664), DUT Board (LTS-0368), and software (LTS-095])
for fast and accurate testing of twelve parameters, including
breakdown voltages (BV ., BV, and BV ), saturation volt-
ages (Ve Vi and Vi) and current gain (H,,), current tansfer
ratios (CTR), and leakage currents (Ig, Iggg, and Iggg). All
parameters can be tested with a wide range of available static
voltage- and current level conditions, programmed by the user.

The socket assembly provides electrical and mechanical congec-
tions with the L TS-2600 Transistor Family Board. Ground planes
minimize noise, while relays on the DUT board provide high-
current switching in under 8 ms. A special cover protects the user
from high voltages (up to 600 V maximum) and high currents (up
to 20 A) that may be present during the test.

Like the Smartpower software, the OPTO test package has the
same easy-to-use menu-dciven sofrware as [FET and MOSFET
test packages. The LTS-0664 Socket Assembly, LTS-0368 DUT
Board, and LTS-0951 sofrware are priced at $825, $275, and
$660, respecuvely,

At the Analog Devices Component Test Systems division in Wilnting-
ton, Mass., the Mixed-Signal system was designed by Ron Delgado,
Woody Beckford, and John Huppe; the Smartpower system and the

LTS-2600 TRANSISTOR FAMILY BOARD

Vi
NANOAMP

METER

LTS-2020 SYSTEM CONSOLE

Optoisolator system were designed by Rick Carrier. o
LTS-0690 SMARTPOWER TEST FIXTURE
MATRIX MATRIX
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Figure 2. Functional block diagram, smartpower test fixture.
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New-Product Briefs

PROGRAMMABLE DIGITAL DELAY GENERATOR
AD9501 Is a TTL/CMOS-Compatible Version of the AD3500
Has 50-MHz Maximum Trigger Rate, 10-ps Delay Resolution

16-BIT ADC

AD1377 Converts in 10 s
+0.003% Max Nonlinearity

‘The AD1377* complete 16-bit a/d converter
includes an internal reference and clock and
is packaged in a compact 32-pin ceramic
DIP. It is compatible with the industry-
standard pinout and complementary digital
coding used by the ADI376 (see Analog
Dialogue 22-2) and ADC76 for easy perfor-
mance upgrading of sockets designed for
those types.

It performs a 16-bit conversion in less than
10 ps, and the K grade has a maximum
nonbnearity of >0.003%. 16-bit converters
with the ADI377’s combination of speed
and linearity are typically used in high-
resolution signal-processing and data-
acquisition systems for autornatic test
equipment, professional audio, and medical
or analytical instrumentation.

Its precision laser-trimmed thin-film scaling
resistors can be jumpered for full-scale ana-
log input ranges of *2.5V, x5V, 210V,
0Oto +5V,0t0 +10V,and 0 to =20 V.

Both serial and parallel digiwal outputs are
available and are accompanied by corre-
sponding clock and status outputs. Output
coding is complementary binary (unipolar)
and complementary offset binary for bipolar
inputs. (Complementary twos complement
can be obtained by inverting the MSB.) In
applications where faster conversions with
fewer bits may be required, the output can
be short-cycled to any bit value from 8 o
1S.

The AD1377 operates from —25 w0 +85°C
and is available in two grades specified
for 0 10 +70°C: The ADI377]JD/KD
have 0.006%/0.003% wmax nonlinearity,
3/2ppm/°C nonlinearity tempco, and 13/}4-
bit no-missing-code¢ resolution over temper-
ature. Prices (100s) are $116/$140. a

*Use the reply card for technical data.
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The AD9501* is a monolithic programma-
ble delay generator. Like its ECL compan-
ion, the AD9500 (Analog Dialogue 22-1, pp.
14-15), it delays an input edge by an inter-
val proportional to an 8-bit word. Operating
from a single +S5-volt supply, the AD9501
is TTL- or CMOS-compatible; it ¢an adjust
timing accurately with = 10-ps resolution.

Its accuracy and programmability make it
ideal for use in data deskewing and pulse-
delay applications, as well as in clock viming
adjustments. Typical end uses include disk-
drive deskewing, data communications, test
equipment, and radar 1 & Q matching.

Full-scale delay range is set by an external
resistor-capacitor combination for any value
from 2.5 ns to 10 us. An eight-bit digital
word selects a time delay as a fracton of
full-scale range. When triggered by the
leading edge of an input pulse, the output of

HS("

EXT CAP [+Vs
L)

HIGH-SPEED
RAMP
e M TTL COMP,
ADJ
[ O OUTPUT
RESET TRIGGER
TRIGGER CIRCULE
DAC
OUTPUT
LATCH

‘ TTL LATCHES

0.0 8608

the AD9501 will be delayed by an interval
equal to the selected delay (tp) plus an
inherent propagation delay (i)

The AD9501 operates from a +5-V supply;
it is available in 20-pin plastic DIPs, PLCCs
and ceramic DIPs for 0 to 70°C operation,
and in ceramic DIPs and (soon) LCCs for
=S5 1o +125°C operation. Prices ( 1005)
start at $8.60.

16-BIT SAMPLING A/D CONVERTER

AD1380 Is Complete with Reference, Clock, Sample-Hold
Has Throughput Rate of 50 kHz, 0.003% Max Nonllneanty

The AD1380* complete 16-bit a/d converter
has an internal sample-hald amplifier, refer-
ence, and clock. It has a throughput rate of
50 kHz: maximum conversion time of
14 s and acquisition time of 6 ps. Typical
applications are jn instrumemation, signal
processing, and automatic test equipment.

Maximum  low-frequency  performance
specifications include =0.1% gain error,
=0.05% bipolar-zero error, and =0.003%
differential- and integral linearity errors
(K grade). Over temperature, maximum
drift specifications are =20 ppm/°C gain,
+5 ppm/°C unipolar offset, and =5 ppm/°C
bipolar zero drift, with no-missing-cades to
14 bits (K).

In addition 10 d¢ accuracy specifications,
the AD1380 is tested for dynamic perfor-
mance. Typical aperture time and jitter are
50 ns and 100 ps, respectively. Typical
measurcd SNR for 2 -10-dB, 13.2-kHz
signal is 83.2 dB, corresponding to a noise
foor of —93.2 dB.

The ADI1380 accepts 0 to +5-volt and 0 to

AD1IBO

+10-volt unipolar inputs and =*2.5, =85,
and =10-volt bipolar input ranges. Data
ou(put can be either 16-bit parallel or 16-bit
serial. Coding is complementary binary
(unipolar) and commplementary offset binary
(bipolar).

Available in wo grades, the
ADI1380JD/KD operate from -25°C to
+85°C, are packaged in a 32-pin triple-
width ceramic DIP, and are specified for 0
to +70°C. Power supply requirements are
=15 and +5 volts, with typical power dissi-
pation of 900 mW. Prices (100s) are $126
and $152 for J/K. o
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New-Product Briefs

WRITE ADSP-2100A PROGRAMS IN C
C Compilers Available for VAX/VMS, IBM-PC, and Sun-3

They Produce ADSP-2100 Assembly-Language Source Code

The C compiler is a Cross-Software devel-
opment tool* from Analog Devices 10 facil-
itate development of applications software
for implementation on ADSP-2100-family
DSP microprocessors. Other tools include
Systern Builder, Assembler, Linker, PROM
Splitter, and Simulator. Associated hard-
ware tools inctude an Evaluation Board and
In-Circuit Emularor.

The C compiler allows ADSP-2100A users
to save time by writing application pro-
grams in the popular high-level C program-
ming language. It generates ADSP-2100
assembly code, which can be assembled,
linked, and debugged, using the Assembler,
Linker, and Simulator, then stored in
ROM. Debugged applications and libraries
writtenin C can be run on the ADSP-2100A.

Assembly-coded routines may be used for
time-critical operations (such as real-time
filters); they are either in-lne or subroutine-
callable, through the use of the #pragma

directve, which allows the user 10 execute
efficient assembly-language routines within
the C environment.

The C compiler supports integer data
directly, floating-point data {flear data type)
through a library routine, and fracrional
data (widely used in DSP in the 1.15 data
format, but unavailable in standard C)
through an extension of C created for the
purpose (fract daca type).

The compiler also supports all standard
storage classes (auto, extern, regisier, siatic,
typedef), types (all, including void), and
modifiers (const, wolanile, plus the exten-
sions, pm, dm, ram, rom).

Another extension is the fastswitch state-
ment, which supports the zero-overhead
looping available in the processors’ DO
UNTIL capability; syntactically similar to
the standard swirch statement, it produces
faster ADSP-2100 assembly code. a

QUAD 12-BIT DAC IS MIL-STD-883-QUALIFIED

V-out Monolithic AD664 Multiplies in Four Quadrants
Throughput Rate is 50 kHz, Nonlmearlty 0 012% Max

The AD664* is a monolithic chip with four
12-bst voltage-output multiplying d/a con-
verters that share a bidirectional pP inter-
face (Analog Dialogue 22-1, 1988). These
DACs save time and money when many
reliable  high-resolution  voltage-output
channels are needed for systems where real
estate, power dissipation, and design effort
are costly; for example, ATE and avionics.

The AD664 has 4 DAC cells, 4 output
amnplifiers, a control amplifier, and
switches, The unipolar or bipolar output
range of each DAC cell is independently
programmed through the digital /O port
(LCC-packaged units), with a gain of ] or
2 x the reference volrage (70-kHz band-
widch); with a 10-V reference, *15-V
analog supplies, and a 5-V logic supply, the
specified ranges are 0 10 +10V, -5 to
+5V,and =100 +10 V.

The AD644 js available in two versions, a
*Use the reply card for technical data,
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44-pin LCC (“E” package) with all func-
tions described bere —and a 28-pin ceramic
DIP (“D”) with unity gain and optional
unipolar (UNI, 0 o + Vggp) or bipolar
(BIP, =Vyger) range. The D interface with
12- or 16-bit buses; the E versions’ three
4-bit nybbles allow them 1o communicate
with 4- and 8-bit buses. The —55 to =125°C
ADG664T grade is available in three /883
versions, with these suffixes: E/883B,
D-UNV/883B, and D-BIP/883B. Prices
(100s) start at $250 (D-UNI/883B). [p |

45-ns, 16 x 16-BIT

Multiplier/Accumulator
Low-Power ADSP-1010B

—
_“-—-—."—‘_-:—_‘__:,____‘_‘_:5\_

===
The ADSP-1010B* is a high-speed, low-
power 16 X 16-bit parallel multiplier/aceu-
mulator (MAC). A pin-for pin speeded-up
1-um-CMOS replacement for the ADSP-

1010A, it is also pin-compatible with
TDCI1010J1 and similar popular devices
—but dissipates less power than competing
devices.

It can multiply and accumulate the results
every 45 ns at clocked rates up 10
22.2 MHz, worst case (K version), combin-
ing hijgh speed and low dissipation:
170 mW, typical, clocked at 10 MHz—and
only 550 mW max at maximum speed.

The ADSP-1010B is especially useful for
upgrading performance in djgital signal-
processing systems designed originally for
slower devices. It is also useful for new
designs of microcoded processors to solve
demanding DSP applications in filtering,
Fourier transformarions, and correlation.

The ADSP-1010B has two 16-bit input
ports (X and Y), a 16-bit most-significant-
product (MSP) port, a 16-bit least-
significant-product (LSP) port (shared with
the Y-input port), and a 3-bit extended-
product (XTP) port to avoid overflows. The
bidirecrional output ports permit initializing
the output registers with external data.

Inputs can be represented in either twos-
complement or unsigned-magnitude for-
mats. When not extended, the output is a
32-bit-wide product, which can be rounded
to 16 bits (1 is added 1o the most-significant
bit of the LSP).

Devices are available in two grades for bath
0to 70°C (J, K) and —-55 to +125°C (§, T)
operation; /883B versions of the latier are
available. Standard packages in¢lude 64-pin
ceramic DIPs and 68-lead PLCCs and pin-
grid arrays. Prices (100s) start at $21. [3
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Ask the Applications Engineer—3

by James Bryant

V/F CONVERTERS
Q. How do I send an analog signal a long distance without losing
accuracy?

A. An excellent solution to this common problem is to ship the

signal as frequency using a wvoltage-to-frequency comverter
(VFC), a circuit whose output is a frequency proportional to
its input. It 1s relatively easy to send a frequency signal over a
long transmission path without interference via optical isola-
tors, optical fibre links, twisted-pair or co-axial lines, or radio
Links.
If the data must be digital, the receiver will consist of a
frequency counter, easily implemented in a single-chip micro-
computer. Frequency is reconverted to analog voltage by a
“frequency-to-voltage converter” (FVC)—generally a VFC
configured to perform its inverse function, often using a
phase-locked loop.

TRANSMISSION TRANSMISSION
PATH PATH

ANALOG
Vine re FREQUENCY DIGITAL fve [ outPuT
5 COUNTER OUTPUT @

Q. How does a VFC work?

A. There are two common types: multivibrator- (ADS37) and
charge-balance (AD650) VFCs.*

In the multivibrator type, the input voltage is converted to a
current which charges and discharges a capacitor. The switch-
ing thresholds are set by a stable reference, and the output,
which has unity mark-space ratio, is a frequency proportional
to the input.

The charge-balance VFC uses an integrator, a comparator and
a precision charge source. The input is applied to the integra-
tor, which charges. When the integrator output reaches the
comparator threshold, the charge source is triggered and a
fixed charge is removed from the integracor. The rate at which
charge is rermoved must balance the rate at which it is being
supplied, so the frequency ar which the charge source is
triggered will be proportional 1o the input to the inregrator.

Llglal

CURRENT.  ——————& QUTPUT
Vi, CONTROLLED (UNITY-

MULTIVIBRATOR MARK-SPACE
SQUARE WAVE)
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R [
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e
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What are the advantages and disadvantages of the two types?

The multivibrator is simple and cheap, demands little power,
and bas unity mark-space (M-§) output—very convenjent with
some transmission media. But it is less accurate than the
charge-balance type and cannot integrate negative input
Iransients.

The charge-balance type is more accurate, and negative input
transients are integrated to contuibute to the output. It has
more-demanding supply requirements and a lower inpurt
impedaace, and its output is a pulse train, not a uniry M-S
square wave.

. What are the important types of ervor in a VFC?

. The same three as in most precision circuitry: offset errors,

gain errors and fineariry errors—and their variation with tem-
perature. As with most precision circuitry, offset and gain can
be trimmed by the user, but linearity cannot. However, the
linearity of VFCs is normally very good (if the capacitors are
properly chosen—see below).

. How do you trim gain and offset in a VFC?
. The procedure suggested by theory is to trim offset first at

zero frequency and then gain at full scale (FS). Bur this can
give rise to problems in recognizing “zero frequency,” which
is the state when the VFC is just nor oscillating. It is therefore
better to trim offset with a small input (say 0-1% FS) and
adjust for a nominal frequency, then trim gain at FS, and then
repeat the procedure once or twice.

For example, suppose a VFC is being used with FS of
160 kHz at 10-volt input. Ideally, 10 V should give 100-kHz
output and 10-mV input should give 100 Hz. Offset is, there-
fore, crimmed for 100 Hz with 10 mV applied; gain is then
trimmed to give 100 kHz at 10 V. But gain error affects the
10-mV offset trim slightly, so the procedure may have to be
repeated to reduce the residual error.

If a VFC is used with software calibration a deliberate offset is
often introduced so that the VFC has a definite frequency for
zero input voltage. The microcomputer measures the VFC
outputs at 0 V and FS inputs and computes the offset and
scale facror. It may also be necessary (o reduce the gain so that
the VFC cannot try 1o exceed its maximum rated frequency.

k- |

MICRO-
COMPUTER

INPUT ———]
FS REF.—* MUX VFC  ———

=

OFFSET
INPUT

*Data sheets are available for any of the Analog Devices products mentioned
here. An Application Note: “Operatior aud Applications of the AD654 V-to-F
Converter,” is also available without charge.
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Q. What circuit precautions are necessary when using a VFC?

The phase-locked-loop FVC illustrated differs from any other
PLL in only one respect: the voltage-controlled oscillator of

A. Apart from the usual precautions necessary with any precision ’ \
analog circuitry (grounding, decoupling, current routing, iso- ?he 1:1orma1 PLL, which must be monotomF but not necessar-
lation of noise, ete., a subject for a book, not a paragraph) the ily linear, has been replaced by. a VFC with a linear comr?i
main precautions necessary when using a VFC are the choice law. In the servo system, negative feedback keeps the VFC's
of capacitor and separation of the input and output. output frequency eq}ml to t.he input frequency. AThe output
voltage, the VFC’s input, is accurarely proportional to the
The critical capacitors in a precision VFC (the multivibrator’s input frequency.
timing capacitor, and the monostable timing capacitor in a o ) )
charge-balance type) must be stable with temperature varia- Designing ]PLL_ systems s beyond the scope of this
tion. Furthermore, if they suffer from dielectric absorption, the discussion,” but if a 4000-series FMOS PLL, the 4046, is used
VEC will be nonlinear and may have poor sectling time. ﬂ:;ff_a‘ a ghalz" det)eaor (its zciiistl:mlfgccr chhamc:nsnc fsh“m
] . sufficiently linear), we can bu e shown here, with an
1f a capacitor is charged, dlSChaf.gBd and then open-cu‘cfuucd it AD654 VEC. ’
may recover some charge. This effect, known as dielectric .
absorption (DA), can reduce the precision of VFCs or sample- 1018V % Yoo
hold amplifiers using such capacitors. VFCs and SHAs should o = = ROU?UT é PLL USING
therefare use Teflon or polypropylene, or zero-temperature- z:n 3 | oon 13— g 4:pese’ ™ Aﬂvﬂgf::cs&
coefficient (NP0, COG) ceramic capacitors with low DA. 1L l , VFe CONTROLLED
B 32 5
Coupling between output and input of a VFC can also affect L ¥ =
its linearity. To prevent problems, decoupling practices and v, .
the usual layout precautions should be observed. This is erit- SRR b P E= SR
ically important with opto couplers, which require high cur- : 1O BELOW (Voq -3 V) 10
rent drive (10-30 mA). )
Q. What is a synchronous VFC?
Q. How do you make a frequency-to-voltage converter? )
. A. A charge-balance VFC with improved linearity and stability,
A. There are two popular methods: the inpuc frequency triggers

the monostable of a charge-balance VFC that has a resistor in
parallel with its integration capacitor; or the input frequency
can be applied to the phase/frequency comparator of a phase-
locked loop (PLL), which uses a VFC (of either cype) as its
oscillator. The basic principle of the first type is lustrated

where the monostable is replaced by a bistable, driven by an
external clock. The fixed time during which the precision
current discharges the integrator is ope clock period of the
external clock.

A further advantage of the SVFC is that the discharge does not

below . start when the integrator passes the comparator threshold (at a
- - non-critical rate), but on the next clock cycle. The SVFC

i output is synchronous with a clock, so it is easier to interface

FREQUENCY COMPARATOR {6 . .o . . .
INPUT with counters, wPs, etc.; it is especially useful in multi-

e

VFC RECONFIGURED
AS FVC

A40=lyy tos

For each cycle of the input frequency, a charge, AQ, is deliv-
ered to the leaky imegrator formed by R and C. At equilibrium,
an equal charge must leak away during each period, T (= 1/f), of
the input, at an average rate, I = V/R. Thus, V = AQ+fR.

Though the mean voltage is independent of C, the output
ripple is inversely dependent on C. The peak-to-peak ripple
voltage, AV, is given by the equation, AV = AQ/C. This
indicates that ripple is independent of frequency (assuming
that the charge, Q, is delivered in a short time relative to the
period of the input). The settling time of this type of FVC is
determined by the exponential timme constant, RC, from which
the time 1o settle within a particular error band may be calcu-
lated.

From these equations, we see that the characteristics of this
type of FVC are interdependent, and it is not possible to
optimize ripple and settling tme separately. To do this we
must use a PLL.

FREQUENCY

channel systems: it eliminates problems of interference from
multiple asynchronous frequency sources.

There are two disadvantages. Since the output pulses are
synchronized to a clock they are not equally spaced but have
substantial jitter. This need not affect the user of a SVFC for
a/d conversion, but it does prevent its use as a precision
oscillator. Also, capacitive coupling of the clock into the com-
parator causes injection-lock effects when the SVFC is at 2/3
or 172 FS, causing a small (4-6 bit at 18-bit resolution at
1-MHz clock) dead zone in its response. Poor layout or device
design can worsen this effect.

Despite these difficulties the improvement in performance
produced by the abolition of the timing monostable makes the
SVEC ideal for the majority of high-resolution VFC applica-
uons.

Q. Can you have a synchronized FVC?

A. Yes, and with very good performance; it is best done with an

FVC-connected SVFC and a clock that is common to both
ends of the transmission path. If the input signal to a syncbro-
nized FVC is not phase related to the clock, severe timing
problems can arise, which can only be soived by the use of

PHASE | | LOW-PASS ouTPUT additional logic (rwo D flip-flops) to establish the correct
INPUT COMPARATOR FILTER VOLTAGE . .
AR phase relationship. (D
PHASE-LOCKED 1\\::.3; 'See Gardner, F. M, Phase-lock Techniques, 2ud ¢d., New York: Wiley, 1979,
LOOP

for more deuail; also Analog Devices® Analog-Digital Conversion Handbook.
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Worth Reading

CATALOG*

Personal-Computer-Based Measurement & Control Solutions:
224 pages of descriptions, data, and ordering guides for data
acquisition and control boards, signal conditioners and software
from ADI. Its 7 sections describe: RTI-200 Series—IBM PS/2
Micro Channel Architecture boards; RTI-800 Series—IBM
PC/XT/AT-compatible boards; Modular Signal Conditioners
(including the new 6B Series of isolated digitizing signal condi-
tioners); Signal-conditioning panels, including STB-HLI & STB-
TCI for isolated high-level & thermocouple signals; Digital sub-
systems; DOS driver software; and Application sofrware,
including SNAPSHOT & SNAP-STREAM, LABTECH NOTE-
BOOK & LABTECH Conuol, ASYST, and THE FIXt. Each
section ends in an ordering guide, including a telephone-order
(1-800-4-ANALOG) worksheet and planning guide.

SERIAL PUBLICATIONS*

DSPatch—The Digital Signal Processing Applications
Newsletter: Number Eleven is now available. It features a
description of the new Atari arcade game, Hard Drivin’, a driving
simulator with a new level of realism. The ADSP-2100 DSP
microprocessor is the key to rapid computation of the highly
convincing translations, rotations, and shape changes for the
nearly 1,000 polygons that portray the visible features of the road,
scenery, and traffic as the car moves. The game includes an
instant replay from outside the car.

In this issue is also a description of GPR (Gerris Processeur Rap-
ide), a plug-in coprocessor and image-processing tool for IBM
PCs, developed by Getris (Grenoble, France). Naturally, it uses
the ADSP-2100. The Analog Devices DSP Bulletin-Board Service
(617-461-4258) is described, with sample menus. Also included:
an invitation to sample the ADSP-2100A at very low cast; plus the
regular fearures, “Q & A,” “How 1o Talk Analog” (featuring
anti-aliasing filters), and other matters.

Briefings—The Newsletter for Miltary/Avionics Industry:
Volume 5, Number 1 covers the AD574A’s awainment of QPL
status as the first—and only—JAN-qualified 12-bit monolithic
ADC. Also described are newly qualified monolithic MIL-STD-
883B parts, including the AD588 voltage reference, the AD767
complete pP-compatible 12-bit DAC, and the AD664 12-bit quad
multiplying DAC (4 DACs on a chip). Additional items include a
noofication of process change for the ADSP-2100SG/883B and a
DESC part number change for the ADSP-2100 DSP microproces-
sor, as a result of adding new higher-speed grades.

APPLICATION NOTES*
Changing Your VGA Design from a 171/176 to an ADV471, by
Bill Slattery.

Improved PCB Layouts for Video RAM-DACs Can Use Either
PLCC or DIP Package Types, by Bill Slactery.

Video Formats and Required Load Terminations, by Bill
Slattery. a
*Use the reply card to request your copy. Write on letrerhead to subscribe to

DSPaich and Brigfings. VGA, IBM PC, PS/2, and Micro Channel are
registered trade marks of International Business Machines Corporation.

+Trademarks of HEM Data Corporation, Laboracory Technologics Corpora-
tion, ASYST Software, Inc., and Intellution, Inc., respectively.
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Analog Devices Names Fellow
Fred Mapplebeck

Analog Devices has named a new
Fellow, Fred Mapplebeck—Group
Leader for Product Trim Engi-
neering ar Analog Devices Semi-
conductor—in recognition of his
continuing valuable contributions
to the growth of Analog Devices
and its young technologists.

Analog Devices has achieved in-
dusiry leadership as a manufac-
turer of reliable high-precision analog and data-converter circuirs.
Laser-trim of ICs, pioneered at ADI, is a key technology that kept
us ahead of the pack, making possible levels of performance that
were simply unavailable (by orders of magnitude) with silicon
alone. Fred was the key technologist whose imagination, persis-
tence, and leadership turned an “iffy” vision into a practical,
everyday technique, widely used in the industry.

While design engineers get the glory for innovative designs of
high-performance products, the unsung hero of the piece in many
cases is the equally innovative manufacturing process, LWT —laser
wafer-trim. Fred created a highly competitive trim process and
developed workable trim algorithms for generations of products.
Not only does LWT 1rim static parameters, such as gain and
offset; Fred also developed drift-trim algorithms —a prime example
is the 1.5-ppm/°C (max) AD588 voltage reference.

Fred has BSEE and MSEE degrees from Northeastern University.
Before joining Nova Devices (which later became Analog Devices
Semiconductor) in 1971, he worked at Transitron Electronics,
In¢., as a Test Engineer. During his career at Analog Devices, he
has been Test Engineer, Group Leader Test Engineering, Senior
Product Engineer, Product Engineering Group Leader for Com-
putational Circuits, and Group Leader Product Trim Engineering.

Besides his contributions to product design and manufacturing,
he has also served as mentor to a number of younger engineers,
helped a test-equipment vendor develop a new laser trim system,
helped engineers in other Divisions develop trim techniques,
written conference papers on trimming, and maintained close
relationships with trim rechnologists in major test-equipment ven-
dor companies. He has also worked with a U.S. Government
committee on Trim-Resistor Visual Criteria.

Fred is married, with two children, and lives in Windham, New
Hampshire. He enjoys playing tennis.

Fellow is the highest level of technical advancement within Ana-
log Devices. Fellows are recognized for their innovativeness and
outstanding technical contributions to the company, for acting as
mentors to young technologists, for having demonstrated leader-
ship of outstanding technical groups or in generating new business
opportunities, and for having developed valuable industry and
academic refationships for the company. (>

Fred is our tenth Fellow. He joins the select company of A. Pawl
Brokaw (1980), Lew Counts (1984), Barrie Gilbert (1980), Peter R.
Holloway (1985), Jody Lapham (1988), Fack Memishian (1980),
Michael P. Timko (1982), Robert W. K. Tsang (1988), and Mike
Twhill (1988).
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ERRATA: . . AD846 data sheet (C1155-10-9/88):

Expression for amplifier output noise (spectral
density) should read:

Vox = (RFINN? + (1 + REIR$)2(VN? + (RpINP)?)

To this should be added (noise)2 due to resistors
4kTRr(RF/Rs + 1)
where k is Boltzmann's constant and T is absolute

temperature. The equation on page 11 should be
medified similarly . AD847 data sheet (C1191-
10/488), page 6, Px.gnre 21

IMPORTANT: wiper of trim
2AD9901 data sheet (C1272-10-2/89), page 10: replace
left-hand 182-ohm resistor by a line; label AD9901
outputs (upper-OUT, lower OUT) . AD9048 data
sheet (C1212-11-7/88), page 5, LCC and PLCC pin
configuration drawings: pin 26 should be labeled Rg;
label pin 28 NMINV . . AD952] log Amp data sheet
(C1128-9-9/87): nmp.&cLﬁis.aLmni are available for
Detected Video output current (max)_at 120 MH2, all

grades and conditions. Consult your local sales office

PRODUCT NOTES: . . AD9611: Permanent
wmmmm {(a) when a
differential input voltage applied to the inverting
i js > + < - j -
inverting input (b) if the nnga:ize_pgx&z:snpply_

Potpourri

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

IN THE LAST ISSUE

Volume 23, Number 1, 1989, 24 Pages

Editor's Notes, Authors
Hook Up Sensor-to~Serial Comonunications with a Scrizudriver (6B Series)
8.192-Volt Reference Provides Maximum Resolusion from 12-Volt Supply (AD689)
High-Accuracy Widesi- Bandwidth Analog Muliiplier (AD834)
Ulpa-High-Speed Phase Discriminetor Has No Dead Zorie (AD9901)
New Monolithic 12-Bi Sempling ADCs Digirize Fast AC Wavcforms
(AD7870,AD)678)
Dual Bipolar Op Amp Provides Superior Matching of Specificasions (AD708: dual
AD707)
Low-Power 16-Bit DAC Provides High Accuracy At Low Cost (AD1145)
Isolated mV/ITC Conditioner Has High Gein, Low Drift (1851)
Four Somple/Holds on a Chip Feature 1-ps Max Acquasinion Time (AD684)
New-Product Briefs:
True 16-Bit IC DAC Is Monotonic, Has Voltage Output, Readback, (AD7846)
PS/2-Compatible Monolithic Color Palette 6-Bit RAM-DAC (ADV476)
8-Bit 256 x 24 Color Palene RAM-DAC with 3% 24 Overlay Paletic (ADV453)
L'O Boards for STD Bus: ADI Hardware & PC Software Compatible
(RT-1265/66/67)
Signal-Conditioning Panefs for Data Acquisition with PCs, STD Bus,
pMACs (STB)
DAS Front End for 12 Bits: Hybrd with MUX, Diff Amp, $/H, Buffer Amp
(AD1362)
Ask the Applications Engincer—2
Worth Reading, Morc Authors
Popourri
Advertisement

1t 1 aett } i ! ] £ Fere ] ]
new low-temp, 25°C, high—temp limits are: inverting, #45, 17, 24 pA; non- J.nvert:l.ng, +30, 17, £20 pA
. AD9300, wmmmmm—wgseoxo/m 75 dB min, 78 dB typ:

ADQBOOKP/TE 78 dB min, 80 dB typical . .

conditioning modules; CONTROL EG now supports the
TI-820 i RTI-1265 (STD Bus) o ;

. LARTECH Software is available to support the RTI-204/205

configurable digitizing signal-

F

RTI-1265 Sexries. For hardware or software information on data-acquisition modules and subsystems, call

1-800-4-ANALOG or the nearest sales office . .

. An ADSP-2100 sample kit is now available to provide

DSP designers with everything they need to take a long, serious look at our powerful family of
processors. The ADSP-2100A &RMMMMUWLW _a_sgfmaxg_umlﬁm

demo disk and manual,
$49.95—pne_m_a_msmmex,_plem!

PACKAGING . . .

are It is priced at

join the AD711, AD707,_ ADS48, and

BDOPQ7: The muu_uﬂz_dual_chmmd_bmhum_mm the 13-MHz AD744, with 750-ns max 0,01%
m&lim_nme the 50-MHz-GBW 300-V/us low-quiescent AD847, and the AD848 and AD849 (see page 15 of this

issue) .

APPLICATIONS: . . . A way of

mng_mmmamm_lﬁ_anuﬁ.mm each in three grades of THD, are now

interfacing the AD7878 a/d converter with microprocessors
asvnchronouslv is described in a short note by John Reidy, of Analog Devices BV. Ask your nearby sales

office for a copy . -

Programming with the ADSP-2100 family
(617)_461-3672 or your nearby sales office . .

. A series of intensive, hands-on three-day DSP workshops,. 'System Development and

,“ is available for interested persons.

For information, call

. The AD1856 and AD1860 audio-DAC data sheets show

applications with digital filter chips from YAMAHA and NPC. Your nearby sales office can tell you how to
get in touch with the manufacturers.

PATENTS RECEIVED . .

4,703,283 to Howard Samuels for Isclation Amplifier with T-Type Modulator
. 4,191, i&l_t_Q_DQJJg_lﬂﬂ_Gﬁz_dQ for Microprogrammable Devices Using Transparent Latch .

- 4,804,960

LQ_Jth_R_E.ema.nde.a _Gerald A, Miller, Andrew M., Mallinson, and Stephen R. lewis for Sub-Ranging
A/D Converter with Improved Error Correction . . . 4,814,767 to John W, Fernandes, Gerald A, Millex, and
Andrew M. Mallinson for Sub-Ranging A/D Converter with Flash Converter Having Balanced Input.
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ANALOG Ultrafast
DEVICES Voltage Comparators

I AD96685/AD96687

FEATURES
2.5ns Propagation Delay e 3
Consistent 50ps Propagation Delay Dispersion ool Ny

0.5ns Latch Setup Time o {T
n

Stable Transition Zones
Low Power Dissipation

APPLICATIONS

High Speed Triggers

High Speed Line Recelvers
Peak Detectors

Threshold Detectors

rOMtmamE v,
AD96685

Souur  Boumn

— —y

QoMM BouTre

af af

I

M ) aq u
LAFCRIRABLE PP e

T QUTIRUTS Al Ot EWTTERS, S OUSSNG EXTEAMAL
PRODUCT DESCRIPTION pyetyoplena oy el Ll S L
The AT9668S (single) and AD96687 (dual) are ultrafast voltage

comparators with short, consistent peopagation delays and setop ADIc687

times. Both devices feature an incredible 50ps propagation delay Functional Block Disg

dispersioa for any overdrive from 100mV to 1V.

Propagation delays for both units are 2.5ns, and both have PRODUCT HIGHLIGHTS

stable 1ransition zoncs. They are manufactured with a high 1. 1:“’?’8‘!'0'! delay dispersion of S0ps is the lowest available.
performance bipolar process and have differential inputs and of this extcemely low dispersion, the AD96685 and
complementary outputs fully compatible with ECL fogic levels, AD96687 comparators can be used to make very fasl, sccurate
Their 30mA outpui currenis are capable of driving S0{} terminated and op Lt ; despite wide variations in input
trunsmixsion lines; 1 latch enable input allows operation ia cither - 3 this imp perfe for sy using these
2 sample mode or a track mode. Nt

“There are xix models of the single AD9668S comparator; three 2. m ultrafast latches allow 1he comparstors to operate in s
opetate over an indesinial temperature range of — 25°C o « 85°C, high speed nmplc (track}-and-hold mode. When the laich is
and the other three are for extended temperatures of ~55°C to uwcd properly, input pulses of extremcly short duration can

+ 125 C. Two of the four models of the dual ADI6687 unit be accurately detected and held foc sdditiona! processing.
operate over industrial temperatures, and the other rwo are for 3. Since the latch operates on the inpat state of the comparator,
extended Icmpxeratures. the oulput state is dependent on the input at the time of the

LATCH ENABLE command. This conirasts with strobed
comparaiors, which opcrate on the cutput regardless of the
input conditions at the time of the strobe.

. Due to the clegant design of 1the AD9668S and AD96687
comparators, ucillation-free performance extends over a
wide variation of inpul slew rates and overdrive conditions,
This characteristic ix not avaifable in many other pin-compatible
devices; they often have scvere restrictions on how they cn
be used.

COMPARED TO WHAT
THIS PAGE, NO OTHER €O

-

_._...-"""-'--‘

AD23.2-6/89

[f the output from your present com- The single AD96685 dissipates amere 118mW, and Ve %,
parator makes it difficult to use, take a the dual AD96687 needs just 237mW. % N
look at the incomparable AD96685 In addition, the AD96685 and AD96687 each have o~ = =
and AD96687. They’re the only anoffset voltage of ImV typical for a consistent starting - S
comparators whose propagation delays point, and an input voltage range of — 2.5V to +5V. g
remain constant to within 50 picoseconds for any overdrive Now despite all these advantages, you won't have to o
from 100mV to 1V, so you always get consistent output. change your board design for the AD96685 and AD96687. - §
The AD96685 and AD96687 also give you consistent They’re ECL-compatible and drop-in replacements for
speed, since they switch in 2.5ns, with a setup time of standard devices. If you'd like a further comparison of
0.5ns. And they have remarkably stable transition zones, the AD96685 and AD96687, AN ALO G
which minimize oscillation. call your nearest Analog
But speedisn't achieved at the expense of power. Devices sales office. DEVICES )

Amalog Devices, Inc., One Techriology Way, P. 0, Box 9106, Norwood. MA 02062-9106; Headquarters: (617) 329-4700; California: (714)641-9391, (619) 268-1621, (408) 559-2037;
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohic: (614) 764-8795; Pennsylvania: (215) 643-7790: Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504;
Belgiom: (3) 2371672; Denmark: (2) 845800; France: (1) $687-34-11; Holland: (1620) 81500; [srae}: (052)911415; laly: (2) 6883831, (2) 6883832, (2) 6883833, Japan: (3) 263-6826:
Sweden: (8) 282740; Swilzerland: (22) 3157 60; Uniled Kingdom: (932) 232222, West Germany: (89) 570050

Use the reply card for technical data.
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