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Editor’s Notes
ANALOG & DIGITAL

“Microprocessor?” we hear you
ask. “Isn’t it a bit unseemly for a
nice ‘Analog’ ICcompany to be de-
signing a microprocessor? (What
could be more digital?)”

Good question.

Our objective has always been to
design and manufacture cost-ef-
fective components that are key
elements of the signal path for
processing real-world (i.e., analog) data and for which perform-
ance is maximized and errors minimized.

The signal path? Real-world data almost always starts out as
analog (i.e., paralle], non-numeric) variables, which are measured
by sensors that provide analog electrical signals—voltage and
current. The signals must be accurately and speedily amplified,
conditioned, (almost always in parallel) and converted to digital
for processing. Once in digital form, they must be processed rapid-
ly. Often, they again wind up as analog signals.

Key elements of the signal path include preamplifiers, analog
signal processors, data converters to and from digital, and—when
the signal is in digital form—a digital processor. Inadequacy in any
one of the key elements—amplifier, analog processor, data conver-
ter, of microprocessor—can cause poor performance of the overall
system.

Obstacles in the signal path include noise, drift, nonlinearity, and
measurement lag at the analog stages, similar obstacles in conver-
sion—and throughput delays in digital processing, often because
of the lack of parallelism in von Neumann architectuces.

Throughour our history, our role in the signal path has been to in-
itiate new products (or product lines) when dissartisfied with the
cost-effectiveness of what’s available (which is often limited to
user-assembled kludges, when nothing else is available). At this
point in time, we (and our competitors) have virtually eliminated
the user-assembled amplifier, signal-conditioner, and data conver-
ter by designing and marketing families of cost-effective products.

We have always been dissatisfied with the cost, power dissipation,
and slow throughput in the digital domain; this concemn led to our
pioneering development of CMOS muldpliers and other digital
signal-processing ICs (note that because we were already familiar
with analog muldipliers, digital multipliers became just another an-
alog signal-processing tool; note also our commitment to signal
processing—not payroll, desktop publishing, or order-handling
products). Our dissatisfaction with the complexity of systems
using Bit-Slice parts led to the powerful and compact Word-
Slice ™ microcoded system pars. ’

And finally our dissatisfaction wich insufficient throughput in DSP
processors led to design of the ADSP-2100, which stresses the use
of that analog characteristic, parallelism, to minimize instruction
cycles, whether in processing, data transfer, or interrupt handling.
It’s neat! We invite you to read aboutit. [

Dan Sheingold
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FAST, FLEXIBLE CMOS SINGLE-CHIP P FOR DIGITAL SIGNAL PROCESSING
High-Performance ADSP-2100 Has Multiple-Bus Architecture, Parallel Operations

Available Development System Speeds Program Development and Verification

The ADSP-2100" is a single-chip CMOS$ microprocessor designed
specifically for DSP applications and high-petformance number
crunching. Combined to utilize its 125-ns cycle dme efficiently, its
multiple-bus structure, substantial external program- and data-
memory capacity, powerful instruction set, and independent on-
chip computational units—including a multiplier-accumulator/
subtractor (MAC), arithmetic-logic unic (ALU}, and full-function
barrel shifter (for floating-point compucadions)—deliver perform-
ance far exceeding that of earlier single-chip DSP microcomputers.
In fact, ics performance approaches that of mult-chip (multiwact!)
bit-slice systems, but with power consumption less than 0.6 W.
It can perform 2 1K-point complex fast Fourier transforma-
tion (FFT) in 7.2 ms, or a 64-tap FIR filter operadon in 8 ps per
output sample. Table 1 lists these and a selection of other key
benchmarks.
TABLE 1. Benchmark Performance of the ADSP-2100.
ROUTINE EXECUTION TIME

64-tap FIR filter (pipelined race) 8 nso/sample(12S$ ns/tap)
64-tap complex FIR filter 32 pse/sample(500 ns/tap)

Biquad filter section 0.88 pe/section
Normalized lattice filier section 0.63 ps/section
Two-dimensional convolution (3 x 3) 1.25 ps/outputsample
Matsix muleiply (10 X 10 matrices) 0.22 ms total
1,024-paint complex FFT 7.2ms
4,096-point complex FFT 33.3ms
256-tap LMS adapgve filter update 64.9us
Tenth-order LPC analysis

(240-pt. rectangular window) 0.56 ms

Because of its speed and flexibility, it has become the DSP micro-
processor of choice for such real-time and near-real-time applica-
tions as adaptive filtering, image processing, speech recognition
and synthesis using linear predictive coding (LPC), and modem
systems.! It can also be used in multiple-processor systems or as
an accelerator 1o offload computations under control of a host
computer.

To facilicate applications, Analog Devices makes available—in ad-
didon to an experienced applications staff and the usual support
publications—a development system to speed program develop-
ment and verification. Software tools include: a System Builder,
Assembler, Linker, Simulator, and PROM Splitter; in addition, an
Emulator provides the necessary hardware to debug user-de-
veloped programs in the “target system.” In these pages, you will
find a brief overview of the ADSP-2100 and its development sys-
tem. For more informadion, use the reply card or get in touch with
our DSP Division in Norwood, Mass.

WHY THE DSP MICROPROCESSOR?

The spectrum of DSP systems ranges from large, flexible micro-

*Use the reply card to obeain technical dara.

TA few typical applications are described in some derail in a series of arcles
that appeared in Electronic Design magazine early in 1986. The scries has been
collected and is available as a reprint “Advanced Chips Launch a New Age of
Digital Signal Processing.” Use the reply card to obrain a copy.

tror a description of a typical chip set for such arrays, see Analog Dialogue
20-1, pp. 7-9, “Fast 64-Bit IEEE-754 Floating-Point Multiplier and ALU,” and
pp- 10-11, “Fast, Flexible Word-Slice™ CMOS ICs Simplify Design of Micro-
coded DSP Systems.”
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by Mike Nell and Bob Fine

programmed arrays assembled with such chips as muleiplier-ac-
cumulators, address generators, sequencers, etc.f—and a poten-
tially large complement of modular memory—to self-contained
compact devices, such as dedicated function chips (FIR filcers, etc.)
and monolithic DSP mictrocomputers (wPs with a substantial com-
plemenc of memory). When designing general-purpose DSP chips,
there is a tradeoff between memory and computing power—both
compete for chip area. If sufficient memory is on-chip to handle
significant problems without off-chip memory transfers, proc-
essing capability is usually far from optimum,

Since memory requirements for different applications vary widely,
and external memory is cheap, the designers of the ADSP-2100
concluded that (2) memory should remain off-chip and (b) the bulk
of design effort on a general-purpose chip should be invested in
maximizing computing power and optimizing the memory inter-
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face to minimize delays in communication with external memory.
Thus, with the exception of stacks, a small program cache, and a
generous assortment of registers associated with on-chip func-
tions, it has no memory on chip.

MEMORY

Figure 1 shows how the ADSP-2100 communicates with the out-
side world, Program memory holds the application program, data
memory stores the system data. There are two buses, and their con-
trol lines, associated with up to 32K of 24-bit external program
memory (which can be used for storage of both program and
data): Program-Memory Address bus (PMA) and Program-Mem-
ory Data bus (PMD). Another pair of buses, Data-Memory Ad-
dress (DMA) and Data-Memory Data (DMD), and their control
lines, are associated with up to 16K of 16-bit data memory (includ-
ing memory-mapped /O peripherals—slower devices can stretch
the memory cycle by inserting WAIT cycles to delay the acknow!-
edge signal (DMACK)). Both memories can be accessed simulcane-
ously and independently. Both can be read from or written to, with
single-cycle direct access. Access time is 55ns for DM and and 50ns
for PM if the processor is running at maximum speed.

Linked to two external memories in this way, the chip can access
instructions and data simultaneously. However, both memories
can store data if a computation uses two operands. In digital filter-
ing, for example, a user can keep the chip’s multiplier-accumulator
running ac full throctle by storing samples in one memory and coef-
ficients in the other, and retrieving them simultaneously; a Data
Access signal (PMDA) indicates that data, not an instruction, is
being retrieved from program memory.

When the program memory is used to furnish data, it is important
that extra memory cycies not be used for the data fetch, since that
would negate the advantage of storing the data in program mem-
ory. Fortunately, most time-critical computacions are repetitive in
nature; thanks to the DSP chip’s cache memory, those operations
can be written in the form of program loops. The cache memory
maintains a short history of previously executed instructions.
When the program enters a loop, the cache stores the loop instruc-
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Figure 1. The ADSP-2100 in a basic system environment,
with program and data memories and |/0 peripherals.

tions on the first pass, then feeds the instruction register on all
subsequent passes. While the cache is providing instructions, the
program memory bus is free to supply data without incurring
overhead cycles; thus, the processor’s performance js equivalent to
that of a three-memory system.

Bus request and grant signals allow the ADSP-2100 to run under
the control of a host processor. When another processor requests
access to one of the system memories, the chip responds by halting
program exccution and releasing the address, data, and concrol
lines. The chip’s four interrupt-request lines can be individually
programmed to respond to a signal’s logic level orits edge.

COMPUTING POWER

Figure 2 shows the internal structure of the ADSP-2100. Five
major buses speed the internal transfer of information. In addition
to the internal extensions of the four data and program buses, a
fifth, the R (results) bus, handles intermediacte computational re-
sults wichin che chip. By providing the necessary signal paths, these
buses make possible complex, multifunction instructions that can
be executed in one machine cycle.

The chip’s computational capabilities revolve around three func-
tional units: an ALU, a multiplier-accomulator/subtractor (MAC),
and a barrel shifter. They sit side-by-side, function in-
dependently of one another, and operate on 16-bit
input data with provision for multiprecision opera-

tions. While they rely for fast interconnection on the
flexible use of the R bus, each also has a feedback

register to permit it to make use of its own result in

its next computation while leaving the R bus free
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Figure 2. Basic chip architecture of the ADSP-2100. The independent
MAC, ALU, and barrel shifter sections—plus the dual bus and addres-
sing structure, the internal R-bus, and microcoded instruction

cache—are central to its processing power.

ALU The 16-bit-wide ALU performs addition, sub-
traction, division, and logical functions. It can pro-
vide both double-precision and saturation (to elimi-
nate rollover-type overflows) arithmetic. As a useful
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option, the ALU—and the other math units—can be programmed
to perform an operation conditionally (i.c., if a specified test is
met).

MAC The MAC's repertoire includes multiply, multiply-accumu-
late, and multiply-subtract. Its 16 X 16 array feeds a 32-bit product
into a 40-bit adder-subtractor. The final 40-bit result leaves plenty
of room for overflow. The multiplier will accept any combination
of signed or unsigned input formats, thus making double-precision
possible. Users can also choose options for unbiased rounding and
saturarion of che final result.

Shifter The barrel shifter efficiently implements the numerical
scaling operations needed for floating-point and block floating-
point (BFP) arithmeric. It also supports double-precision shifting,
normalization, denormalization, shifting by a constant, and the
derivation of an exponent for an individual number or block of
numbers (BFP). The shifter’s array accepts a 16-bit input and pro-
duces a 32-bic output. Unfilled high-order positions in the result
canbe padded with zeros or extensions of the sign bit.

Registers Each functional unit contains a set of input and output
registers that act as stopover points for data rraveling between the
external memory and the computational circuitry. In effect, the re-
gisters introduce a single level of pipelining into the data flow.
Consequently, the processor’s inscruction set overlaps computa-
tions and register-memory transfers. Computational operations,
which take their operands either from a local input register or from
an output register via the R bus, load their results into a local
output register.

Addressing Fast number-crunching hardware is wasted if it must
frequently sit idle, waiting for data. To make chis situation un-
likely, especially for operations that require two operands (like ad-
didon or mulciplication), a powerful memory-addressing scheme
is used; the chip’s two independent data address generators com-
pute memory-reference locations at the processing rate. One of the
address generators has a bit-reversing capability for scrambling or
unscrambling fast-Fourier-transform data. While both can supply
data-memory addresses, one of them also addresses program
memory, allowing access to data stored in program memory.

Each address generator has four Index registers (for the memory
pointers), four Modify registers {for the offset values, which move
the pointers by a specified amount each time they are used), and
four Length registers, which define the size of the data structures
being addressed and allow circular—or modulo—addressing (for
example, if an index register is pointing to the last location in a
circular data structure of length S, moving the pointer ahead by
1 will acrually move it back by 4, to the first location in the struc-
ture—and vice versa). Circular addressing helps to efficiently im-
plement digital filters, FFTs, matrix manipulations, and many
other DSP routines.

A large portion of the ADSP-2100 chip is devoted to the program
sequencer, which streamlines the program flow and reduces over-
head when looping, branching, and responding to interrupts. It
has four stacks, full interrupt capabilities, single-cycle conditional
branch, and zero-overhead looping. “Do-until” loops can be any
length, and the loop stack allows them to be nested four deep.

INSTRUCTION SET
Every instruction is coded into a single 24-bit word, using high-
level algebraic nocacion, and operates in one cycle. There are four
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basic categorties of processor instructions (Table 2): Move instruc-
tions encompass register-to-register and register-to-memory trans-
fers, as well as immediate loading of registers and data memory.
Memory addresses are supplied either by the data address
generators or from a field in the instruction word. Computational
instructions exercise the ALU, muttiplier-accumulator, and shif-
ter. The instructions can be executed conditionally based on the
contents of the status register. They can also be combined with
register-to-register and register-to-memory Move operations,
including a simultaneous Read of program and data memories.

Table2. Summary of ADSP-2100 Instruction Set.

Move Instructions

Register «— Register

Register «— Data Memory
Register «—= Program Memory
Immediate Valoe = Register
Immediate Value = Daca Memory

Computational Instructions

ALU Operations: Add, Subtract, Divide, Negare, Increment,
Decrement, Absolute Value, Logical Operations, Clearto 0.

MAC Operations: Muleiply, Multiply and Add, Multiply and Subtract
Clear to 0; formzis: signed, unsigned, or mixed.

SHIFT Opcradons: Arichmetic Shifr, Logical Shift, Normalize,
Derive Exponent, Block-Exponent Adjust, Immediace Shifes,
Denormalization and Normalization, Detive Block Exponent.

Conditional ALU/MAC/SHIFT Operaton

ALU/MAC/SHIFT Operation with Register « Register

ALU/MACSHIFT Operation with Register <= Data Memory

ALU/MACSHIFT Operation with Registet <> Program Memory

ALU/MAC Operation with Data Memory —> Register
and Program Memory = Register

Program Flow Control
Conditional Jump
Conditional Subroutine Call
Conditional Recurn
Condidional Trap
Conditional Do. .

Miscellaneous

Saturate Accumulatoe

Modify Index Register

Push Stacus Stack

Pop Status/Loop/Counter/Program Stack
Mode Control

No Operation

Unail

The program-flow instructions direct the activities of the program
sequencer. Their execution can be either unconditional ot depen-
dent on count expiration ot current status-register contents, Mis-
cellaneous instructions include saturation of the MAC output re-
gister, manual modification of address-generator index registers,
and manual pushing and popping of the various interna) stacks.

AIDSTO SYSTEMDEVELOPMENT

Hardware and software development tools for the ADSP-2100
shorten the system design cycle. The software tools consist of five
modules: an assembler, a linker, a simulator,a PROM splitter, and
a system builder (thac defines the target hardware). In addition, an
ADSP-2100 Emulator provides the necessary hardware to debug
user-developed programs in the target system.

Modular design eases software development by permitring a com-
plicated program to be divided into casier-to-handle modules.
Programmers develop code for the ADSP-2100 by writing assem-
bly-language modules with the ADSP-2100’s assembly instruc-
tions. Modules can be assembled separately, then connected
together with the Linker, which generaces a complete executable
program by linking together program modules that were assem-



bled separately. The linker uses the hardware environment model
specified by the user with the system builder. The syscem builder
specifies important details of the target hardware, like the address
range of program memory, data, and /O ports.

Before committing to final hardware, the designer can test the sys-
tem’s software by calling up the simulator. The simulator has a
friendly, interactive user interface, to permit the user to monitor
the simulated status of all internal and external hardware as well
as the current program instruction. Programmers can display the
contents of all on-chip registers (Figure 3}, cache memory, and ex-
ternal program and data memories. In addition, the simulator per-
mits programmers to step through code on a line-by-line basis to
track all internal and external conditions.

(- Simulator ¥1.0-01 Analog Devices Inc FIR_SYSTEM \
ALD Address Generator Bl
AXO uuuy AC O AQ I0 0009 MO 0001 LD 000F
AX1 AR uuug AN u Ml couu L1 0000
AYD AF uuug AV MZ vuuu L2 0
Y1 uu AL [ AS M3 uuuyn L3
Multiplier-Accumulator Addr
WO FOC0 Address Generator B2
M1 uuuy MR2 MR1 T4A MRO CR44 14 1 Ké 01 L4
WF I5 uuuy WS vuuu LS
L 16 uuvu Mé uuuw L6
Shifter I7 uuuu W7 uuuy L7
81 200 SE uu BR1 uuuu SRO uuuw - Aadr
5B uu 55 © Data DM 1A PM ICODES PN
TR 0000 Astat 00 Metat 0 Sstat 55 Imask 0 Icntl 00 PC 0004 Time L]
halt : Module: PIR ROUTIHE : emulat register hex
Haf !
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fv

Figure 3. Basic simulator screen, showing the state of the
ADSP-2100’s registers at a given instant; data is in hexadeci-
mal notation. Note the registers associated with each section
ofthe processor. The values labeled “uuuu” are undefined.

The software tools are available for VAX computers running
under the VMS operating system and for [BM PC personal com-
puters running under MS-DOS.

When the carget system reaches the hardware stage and is ready
for debugging, the stand-alone in-circuit emmulator provides full-
speed (8-MHz) execution, monitoring, and control. The emulator
can cun executable code from its own 32K words of program
RAM or from the target system’s memory. Its user interface is
identical to that of the simulator. The emulator also allows multi-
ple-processor configurations and can supply trigger signals to ex-
ternal instruments.

EXAMPLE—FIRFILTER

The FIR fileer, perhaps the simplest subsystem one might use the
ADSP-2100 for, demonstrates the chip’s power by implementing
a discrete convolution between a series of input samples and a set
of coefficients in fewer than 10 instructions. In this example
(Figure 4), written in assembler syntax, the availability of a new
daca point from an a/d converter creates an interrupt; the service
routine, when called, fetches the data point, performs an FIR cal-
culation—using coefficients stored in program memory and the re-
quisite number of recent daca points (equal ro “taps__less__one™)
stored in data memory, outputs the new data point through a d/a
converter, and retums from the interrupt.

-1
FIR FILTER EQUATION: yin} = 3 h(k) - xin—k)

k=0

.MODULE/ROM fir_routine; [relocatable fir routine interrupt)
{module)

. INCLUDE <gonst.h>; {include constant declaration file!

.PORT ad_sample;

- PORT da_data;

-ENTRY fir start;

. CONST taps_less one = taps-1

FIR_START: {subroutine code section!

CNTR = taps_less-one:
SI = pM(ad_sample);

DM(I0,M0) = SI;
MR=0, MYN=PM(I4,M4), MXO=DM(I0,MOD);

[read from port}

D0 convolution UNTIL CE;

MR=MR+MXO*MYO (S5), MYO=PM{I4,M4), MX0=DM(IOD,MO);
MR=MR+MX0*MYOQ (RND) ;
IF MV SAT MR;
DM(da_data) = MR1;

convolution:

{write to port}
RTI; {return from interrupt!

- ENDMOD;

Figure 4. Summary of FIR filter interrupt service routine,
showing program steps. The actual convolution occurs dur-
ing successive repetitions of the one-line DO...UNTIL loop.

In the assembler description of the module, “FIR__ROUTINE”,
the file, “CONST”, contains “taps_less__one”, equal to the
number of taps* minus 1. Memory-mapped locations for /O ports
are referenced as AD__SAMPLE (input port) and DA__DATA
(output port). This interrupt service routine is entered at the point
FIR__START. (Elsewhere, in the main__roucine, the interrupt vec-
tor address is loaded; data buffers, cocfficient addsesses, and the
counter are initialized; the address generator Modifier registers
(MO and M4) are set at 1, so that ducing loops the addresses are
incremented by 1 on each pass, and the data buffer is cleared.)

When “FIR_START is called, the counter is set to the constant,
taps__less__one; in the next cycle, the value of ad__sample is read
from its memory-mapped port to register SI; then thar data is
moved from SI to the data memory address stored in register 10,
modified by the contents of MO; then, the multiplier output regis-
ter, MR, is cleared (i.e., set to zero), and—at the same time—the
data (i.e., filter coefficient) stored in program memory at address
(14) is wricten co muldiplier input register MYO, and the input data
at (I0) is written to multiplier input regiscer MX0.

The next instruction, DO convolution UNTIL CE (count expires),
initiates the loop (indented) in which the contents of register MR
are added to the signed product of MX0 and MYO, while—during
the same cycle—the next values of data and coefficients are fetched
to MX0 and MY0 from memory locations determined by the in-
cremented address generators, as the counter counts down. When
the counter reaches zero, the next instruction (multiply and add,
with rounding) is executed. Then the ovecflow flag is checked; if
an overflow has occurred, the output is saturated (viz., set to full-
scale). Finally, the value stored in register MR1 (the most-signifi-
cant word) is written to the d/a converter, and the program returns
from the interrupt. 3

Portions of this article are drawn from an earlier article by John Roesgen and
Sayuri Tung, “Moving Memory Off Chip, DSP uP Squeezes in More Computa-
tional Power,” ELECTRONIC DESIGN, February 20, 1986.

*Note chat the powerful use of symbolic references, such as “caps™ and “taps__

less_one™ makes it easy ro change the number of taps without changing the
program.
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16-BITDAC IS 16-BIT MONOTONIC—ALL GRADES & TEMP RANGES

Low-Noise, Voltage-Output, Single-Chip AD569 Is uP-Compatible, Double-Buffered
High DC Stability with 100-kHz Analog Bandwidth, 3 s 16-Bit Settling Time

The AD569* is a monolithic voltage-output 16-bit multiplying d/a
converter with true 16-bit resolution: all grades are monotonic
over temperature. Its double-buffered digital input is compatible
with 8- or 16-bit microprocessor buses. The analog outpue, via a
buffer follower (Figure 1), delivers = 5 volts acup to 5 mA and can
stably drive up to 1000 pF of capacitive load. Its analog (reference)
input terminals are in force-sense pairs to preserve gain and offset
accuracy in the presence of wiring and ground resistance.

The ADS569 is useful for the many instances where one of 64K pos-
sible words of digital data must be converted to an analog output,
with unique and monotonically increasing analog values corres-
ponding to binary data. Typical applications include closed-loop
process control, position servo applications, building block for 16-
bit-resolution a/d converters, and high-precision waveform
generationt, Its multiplying capabilicy permits digitally controlled
scaling to be applied co analog input signals, analog inputs to con-
trol the gain of digitally generated waveforms, and—in conjunc-
tion with the AD588 monolithic precision voltage referencet—the
implementation of a high-stability fixed-reference DAC (Figure 2).

Figure 1 shows the unique two-stage voltage-segmented architec-
ture of the AD569. There are two cascaded tapped strings of 256
(= 2%) equal resistors in series, buffered by unity-gain followers.
The reference voltage, Vrgr = + Vrer — (— Vrer), is divided into
a series of (ideally) equally spaced voltages appearing at the taps
of the first string.

When a 16-bit digital word, of value 256 M +L, is latched in, the
(M)ore-significant 8-bit byte is decoded, and the difference volt-
age, Vree/256, across the (M + 1)th resistor, is buffered and ap-
plied to the second voltage divider. The (L)ess-significant 8-bit

* Vs
FORCE ) F
L™
* Ve
SENSE
(] o

Ms8 L58
¢ SEGMENT TAP
Vo |sELEcTion | |SELECTION Vout
! '
! ]

= Vs
SENSE

b . iE

i r
L 16.81T LATCH |
'% I S
gk 8811 Larcu#—( B.BIT LATCH |
LBE 1

DB1% & & & DB s s s DBO

Figure 1. The ADb5E9 is a pair of cascaded 8-bit tapped volt-
agedividers, buffered by unity-gain followers.
*Use the reply card for technical daca,

$For a typical user application, see “Plug-in Card Generates Arbitrary
Waveforms,” Electronic Design, Oct. 2, 1986 (pp.49-50).

The recendly announced ADS588 will be covered in some detail in ¢he nextissae
of this Journal.
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byte is decoded and the output voltage at the Lth tap, referred to
— Vger, is equal to the volcage at the lower tap of che ficst string,
Vrer (M/256), plus the product of the output difference of the
first string (Vree/256) and the divider ratio of cthe second string,
Vrer(LU256),i.e.,

_ M . L ]_256M+L
Vour = v"“[zsa * 2561] 65,536

The dividers are inherently monotonic; and monotonicity at seg-
ment boundaries is preserved, despite offsets in the difference am-
plifiers, by a leapfrogging switching scheme that lets each amplifier
work on both sides of alternate taps. In order to obtain the advan-
tages of cool (200 mW dissipation), compact, fasc CMOS logic
and nonloading switches, and at the same time retain the low drift
and noise of fast-settling (3 ps to 0.001% FS) bipolar amplifiers,
the Analog Devices BIMOS Il process is used.

The result is a maximum differential nonlinearity specification of
=1 LSB over temperature for all grades. Integral nonlinearity is
+0.024% max over temperature for the K/B grades; however, it
is stable over both time and temperature (typically < =0.25 LSB
per 1,000 hours), owing to the untrimmed architecture of the
DAC. This permits 16-bit linearicy over temperature to be
achieved and maintained with software error correction alone.

Packaging is in ceramic (plastic available soon). Prices start from
$28.00 (ADS69AD in 100s). 3

[ i
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=
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4
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Figure 2. Kelvin connections (complementary use of force-
sense terminals} with ultra-low drift tracking reference puts
the reference voltage precisely at the active ends of the first
resistor string, in the same way the buffer followers’ feed-
back puts the tap difference voltage across the second string.
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COMPACT LOW-COST SIGNAL-CONDITIONING MODULES

The 5B Series Features Direct Sensor Interface, 1,500-V rms Isolation,
High Noise-Rejection, — 25°C to + 85°C Operation, No Adjustments

by Kathryn Kasper

o —— T T e—r———— e

The 5B Series modules® are a family of plug-in single-channel sig-
nal conditioners for sensors. Readers familiar with the 3B Series
subsystem (Analog Dialogue 16-3, 1982, pp. 7-9) will recognize
the 5B Series modules as a new generation characterized by even
higher performance, smaller size, and lower price; we expect that
users will take to them as enthusiasdcally as they adopted the 3B
Series for monitoring analog signals such as pressure, temperature,
and flow in industrial data-acquisition applications.

A new dircuit design using transformer-based isolation combines
with automated surface-mount manufacturing technology to pro-
vide compactness and high performance at low cost. Joining these
features with operation on a single +5-V supply, 1,500-V rms iso-
lation and *+0.05% calibration accuracy, the 5B Series is an at-
tractive alternative to expensive commergial signal conditioners
and in-house designs for industrial applicacions. Substantial dis-
counts in quanticy encourage OEM use in systems; the 5B Series
modules are priced at less than $80 in quandrty.

In addition to the $B Series modules, physically and clectrically
compatible backplanes are available to make it easy 10 assemble
the modules into complete signal-conditioning subsystems. As
many as 16 modules can be placed in a 19” rack-mountable back-
plane thac requires only 3 '2” of panel space.

RUGGED, COMPLETE, HIGH-PERFORMANCE

All modules are identical in pinout and size (2.25” X 2.25” X 0.60™.
Users can mix and match them to meet the specific needs of the
application, and they can be changed without discurbing field wie-
ing. Each module provides complete signal condidoning, op-
timized for che nature of its input. Signal-conditioning functions
include input protection, filtering, chopper-stabilized low-drift
amplification, isolation, linearization for RTD inputs, and excita-
tion for sensors when required. Table 1 is a summary of module
types available at this printing.

The specifications and packaging of the SB Series were designed
for industrial applications. Each module has factory-calibrated

*Usc the reply card for technical data.

TABLE 1. 5B Series Modules and Backplanes Available in
Late 1986.

INPUT MODULES
Input Type/Span Ourput Model
DC, =5mVto £ 500 mV 0-$Vor =3V $B30,5B40
DC, £500mVto =10V 0-5Vor =5V SB31,5B41
Process Current, 4-20 mA or 0-20 mA 0-SV 5832
Thermocouple types ), K, T,E,R,S.B 0-SV $B37
2,3, 4-wire RTDs:

100-02 Pt, 1001 Cu, 120-00 Ny 0-SV sB34

OUTPUT MODULES

0to +5Vor =SV 4-20mA/0-20mA  $B39

BACKPLANES (WITH COLD-JUNCTION SENSORS)

16 channels, pin-compacible with 3B Series 5BO1
16 channels, with “analog 3-seate” ourput multiplexing $SBO2
1 channe), DN rail compadble 5BO3

+0.05% accuracy and features 1,500-V rms isolation, =1 pV/~C
input drift, and 240-V protection for all field terminations. All
modules feature excellent common-mode rejection, meet 1EEE
472-1974 surge-withstand specs, and operate over the —25°C to
+ 85°C temperature range. Physically, the SB Series is rugged: The
modules are hard-potted and have sturdy 0.04-inch pins; there are
no adjustment potentiometers, The inaccuracies that could be in-
troduced by these mechanically sensitive devices are avoided, and
system integrity is improved since there are no exposed field
adjustments.

ISOLATED INPUT MODULES

The modules listed in Table 1 are available in standard ranges that
address most input requirements. However, the flexible laser-trim
process that ensures calibration accuracy to within 0.05% can be
used for calibration of other input spans. This custom ranging
capability allows you to map any input range inco the full output
span, thereby improving system resolution within that narrow
range. The SB Series input modules require only a single + S-vole
supply; they consume about 0.15 W typically.

Example: §B37 Thermocouple input module Figure 1 is a diagram
of the $B37 transformer-isolated thermocouple input module. The

An2log Dialogue 20-2 1986
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Figure 1. Block diagram of 5837 thermocouple module.

1,500-V isolation provides both protection and 160 dB of com-
mon-mode rejection and assures compliance with IEEE 472-
1974:SWC. As is the case with all modules, 240-V normal-mode
input protection prevents damage if line voltage is accidentally
connected to its input terminals. Cold-junction compensation cir-
cuitry corrects for ambient temperature and its variations.

Like all the input modules, the $B37 includes a self-multiplexed
output—a low-resistance series output switch (much like digital
3-state), conarolled by a TTL-compatible Enable input. If the
switch is not used (single channel or conventionally multiplexed
applications), the Enable input can be grounded.

OUTPUT MODULE

The 5B39 Output Module (Figure 2), provides an isolated 0-20-
mA or 4-20-mA process-current output. It provides the same level
of protection as the input modules, 1,500-V rms isolation and 240-
V rms continuous output protection. Maximum load resistance is
7500 and power consumption is 0.85 W.
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< 35 @ ouT
Lo
WRITE /23 %14
ENIIO) 'S I{J
?j el ) [ve
17 ISOLATION
sV €~
¥ POWER 3 e
PWR 216 | OSC FILT
COM

Figure 2. 5B39 outputmodule.

The voltage input to this module is latched—if need be—in a track-
hold circuit. When each module is updated by its track-hold under
logic control, one d/a converter can serve numerous output chan-
nels. With che Enable lines grounded, the modutles can be used with
one DAC per channel.

Figure 3 shows a general application of input and output modules
in a system.

SYSTEMDESIGN

The functionally complete 5B Seties modules are easily applied in
the designer’s own circuit board or backplane. The modules have
a simple pinou; they plug into widely available sockets; and they
are secured with self-contained mounting screws. The output
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INPUT MODULES ACCEPT REAL
WORLD ANALOG INPUTS AND
PROVIDE ISOLATED HIGH LEVEL

mV, V, THERMOCOUPLE, ANALOG QUTPUTS

RTD, 4-20mA0-20mA Dto +5Vi=5V
INPUT MODULE
FOR EXAMPLE,
SENSOROR #MAC-6000
TRANSMITTER . / {See pp. 10-13)
L A
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OUTPUT MODULES ACCEPT
HIGH LEVEL VOLTAGE INPUTS
ACTUATOR AND PROVIDE ISOLATED
PROCESS CURRENT OUTPUTS
CUTPUT MODULE
4-20mA/0-20mA 0TO +5V/ =5V

Figure 3. General measurement-and-control application.

switch eliminates the need for an external muldplexer with input
modules and the track-hold in each output module aliows a single
DAC to serve numerous output channels. For thermocouple appli-
cadons, cold-junction-compensation sensots are available as one-
picce pre-calibrated units. An example of an integrated system is
shown in the following pages, where the modules are used with the
pMAC-6000 backplane.

5B SERIES SUBSYSTEMS

Complete 5B Series subsystems reduce user design effort. A family
of backplanes, precalibrated plug-in modules, direct sensor inter-
face via serew-terminal connections, standardized high-level out-
puts, and ribbon-cable system interface result in easy integration
into any system. For thermocouple applications, high-accuracy
cold-junction compensation sensing is inherent on each channel.

To address diverse applications, the 5B Series includes a growing
family of backplanes (Table 1). The SBO1, a 16-channel backplane
that can be mountedina 197 x 3.5” panel space, provides 16 single-
ended inputioutpur plugs on the system connector; it is pin-com-
patible with the 3B Series (note, however, that the 5B Series has
a =5-V outpuc swing, while the 3B Serties has a £10-V output
swing). The 5B02 (Figure 4) has input and output buses, which
take advantage of the built-in switching in the modules. With the
$BO02, external input multiplexers are not needed for inputs, and
only a single output DAC js needed. For single-channel applica-
ttons, the SB03 DIN-rail-compatible socket is available.

The 5B Series delivers, for the first cime, a low-cost solution to in-
dustrial signal conditioning. The family will continue to evolve, as
backplanes and modules are added to meet user demand. 3
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EXPANDABLE MODULAR I/0 PROCESSOR FOR INDUSTRIAL AUTOMATION
pMAC-6000 Handles Real-World Analog and Digital Signals
Provides Isolation, Signal Conditioning, Conversion, Processing, Communications

By Bill Schweber

The pMAC-6000* is a modular multiple-input/output processor
system for analog signals and digital decisions. It combines com-
puting, communications, and sophisticated sofrware. Alone, or
with 2 host computer, it monitors and controls processes and
machinery. Designed for OEM use, it finds applications in equip-
ment monitoring, continuous control, test-stand automation, and
energy management. Each plug-in signal-conditioning module ad-
dresses one channel; thus users can custom-configure inputs and
oucputs. Expansion with extra processing power makes it possible
to increase the number of channels with little effect on
performance.

This newest member of the LMAC family of programmable sys-
tems for real-world measurement and control evolved from the
technical and product experience gained by Analog Devices and
its customers wich the eatlier tMAC-4000 and pMAC-5000 sys-
tems [Analog Dialogue 15-1 (1981) and 17-3 (1983)]. The
RMAC-6000 is manifestly similar to, yet better—faster, more
modular, and more configurable—than either of its predecessors.

A BRIEFHISTORY OF THE pMAC FAMILY

In the fall of 1980, Analog Devices introduced the pMAC-4000
system. This “Micro Measurement-And-Control” system endows
virtually any computer with real world inpuc and output capabilicy
(thermocouples, currents, voltages, on/off signals). Connected to
the RS-232 or 20-mA current-loop serial ASCII port of any com-
puter, and operating in a command/response mode, the pMAC-
4000 uses ASCII characters to pass data. The host computer gener-
ates an ASCII string with a request (for the temperature of the
signal on Channel 1, for example), and the uMAC-4000 returns
the value, e.g., 47 degrees.

Besides the serial interface and the analog-to-digital converter, the
main circuit board of the pMAC-4000 contains all the electronics
needed for high-quality, isolated signal conditioning of the analog
inputs. This single board (which could be expanded with addi-
donal boards)—and such computers as the HP-85, Apple 11, IBM
PC, and PDP-11—form data-acquisition, measurement, and con-
trol systems for such applications as laboratory automation,
temperature monitoring, and water treatment. All of the
pMAC-4000's acquired daca is processed at the host, which also
makes the decisions and requests the necessary outputs.

User needs and requests, along with technology advances, led to
the announcement of the pMAC-5000 in late 1983. While the
WMAC-5000 resembles the tMAC-4000 (and uses many of the
same expansion cards) there is a major difference: the pMAC-
5000 is user-programmable in WMACBASIC, a real-world-/O
version of BASIC (see below). The advantages of user programma-
bility are vital:

The user application program can reside on and execute from the
LMAC-5000 board, allowing it to perform data acquisition &
processing and to make decisions, functioning independeatly of
the communications link between the w MAC-5000 and the host.
*Use the reply card for techunicat data.
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Also, the overall integrity of the system is increased. The link to
the host is used mainly for transmitting overall application param-
eters (such as loop constants) to the txMAC-5000 system on start-
up or summary data back to the host. If the communications link
to the host is down, the uMAC-5000 can continue to function and
perform the application.

The entire applications program can be burned into programma-
ble read-only memory (PROM), which is then installed on the
board, fully resident and ready to execute as soon as power is ap-
plied, making the pMAC-5000 ideal as a stand-alone, dedicated
controller for machinery (such as extruders and testing) or for
dedicated data logging and fixed-function control applications.
No host computer is needed in these applications; the pMAC-
5000 can drive a local operator terminal or annunciator screen.

pMACBASIC: THELANGUAGE OF THE p.MAC-5000

A key feature of the tMAC-5000 (and pMAC-6000) is the
pMACBASIC language, developed by Analog Devices for the sys-
tem's real-world, real-time applications. Standard BASIC, though
easy to use and familiar to both programmers and non-program-
mers, lacks several features that are necessary for good, effective
real-world applications programs. .MACBASIC adds them:

With integral l/O statements, an analog or digital input or output
can be incorporated into the applications program. Keywords
were added to BASIC; for example, to input an analog signal sim-
ply requires using the keyword AIN, along with parameters that
define the analog signal’s physical input (connection location and
type). Once the system executes this keyword, all of the internal
details needed to find the input channel, connect the a/d converter
to the appropriate input channel through the muldplexer, make
the conversion, and translate the converted value to enginecring
units ace done automatically and transparently to the user.

Procedures and Functions were added for a more structured
BASIC. Traditonally, BASIC programs result in intertwined
“spaghetti” code because programmers, using GOTO statements,
have difficulty efficiently structuring the flow chart and corres-
ponding program. In addition, the requirement to use a single set
of line numbers and unique variable names makes it hard for more
than one programmer at a time to work on a single application,
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without causing conflics. pPMACBASIC’s Procedures and Func-
tions allow programmers to develop independent modules of
code; they can be called from the main program by name.

Real-time operation is a necessity for most applications where
real-world signals must be measured and controlled, since timing
is critical to the process. It is important to update the control loop
at exact intervals, e.g., 100 ms, rather than approximate intervals
variable from 50 to several hundred ms, depending on program
flow. With LWMACBASIC's real-time interrupt capability, the user
application program can specify that certain activities occur at a
desired rate; unplanned events (such as characters arriving via a
communications port) are handled efficiently but do not delay
time-sensitive events.

wMAC-6000—THE NEW GENERATION

The pMAC-6000 was designed to incorporate preferred feacures
of the previous tMAC models and maintain the high level of sys-
tem integration, which makes the kMAC actractive in so many ap-
plications. Key goals included improved performance, attractive
pricing, and an architecture that was:

+ more modular, in hardware and VO, with rugged, removable
major assemblies

« more configurable, so thac the end user could tailor the final con-
figuration to fit system needs

« more flexible, to meet the needs of a wide range of applications

« more expandable, to grow as users’ necds grow, yet maintain the
required level of overall performance

» more powerful, using today’s highly integrated ICs.

256KB RAM AND 192KB PROM
f

Fi

V4
i
CPU, MEMORY
SUPPORT ICs.

* 5V —

ADCONVERTER,
ALLACTIVE CIRCUITRY

UPTO24 ANALDG
VO CHANNELS
ONLY PASSIVE -

crcuitRy ] 3 43 = LR
3 SERIALCOMM PORTS
""""""" =

| EXPANSION BACKPLANE |

AND
CONNECTORS

DIGITAL PANEL

48 DIGITALLOD
EXPANDABLE TO 256
[INCLUDES PULSE AND
FREQUENCY CHANNELS)

I
| UPTO 32 ADDITIOMNAL ll
I ANALOG IO CHANNELS \

IEEE-488 EXPANSION BUS

Figure 1. Basic configuration of the uMAC-6000.

Figure 1 shows the functional block diagram of the puMAC-6000.

A single backplane supports the major building blocks:

« 2 16-bit 80188 CPU with support chips, memory(256K bytes
RAM, 192K ROM, and 2K EEPROM), a/d and d/a converters,
and communications-support1Cs

+ interchangeable low-cost analog /O modules, all electrically
isolated. They are the new SB series (see pp. 8-9), which provide
1,500-volt isolation, excellent performance, and a wide choice
of analog input and output conditioning for thermocouples,
valves, cucrent loops, voltage signals at various levels, and other
transducers. Each channel’s unique requirements are met by an
appropriate module—the ultimate in flexibility and modularity.

« connectors for the digital /0. They can connect directly to low-
level (TTL) digital points, or via solid state relays to higher-volt-
age, higher-power points. Examples of digital /O include switch
closures, relays, counters, frequency inputs, and time-propor-
tional outpurts with varying dury cycles.
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s communications ports, both serial-type {two RS-232 and one
isolated RS-422) and IEEE-488 (GPIB).

» screw terminals for the + 5 Vdc power supply, which is the only
power needed to run the entire pMAC-6000 and /O modules.

As with the tMAC-5000, the heart of the system is the CPU. But
in the WMAC-6000, the backplane plays a critical role in meeting
the design objectives; it is the physical support for the CPU, VO
field-wiring connectors, communications connections, and power.
Itis entirely passive, containing no active composnents.

The active blocks of the system—the CPU module—in its protec-
tive metal enclosure—and the VO modules—are all easily remova-
ble from the backplane, without disturbing the field wiring; and
they can be installed after the rack- or panel-mounted backplane
has been wired completely and the field wiring checked out. Any
5B-series analog VO module can be changed easily by loosening
a single screw, Should a CPU unit require changing, it can be re-
moved by loosening 4 screws.

Interchangeability means that any one of the 24 analog /O loca-
tons on the backplane can be used for any $B module—input or
output. Users can change input sources at any channel or turn it
into an output channel simply by putting the appropriate SB mod-
ule into a socket and identifying the module in sofrware. As /O
needs vary, the YO can be quickly changed.

The pMAC-6000 system supports three serial-communications
ports and one high-performance IEEE-488 port. The serial ports
are used for connection to host computer, local rerminal, and
printer—and multidrop configurations with other LMAC-6000s.

The IEEE-488 port has two purposes. First, it can be used as the
internal bus to connect dedicated intelligent expansion units
(called pMAC-6000E) to che main unit (Figure 2). It can also be

pMAC-6000

UPTO24 ANALOG IO

rtxvmswucms;s_}
UP TO 12 ADDITIONAL 1
ANALOGLO

ABDIGITAL LD
EXPANDABLE TO 256

MIGH SPEED BUS (INTERNAL TO SYSTEM)
IEEE-488| | FLEXIBLE CABLE,

pMAC-6000E
CPU. MEMORY

ADCONVERTER

UPTO 4 ANALOGIO

EXPANSION CHASSIS
ABDIGITALID 1 I
EXPANDABLE TO 256 | ”"gﬁ:ggfo'o"“ H
I L=

Figure 2. Expanded pMAC-6000 systems using expansion
chassis and LMAC-E6000E.

used to connect a tMAC-6000 to a host (using the IEEE-488 inter-
face standard) or a specialized electronic instrument, such as a gas
analyzer or high-resolution voltmeter (Figure 3).

HOST pMAC-6000
I IEEE-488 I IEEE-488
B
MAC-6000 4.718¢28
DvMm

a. Hostand pMAC-6000. b. nMAC-6000and instrument.
Figure 3. IEEE-488 communications.
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EXPANSION

In many application the number of channels is large but the rate
at which these channels have to be sampled is relatively low. A
good example of this is a large temperature-monitoring installa-
tion, which has many thermocouples attached to critical points on
an engine. The WMAC-6000 is designed for the number of chan-
nels of analog VO to be increased beyond the basic 24; each
HMAC-6000 backplane has an analog expansion connection for
two additional 16-channel backplanes, which can hold up to 32
§B Series modules of any type. Effectively a physical extension of
the main backplane, it doesn’t have a CPU, ADC, memory, or any
other processor components; it brings the total number of chan-
nels that a single pMAC-6000 can support by itself to
(24+32=)56.

The overall throughput and performance decrease as the CPU and
A/D converter must service the increasing number of channels
(dashed curve in Figure 4). For applications where this is intolera-
ble, intelligent expansion is available using the uMAC-6000E.
Each pMAC-6000E brings another CPU and ADC into the sys-
tem, so that more /O channels can be handled without severe de-
gradation in performance (solid curve).

WITH INTELLIGENT
EXPANSION OF uMAC-6000E

RELATIVE
PERFORMANCE

~
1 EXPANSION o™
witHouT =¥ -~ L
ADDITIONAL -
CPU, MEMORY, AND ADC i NUMBER OF
T T T =7 ANALOG LD
10 ] 50 100 POINTS

Figure 4. Avoiding performance deterioration in expanded
systems by intelligent expansion. Performance vs. number
of /O points.

Up to three such units, acting as IEEE-488 talker/listener devices,
can be connected via the IEEE488 bus to the main,
master hMAC-6000, acting as the IJEEE-488 controller.

The user’s ability to add modular CPU and A/D units to the system
as the number of /O channels increases makes the phMAC-6000
unique. Unlike most data acquisition and control syscems, the
WMAC-6000 architecture allows the channel expansion—when
necessary—to include an additional CPU and a/d converter via the
pPMAC-6000E, so overall performance degrades much more
slowly.

Each pMAC-6000E is physically and electrically very similar to
the basic tMAC-6000; it can handle the same amount of real-
world analog and digital O as the basic ktMAC-6000, including
“dumb” expansion. The result of this design is that a user can start
with a standard 24-analog-channel pMAC-6000, add up to 32
more analog channels, and/or use additional tMAC-6000E units
to increase channel capacity and processor power as needed.

The digital VO has not been neglected cither; both analog and
digital VO can grow with the needs of the application (a typical
installation has 1 or 2 digital points per analog point). Each
wMAC-6000(/E) can directly interface with up to 48 digital VO
points. In addition, a muldplexed digital VO panel is available; it
allows the same physical connector of the kMAC system to handle
up to 256 channels. The user can upgrade capacity in this way at
any time, even in the field, by simply changing digital VO panels;
no changes are made to the basic hA(MAC-6000 system.
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SYSTEM SOFTWARE

When the system is programmed in pMACBASIC, the statements
for rea)-world VO and real-time operation tie together all the hard-
ware pieces of the system—1/O, CPU, memory, timers, etc., so that
the user sees a fully integrated system, despite its building-block
nature. One or more pMAC-6000E units can be added without
affecting the level of integration; the pMACBASIC statements
have a simple argument list which allows the user to identify
whether the VO channel is on the main pMAC-6000 board or an
IEEE-488-linked pMAC-6000E. Handshaking and operating de-
tails for passing data over the bus are automatic; they are made
transparent to the user by the pkMAC-6000"s operating-system
software and programming language. The real-time clock keeps
time accurately, even when power is off.

The user’s program can be stored in the on-board RAM (256K
bytes), fully backed up by a socket-mounted lithium battery,
which can be replaced at the end of its 6 + -month life without turn-
ing off the power. For greater non-volatiliry, the program can be
burned into PROM.

While the uMACBASIC language is convenient and flexible, many
programmers want the benefits of more-powerful, standardized
languages; accordingly, the uMAC-6000 is available with the C
language instead of kMACBASIC. C is a transportable language
that improves memory usage, speed, and efficiency with the
existing hardware. Figure 5 compares a uMACBASIC program
fragment with the same fragment written in C,

100 Value = (Ain{1) + Ain(2)) /2
prMACBASIC 110 If Value > Hi_Val Then Print “ALARM”
Else Print Value

- .
retl = ain(1, &vall);

ret2 = ain(2, &val2);
value = (vall + val2)/2.0

if (value > hi_val)
printf (“ALARM™)

else

L primtf (**%f", value);

Figure 5. Comparison of syntax in pMACBASIC and C: Sam-
pling two input values, averaging them, and printing if in
range or sounding alarm if not.

An IBM PC is used as the development tool for pMACBASIC-
6000 C. In the C version of xMAC-6000, the compiled C object
code s linked to its C libraries; the linked code is downloaded from
the PC o the RMAC-6000, where a special C operating-system
PROM allows this object code to execute properly and perform
real world VO, as called for by the user program. The C PROM
on the LMAC-6000 requires less memory than the WMACBASIC
PROM, leaving more PROM space for user programs.

The processor board of the tMAC-6000 is designed to accommo-
date an optional 8087 numeric co-processor IC, which increases
the speed of numeric computations by factors from 20 to 100.
The 80188-8087 wMAC-6000 system with C gives highest
performance.

COMMUNICATIONS AND SOFTWARE TOOLS

The ability to effectively develop programs for a system like the
pMAC-6000 depends on the right development tools. The useful-
ness of the xMAC-6000 when actually running the application is

Analog Dialogue 20-2 1986



related to the communications topologies and run-time sofrware
available.

The pMAC-6000 system can be connected to a host via RS-232
or R§-422 serial interface ports. The RS-422 port on the system
backplane is specifically designed for noisy environments and mul-
tidrop communications; two twisted pairs of wires can link up to
10 tMAC-6000 systems, 2t distances of several thousand feet, to
a hose (Figure 6).

» PRAOGRAM DEVELOPMENT
* AUNTIME COMMUNICATIONS

HOST COMPUTER
1BM PCXT/AT

RS422 SERIAL, DIFFERENTIAL,
ISOLATED LINK {WIRE PAIR}

I I I |
‘uMAC-GODCI | pMAC-6000 | HMAC-6000 I rMAC-6000 |

pMﬂC-WOOEI

LOCAL ﬁpmnc—ms l
COMMUNICATIONS

/- umac-so0oe
|EEE-488

INTERNAL BUS

nMAC-6000E

Figure 6. nMAC-6000s in various systems using multidrop
topology.

The tMAC-6000 has two software rools available:

For developing the program, program-development software
(PDS) is used. With PDS, the user types program lines of code on
a terminal or IBM PC (acting as a workstation) connected to the
LMAC-6000; they are edited and stored on floppy disks. Pro-
grams can be recalled and downloaded to the pMAC-6000. Any
wMAC-6000 connected via the multidrop line can be addressed
uniquely; new lines of code can be sent to it while other units con-
tinue to run.

For communications bectween the host and the pMAC-6000(s)
while running the application program, a software package called
MCComm is available. MCComm* is a master/slave protocol
which allows a host computer program to transfer arrays of data
or strings to the WMAC-6000, or request that a specified array or
string be returned from the pxMAC-6000 to the host. Through this
mechanism, data transfer in both directions is achieved (Figure 7).

HOSTPC
{MASTER]

pMAC-6000
(SLAVE]

USER APPLICATION USER APPLICATION

PROGRAM PROGRAM
CALL MCComm MCComm CALL

e B
pata L ] para

Figure 7. Master-slave operation using MCComm link.

ARRAYS

SALIENT POINTS OF SYSTEM DESIGN

Figure 8 is a simplified block diagram of the CPU assembly. The
analog inputs from the 5B-series modules can be read directly by
the ADC or first passed through a 10-kHz filter to minimijze high-
frequency noise. The choice of filter-in or -out is made by a param-
eter in the argument lisc for analog input-convetsions and can be
changed as input noise conditions require. The a/d converter has
software-selectable resolutions of 12 or 14 bits, using a 12-bic a/d
converter, a 14-bit DAC, and subranging; the additional time for
conversion to 14 bjts is 1 conversion cycle. Either resolution can
be called for at any time as needed.
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Figure 8. Block diagram of LMAC-6000's CPU and system
architecture.

Among pMAC-6000's protective features, a simple software com-
mand permits the analog input subsystem to read the temperature
of the CPU module, under its protective metal housing, in order
to detect a potential heat problem and alert an operator. Similarly,
the exact value of the +35 V dc supply at the CPU can be read by
the program as part of a periodic self-check on the system status,
especially if intermittent operation is suspected.

RAM is battery-backed. Special power-detection circuitry
monitors the + 5-V dc line. If system power should start to fail and
supply voltage drops below a threshold, the processor is inter-
rupted and critical register-saving routines are initiated. The user
program is also interrupted to let the program know that there are
milliseconds left in which to implement a special power-failing ap-
plication routine, if present.

The CPU circuitry also has a “watchdog timer” function, calling
for a periodic reset by the operating system. If a problem in the cir-
cuitry or software causes the reset to be missed, the watchdog
output produces a state change of an open collector connected to
a screw terminal on the system backplane. An alarm or indicator,
if wired to it, can alert the operator to the problem.

CONNECTABILITY

A key factor in the pMAC-6000’s usefulness is that it is designed
to interconnect with a wide range of entities, from the broad reper-
toire of analog inputs and outputs available via the 5B modules,
to communications with host processors and peripherals, to easy
system expansion via the expansion chassis and the pMAC-
6000E, to other inscruments via the IEEE-488 bus (Figure 9). In
this sense, W MAC-6000 is a universal input/output subsystem,

The wMAC-6000 includes the CPU enclosure—with pMAC-
BASIC software in PROM—and the backplane. With discounts
available for quantity, the pMAC-6000/6000E are priced at
$3,395/$2,295.

SR

N \ T ucnrs, moTons, switcHes

UP TO 256 DIGITIAL 1D MONDRS, CONTACTIRS

THERMOCOUPLES, RTDS,
R5-422 m¥, ¥, |, STRAIN GAGES

HOST pMAC-6000 24 ANALOG 10

| [

UP TO 32 ADDITIONAL
l PRINTER I ANALOG 1D

1rMAC-6000E

| OTHER IEEE INSTRUMENTS |

INPUT AND QUTPUT

TERMINAL I

HIGH SPEED BUS
IEEE-48

Figure 9. The diverse universe that hMAC-6000 connects
with.

*For information on MCComm use the reply card.
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PRECISION WIDEBAND THREE-PORT ISOLATION AMPLIFIER
AD210 Has 2,500-V Continuous RMS CMV rating, 0.012% Nonlinearity, 20-kHz BW
Design Expertise, Surface-Mount Combine for Highest Performance & Low Cost

by James Conant

The AD210* is a complete high-performance three-port isolation
amplifier in 2 1.00" % 2.10" X 0.35" (25.4 % 53.3 X 8.9-mm) pack-
age. Its input, output, and power sections are isolated from one
another for continuously applied common-mode voleages up to
2,500 volts rms at 60 Hz (£ 3,500 volts peak).

Salient feacures include: maximum nonlinearity specification of
+0.012% (AD210BN), 20-kHz full-power —3-dB bandwidth,
and 2-pA-rms maximum leakage current at 240 V rms, 60 Hz.
The input amplifier is an uncommitted op amp; the output stage
is buffered by a unity-gain amplifier that can drive a 2-kQ load to
*10V,

Typical applications for isolators include multi-channel data
acquisition, high-voltage instrumentation amplifiers, current-
shunt measurements, and process-signal isolation. With its 120-dB
common-mode rejection (60 Hz, gain of 100, 500-ohm resistive
imbalance) the AD210's isolation performance allows it to main-
tain signal integrity when making safe measurements of low-level
signals in harsh industrial environments, where signal interfer-
ence, ground faults, and transients are commonplace.

The AD210 owes its unequalled perforrmance and user-oriented
features to surface-mounted components and state-of-the-art
automated assembly technology, backed by Analog Devices® 15
years of experience in the design and manufacture of isolators. The
high performance, small size, and low cost of the AD210 make it
tdeal for application in process controllers, data loggers, welders,
power monitors, motor controls, and test equipment.

HOW IT WORKS

The AD210 (Figure 1) requires + 15-vole de (£ 10%) excitation,
applied ¢o the power section. A 50-kHz oscillator couples power
to the input and output sections via isoladon transformers T2 and
T3. In both sections, the coupled power is rectified and filtered;
*15 V dc is made available to operate all of the AD210’s internal
circuicry—and to provide up to 5§ mA ac + 15 V dc at the power-
output pins in both sections.

POWER
OSCILLATOR

- A=
PWR  PWA COM

Figure 1. Input, output, and power sections are isolated
from one another with 2,500-volt rms (3,500-V peak) com-
mon-mode ratings.

*Use the reply card for technical data.
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The SO kHz also serves as a cacrier, modulated by the output of
Al, coupled across the isolacion barrier by transformer T1, syn-
chronously demodulated and three-pole filtered (20-kHz cutoff) in
the output section, and buffered by follower AQ, which can drive
low-impedance loads.

The three-port design permits the AD210 to be configured as an
input or output isolator, in single- or multi-channel configura-
tions. Besides eliminating the need for a separate dc-to-dc conver-
ter, the AD210 in fact serves as a pair of isolated power supplies
(within ies ratings) for circuitry sharing common ground recurns
with the input and output signals, for example, front-end preamps,
remote transducers, ctc.

The uncommitted input op amp can be configured by the user for
buffering and gain, filtering, summing, voltage ranging, and cur-
rent inputs. In the example of Figure 2, amplifier Al is used as a
non-inverting gain-of-100 amplifier; the isolated input power
supply serves the input offset adjustmenc circuit.

Two performance grades are offered for operation over the
—25°Cto +85°C temperature range, AD210AN and AD210BN.
Specifications include: maximum gain drift =50 ppm/°C (and
*25 ppmy°C, 0°C to +70°C); offset drift =210 = 50/G pV/°C
(and =10 = 30/G pV/P/C, 0°C to +70°C). Other maximum
guaranteed specifications include (A/B): nonlinearity *0.025%/
0.012%; offset (x15 * 45/G)Y/(xS = 15/G) mV; gain error
*+2%/1%. Price in 100s is $47 for AD210AN and $56 for
AD210BN. O

47 5kit

« 15V

Figure 2. Noninverting gain is set in the same way as for an
operational amplifier. Floating power is used for offset trim.

Analog Dialogue 20-2 1986



MONOLITHIC SYNCHRONOUS V/F CONVERTER: 0.005% MAX NONLINEARITY
Full-Scale Frequency (up to 2 MHz) Set by External System Clock

No Critical Components Required; 25 ppm/°C max Drift; Dual or Single Supply

The AD651* is a fast, high-precision single-chip charge-balance
analog (voltage or current) to frequency converter. It is a syn-
chronous VFC, in that its full-scale output frequency depends on
an external clock frequency instead of the usual external capacitor
in 2 one-shot oscillator circuit. The result is a stable, linear transfer
function, with significant application benefits in both single- and
multi-channel systems. Applications include a/d conversion, proc-
ess control, analytical and medical instrumentation, isolated data
acquisition, and frequency-to-voltage conversion.

The AD651 works with either single or dual power supplies and
requires only a single non-critical integrating capacitor. Maximum
nonlinearity is +£0.005%, for full-scale cutput frequency up to
1 MHz (B grade), increasing to only +0.02% at 2 MHz, while
maximum gain drift, over the temperature range, is only
=25 ppm/°C for frequencies up to 500 kHz, increasing to *+50
ppm/°C at 2 MHz. Corresponding figures for the A & S grades are
0.02% and =50 ppm/°C, increasing to 0.05% and =75 ppm/°C
over their respective temperature ranges. It is available in a 16-pin
Cerdip package; prices start at $7.95 (AD651AQ, 100s).

ABOUTVFCs

A typical charge-balance V/F converter' is based on an integrator
that has two modes, integration and reset. The input signal (Ipy)
is continuously integrated with respect to time, building up charge
proportional to its average value; during the fixed reser period,
— Irer, an opposing fixed current (hence a fixed charge) is integrat-
ed and subtracted from the accumulated input charge, giving the
characteristic triangular waveform. Whenever the integrated input
exceeds a threshold, a reset interval starts; its duration is deter-
mined by an external capacitor, which establishes the period of a

COUNT = four Taan

< Four
15V 1 16 Toary
R7 Vi
iy “NIv  NUMERIC
2 15 DISPLAY
R
ret] |0 U [ ST R
3 D O i 0
ADB51AQ IREREEERN
4 13
al IARRRRRAA
0.022uF T DIGITAL
5 12 " COUNT
R34 D1 —
2Mn:: m”‘sr bl
& 1 COUNTER
v FREQUENCY
OUT - ZMHz MAX
Vin o.n.m- 7 10 Gie e
oTo A0 N
+10v 50061
15y 8 k] + 15V GATE
FREQUENCY
15.26Hz
25011 = .
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- 1
OSCIWLATOR | & gy '
e S
N=2"

Figure 1. Synchronous VFC as high-precision a/d converter.
*Use the reply card for rechmical data.

'For more information on VFCs, see Chapter 15 of the Analog-Digital Conver-
sion Handbook (1986), D. H. Sheingold, ed., published by Prentice-Hall and
available from Analog Devices ($32.95).

2For full derails, scc the Analog Devices Application Note: “Analog-Digital
Conversion Using Voltage-to-Frequency Converters, by Pavl Klonowski.
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by Paul Klonowski
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one-shot (Ty,). Thus, the greater the input, the more often the reset
phase occurs. The output pulse begins at the same time as the reset
interval; therefore, the output frequency is equa) to the number of
Resets per second. The output relationship is:
_ Iinfave)
Trgr Tos
Since T,y depends critically on a capacitance, output frequency is
subject to the external capacitor's temperature coefficient and
dielectric properties.

(1

The synchronous VFC differs in that the length of the reset interval
is precisely equal to the clock period. Thus,

f=f I)n(avg)
¢ Irgr
Since clock frequencies can be crystal-controlled, f, may be elimi-
nated as a source of error; thus, the major source of error has been
removed. The remaining sources of error (which are present in
both types)—reference, threshold, integrator, and switching er-
rors—limit the performance, but are less significanc than the one-
shot's capacitor.

(2)

Besides accuracy, the synchronous VFC has other advantages:
When vsed with a2 multi-phase clock, it can be multiplexed with
similar VFCs to transmit several outputs over a single channe), In
a/d conversion, where the digital output is determined by counting
output pulses for a preset period, if the same clock drives the VFC
and (through a suitable divider) sets the counting period, conver-
sion accuracy is maintained independent of variations in clock fre-
quency. Figure 1 shows how this is done in the design of a stable,
low-noise a/d system with 16-bit resolution.? [
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HIGHEST-LINEARITY 16-BIT DAG IS DIGITALLY TRIMMABLE
AD1147 & AD1148 Are The Most Accurate Hybrid DACs You Can Buy
Internal 8-Bit Correction DACs Eliminate Offset- and Gain-Trim Pots

by Bill Sheppard

The AD1147 and AD1148* are hybrid 16-bit voltage-output d/a
converters in a 32-pin package. Both have a pair of latched 8-bit
internal DACs for adjustment of reference and offset voltage under
digital control (Figure 1). The AD1147 has true 16-bicintegral and
differential linearity, to within = 2 LSB (0.00076%), while the
AD1148’s linearity tolerances are = 1 LSB.

Typical applications include adjustable precision reference voltage
for equipment and laboratory applications, aucomatic test equip-
ment, scientific instrumencation, beam positioners, and robotics.

Why correction DACs? Although the AD1147/48 have low initial
offset and reference errors, the user’s system often has initial offset
and span errors, and they change with time and temperature. In
a fixed-calibration system, the errors must be measured and the
correction values computed in a calibration eycle; they must mod-
ify all subsequent data values on each conversion instruction, With
the AD1147/48, the correction can be simply lacched in to the cor-
rection DACs once; the actual data need not be changed.

The AD1147 and AD 1148 provide rwo useful architectures for ac-
complishing this. Both accepc data from a 16-bit bus and lacch it
into the main d/a converter. In the AD 1148, the entire 16 bits are
latched into a single register, while the correction bits are con-
nected to a separate set of 8 terminals and multiplexed into the
individual latcched DACs for reference and offset. This allows
for a separate 8-bit calibration interface, common in applications
such as automatic test equipment.

In the AD1147, the correction inputs are multiplexed with the 8
least-significant bits of the 16-bit bus; Once the nominal input
word is latched into the main DAC register, cthe 8 lesser bits
can be used by the correction DACs for offset and reference
adjustment.

sV, PGND -V WRC 0G
3 (2 25)
(31) 10k
(23) 10x
BBITLATCHED
VOLTAGE QUTDAC AAA 5
(OFFSET ADJUST) / i
3N
1
I

— A

S bin . B +10VOLT 16-8IT LATCHED
AN SDAST) REFERENCE |" CURRENT OUT DAC

B3 B1E REF = — — REF
CMS8 CBB out N

AD1147

WHM MSB BB

Figure 1. The AD1147 multiplexes a precision 16-bit DAC
with a pair of 8-bit gain- and offset-correction DACs on a
16-bit bus.

*Usec the reply card for technical data,
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The AD1147 has a choice of four analog output ranges: 0 to
+5V,0t0 +10V, =5V, and x 10 V—and two cucrenc ranges:
0t —2mA and =1 mA (£0.5-V compliance). When it is not
used as a fixed-calibeatable-reference DAC, its reference input is
available for use in four-quadranc multiplying DAC applications
with digitally adjustable offset.

Since the AD1148%s calibracion bus uses up all the available pins,
its analog gain options are somewhat less flexible: fixed-reference
only, with fixed (digitally adjustable) = 10-volc ourput range.
However, it does have a price advantage over the AD1147. Prices
in 100s are $152 for the AD1147, $138 forthe AD1148.

A typical application of the AD1147/AD1148 is in converter test-
ing. For example, when the AD1147 is used as the source of analog
voltage to test 12-bit converters, its error is less than YAs thac of
the device under test—essentially negligible. Figure 2 shows how
an AD1147 would be used as a calibrated incremental voltage
source in testing a 12-bit ADC under uP control. The AD1147’
least-significanc bits would be used as a “dither DAC” in finding
transitions of che ADC, while the correction DACs compensate for
the ADC’s initial offset and gain errors. [3

16-BIT P
AND
CONTROLS

ANALOG
- M58 INPFUT
H
B12 12-BIT ADC
[DEVICE UNDER
STATUS TESTI

CONVERT COMMAND

Figure 2. ADC testing.
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SMALL, FAST, LOW-COST, HIGH-RESOLUTION INTEGRATING ADC

18-Bit uP-Based AD1170: Low Nonlinearity,10-ppm Integral/4-ppm Differential
Automatic Galibration, No Trims, Programmable Resolution and Integrate Time

The AD1170* is a microprocessor-compatible and programmable
high-resolution (to18 bits) integrating a/d converter. Its small
(1.24"x 2.5 x 0.55" max) modular package contains 2 complete
microcomputer-based measurement subsystem comprising a high-
lincarity charge-balancing (V/F) converter, a single-chip micro-
computer, and a custom CMOS controller chip (Figure 1).
It requires =15V and + 5-volc power supplies, and an excernal
12-MHz crystal or system clock; no trim potentiometers, external
references, ot timing capacitors. Price in 100s is $98.

It periodically calibrates itself by reading a zero-input signal and
a full-scale signal provided by an internal reference; using this daca
to compensate the converted data produces gain stability compar-
able to that of che reference—and negligible offset drift. Integral
linearity error, which depends on the linearity of the charge-
balancing converter, is alow =0.001% at all resolutions.

Both resolution (7 to 22 bits) and speed (integrating time from
1 ms to 350 ms)are programmable. However, differential non-
linearity~which limits the effective resolution—is introduced by
the uncertainty due to noise; hence there is a tradeoff between
resolution and speed. The longer the integration time, the lower
the uncertainty and the better the resolution; but also the lower
the throughput. Here are some examples of effective resolution
and throughput that can be achieved with the AD1170:

INTEGRATION RESOLUTION THROUGHPUT LINEARITY ERROR
TIME RATE INTEGRAL DIFFERENTIAL
(programmablc)  (programmable)  (conversions/s) {% of span)
1ms 12 bies 250 +0.001% *0.01%
16.667 ms (60 Hz) 16 bits 5o =0.001% =0,008%
300 ms 18 birs 3 x0.001% 20.00035%
REF QUT z o [20] -m
ne [22 o 18] +in
— ] MUX _—
rer 1N [23]* cnance - 18] AN com
ne [2] provipsoid é [17] +15 vours
we [25] [16] - 15 voLTs
oiccom [2s]3 | | ap1170 H{15] ve
NC | 27] - ; PWRUP
ne [28] micrD- [ 13] N
il computer | 5
e 2] e 12] ELS
=
neseT [30] E Fo{ 11] wr
xtat out [31 Fe110] DATA RDY
xtaLm [32]— (5] ne
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o4 [as|H cwe s | wR
[+5] Z— 4 | RD
oz [38 | 3] ar
o1 [32 ] 2 | a0
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LEAVE N'C PINS UNCONNECTED

Figure 1. The AD1170is a complete system, with a choice of
external 12-MHz clock or crystat oscillator.

* Use the reply card for technical data.
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by Bill Sheppard

Note that, in the second example, where integration time is tuned
for 54-dB normal-mode rejection at 60 Hz, the throughput rate is
still a hefty 50/second, a considerable improvement over dual-
slope converters, which at best tun at about 30 Hz. The reason is
that the computer, combined with the 12-MHz clock, needs only
3 additional milliseconds to come up with the result,

In addition to automatic internal calibration, an external reference
standard may be used co calibrace the internal reference upon com-
mand; the result is stored in nonvolatile memory (EEPROM}.
Other parameters can be saved, inctuding arbitrary integracion
period, ourput daca format, internal calibration period, and exter-
nal line sample frequency. The AD1170’s self-contained program
routines significantly reduce the user’s software, memory, and
operation-time overhead.

The AD1170 interfaces to any pP-based system in either a
memory-mapped or VO-mapped mode via an 8-bit data bus. Key
parameters and advanced features, such as those above, are inde-
pendently programmable by simple commands sent over the bus;
this enables the user to optimize system performance for a wide
variety of application requirements. Figure 2 outlines a simple
measurement application with the 1B31 signal conditioner. 3

24011 10.3ks1
+GAIN -GAIN REF  REF REFIN
SRy N ouT
(28) vixcOUT AD1170

DATA
BUS

35011
BRIDGE

ouTPUT
OFFSET
ADJ.

CABLE
SHIELD \/

& ImVVLOAD CELL

* +SVENCITATION, 15mV FS
* GAIN = 333

* USE 10ppm~C GAINRESISTOR FOR LOW GAIN TEMPCO

Figure 2. The AD1170 can null fixed offsets caused by bridge
imbalance and normalize to full-scale in this isolated pres-
sure-transducer data-acquisition application. Offset and
full-scale correction data are computed and stored in
EEPROM, eliminating repeated calibrations, pots, & soft-
ware overhead.
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LOW-COST HYBRID STRAIN-GAGE SIGNAL CONDITIONER

1B31 Has Adjustable Excitation, Filter, and Offset
Internal Half-Bridge Tracks to =35 ppm/°C
by Amer Igbal

Model 1B31* is a complete strain-gage signal conditioner that in-
terfaces directly to a wide variety of strain gages and load cells to
provide a2 filtered high-level oucput. A cost-competitive solution
for in-house signal-conditioning system designs, it is ideal for
OEM designers who want to use a device that can be flexibly
positioned because of its compact size and has a set of default
parameters that are typical for bridge transducers.

The 1B31 comprises a precision instrumentation amplifier (IA), a
low-pass filter, and an adjustable excitation source in a compact
28-pin plastic double DIP (Figure 1). Its price (100s} is $45.

28} Wy e OUT

27) SENSE HIGH

26) SENSE LOW

20kit HALF-BRIDGE
COMPLETION

BRIDGE EXCITATION
z
o

Figure 1. The 1B31 performs bridge excitation and
completion, precision amplification, and pin-programmable
filtering.

Instrumentation Amplifier The 1A has a low offset temperature
coefficient (£0.25 pV/C ac G = 1,000), low nonlinearity
(£0.005% max), low input noise (0.3 pV p-p, 0.1 Hz to 10 Hz),
and high common-mode rejection (140 dB min at 60 Hz,
G = 1,000). Its gain is programmable from 2 V/V to 5,000 V/V
with one external resistor.

Filter The two-pole low-pass filter has a preset corner (cutoff)
frequency of 1 kHz, which is typical in dynamic measurements, for
example, of torque and vibration. The corner frequency can be ad-
justed downwards {for example, to 10 Hz for low-frequency pres-
sure measurements) by connecting two external capacitors; and it
can be increased to up to 20 kHz by three external resistors. Nor-
mal-mode refection is 40 dB per decade above the cutoff
frequency.

Excitation Bridge excitation is provided by an adjustable-output
cegulated supply with an internal 6.8-volt reference, and a factory-
set output of + 10 volts. The gain of the regulacor amplifier can
be adjusted by an external resistor to set any oucput value from
+4 V to +15 V. The 1B31 is rated to furnish up to 100 mA of
output current at +25°C.

*Use the reply card for technical data.
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Two features of the 1B31 chat make it especially suitable for strain
gages and load cells are bridge-completion resistors and remote
sensing. An internal half-bridge, consisting of two 20-kQ thin-film
resiscors that track to =5 ppm/°C max, is available for forming
a bridge with strain gages made up of rwo resiscors in series (Figure
2). For applications where lead resistance causes significant volt-
age drops, the high-impedance SENSE inputs enforce the precise
value of excitation voltage at the destination through feedback.

4.7uF
+

6‘

REF  REF
] ouT

0TO + 1V
Vour G,;)_...-..
ACTIVE (FILTERED]

GAGE
12041

0TO1000p
- INPUT 1831
12011
ouMMyY
GAGE D e SENSE LOW
BwW BW
COMMON ADJ1  ADJ2
(2 3

NOTES 0.15uF 0.02uF
& USE Sppm~C GAIN RESISTOR FORLOW GAIN 6 T

TEMPCO
& TRIM POT SHOULD BE 100ppm"C ORBETTER
[TYPE 79PR 15 TURN CERMET RECOMMENDED).

Figure 2. The internal half-bridge forms a complete bridge
with the strain gage.

The 1B31 can be used in measurements of strain, torque, force,
and pressure; in instramentation, such as indicators, recorders,
and controllers; and as a front end element of data-acquisition
systems and microcomputer analog input/output circuitry.

Typical applications of the 1B31 are in process control systems,
where the small package can in many cases be installed within the
transducer housing; product and material testing, for conditioning
dynamic signals from torque and vibration measurements; heavy
equipment, such as cranes and forklifts, to measure hydraulic pres-
sures and scress on steel cables; and for signal-conditioner designs
employing plugin cards for personal computers, where space is at
apremium. 3
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THE EASY WAY TO INTERFAGE AN LVDT T0 DIGITAL

Hybrid ICs Provide Direct Transducer-to-Digital Conversion
Tracking Converters Are Amplitude-Insensitive—Have Resolutions to 16 Bits

LVDTs (linear variable differential transformers) have been used
for many years in the measurement of position—and quantities
that can be represented by a linear displacement, such as pressure
and force. A number of features make them nearly ideal as trans-
ducers: ruggedness, frictionless operation, long mechanical life,
excellent repeatability, essendally infinite resolution, and input/
output isolation. However, unlike devices that generate dc outputs
directly, they have not been easy to interface to digital systerns;
until recently, when LVDTs were used as sensocs for systems invol-
ving digital technology, kludges with demodulators, filters,
preamplifiers, and genetal-purpose a/d converters were needed.

The situation has radically changed, thanks to the advent of direct
LVDT-to-digital converters, employing tracking loops, in hybrid
IC packages. The LVDT, and its close relative, the RVDT
(R = “rotary,” for angular measurements), can now be easily and
accurately interfaced as inputs for digital control systems, In this
article, we review the LVDT briefly for the benefit of readers
unfamiliar with them, and then discuss recent advances in
the technology.

WHATISANLVDT?

A linear variable differential transformer is an electromechanical
device consisting of two components: a hollow cylindrical body
containing axial windings—usually a primary and two symmetri-
cally disposed secondaries—and a rod-shaped core, which is free
to move longitudinally within the coil (Figure 1). Since no part of
the core needs to touch the bady (and they can in fact be attached
to different physical entities), the LVDT is friction-free.

H [ SECONDARY #2 I PRIMARY SECONDARY o1 |

N =

] t SECONDARY 1'

— z

PRIMARY

l SECONDARY #2 II

DUTER
CASE

Figure 1. Cross-sectionofan LVDT.

An ac excitation/reference signal (typically from 50 Hz 1o 10 kHz,
and usually specified at 2.5 kHz), applied to the primary, induces
voltages in the secondary windings. When the core (or piston) is
centered becween the two secondaries, the voltages induced in
both are equal; if they are connected in series opposing (Figure 2),
the cerminal voltage will be zcro. As the core (or piston) moves in
the direction of secondary 1, its volcage increases, and the voltage
on secondary 2 decreases; thus the net cerminal voltage (V, — V)
will be of the same polarity as (in phase with) the reference. If the
core moves in the opposite direction, V, — V, will be of opposite
polarity (180° out of phase).

Thus, as the core moves along the axis, the output voltage starts
at one polarity, decreases through zero, then increases in the oppo-
site polarity, smoothly and continuously (Figure 2b). Devices are
designed for output voltage linear about zero, typically to within

*Use the reply card for technical data.
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ence, as a function of position.

Figure 2. Equivalentcircuitof LVDT.

+0.25% over a specified nominal linear range of travel; linearity
may worsen beyond this range, but often not significantly—non-
linearity is generally specified for up to 150% of the nominal lincar
range. For a selection of typical LVDTs, the nominal linear range
can be from =0.05 inches to =10 inches (£1.25 mm to
+ 250 mm); corresponding body lengths range from 1" to 30%.

Sensitivity, expressed in millivolts out per volt of excitation per
0.001” (or per mm), is generally inverse with full-scale displace-
ment; the range corresponding to the above range of displace-
ments is from 6.3 mV/V/mil (250 mV/V/mm) to 0.08 (3.0}).' From
this, it is easy to see that LVDTs, though robust mechanically and

'Daca from Schaeviz Engineering (Camden, NJ 08101) tcchaical bulletin
1002C. Schaevitz also publishes a Handbook of Measurement and Control,
“gencrally regarded as the authoritative treatise on the theory and applicarion
of LVDTs.”
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capable of high reliability, produce low-voltage outputs that
require care in wiring—and amplification—in order to realize the
benefits of their potentially high resolution.

WHERE ARETHEY USED?

LVDTs are very common transducers. In measurement and con-
trol, they are widely used for direct measurement of displacements
from microinches to several feet. They are found in gauging and
metrology systems. They are fitted on aircraft control surfaces and
control levers; in jet engines they indicate vane and valve position.
They are often found buried in dams, roads, and bridges, in order
to monitor movement. They are even used in cash dispensers to
measure banknote thickness.

Many other transducers use LVDTs internally, for example load
cells and pressure transducers. They are also often combined with
hydraulic actuators. In electronics, they are used in automatic wire
bonders and inspection equipment.

INTERFACING THE LVDT TO DATA-ACQUISITION
SYSTEMS

The transducer is essentially a transformer; cherefore it must be
driven from an ac source; and since the output may be of either
polariry with respect to the reference, a phase-sensitive demod-
ulator is necessary for a dcoutput.

In the past, LVDTs have been connected to dedicated instruments
that provide position readout. However, computer-based data-ac-
quisition systems are replacing specialized instruments in many
applications. Typical computer systems use cards connected to a
standard computer bus; since these catds are not very large, che
electronic circuitry associated with the LVDT must be compact
and introduce a minimum of additional error. Newly available
hybrid circuits that perform the endre signal-conditioning and
conversion function stably and accurately also conserve board
area.

The Traditional Solution

Figure 3 outlines a typical system to provide signal-conditioning
and conversion for an LVDT. In this instance, the LVDT primary
is driven by an oscillator and the output is amplified, synchron-
ously demodulated and filtered to provide a dc input to the a/d
converter. If the signal calls for high resolution and involves rapid
motion, a sample/hold will be needed; and if more than one chan-
nel is to be converted, a muldplexer will be necessary.

INPUTS

DEMODULATOR

4

S¥YSTEM
ATOD

DIGITAL
POSITION
QUTPUT

Figure 3. Conventional LVDT-to-digital conversion systemn.

Since the output depends on the amplitude of the oscillator volt-
age, perhaps the most serious drawback to this conversion method
is the requirement for the oscillator voltage to be stable with time,
temperacure, and variations in load impedance. For example, if
16-bit resolution is required, a 1-volt oscillator output would have
1o be scable to within 60 microvolts for a repeatabilicy of 1 LSB.
Maintaining stability of the oscillator with time is itself not easy;
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the problem is further exacerbated by the variation of the load
impedance of the LVDT (possibly at a remote location) with tem-
perature. Clearly, it would be helpful if the measurement could be
performed raciometrically.

Another potentially serious problem is noise induced in the signal
lines, especially if the eransducer ts at some disrance from che
conversion electronics. In addition to noise, gain or offset changes
in the circuitry following the phase-sensitive demodulator will di-
rectly affect the output code. It is highly desirable for the conver-
sion process to include integration, to filter out noise, and for the
demodulation and conversion to be combined in a single opera-
tion, to eliminate interconnection-dependent error sources.

The Tracking-Converter Solution

Figure 4 is a block diagram of the signal conditioning and conver-
sion scheme employed in the Analog Devices 2554 and 2556* 14-
and 16-bit LVDT/RVDT-to-digital converters. Readers of this
Journal will readily observe the basic similarity berween these con-
verters and resolver-to-digital converters, such as the 1564*%; in
fact, proven hybrid-IC tracking-converter technology is the key to
the size, performance, and cost advantages of the 2554/56.

REF
QUTPUT 255456

PMASE
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DETECTOR

HIGH
ACCURACY
RATIO
BRIDGE

DIGITAL
POSITION

UPDNCOUNTER

) DIR
BUSY
INHIBIT

———
RHASCEm (] onymsesiae S
ENABLEL OQUTPUT BUFFERS COMPLETION RESISTORS
* DIGITAL ¢ i he 0 Ro
POSITION

Figure 4. Block diagram of 2556 LVDT-to-digital converter
family.

Conversion is produced by a tracking feedback loop. Here'’s how
it works: the reference signal and the difference signal from the
LVDT are pre-amplified/buffered, and their rado is compared
with an estimate of the position, fumnished by the digital output
of an up-down counter. The ecror berween this estimate and the
actual ratio is detected and filtered, using an analog integrator.
The de output of the integrator drives a voltage-controlled oscil-
lator, which clocks a counter either up or down, depending on the
polarity of the integrator output, at a rate proportional to its mag-
nitude. The counter output, as mentioned above, is the position
estimate; if it is smaller than the input ratio, the error will cause
the counter to count up - if it is larger, the counter will count down,

In the steady state (estimate = ratio), with the LVDT not moving,
the counter is not counting, i.e., the input to the VCO is zero. In
order for the integrator output to be constant (zeco, in this case),
its input, too, must be zero—and this can occur only when the esti-
mate is equal to the ratio. It is not hard to see that this loop is a
tracking loop—if there is any change in the input ratio, there is an
error that causes the VCO to drive the counter to the new value
to eliminate the error.

Not only does it track, it is a Type 2 (second-order) tracking loop
(two integrations), which will also maintain zero velocity error in
the steady state. Consider the case where the LVDT position

24Resolver/Digital with Accurate Tachometric Ourput,® by Paul Nickson and
Geoffrey Boyes, Analog Dialogue 18-3, 1984 (16-17).
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(measured by the input ratio) is changing at a constant velocity.
In order to keep the velocity error at zero, the counter must be
counting at a steady rate; this means that the VCO input must be
constant, i.e., the integrator output must be constant. Bu it can
be constant only if the integrator's input (i.e., the position error)
is zero. Thus there is no position error or velocity error if the veloc-
ity is constant; dynamic efrors can occur only for non-zero
acceleration.

Because the loop tracks the ratio of input to reference, the conver-
sion is not sensitive to changes in the actual magnitude of the refer-
ence signal that drives the LVDT. This has the great advantage of
making the converter insensitive to oscillator amplitude drift and
voltage drops in the signal lines. Because of the integrations, the
converter tracks the average value of the ratio when chere is high-
frequency noise induced in the signal lines, making the converter
less sensitive to noisy environments.

Quadrature signals, a source of null error in LVDT systems, do not
introduce error in the tracking loop, because they show up as ac
error signals from the phase detector and are averaged out. The
low-noise amplifiers employed here make it possible to use larger,
less-sensitive transducers over a smaller, more-linear portion of
their range, without substantially increased errors due to noise.
Transducer nonlinearity of the order of 0.05% can thus be
achieved.

The loop tracks the signal continuously, so that the digital output
of the counter is always either at the correct position value (within
1 count) or en route to it (when the system is subjected to accelera-
tion). The accumulated count is lacched, and the ourput from the
latches is provided via two sets of three-state output buffers, which
can provide 2 two-byte output to an 8-bit bus or a broadside out-
put to a 16-bit bus, depending on when they are enabled. Busy and
Inhibit lines make it possible to update the bus synchronously
without disturbing the loop’s asynchronous operation.

The continuous tracking conversion does not need a sample-hold
for eracking speeds below the specified slewing race. Multplexing
can be performed digitally on the bus, using one converter for each
channel (with the virtues of availability and simplicity). If cost is
an important consideration, the inputs of several LVDTs can be
multiplexed on one converter, but it is necessary to wait for the
loop to settle (35-60 ms) each time before reading out the data.

2554/56 CONVERTER PERFORMANCE

As the block diagram indicates, gain can be programmed over a
range of 1 to 10 V/V with an external resistor, to accommodate
a wide range of transformation ratios and operating stroke
lengths. Over the operating temperature range, and a 10% varia-
tion of reference amplitude, the basic gain accuracy of the conver-
ter is 0.05% max (gain = 1), and maximum integral linearicy ecror
is 0.02% of full scale. This level of accuracy would be quite diffi-
cult to achieve and maintain in a conventional conversion system.

Dynamically, large-signal settling time ts 160 ms (2556) and 70 ms
(2554) for a full-scale step, and the maximum tracking (slewing)
rate for both is 360 LSBs per millisecond.

ALTERNATIVE CONNECTION METHODS

The availability of input amplifiers with fully differential inputs
and variable signal gain, and an auxiliary uncommitted matched
precision resistor pair (0.02% ratio match and 2 ppm/°C tracking
tempco), makes the converter suitable for a wide variety of connec-
don schemes. For example, Figure Sa shows a connection for a
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three-winding LVDT. The ac excitation is applied becween REF HI
and AGND, the signal is applied between differential inputs A &
B, and provision is included for input gain adjustment to compen-
sate for the LVDT’s transformation ratio—which is a function of
carrier frequency. Conversion accuracy is only slightly affected by
transducer phase shift, which canin any event be corrected for.

In Figure 5b, the LVDT is again supplied from the primary side,
but the converter reference is the secondary common-mode signal
(see Figure 3) thus representing the primary voltage, but without
the errors due to primary impedance and transformation ratio. It
is derived, at the division point of the precision resistors, as ¥ the
sum of the voltages developed by the secondary windings. If this
signal has constant amplitude with piston displacement, the
system will have high resolution and exceptional stability, and
be insensitive to temperature, frequency, and phase-shift effects.

Figure 5c shows yet another scheme, in which only a pair of (secon-
dary) windings are available, an autotransformer connection. The
coils are connected in series aiding, and the excitation is applied
across them. In this case, the difference is obtained by using the
precision resistors in a bridge configuration to obtain a net signal
equal to one-half the difference of the voltages. @
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New-Product Briefs

DUAL 12-BIT DACS HIGHEST-PERFORMING LOW-COST BIFET OP AMPS

AD7537/1547 in 0.3" DIPs
For 8/16-Bit Data Buses

The AD7537 and AD7547 are 12-bit
CMOS dual 4-quadrant multiplying d/a
converters in compact 0.3"-wide 24-pin
“skinny” DIPs. The AD7537* is double buf-
fered and designed to interface with 8-bit
buses in two right-justified bytes (4 +8);
the AD7547* accepts full 12-bit digital in-
puts, interfacing easily with 16-bit buses.
Both types are manufactured using the
Analog Devices linear-compatible CMOS
(LC2*MOS) process.

The dual-DAC construction occupies about
one-half the area required by two separate
12-bic DACs; an added benefit is ladder-re-
sistance matching to within 1.0% max and
precise temperature tracking. Typical appli-
cations include automatic test equipment,
programmable filters, stereophonic audio
systems, synchro applications, process con-
trol, and designs with dght space constraints
that would not permit two discrete devices.

Both DACs operate on a single +12 to
+ 15-volt supply with only 30 mW max dis-
sipation (+ 15-V supply). Each DAC has its
own reference input. Typical channel-to-
channel jsolation is —84 dB at 10 kHz,
while digital crosstalk is 7 mV-ps. All grades
guarantee monotonic behavior over temper-
ature. Maximum relative accuracy error is
+1LSB for the AQ, JN, and SQ grades
(both cypes) and x Y2 LSB for the KN, LN,
TQ,BQ, CQ, and UQ grades.

The AD7537 and AD7547 are both avail-
able in plastic packages, for operation over
the 0°C to + 70°C temperature range, and in
hermetically sealed ceramic or Cerdip pack-
ages, for operation over the —25°C (o
+85°C and —55°0 + 125°C temperature
ranges. Prices start at $14.50 (JN grade in
100s). 3

*Use the reply card for technical data.
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ADT11/112 for

Speed; AD548/648 for Low Iy, |,

Singles and Duals; Range of Packages, Performance

0.7
SETTUNG TME - p3

The AD548* and AD711* FET-input op
amps, their various temperature- and per-
formance grades, and their dual-amplifier
equivalents (types AD648* and AD712°)
form a complete family of moderately priced
high-performance amplifiers.

The AD548(648) family
draw only 200 pA of
quiescent supply current
per amplifier, with low
bias current as an added
bonus. They are best
buys for low-power ap—
plications calling for

Offsct (mV max)

Offset drift (W V/C max)
Bias current {pA max)
Gain (V/mV min)
Slewing rate (V/ps min)
0.01% Settling time (ps)

Price (1005)

Quiescent current(mA max)

superior de and ac performance in (e.g.) bat-
tery operation.

The AD711(712) family are fast, cypically
sertling to 0.01% in less than 1 pus (1.8 us
max}, with minimum slew rates approach-
ing 20 V/us. Yet dc performance is not
spared; offsets and drift are comparable to
those of the ADS48 family. Compared
below are specs of the lowest-priced
miniDIP-packaged grades. Premium grades,
industrial and milicary temperature ranges,
and hermetic and ceramic packages are also

available. @
ADS4B(648 dual) AD?711(712 dual))
N KN N KN
2 0.5(1) 2(3) 0.5(1)
20 $(10) 20 10
20 10 50(75) 50(75)
150 150:10V/skt 150 200:10V2k0)
1 1 16 18
Beyp Bryp 1.8max 1.8max
0.2(0.4) 0.2(0.4) J.4(6.8) 3.0(6.0)

$.75(1.25) $2.60(3.90)  $.80(1.25) $1.30(3.75)

AD202/AD204 LINE OF ISOLATORS ENHANCED

K Versions offer =2 kV Isolation,

+0.025% Nonlinearity

Low-Profile DIP Packages Join Earlier SIPs: JN, KN

The revolutionary AD202/AD204* family
of compact low-cost high-performance
isolators was introduced in the last issue
(Analog Dialogue 20-1). Originally pack-
aged in high-density (4 to the inch) single-in-
line packages, they are now available in a
0.35%-high (max) DIP package; in addicion,
they are joined by an increased-performance
K grade with twice the linearity and CMV
performance, and 1/3 the inital voltage
offset.

All types have gain from 1-100 V/V, CMR
of 130 dB (G =100}, 2 p.A max oms leakage
current, 10(1 + 1/G) pV/
°C offset drift (RTT), and
rated performance from
0°C to 70°C. AD202 is
powered from dc, while
up to 32 AD204s can run
from a common AD246
25-kHz clock oscillator,
for a per-channel saving
in cost, plus wider

Power requirement

Nonlincanty (max)

V.. RTTmax x(1 + }/G)

Max CMV infout (60 Hz rms)
= DC (peak)
Bandwidth (G =1-50 V/V)

Output resistance (ohms)
Isolated powerout @ 7.5V

Price, cither package (100s)

bandwidth and more isolated power. Per-
formance differences are summarized in the

table. [3
AD204) AD204K AD202] AD202K
15Vpp @25 kHz +18 V-S mAdc
(from AD246 dock)
=0.05% =20.025% =20.05% =0.025%
750V 1,500V 750V 1,500V
1,000V 2,000V 1,600V 2,000V
$kHz SkHz 2kHz2 2kHz
z1SmV  x2SmV =)SmV  z$SmV
3k 3k 7% 7k
2mA 2mA 400 uA 400 uA
$23 $29 528 $32
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New-Product Briefs

HIGH-RESOLUTION PROGRAMMABLE-GAIN DAS  LCCs, PLCCs, & SOICs

AD367 Has 15-Bit Resolution, 85:1 Gain Range
Voltage-to-Pulsewidth Conversion, External Counter

The AD367* is a data-acquisition front end
with 21 bits of dynamic range in a compact
24-pin hermetic dual in-)ine package. It pro-
vides the essential analog circuitry for use
wherever high accuracy is needed over a
wide dynamic range; examples in labora-
tory instrumentation include blood analyz-
ers, chromatographs, spectrographs, and
other chemical-analysis instruments.

The AD367 comptises a differential-input
(90-dB CMR) unity-gain buffer amplifier, a
digitally programmable-gain amplifier with
64 gain values, and the front end of a dual-
slope a/d converter (i.e., an analog to
pulsewidth converter), with a — 10-V preci-
sion reference. The output time interval,
proportional to the input, can gate an exter-
nal counter or uP from the end of the first
(signal) integration to the instant at which
the returning integrator output crosses the

threshold. The user controls integradng
tume and digieal resolution through choice of
integrating capacitor and counter.

PGA gains range from 24 t0 0.2824, in steps
of 96/255; thus gain can be set for rated
resolution of full-scale signals as small as
0.42 V. A shorting switch permits sofcware
calibration of offset. Integral Jinearity error
is 0.003% max FSR, or 1 LSB of 15 bits.
Operation is specified from 0°C to +70°C.
Pricein 100sis $105. O3

GAIN EXT
CONTROL Cap
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O
DIFE THRESHOLD
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AMP Ll &LOGIC
— PROGR I I ] ]
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PC DATA-ACQUISITION & PROCESSING
Use ADI's RTI-800 Series Boards and Commercial Software

Available from ADI: Unkelscope and Lahtech Notebook

RTI-800 series plug-in data-acquisition
boards for the IBM PC work with Labtech
Notebook, (Laboratory Technologies
Corp.) and Unkelscope (Unkel Sofrware,
Inc.) application software. Both packages
are available directly from ADI.

Labtech Notebook, designed for data ac-
quisition and control, performs such fune-
tions as P-1-D control, alarms, daca logging,
digieal YO control—and it provides graphics
and analytical routines. It is available as
AC1530." Price: $895.

*Use che reply card for technical daca.
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Unkelscope tums the PC into an oscilios-
cope for real-time data acquisition. It dis-
plays, stores, performs processing (e.g.,
low-pass and high-pass filters, FFTs, etc.)
Ask for AC1507.* Price: $549.

Both operate with RTI-800* analog input
board (16 analog & digital channels, 3 fre-
quency timer channels) and RTI-815* mul-
tifunction board (same, but with two analog
output channels). The boards are priced at
$850and $1,095 (1s). O

Converter ICs Available
in Surface-Mount Packages

Data converters and other IC products
packaged for surface mounting ace available
from Analog Devices, with more coming.
Some customers have already designed them
into major new products. All popular types
will become available in surface-mount
packages during the coming months.

Why surface mounted devices? They save
space; converters in PLCCs feature accu-
racy, speed, and resolution like those of their
DIP-packaged counterparts, but they oc-
cupy only % to Vathe space. They can reduce
manufacturing costs through simpler,
higher density, and double-sided boards,
more-easily automated assembly and test-
ing. They can improve electrical perform-
ance through closer spacing and shorter
in-package lead lengths, with lower capaci-
tance, inductance, and transit times.

Surface-mount packages now available ot in
the works include data converters in 20- or
28-terminal LCCs (leadless chip carriers)
and PLCCs (plastic leaded chip carriers);
coming are linear circuits in these packages
and also SOICs (small-outline ICs).

Available products include VFCs, DACs (8-,
10-, 12~ 14-bit, some duals and quads) and
ADCs (8-, 10-, and 12-bit—conversion
dmes from 1.5 to 100 ps). Typical A/D ICs
include the AD7572, a $-ps 12-bit ADC
with on-chip reference, the industry-stan-
dard AD574, and the 500-kHz AD654 VFC
(in SOIC). DACGs include the AD7549, a
dual 12-bit multplying DAC, and the
AD667 complete 12-bit DAC. LCC and
PLCC parts are slightly more expensive than
DIP-packaged devices; prices, availabilicy,
and performance specifications vary accord-
ing to device and grade. 3
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New-Product Briefs

COMPLETE 12-BIT, 5-MHz ADC ON EUROCARD
CAV-1205 Has T/H, A/D Encoder, Registers, Timing
Subranging-Type Converter 1s TTL-Compatible

BUFFER AMPLIFIER
H0S-200: G=1, 200-MHz BW
1,000 V/p.s min Slew Rate

The HOS-200* is a wide-bandwidth high-
speed voltage-follower buffer designed to
provide high current drive at frequencies
from dc to over 200 MHz.

Its applications include video impedance
cransformations, buffering a/d converters
and comparators, and functioning as a high-
speed line driver for either 50- or 75-ohm
cables. Tt can be used as a yoke driver in
high-resolution CRT display systems and
raster-scan systems. Used inside-the-loop, it
stably enhances the output capability of
monolithic op amps.

Typical environments where it would be
found include portable or remote equipment
operating with low supply voltages, systems
in which available (bartery) power is at a
premium, digital systems which include only
+5Vand - 5.2-V power.

Operating from = 5-volc power supplies, it
delivers high oucput current (100 mA con-
tinuous, 250 mA peak), with a 3-dB
bandwidth of 200 MHz and 1,500 V/ps
typical {1,000 min) slew rate. Housed in a
hermetic TO-8 can, it is available in A
(—25°C to +85°C) and § (—55°C o
+125°C) grades. Prices (100} are $12.60
and $17.00. O3

+5V + 5V

wvur(s :Dournur

v
OYoR40

-5V -5V GND GND

*Use the reply card for technical data.

2%

The CAV-1205* is a 12-bit a/d converter
with $-MHz throughput. Designed for a
single-width Eurocard, it includes a track-
hold, encoder, output registers, and all of
the necessary timing circuits to generate 12
bits of digital outpue data.

Its design is based on the Level 2 require-
ments for printed-circuit board subunits;
Like the CAV-1202 converter (Dialogue
20-1)—with which it is pin-compadble—it
meets the physical standards established by
DIN 41494, JEC 48D (sec)12. Two-step
subranging with digital error correction is
used for 12-bit accuracy.

Applications for the CAV-120S5 include
radar systems, medical insttuments, trans-
ient analyzers, and other designs where high
speed, high resolution, and small size are
required.

Minimum in-band harmonics, generated at
a 5-MHz encode rate, are 70 dB below full
scale with a 500-kHz to 2.5-MHz input sig-

nal. Minimum signal-to-noise at 540 kHz
input is 65 dB, decreasing to 62dB at
2.3 MHz. With full-scale analog input
ranges of = 1.024 or %2.048 volts, the con-
verter is guaranteed monotonic over tem-
perature, 0°C to +70°C.,

Dimensions are 167 mm X 100 mm X
13 mm. Specified power supplies are
+=15V, +5V,and —5.2 V. Price is $1,795
(14).3

12-BIT M-DAC WITH 110-ns SETTLING TIME
Current-Output HDM-1210 Delivers 10.24 mA Full-Scale
Guaranteed Monotonic over Temperature

The HDM-1210* is a fast 12-bit multiply-
ing digital-to-analog converter in a ceramic
or metal hybrid DIP. It features a maximum
digital sectling time of 110 ns to 0.1%,
170 ns to to 0.025 % ; the analog bandwidth
is 10 MHz, with a maximum analog settling
time of 120 nsto = 1% FS.

The HDM-1210 is a one-quadrant device,
used in applications where the designer
needs to multiply an analog inpuc, or the
sum of two inputs, by a scale factor which
can be established with a digital input word.
With two HDM-1210’s, two- and four-
quadrant multiplicadon can be performed
with proper polarity.

The analog signal can be a sine wave, trian-
gular wave, or an arbitrary waveform. The
output is a digitally scaled version of the

input. Applications include waveform

generation, CRT display, vector gener-
ation, and MHz-rate analog and digital
attenuation.

The HDM-1210 is guaranteed monotonic
OVEr temperature; its maximum gain error is
0.5% of full scale. Maximum differential
and integral linearity errors are =1 LSB.
Two temperature ranges are available,
—25°C to +85°C (BD) and —-55°C to
+ 125°C (SD and SDB). Prices start at $144
(100s). &3
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New-Product Briefs

FAST, USER-REPROGRAMMABLE OCR READER
SPEED READER™. 45 Characters/s, 99.8% Accuracy
Reads Laser-Etched Code on Semiconductors

The fast SPEED READER™* oprical char-
acter recognition (OCRY) system reads up to
45 characters per second with 99.9% accu-
racy in production applications. It can be
field-programmed within houes to identify
characters of a standard font.

The system excels in semiconductor and
electronics manufacturing, where ic can read
the laser-etched code on semiconductor
wafers, associate test results with ID num-
bers on DUTs, and read 1Ds of circuit boards
and components.

SPEED READER easily handles variations
in focus, lighting, and background color and
can read characters accurately, even when
poorly lertered or lit—as in some factories.

It recognizes 256 levels of gray-scale and has
512 % 512-pixel resolution. Menu-driven
programming on-site minimizes loss of time
and money.

Included are CPU, frame grabber, software,
disk drive, and communications. Options
include monitor, terminal, keyboard, and
small, eeliable, CCD camera. O3

ANALOG OUTPUT MODULE FOR pMAC-5000
QMXAO Provides 2-4 Channels of Analog Output
1,000-V Isolation per Channel, V or | Qutputs

The QMXAOQ* is a two-channel analog out-
put module that provides isolated voltage
and current outputs in a pMAC-5000 sys-
tem. Because a QMXAO can be plugged
into any QMX input socket on the master
board or the pMAC4010 expander board,
an output expansion board is not needed to
handle output functions.

Small-scale analog control applications for
the wMAC-5000 wich the QMXAO include
low-cost multi-loop control, proportional
control, furnace and oven control. The
QMXAO (AOTX in software) may be used
to position valves, operate set-point control-
lers, and to drive actuators, recorders, and
indicators.

The QMXAO’s d/a converters have 12-bit
resolution and simultaneous voltage (0-10V
or — 10V to +10V) and current (0-20 mA
ot 4-20 mA) outpues, with 1,000-vole

*Use the reply card for more informarnion.

tOCR vs. bar code: OCR reads characters, not bars.
Advantages: Human-readable, one set of characters
will do; physically compact; carries more informa-
tion; gray scale ignores poor contrast or lighting and
no contact; non-standard fonts usable.
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isolation.

In the voltage mode, the QMXAO provides
enough current to be used as a programma-
ble sensor excitation source.

Up to three QMXAOs may be used, for a
total of 6 output channels. It may be ordered

as an accessory or furnished with the board.
Price: $295. O3
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iMAC-5000 RUNS C
AC1836: Software Tools for
New Programming Option

AC1836" is a library of software tools to
allow users to program pMAC-5000 meas-
urement-and-control systems in the C prog-
ramming language. C is a popular, high-
Jevel transportable language which runs 2 to
S tmes as fastas uMACBASIC.

The library includes program development
tools, real-ttme interrupt service routines,
and drvers for analog VO, digital L/O,
counting, timing, communications, and fail-
ure detection. It also includes routines for
transferring executable code from an IBM
PC, used as a C development system, 1o the

wMAC-5000.

Programming options for the LMAC-5000
now include pMACBASIC, the standard
language shipped with every system, and C.
HLMACBASIC, while highly integrated into
the system design and easy to learn and
use—has suboptimum performance. C is
faster, occupies less space in memory (leav-
ing more room for user programs) and is
transportable from system to system.

pMACBASIC is recommended for prog-
rammers who are new or have simple pro-
gram needs; C is intended for sophisticated
users and OEMs who use many types of sys-
tems and want to standardize program
development.

To program a £MAC-5000 in C, the user
needs Manx Aztec C. The Clibraries include
a PROM for the pxMAC-5000 board, an
IBM-compatible disk containing libraries
for /O routines, a public domain file trans-
fer program, and a manual. Price is $495.3
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Worth Reading

FREE APPLICATION GUIDE

RMS-to-DC Conversion Application Guide, 2nd Edition is
now available upon request. 76 pages, with more than 80 illustra-
tive circuits and diagrams, covering rms-to-de conversion theory
and practice. Topics include basic design consideradons, rms
application circuits, testing rms converters, and input buffer
requirements. In addition there are two computer program listings
for determining computational errors, output ripple, and 1%
sertling time of rms converters, An improved version of the first
edition, with additional material, including detailed coverage of
external offset- and scale-factor trimming, rms noise measure-
ment, pP-controlled rms functional circuits, and rms power meas-
urements. Products covered include ADI’s family of monolichic
analog rms-to-dc converters: ADS36A, AD636, and AD637.

APPLICATION NOTES
“Analog-to-Digital Conversion Using Voltage-to-Frequency Con-
verters,” by Paul Klonowski (8 pages).

“Analog Panning Circuit Provides Almost Constant Qutpurt
Power,” by John Wynne (4 pages).

“Bipolar Operation with the AD7572,” by John Reidy (4 pages).

“14-Bit DACs Mainaain High Performance over Extended Tem-
perature Range,” by Mike Currtin 8¢ Robert Scakelum (6 pages).

“Interfacing the AD7572 to High-Speed DSP Processors,” by John
Reidy (4 pages).

“Low-Cost, Two-Chip Voltage-Controlled Amplifier and Video
Switch,” by Charles Kitchin, Andrew Wheeler, and Ken Weigel
(6 pages).

“Temperature Measurement System to 10-Bit Resolution Using
the AD7571 and the AD594/595,” by John Reidy (4 pages).

“12-Bit Analog I/O Port Uses AD7549 and 8051 Microcom-
puter,” by Mike Curtin (4 pages).

FREE NEWSLETTER FOR THE MILITARY/AVIONICS
INDUSTRY

Analog Briefings, Vol. 2 — numbers 1 and 2, are available upon
request. Free subscriptions are available through your locat Ana-
log Devices sales engineer. Number 2-1 discusses MIL-STD-883C,
Notice 4, and MIL-M-38510F, Amendment 1; MIL-STD-1772
Certification—Substrate Fabrication; QPL status for analog mul-
cipliecs AD532 and ADS534; 883C products in surface-mount
packages; and 17 new military products, including CMOS ADCs
and single & dual DACs, bipolar ADCs and analog computational
units. Number 2-2 covers Computer Lab Division’s MIL-STD-
1772 certification; MIL-M-38510 certification for our CMOS fa-
cilicy in Limerick, Ireland and QPL for their AD7520; military
drawing system to replace DESC drawing system; JAN product
status; 883 version of the ADé651; and Military Products
Databook errata.

pMAC-6000 BROCHURE (see pages 10-13)

Free brochure available, with specifications; an excellent introduc-
tion to the tMAC-6000°s features, using color photography. Next
best thing to having your handson one. 3
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MORE AUTHORS (Continued from page 2)

Paul Klonowski (page 15) is a
Product Marketing Engineer in the
Converter Group at Analog De-
vices Semiconductor (ADS), Wil-
mington, Mass. He was graduated
from the University of Cincinnati
in 1984 with a BSEE. Before join-
ing Markering, he was an Applica-
tions Engineer with ADI's Compo-
nents Applications Group.

Mike Neil (page 3) is a Marketing
Specialist in the Digital Signal
Processing Division at Analog De-
vices. He has BS degrees in electri-
cal and mechanical engineering
and MS degrees in EE and manage-
ment from M.LT. Before joining
DSP, he was a Strategy and Sys- :

tems Analyst in Corporate Strate-

gic Information. He has also

worked at Texas Instruments as a Strategic Planning Analyst and
atDraper Laboratories as a Research Assistant.

Bill Schweber is a Senior Market-
ing Engineer in ADD’s Industrial
Automation Division, with re-
sponsibility for the uMAC prod-
uct line. He has a BSEE from Col-
umbiz University and an MSEE
from the University of Mas-
sachusects and has been with Ana-
log Devices since 1980 in applica-
tions and marketing roles. Before
that, he designed pP-based controls for materials-testing equip-
ment. He has written two textbooks for McGraw-Hill.

Bill Sheppard (pages 16, 17) is a
Marketing Engineer in the Incer-
face Products Division (IPD) of
Analog Devices, Since joining ADI
in 1969, he has held positions as
Test Supervisor and Quality-Con-
crol Supervisor. In his present posi-
tion, he supports IPD’s High-
Resolution Converter product
line. He received his ASET at Bre-
vard Junior College in Cocoa, Florida. His hobbies include golf,
fishing, and high-performance Buicks.

John Sylvan (page 19), Senior
Technical Publicity Associate, has
been with Analog Devices since his
graduation from Colby College in
1980. Working in the Technical
Communications Department for
the last few years, John has written
numerous articles on Analog De-
vices computer- and integrated-
circuit technologies. O3
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PRODUCT NOTES . . . Third-party development support
exists for mrd-—sn% (ADSP-140) ?g =1410) and
floating-point (ADSP-3210 and -3220) DSP integrated
circuits, in the form of meta-assembler and control store
emulation from Step Engineering, Hilevel Technology, and
Hewlett-Packard — and more is on the way: also Microtec
Research has recently included definition files for the
above parts in both its meta-assemblers . . . Specs for the
ADSP-1010A 16 x 16-bit 1.5-micron OMOS
Hulti lier/Accumulator are now faster than ever: tupe for
versions is now 85{75(100290 ns, down from
130/85/135/100 ng; similarly, the ADSP-1016A 1.5-micron
OM0S multiplier have been - clocked
multiplication time is now ns, while unclocked
multiplication time has been reduced to 105/90/120/105 ns .
+ « AD7528, AD7524, and AD7533 OMOS DACs are now available
in user-friendly (automatically insertable) CERDIP
packages; their side-brazed packages are being phased out
« « « Prices have been reduced for many of our video~
12-bit converters; consult the nearest sales office; prices
have also been reduced for many RTI- series board-leve
microcomputer 1/0 products . . . The AC2630 mating
connectors for the AD2050/60/70 series of uP-based digital
temperature meters should have solder tabs if they are to
be soldered to. If you received wire-wrap and need to
solder, the connectors should be returned for replacement
« =« « Model 289 ification erratum: OFFSET VOLTAGE,
REFERRED TO INPUT SInitial, @ +25°C) should read:
(+5 + 20/G) "V max . . . In the 1S74 R/D Converter, the
resolution control pins, when driven from TIL clircuits
using normal pullup resistors, may not always succeed in
generating a "logic 1" input state; Three suggested
gsolutions are: direct connection to +5-V rail (if
resolution is not under software control), drive from
+5-volt OMOS logic, or drive with an "active” pullup
(emitter follower) . . . The earliest AD202/204 data sheet

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 20, Number 1, 1986 — 28 Pages

Isolstion Amplifiers Become Low-Cost Components (AD202 & 204)
Editor's Notes, ADI Authors
Complete Monalithic CMOS ADC: 12 Bits in Sus (AD7572)
Fast 64-Bis JEEE-754 Flooting-Poins Multiplier and ALU (ADSP-3210 & 3220)
Fast, Flexible Word-Slice™ CMOS ICs Simplify Design of DSP Systems
Real-World Interface Cards for IBM Pessonal Computers (RT1-800 Family)
Three New 4-DAC D1Ps: 8- and ) 2-Bit Quad DIA Converters (AD722S & AD394/5)
Software-Programmable 12-Bit Data-Acquisition Systerm (AD369)
Ultrafast High-Resolution Sampling AID Converters (CAV-1220, CAV-1040)
Complete Monolithic Serial-Ouspus 10-Bit AID Converter (ADS75)
Monolithic Triple 4-Bit DIA Converter for RGB Displays (AD$702)
Testing Engine Esmissions More Effectively with MACSYM
New-Product Bricfs:
Four New Moanolithic CMOS A/D Converters:
AD7578: 12 Bis in 100ps, 24-Pin 0.3" DIP, No Missed Codes over Temp
AD7824 & AD7828: 4- and 8-Channe! 2.5-ps 8-Bit ADCs w/T/H, MUX
AD7575: B-But 5-ps Sampling ADC with on-chip T/H - 0.3" 18-Pin DIP
Four High-Speed 12-Bit A/D Converters:
CAV-1202: 12-Bit, 2-MHz ADC on Euracard - complete with T/H and Timing
HAS-1201 & HAS-1204: 12-Bie )-MHz and $00-kHz Hybrids with T/H
HAS-1202A: Improved HAS-1202 with 1.56-ps, 12-Bic Conversion Time
Monolithic ADS74A: 12-Bir ADC Available in Plastic and Ceramic
Three Increased-Speed CMOS DSP Chips in 1.5-pm Process (MACG, Muluipliers)
MIL-TEMP version of AD578 12-Bit, 4.5-ps A/D Converter
Hybrid Triple-DACs w/On-Board Loakup Tables for Raster-Sean Graphis (HDL)
4-Quadrant 12-Bit CMOS Monolithic M-DAC wirh all Resistors on-Chip (AD7536)
Nrew Literature and More Authors
Potpourri
Adveaisement

{C946-9-10/85) had several errata. These have been corrected in the data sheet for the extended AD-202/204 family (see
page 22) . . . Analog Dialogue 20-1 Erratum: Page 25, 3rd column, AD7536 block diagram, the inequality is reversed.

MORE NEW PRODUCTS: . . . AC1307 Triple-Output Power Supply for 3B Series provides 800 mA at +15 V, 225 mA and -15 V,
and 350 mA at +24 V . . . ADSP-1012A: Hiw !50-nsi replacement in {n 1.5 um OMOS of the ADSP-1012 12x12-bit
multiplier-accumilator, fully pin—compatible with the MPY012HJl, available in all grades, including plastic

« « « 5570 Series of transformers for resolver/digital conversion feature 1,000-volt isolation and small size . . .

DSS605 MACSYM 120 and IEEE-488 Interface

> Software ., . ., Run-time commnications from the TBM PC (DOS) to the uMAC-5000
and UMAC-6000 via MCComm . . . Program development software (WOS): Write uMACBASIC programs

[th a PC, PC XT or PC AT

. . . DAIS {Analog Dialoque 17-3) with P-I-D control option and version 2.0 of DAIS data—acquisition software
(ASP150-XX) are now available - runs under OCP/M with MACRASIC 150/200, retains all the functions and capabilities of

Version 1.0, adding user—definable gr%g_mica and direct access to the MACSYM 150's hard disk drive . . . Me goftware
program for DAC test on_the LTS~-2020 Benchtop Tester combines the former DAC CREATE and DAC TEST programs into one

oconsolidated program.

This allows the user to create, edit, and run DAC device files, all from one program . . .

LTS-1240 is a new network interface option capability for the LTS-2020 Benchtop Tester; it provides a link to transmit

and receive data between the test system and a host computer, through a bidirectional RS232 port operating at 19.2

kbaud. The new networking system permits the LTS-2020, using the
file to and from a host computer, such as the DEC MicroVaxII™

analysis and graphics software package).

DEFENSE NEWS . . . The Certification of our OMOS facili

; X/OFF protocol, to mploud or download an ASCII

(running Bolt Beranek and Newman's RS/1™M gtatistical

in Limerick, Ireland by the Irish government‘’s Institute of

Industrial Research and Standards has been accepted by DESC for MIL-M-38510 under an agreement between the two countries
. . « AS an immediate result, the AD75200C/883B has become the first 10-bit (MOS d/a converter to be listed on the
Qualified Parts List (QPL-38510), as M38510/12702BEC, legally required for use in new designa or redesigns of military
hardware, under MIL-STD-454J . . . 4 versions of the AD532 and AD534 analog miltipliers, produced at Analog Devices

Semiconductor, in Wilmington MA, are now listed on the + » » Our hybrid facility at the cg;Fter Labg Division, in
Greensboro NC, is now certified under MIL-STD-1772, 30In§ng our already-certified Microelectranics Division, in

Wilmington MA.

U.S. PATENTS . . » 4,565,000 and 4,586,019 to Adrian P. Brokaw, for “Matching of Resistor Sensitivities to
Process-Induced Variations in Resistor widths” . . . 4,586,155 to Barrie Gilbert for “High-Accuracy Pour-Quadrant

Multiplier Which Also Is Capable of Four—Quadrant Division®

« « o 4,590,456 to David P. Burton and Peter Real for

"Low-Leakage CMOS D/A Converter” . . . 4,596,976 to Christopher W. Mangelsdorf and Adrian P. Brokaw for "Integrated
Circuit Analog-to-Digital Converter™ . . . 4,601,760 to Steven M, Hemmah and Richard S. Payne for "Ion-Implanted Process
for Porming IC Wafer with Buried-Reference Diode and IC Structure Made with Such Process™ . . . 4,604,532 to Barrie

Gilbert for "Temperature Compensated Logarithmic Circuit.”
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REVOLUTION BY

ANALOGY.

Use the reply card for Technical Data.

REVOLUTION BY

ANALOG.

Our revolurionary new 12-bir, Sps
CMOS A/D converter eliminates
specification compromises. [t gives
you the speed and resolution you
need without the power, size and
cost penalties of hybrids.

Made possible by our advanced
monolithic BIMOS technology.
the AD7572 features: low 135 mW
power dissipation; 0.3" 24-pin DIP
or 28-pin LCC packages: on-chip
buric«r zenet reference; and 90 ns
bus access time.

The most revolutionary specifi-
cation of all is the price: Sps versions
from $39.10(1,000's) and 12.5 us
versions from $29.75 (1,000%).

The AD7572 isonc of our hun-
dreds of innovative data acquisition
components, all aimed at making it
easier to design signal pracessing
subsystems.

For more information, call
Applications Engineering at (617)
329-4700 exc. #3596 or #3597.
Or write Analog Devices, Inc.,
P.O. Box 280, Norwaod, MA 02062.

ANALOG
DEVICES
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