c AN Lo analog

ITYIRTTE dmalague

VAG _-’,Of”}f’_) SIPA ALK @IN @ [N
ssing

A forum for lhe exchange of circuits and systems for real world sngnal proce

| |
BA,S}(f PROG‘R}\MMABLE SINGLE BOIA/F'!D MEAéURMEN]’ 8; ONJ'? LSYSTEM (see pag/e <)

PAN
' J ¥
j g : j I . MUXIncreasesChanneICapac:tyofMA SYMSSOSvstems(pageM)
.: : / ( f = f, \ € [ € l Grou dRulesfprVlt[eoBdnvertefCurcuutrytpa 22],||
Ff 7 jf J AT , J il J J , ‘_! f } Complete Contants onPage3 |
~ W= ) R AN = AN\ [ ( —
) [ / [ J L2 /A i . fr— |
W= REE) | INH(&1 / /
— 4 [ = | Il : '
, i)

-~ PROGRANMRRS., |
| wMAC 5000

2 A LOT L J .-’r/" --" .//. / ' J -/ ,__; ANALb:G
41 ¥ 4 (A ZA0 DEVICES



Editor’s Notes
ONCHANGE

You may have noticed—on chis
issuc’s cover—a small change in
the definition of the forum con-
templated by chis Journal. [f you
have been an avid and faithful
rcader of our covers, you have in
fact scen ic evolve over the years.
For cxample, the Premier Issue's
“A Journal for the Exchange of
Opcrmoml Amplifier Technol-
ogy,” became Volume 3's “A Journal for che Exchange of An‘llog
Technology.™

In Volume $, the focus shifted and expanded to A forum for the
exchange of circuit technology: Analog and Digital, Monolithic
and Discreee,” which graced our first pictorial cover (an artist’s re-
ndering of the TO-99 version of the ADS30, the world's first com-
plete monolithic multiplicr/divider). Our subtitle remained that
way for § ycars, while Analog Dialogne grew from 16 pages to 20
pages perissuc and began to spart4-cotor photographic covers.

Then, in 1979, Volume 13, No. 1—the first issue dedicated o a
single product—incroduced MACSYM I, and with it, A forum
for the exchange of circuits and systems for measurement and con-
" With the conting of the LTS-2000 computcrized st system,
in Volame 14, Number 3, the subtitle became A forum for the

trol.”

exchange of circuits and systems for measurement, control, and
test.”
broadened “measurement, control, and tese” co the more-inclusive

Digital multiplicrs and  muldplier/accumulators  sann

“real-world signal pocessing.™ And, with the introduction of the
U MACBASIC-programmable pMAC-5000 in an issuc replete
with boch software and hardware, it now seems appropriate (o ex-
pand our horizons to “*A forum for the exchange of circuits, sys-
tems, and software for real-world signal processing.™

Incidentally, we are serious about the “Dialogue™ and *“Forum™
aspects of this publication’s tidle. But we can’c by oursclves legiti-
mately create both sides of a dialogue or the other voices in a2

forum. We need yourinputs.

Whar kinds of inpurs? We'd like to consider the asefu) things read-
ers accomplish with our technologics, the twehnical problems our
products have helped to solve, and usclul ideas for design (imple-
mented and found workable) using our products. We don't need
finished technical papers—competent editorial help is available to
get good technical material into interesting, readable prine.

SESQUIDECENNIAL
This issue marks the completion of our first 1S years as Editor of
this publication. Though we're scill struggling to fulfill the promise
of quarterly publication, made in our first issue (its third year),
we've been delighted with the increase in sive, growing diversity
of contents, and improvement in overall quality. Moreover, we've
been happy 1o be a participant in the phenomenal technological
growth of Analog Devices that has been evidenced in these pages,
and manifested in che continual need to adjust the framework of
the Dialoguce. We thank you, our readers, for your many favorable
comments, and we continue to invice your paracipation. We're
looking forward to even more enjoymentin times to come. |
Dan Sheingold

D) 1SSN N161_3F26
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STAND-ALONE SINGLE-BOARD MEASUREMENT AND CONTROL SYSTEM

Pravides Signal Conditioning, Conversion, Computation, Serial Communication
1MAC-5000 Is Programmable in a Powerful Extended Basic Language: ;W MACBASIC

The WMAC-5000% is a new single-board programmable measure-
menc-and-control system. Combining direce connection (o sen-
sors—via screw terminals—with complete signal conditoning,
digital inputs and oupaeis, a 16-bit microcomputer, an extended
BASIC Janguage for measurement and concrol, serial communiea-
tion facilities, a power sapply with uninterruptible feacures, and
roggedized construction, ic provides an instromentalicy for meas-
urement and control which is applicable in a broad range of scand-
alone or distributed control systems (Figure 1. The number and
Kinds of analog and digital inputs and omputs is expandable via
the family of LMAC expansion /O boards, introduced in Arnalog
Dialogree 15-1 (198 1) and subscquent issues.
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Figure 1. nMAC measurement-and-controlconcept.

The pMAC-5000 s designed for applications requiring distri-
buted intelligence or local fronc ends in industrial process control,
nachine control, ¢nergy management, product test, sapervisory
control and daca acquisicion (SCADA), and piloc plants. Itis also
well-suited ax an intelligent fronc end for any personal computer
in R & D and laboratory applications. for measurements employ-
ing thermocouples, strain gages, R1Ds, current transmicters, and
low- or high-level voltages and currents, and for control involving
binary switching or sensing.

Stored in read-only memory (ROM) is the puMACBASIC operat-
ing systenm, which allows novice or experienced users to create and
store powerlul measurement and control programs. On-board
plug-mterchangeable  signal — conditioning  modules  combine
= 100DV isolation, sensor excitation, and amplification f(or direct
screw-tenminal connection of a varicty of seosors. Digical /O
channels provide directinterface to contact cosures, TTL levels or
high level ac and de voltages (with the pMAC-4020). Because the
BMAC-5000 is compatible with Analog Devices wMAC-4000
series of expander boards and signal-conditioning modules, users
can connect addidonal analog and digical /O boards wo suit the
specific number and kinds of input/output channels to fit the needs

of the application,

“Use the reply card tor rechnical dara,
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The basic computer bas 32K byees

by Dave Reynolds

The pMAC-5000 consists of a single master board with 4, &, or
12 analog inpucs, 8 digital outputs, and 8 digical inputs, of which
2 may be used as pulse inputs. The 5-MHz, 16-bic $088 CPU pro-
cesses the data collected from the input channels, sends oue control
signals, and communicates with other equipment as dirceted by
the program installed in memory.

of read-write memory
(RAM)—expandable w 64K—of which 12K is required by the
computer, and 80K bytes of read-only memory (ROM)—expand-
able to 96K. Since the system makes available at least 16K bytes
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of both RAM and ROM, the user has the option to download pro-
grams into read-write memory from a host computer or score them
in non-volacile EPROM. Two additional ROMs, used for compil-
ing during program development, can be removed from run-time
systems; consequently, 3 user ROMs can be added if desired. A
bacrery backup supply protects the volatile read-write memory
against loss of information when ac line power is removed. Figure
2 depicts the basic clements of the pMAC-5000 system.

AC LINE
SIGNAL on
CONDITIONING 247 0
MOLULE
ANALOG
SIGNAL o FOWER
i CONDITIONING ?
o LOCAL §0 PORT
1 1 A5 270 A5 422 REAZD
] o———
SIGRAL A N si -%M
ISCREW TERMINAL :L“-\HE:}I;IUOL':INB Lty ! o
CONNECTIONS
; 3 WS 235C, JomA, RS AZT BS 423
3
MACROCOMEL TER
DIGITAL % ;‘a DIGITAL N 2
olaiITAL Gut o AT MAGRY
v BOK ROM 3% RAM

Figure 2. System block diagram.

DIGITALCOMMUNICATIONS

The wMAC-5000 communicates with terminals or host computers
over a scrial link in a party-line or radial configuration, Its full- or
half-duplex universal synchronous/asynchronous receiver/trans-
mitter {USART) reccives and transmits data at selectable baud
races and performs parity and cyclic redundancy checking. Other
security procedures, such as checksam, can be implemented in
wMACBASIC. Conversion routines written in uMACBASIC can
also translate the 7-bic ASCI1 code 1o additional character codces.

The pMAC-5000 has two serial ports for local or remote com-
munications. The local port communicates via R§-232C, R5-422
or R$-423; its primary use is to support program development, a
local terminal, and/or a printer. The remote port supports RS-
232C, 20mA, RS-422 and RS-423. In remote applications, using
20-mA currenc loop or RS-422 connections, the system can be lo-
cated up to 10,000 feet from the host compuceer. Conrol lines
(RTS, CD, DTR and CT'SY also permit connection (o a modem for
longer discance communications. This port communicates at from
110 baud to 19.2k baud asynchronously (Figure 3}

WS 230 E
Y ==

HEMOTE LOCATIONS
UP 10 10,000 FEET

LOCAL APPLICATHONS

]_..____

i MAC 5000 AS 427 OR 70mA CURRENT LOGP

MODEM COMMUNICATIONS HOST

™ o]
b= i ==

Figure 3. Modes of communication over various distances.

SIGNAL CONDITIONING

The master board on dhe pMAC-5000 cancains all the necessary

1 MAC 5000

hardware to permit direct connection of sensors in harsh industeial
environments, The pAMAC-3000 alone ¢an be used as a single-
board system sohution for applications having 28 1O points or less.
The syseem ¢an also address expander boards for connection
hundreds of analog and digital /O points. in closters or multidrop
configurations, for applicacons requicing addidonal /O channels.

4

On-board signal conditioning is available for 4, 8, or 12 analog
input channels, 8 digital output channels and 8 digital input chan-
nels, two of which can be used as pulse or frequeney inputs. The
digital channels may represent individual cvenes or binary
choices—or be combined o form digical words. An integrating
converter provides up to 14 bits of resolution (13 bits plus sign).
The higher conversion speeds can be obtained with 2 minimum
resolution of 11 bits. (Figure 4’s photo shows the system architec-
ture in visual detail and Figure § shows the same in block form).

A ¢choice among four differene plug-in 4-channel signal condition-
ing modules allows the user to mix-and-match various types of
scnsors in groups of up to 4 of each kind. These modules have
input protection, can provide isolation, filtering, and excitation,
and handle the most common forms of sensors, including ther-
mocouples, RTDs, strain gages, current transmitters and semicon-
duactor current-output cthermometers (AD590). Table [ oudines
the input types and signal ranges each QM X module handles.

Nonisolared
Madules
Low Level Isolated
Lnput Type/Span High-Level | with Madules
Low-Level |Excitation | Low Level |High Level
oMX01 QMX02 QMX03 OMX04
de, £25mV, 150mV, 2 100mV v v
de, 1V, L5V v v
de, 10V v .
de, O-1mA Transmitier v v
dc, 0-20mA Transmitier Vv v
de, 4-20mA Transmitter Vv vV
Thermocouple, Types JLKS.T.R.EBW Vv v
100€2 Platinum RTD, o = 0.00385 W
10082 Platinum RTD, a = 0.00392 v
Strain Gage, 2 3omV v
;{.‘m Gage, £100mV v
AD3T0, AC2626 \/

"1 10V isohated input using AC1814 sttenuating serew Lenninad conncctor,
Table 1. Signal-Conditioning Modules.

The QMX03 and QMX04 (Figure 6) employ clectromagnetic iso-
lation techniques o provide = 1000V peak continuous isolation
for protection and 160dB of common-mode rejection, For most in-
dustrial applicadions, isolation is recommended to eliminate
ground loops and high common-mode-voltage problems, and 1o
pratece personnel and equipment from hazardous electrical faules,

1 gpiect ANALDG
1 A SWITCH
PROTECTION | BUFFER ANALOC
AND ISOLATION ang - i
FILTERING 1 FILTER By
|
" ! ENAHLE
_______ et ]
. SLLECT &
4 CHANNELS
H SELECT @
———————— e SR CHANKEL
1 B SECT @ SELECTION
“\-I-'D\o. SELECY 0
i e e i i - e e e 4

Figure 6. QMX03/QMX04 modules with 1000-volt isolation.

The QMXO01 handles foar channels of high-and low-level differen-
tial analog  impats, including  thermacouples  of - types
JK TS REB, and W, The module provides 130-V normal-mode
protection to prevent damage if line voltage s accidentally con-
nected across the inpue terinals. Common-mode voltages up to
= 8.5V donot degrade measurement accuracy,

Analog Dialogue 17-3 1983
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Figure 4. Photograph of the pMAC-5000, showing the sys-
tem architecture.
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Overview of the pMAC 5000

LEGEND

1} Muluplexed Signal-Conditioning Mod-
ules. Three plug-in 4-channel signal condi-
tioning modules provide multiplexing,
preamplification, and optional transformer
isolation and bridge excitation. Four mix-
matchable module types are available o
handle many input sources: thermocouples,
RTDs, strain gages, 4-20mA current loops,
and millivolt, vole, and milliampere signals.

2) Programmable-Gain Amplifier (PGA).
Digital logic sets the gain of the PGA to
amplify the preamplified input signal to
the full-scale range of the a/d converter

(hidden).

3} A/D Converter. An integrating converter
provides resolutions from 14 bits (13 bits +
sign) to 11 bits, depending on the desired
number of conversions per second (hidden).

4) Intelligence. A 16-bic pC with BOK bytes
of ROM and 32K bytes of battery backed-
up RAM supports stand-alone applications.
Plug-in sockets support an optional 16K
Bytes of ROM and 32K bytes of RAM. The
pMAC BASIC compiler and operating sys-
tem use 80K bytes of ROM and 12K bytes
of RAM. A DIP-switch option permits run-
ning programs from either ROM or RAM.

5) Communications. Two serial ports con-
nect the WMAC-5000 to any host computer.
Local and remote ports communicate in RS-
232C, RS-422, or RS-423. The remote port
also supports 20-mA current loops.

6) Power Supply. An acd/dc converter and
dc/de converter generate +5V and = 15V
system voltages from an ac power line or
+ 24V dcsource. Using both, the system can
detect brownouts or power outages and
switch to dc without disturbing program
execution, Factory-set line-volcage options
are: 100V, 115V, 220V, or 240V.

7) Digital I/O. 8 digital inputs, optically iso-
lated for 300V peak, can sense contact clo-
sures or accept TTL signals. The 8 latched-
TTL outputs can sink up to 24mA. The
pMAC-4020, connected to the digital /O
port, controls and monitors digital signals at
line voltages. Two counters provide for
pulse accumulator and frequency inputs.

8) Expansion Port. The expansion port pro-
vides for up to 6 mix/match expansion
boards to greatly increase the number of
available anﬁlog and digital /O channels.



The QMXO02 (Figure 7) provides protection, filtering, gain, and
multiplexing for RTDs, strain gages and che ADS90 semiconduce-
tor temperacure sensor (AC2626 probe vecsion), plus excitation
for RT1Ds, The pl® enables constant-current excicadion for 3-wire
RTDs (if required), selects gain and channel, and enables an analog
bus for conversion of asignal from the appropriate module.
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Figure 7. QMX02 low-level 4-channel input module with
excitation.

Thermocouples can be conneceed directly to the pMAC-5000,
using  ¢he  appropriatc modules  (QMX0T—nonisolated,
QMX03—isolaced) and the ACIROD jsothermal conncctor. The
ACIR00 provides cold-juncuon compensation by sensing the vari-
ations in ambient cemperature in che vicinity of the serew termi-
nals. This temperature reading is measured periodically through a
software command, converted by the a/d converter and stored in
memory, The CPU automatically uses it (o provide soltware cor-
rection of thermocouple measucements, The chermocouple is also
linearized (digitally), nsing a muld-segmient piccewise-linear ap-
proximacion employing laokup tables stored in ROM. The em-
perature reading is converted into engineering units of °C.

The MAC-5000 has 8 digical inputs and 8 digical outputs. The
inputs have 300-V optical isoladon and can sense cither logic
levels, ac or devoltages, or contace-closure states. The outputs can
sink up to 24 mA, and can be beefed up by the wNIAC-4020 expan-
der board to handle high-power ac and de cireaits. Digital input
channels 6 and 7 ¢can opaaonally be used for pulse accamualation
or frequency inputs {from flowmeters or V/F converters). Both
pulse inpues have a 32-bit counter and operate over a 0o 20 kHz

frequency range.

EXPANSION

The unit of expansion is the aluster. A multiple-board configura-
don (cluster) consists of one pMAC-3000 programmable Master
Board and up to six Expander boards. Because iccontains the com-
munications capability and intelligence, a wMAC-5000 must re-
stde 10 each cluster, The 9 4% % 137 boards can be mounted inan
available card cage or installed in sealed industrial cabinets
(NEMA enclosures) for operation in corrosive or environmentally
damaging locadons. Table 2 outhines the functions available on ex-
|\:l|1(|ur boards.

Anctiwork, using up to 16 clusters ina |m||(idr0p—or p;lrty-linc—
configuration (Figure 8), allows the host computer to monitor and
control up to 1,344 analog and 4,864 digital poines viaa single 20-
mA or RS-422 communications line. For applications requiring
mare 1O points, c.g., refineries, a radial-line configuradon pro-
vides furcher VO expansion—limited only by the availabilicy of
computer ports (Figure 9).

Anulog vutputs, generated by d/a converters, are available on the
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Model

MACH010 Anmalog input
Digital 17O

Function Descriplion

=Up 12 channels
asing QM X modules
s16 chavnels

diyinal VO

lowcost. 12
channels of same
mpuLtype

1500V isoladon
“Voltage or

isnlated 4. 20mA
uulpu[s

sReadback, bumpless

(ransicr

WNMACH0IS =Ixolated

analog input

pNAC-4030 *8 channels

analog autpht

<32 channcls
isolated
digital inpues
<32 channels

PMAC-H030 Digial 17O

digital onpats
(1T
PMACHOSO \ula- Putse accinmulaior
fumeuon input

gl /0
=X channely
mixed
function

“Frequency inpat
Pulse sutput
lime propocannal
UU()’\II[
Sohd state refay
subsystem

1A chanuels,inx
of mputand
output (unctions

“Interface
_\lll)s_\'(I‘.‘lll Lo
high Jevel
;\\.‘;\INILIC
volages and
carrenis

Table 2. Expander Boards.
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Figure 8. Expansion clustersin multidrop configuration.
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Figure 9. Expansionclustersin starconfiguration.

rMAC-4030 Analog Output expander. It featares 12-bic resolu-
tion, voltage and carrent (4-20 mA/0-20 mA) outputs wich
= 1000V (solation, and is capablc of cither aucomatic or manual
operation with bupless ceansfer and programmable slew rate.,

Thirty-two digital input and thirty-two oatput channels are avail-
able on the kMAC-4040 with = 300V isolation. Analog inpurex-
pansion is accomplished with the pkMAC-4010, or a lower-cost
RMAC-4015 (sce page 13). The kMAC-4010 provides twelve an-
alog inpuc channels, using the QMX madules, and 16 digital /O

Analog Dialogue 17-3 1983



channels. Figure 10 shows a four-board configuration with addi-
vonal analog inputs, digital VO, and analog outputs. The boards
can be combined 1 4 of the 7 slots of a pMAC-5000 card cage.

___f ———1 J_
R AT ey |

g v - n

Figure 10. Expansion cluster with xMAC-5000 and 3 expan-
derboards.

Lach pMAC-5000 and cach expander board can be connected to
an ac line, + 234V d¢ power, or both, When connected, + 24V dc
power provides a backup to an ac lineg on-board circuitry detects
intermittent ac power losses and switches to + 24V de without Qis-
turbing the operation of the pMAC-5000. A flag is set o inform
the bost computer chat the battery backup made has been acti-
vated. Primary ac volage is factory-confligured: 100V, 115V,
220V ar 240V; inpat power is transformed and regulated to the
three de voltages oeeessary to power (he analog and digital cir-
antry.

SOFTWARE

The pMAC-5000 uses a real-tme measurement-and-control pro-
gramming language called pMACBASIC, an extension of the stan-
dard BASIC language. The language is syntax-compaiible with the
induscry standard MICROSOF '™ BASIC, used in many popular
personal computers, Programs written in MICROSOFT can be
converted to pMACBASIC with relative case.

pMACBASIC incorparates the scandard programming and arith-
metic conmands found in BASIC and adds o that a library of spe-
cialized real world measurement and contral commands, such as
AIN for analog input. ‘I'bis structure permies the user o colleet,
manipulate, and output real world data by canstructing 1 program
from a series of high-levet BASIC commands. By addressing analog
and digital VO channels, the da is inputted or outputted with one
simple command. Alist of pMACBASIC Mcasurenient & Control
commands can be found in Table 3.

The pMAC-5000 software, for example, on the command
AlIN(channel), automatdically finds the voleage on an analog inpat
channel and converts i to digital: it idendficd as originating at a
thermocoaple, the daa is Tincarized, compensated. and changed
into engincering units, Programmers are relicved of writing dhese
steps into theie program, The use of an Analop inpac command
AIN illustrates this:

10 TEMPY — AIN(Y)

20 PRINT “THE TEMPERATURE (S ";TEMP1; DEGREES C”

RUN
The response might be:

THE TEMPERATURE IS 23.2 DEGREES C
The firsc command measures the analog input on channel 3 (e.g..
achermocouple), compures the correct temperatare indegrees Cel-
sius, and assigns the value to the variable TEMPY. The second
command fornmats and prints the data ona CRV or printer,
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ANALOG INPUT/OUTPUT CONMMANDS

AIN Returnxthe analog input of speafiied channe!

COLLECT Returas maltiple analog ingais of sprcibied
chaonel inta an areay

TENP Rerarns the cold junction tempeeature
assoncitted with specibed chaanel

AOT Ouatpursa vatue o speified analog cutput
chaanel

RDAU Retaronthe analog outpirvalue ol the

spevifeed channe)

DIGTIAL IVOCOMMANDS

N Returncthe state of a digreal inpuot poe

DOT Ompusavalue (axpeaned digivd ompar
port

FREQUUNCY VOAND EVENT COUNTING

IPULSE Generarves asagle pulse onrput from a
sprarficd WMAC-IO80 channel

TPRO Generatesdtime proporional output from
arpeced p MAC-H0S0 hanie)

EVREAD Returncvalac of speorfied Eveat Counter

EVLOAD Preloads Evemt Counter with avalue

EVXTART Armsaspecified channel for event connting

FVSTOP Dinarme apreviomly deagnated evem
cuunting chaanc

FREC) Reads the (eequiency of the specified channel

FREQGATE
FREQSTAT
SUPERVISORY COMMANDS

Starsthe gate for frequency countig
Returnastann of pare

DSTATHS Retirns p MAC-H hpseartch wadis
INTYLE Nets g analog mput channels

RIYPE Rernros analagwipin configueanon

ZDAC Resers p MAC-3030 to the power up ¢condiion

CALIBRATION COMMANDS

CALONCALOFE  EngapeDisable antomarte eahibranon

Table 3. nMACBASIC Measurement & Control Commands.

An amalog output  control a heater proportionally (in very sim-
plesminded fashion), based on analog impac data, could be ex-
pressed quite compactly:

120 AOT(2) - {200-AIN{1})/200
The AN inpucis the measured process temperatare in degrees
C, and dhie 200 represents the desired temperatare. The de-
nominator of 200 scales the teenperature difference 1o a percent of
the 200°C span. The statemende puts out on channel 2 che targesc
signal {1.0% when the temperatuee is zero, the smallese signal when
the temperaturee reaches the 200°C level (0), and negavive signals
above 200°C.
The digital inpuc command DIN reads che logiclevels on che digieal
inpuc channcels, cithera™ 1™ or 0™,

10 SWITCH1 = DIN (0.0,7)

20 PRINT “THE DIGITAL INPUT ON PORT 0 CHANNELS 0-7

IS "";SWITCH1

RUN
The response might be:

THE DIGITAL INPUT ON PORT 1 IS 255
The program assigns the label, "SWITCH 1 to the radix- 10 value
of the digital logic levels at mput pore 0 and bits 0 co 7 (0,0.7). lor
example, if this value was 235, which equals 2% = 1, icwould indi-
cate thacall cighd digtal inputs are on.
The digital oatput commands provide ON/OFF control, I the de-
siced process wmperacure range is 140°C o 160°C, the following
stacements could be used to control aheater,

240 IF AIN(Y) < 140 THEN DOT(5.3.3] - 1
250 IF AIN(2) > 160 THEN DOT(5.3.3) - O

These stucements tarn on channel 3 (accnally the channdls from 3
to 3) of digital output port 5. If che cemperature is less chan 140,
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the system turns on the heater. If it greater than 160, the system
turns it off. The two statements implement conerol around a nomi-
nal 150°Csecpointwicha = 10 °C hysceresis.

[n addition to the standard analog and digital /O commands,
wMACBASIC offers further uscful commands. A system clock
provides timing and timckecping functions, The statcment:

WAIT (5.6)

causes the program to wait 5.6 seconds before proceeding to che
next pkMACBASIC statement. However, because pMACBASIC
runs in a eoncurrent 1/O cnvironment, hardware operations, such
as communications, pulsc or frequency accumulation, and a/d can-
version continue without requiring polling by the BASIC program.

Starements STIME, SDATE, GTIME and GDATE allow the user
 sct or get the tme or date under program control. A TIMER
statement provides a stop watch function with 2 0.0 [« resolution.

ADVANCED i MACBASIC FEATURES

pMACBASIC provides the user with a structured modular prog-
ramming langaage, borrowing concepts from languages such as
PASCAL and ADA. The goal is to allow programmers o divide
the overall program into modules dhac are casier to develop and
test, The benefices of chis appronch are:

Modular programs arc less prone to error and easier ¢o fix. The
modules isolate errors to within ¢ach module so the user does not
have co debug che entire program.

Seveeal programmers can work on modules independently, im-
proving productivity

Structured programs are easicer to maintain since they are more
self-documenting and can be read and understood by persons
otlier than the original author.

The mostsignificant of these features is the use of additional block
scructures {such as DO ... WHILE, DO, .. IF. .. REPEAT, ctc.)

and che ability o ereate Functions and Procedares.

These Procedures and Functions are blocks of program code
stored in memory and accessed by a key word from dhe main pro-
gram. A Procedure is a block of code that 1s similar to a subroutine,
io that it exceutes a particular operation and can be called by name
from any scedon of a program. The program statement below con-
tainy examples of both a procedare and a funcaon:

10 IF AVG(3,10) > 700, THEN ALARM (2)

A standard BASIC language contains neither an average state-
ment, AVG, nor an ALARM seaterment. The functon AVG per-
forms the indicated averaging operation, listed below and calls up
the procedure ALARM when the scatement is true. Both che func-
von and the procedure can be written with focal ine numbers, var-
iables, and daca lists.

REAL FUNCTION: AVG
10 INTEGER ARG CHAN, SAMPLE

20 FOR I = 1 TO SAMPLE
30 COM = CUM + AIN{CHAN)
40 NEXT

50 RESULT - CUM/SAMPLE
PROCEDURE: ALARM

10 DOT (1,3.3) = 1
20 £XIT

While both get data from the program, the primary difference be-
tween procedure and function is that che function transfers data
to and from the program and returns to the main program via a
RESULT scatement, while the procedure performs an action and
exits. The function AVG passes the two values, channel number
and the number of samples, from the main program to the function
and returns the value in che RESULT scatement.

These program modules can be developed by separate program-
mers and then installed. They can be expanded o include a com-
plete Proportional-Integral-Derivative (P-1-D) control loop and
accessed through a command such as PIDLOOP. This ability to
develop custom software modules also enables a system house or
OEM manufacturer to devclop, install and protect proprictary al-
gorithms through the usc of the COMPRESS command (sce the ar-
ticle on pMACBASIC software in the following pages).

PROGRAM DEVELOPMENT

The pMAC-5000 requires only a dumb terminal for program de-
vclopment. The kMACBASIC firmware will initialize the system
and prepare the system for BASIC programming. A personal com-
puter can also function as a development syscem. Workstation
Opcrating Systems (WOS) for the Analog Devices MACSYM 150,
APPLE [le, and IBM PC allow you to program in pMACBASIC
and also allow you o aceess the printer, disk drive and graphics
of the personal compucer. WOS packages can be implemented for
any other computer in ¢he appropriate high-level languages.

Addidonat features of the pMAC-5000's software will be dis-
cussed in the article on chie following pages.

SUMMARY

The industrial signal-conditioning and programming capabilitics
of the pMAC-5000 open up a number of applications in aatomat-
cd measurement and control. These applications include:

Industrial Process Control and Monitoring: The wMAC-5000
readily performs stand-alone measurciments of temperature, pres-
sure, and flow, and can employ chem in P-1-D contro) loops, in ad-
dition o analog and digital 1O, p MACBASIC allows the creation
of proprictary algorichims thac can be cransparent to (or conecaled
from) che user.

Machine/Boiler/Furnace Control: High immunity 1o electrical
noise, 1000V isolacion, and the capabilicy of operation attempera-
ures up to 60°C provide an alternative to programmable contro)-
Jees where analog 170 is needed in addidon to digital 170.

Remote Terminal Unirs: The ability to emulate existing communi-
cations protocols and o support modem commuaication opens ap
applications in remote monitoring and conerol for pipelines,

utilicies, and vilHelds.

Eneegy Management: Its low cost, ability to support large numbers
of BO channels, and seand-alone capabilitics permit the user to
monitor and control large numbers of Jocations with pMAC-
5000s and report back o a central computcer for data collection.

Industrial, Government or University R&D: Its case of use and
adaptability make pMAC-5000 the lagical choice for monitoring
or controlling experiments or pilot plantsin a lab environmene,
Personal Computers as Daea Loggers: The pMAC-5000 can func-
tion as a meelligent “front ¢nd™ for a personal computer o ac-
quire, log, manipulate, and display data from a lab experiment or
remote process. [4

Analog Dialogue 17-3 1983



PROGRAM INTERRUPTS, ERROR TRAPPING, PROGRAM WORKSPACES

Advanced Programming Features of

MAC BASIC Real-Time Measurement and Control Programming Language

The ptMAL-5000's high-level language, uMACBASIC (pages 7
and 8), imparts stand-alone capabilitics to the single-board meas-
urement and control system. uMACBASIC extends the standard
BASIC language by adding specialized commands and structured
programming for real-world monicoring and control.

High-level BASIC commands for analog inputs (AIN), analog out-
puts (AOT), digstal mputs (DIN), and digital outputs (DOT) form
the core of wMACBASIC. When combined with the standard li-
brary of BASIC commands, plus additional Mcasurement-And-
Control BASIC commands, the pMAC-5000 can pcrforin data
logging, digital sequencing and P-1-D control. The modular struc-
ture further permits programmers—for OEMs, end users, and sys-
tem houscs—io develop their own high-level program commands.
Once stored in memory, these commands ean be accessed by the
use of a single keyward.

SOFTWARE REQUIREMENTS IN THE REAL WORLD
Program interrupts and error trapping are critical in real-world ap-
plications. Since the system monitors and controls real-world
events, software crrors and long system response time can lead to
dangerous situations. A software design which provides self-
documentation, error detection, and software-interrupts mini-
mizes chis hazard.

PROGRAMINTERRUPTS

In real-cime repetitive monitoring, standard BASIC programs run
in a top-down fashion, beginning ac the first line, executing to the
lasc line, processing any branches and subroutines, and then loop-
ing back co che firse line of the program. Sequential execution may
be tolerable for data processing applications, but the processing of
real-world signals for contro) requires the ability of the program
to branch if certain process conditions oceur.

A sofeware interrupe aleers the execution of the main pragram to
test the seatus of external flags. After executing each line of code,
the system checks the starus of the sofeware interrupts. 1f an exter-
nal flag is see, the b executes the procedure called up by the inter-
rupt and then returns to the main program. If the flag is not ser,
the machine executes the nexe line of the main program.

WMACBASIC can process six softwarc interrupts. Two are clock-
based, two are communication interrupts and two are event-
counting interrupes. Clock-based interrupts separate time-based
cvents, such as the precise timing required for differentiation and
integration with respect to time in a P-1-D loop calculation, from
less amely routine data processing. A connnunication interrupt al-
lows users to define a character that, when received at a communi-
cation port, will interrupe the execudion of the program (e.g.,
CONTROL-C). Upon receipe of the character, a flag is set, and the
systemy processes the interrupt. Event-based interrupts allow the
user to specifv a predetermined number of events to be counted
down. When the event counter reaches zero, jtsets a flag and in-
iiates the incerrupe routine.
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by John Sylvan

ERRORDETECTION AND HANDLING

Two rypes of software errors exist—compiler errors (errors found
during compiling) and run-time errors—programming errars that
manifest themselves while the program is running,.

The pMAC-5000 catches compiler ecrors after the user enters a
line of code and hits the RETURN key. Compiler errors are usvally
things like a misspelled command or wrong syntax. The check for
compiler errors eliminates some, but not all, of the errors in a pro-
gram, If che program decribes what turns out to be anillegal opera-
tion, such as a concealed division by zero, a run-time error occurs.
Run-time errors halt program execution and—if not trapped by an
ON ERROR statement—at best, can cause frustration, and—at
worst—can damage equipment or endanger personnel, if the com-
puteris controlling large amounts of energy.

The simple heacding tank application shown in Figure 1 demon-
strates the dangers of generating a run-time error. In the applica-
tion, after a number of program sceps, the tank’s temperature is

Q chr

': :\ LEVEL

SWITCH

DaT N

DIN 1)

e WMAC %000

DOT N

Figure 1. Temperature-profile control system.

programmed o follow a repetitive profile—9 steps of cemperature,
changing at cwenty-minutc intervals. The concrol system automat-
ically maintains the temperature by cheeking it every two minuces
and turning a heater on if the iemperature i< below the set poine
and turning it off if above the set point. It also checks the leve) of
liquid in the tank, and adds liquid if the level is below the see point.
The following BASIC program controls the process:

REMARKS
10 DIMT(7) 7 seeps of temp. can
. beindexed
. (notenough).

>

510 FORM = 0TO8

520 READT(M)

530 DATA90,88,85.82,80,83,86,88,89
540 FORN =1T010

550 T2 = AIN{(1})

560 IFT(M) > T2THENDOT(1,1,1)=1
570 IFT{M) <= T2THENDOOT(1,1,1)=0 Hecarcroffif temp hi
580 JIFOIN(0,1,1)=1THENDOT(1,2,2) =1 Valveonif fluid low
5380 IFDIN(0,1,1) =0 THENDOT(1.2.2) =0 Valvcoffif fluidhi
600 WAIT 120
610 NEXT

620 NEXT

9 steps of remp. set
Inpue Mth setpoint
Scepoints (9)

10 remp, cheeks
Measure temperature

Fearer onif temp low

Check againin 2 mins.
Repeatremp. check
New temp. setpont



All seems to be in arder, excepe that at line 10, the programmer
has reserved space for only seven, instead of the required nine set
points. The operator starts the program ronning, finds that it is
working OK the first few times aroand, and—aler one hour—
walks away, expecting the program to cycle endlessly.

Problems arise when the eount, M, reaches 7, the memary sloc for
the setpoint value is found to be missing, and execotion stops, with
an indicacion of an INDEX ERROR (or BAD SUBSCRIPT
ERROR). If the operator is not there to respond, the program re-
mains in a suspended state while the process continies to run. Any
valve or heater that is on will remain that way unul the operator
corrects the error, Here's what canceivably could happen if che sys-
tem remains unateended:

Since the temperature profile is in its increasing phase, the heater
is probably ans it remains on, and the temperatare of the liguid
continues to inerease. If the valve is on, the tank will continuc to
fill until it reaches overflows if the valve is of(, the level may drop
as the liquid evaporates, boils away, or is drawn off on demand.
If the level sinks oo low, while the temperature continues (o rise,
the liquid will start to vaporize, build up pressure (if enclosed), and
possibly create havoe.

aMACBASIC has a number of ceror-handling tools which ¢an
“trap”* such errors and avoid haltiog the program.

An ON ERROR GOTO/KOSUB is conditional. It tclls che pro-
gram what line co shifc to if, and only if, an error occurs. When
the error does oceur, the program branches to the specified place,
typically a special roucine for handling the ercor. The limication of
the command is chat it nmst be executed before the error oceurs,

In the above example, the following might be added:
20 ONERROR GOTO 1000

.

1000 DOT(1,1,1)
1010 DOT(1,2,2)

]
[+

Fleater off
Fluid flow aff

1]
<

When the nm-time crror occurs, the error command teaps it by
shifting to the segnent starting ac line 1000, which wirns ofi the
heater and (low of {luid, may sound an alarm, princout an error
message—perhaps including the state of all variablesin the system
and the mumber of the command atwhich the eeror occurred—and
might even restart the progrant. Without error trapping, the pro-
gram (hut not the process) would halt when the machine detected

a request Tor non-dimensioned memory elements.

Logical errors are climinated from programs by careful planning
and thorough testing, Lrror conditions that niost be anticipated
are primarily external or mechanical errors, e.g.. the failore of a
card or sensor, or improper operator response (rom the keyboard.

Proper docamentation also helps avoid errors, The design of
pMACBASIC improves documentation through structured prog-
ramming and Jengthened variable names. Most BASIC languages
limit unique variable names to two characters such as A=,
A2 =3 and T4 =55 (additional characters may be permitted, but
the computer could not distinguish between vanable names start-
ing with the same two characters, ¢.g., SEipoint and StcingFac-
tor). The user may wind up with a program looking like:

10 SP - 50

20 SF = 5

10

30 T1 = AINQO12)

40 ES = TV - SP
50 AOTi4) = ES * SF
60 WAIT(S)

70 GOTO 30

Anyone other than the programmer, looking at the program, has
difficulty understanding what SP, SF, T1, and ES represent.
RMACBASIC permits unique variable names of up 10 256 charac-
tees, starting with a letter. Thus, variable names are long enough
to give the reader of a program insight as o the meaning of avari-
able. The underscore character is permitted, resulting in variables
that appear as two or mor¢ words, separated by underscored
spaces. The next program demonstrates improved documentation,

10 REM TEMPERATURES ARE IN DEGREES C

20 SETPOINT = 50

30 SCALING_FACTOR = §

40 VAT1_TEMP = AIN(12)

50 ERROR_SIGNAL = VAT1_TEMP - SETPOINT
60 AOT(4) = ERROR_SIGNAL = SCALING_ FACTOR
70 WAIT(5)

80 GOTO 40

The program measurces the tempeeawre inpat on analog input
channel 12, caleulates an error signal from the difference berween
the setpoint and temperature at channel 12, and owutputs a scaled
analog control signal on channel 4, Each variable is identified with
a descriptive name thatindicates the variable it represents.

The program also illusteates a featare that simplifies BASIC prog-
ramnring for real world measurement and control. The tempera-
tare reading on channel 12 is in degeees centigrade. Built into the
firmware on the pMAC-5000 are programs (o turn raw sensor
data into the praper engineering units. For thermocouples, the user
programs the type of sensor inpuc on a specibic channcl with an
INTYPE statement. Whenever the sysiem accesses that channel, it
automatdically scleets the proper amphificacion, compensates for
cold-junction temperature, and linearizes the signal, and then con-
verts it to the proper engincering units. The number of program
steps is thereby reduced to one: AIN(12).

ADVANCED pnMACBASIC FEATURES

In measurement and control, many actions are repetitive in natare.
The system performs similar caleulations or procedures on various
picees of data as it scans input and output channels. kMACBASIC
simplifies this kind of data processing by allowing the programmer
to add new keywords (Procedures and Functions) to call complex
operations. For example, to run i series of digital outputs, you
could create a procedure with the name SEQUENCE. Sub-
sequently, caeh time vou eotered the kevwoed. SEQUENCE, the

system would execute that procedure.

uMACBASIC's main program and ProceduresiFancuons ase their
own arcas of memory, called rworkspuces. In twarkspace, the lan-
puage allocates room for variables and for workspace code. These
workspaces offer the benefit that a user does pot have to call ou
a cryptic subroutine somewhere in the main program sequence,
soch s GOTO 1000, Since Functions and Procedures accupy their
own workspaces, it is impossible 1o inadvertently access them as

one might a BASIC subroutine.

A Function assumes a value calculated within the Function’s code
block. returns i vidue to the main program, and can be used n ex-
pressions and evaluated like a variable. An example of a Tunction

Analog Dialogue 17-3 1983



ina stndard BASIC system would be a command such as SIN(X)
which calewates the vidue of the sine of X, A typical Function in
LMACBASIC would be AINCwhich obrains the digital value of a
specificd analog input signal in appropriate engineering unis.

A Procedore is a block of code similar to a subroutine. Within a
Procedure is a serics of commands that trigger certain actons such
as sound an alarm and display a message. However, Procedires
have important advantages over subrondines: with iheir own
workspace and line numbers, Procedures cannot be execuced inag-
vertently, since their imternal code is tnvisible to the main program;
subroutines can operate on alf variables within a program (globa)
operation), while Procedures can operate on local and/or global
varables, as desired—thus, a Procedure can be prevented from
changing or aceessing any variable in die main program; sub-
routines are exeanted by a line-number branch (e.g.. GOSUB
1000), while Procedures arc executed by name (ALARM), becom-
ing 2 keyword within the language, suggestive of dhe operation per-
lormed. Once completed, Functions and Procedures recurn to the
points in the main program from which they were called.

The user writes Functions and Procedures in BASIC. Once this
code has been written and debugged, it can be permanently added
to the system by using 1 COMPRESS command. The compression
preserves the object code and a few essendialy, but eliminaces the
source code, reducing the size of the module by nearly S0Y%. Onee
compressed, the module cannot be edited or listed—it is inaceessi-
ble to the programmer. Users can also transfer programs to non-
voladle clectrically programmable RON for permanent storage
with a PROGRAM MODULE command. This abilicy o Create,
COMPRESS, and PROGRAN MODULE functions and proce-
duresinto ROM permits programmers for svstem houses and orig-
inal equipment manulacturees to develop proprictary softwire for
end users and protect their sofloware investment.

Designed for harsh industrial environments, the g MAC-3000 pro-
tects programs from imadvertent erasure during power supply in-
terruptions. The up-10-8 modales in RAN can only be eliminated
by discannccting both ac power and the batery backup.

The program below shows the use of a4 Function in Proportional,
Integral and Derivadive concrol. The PID caleulation is shared
among twelve independent loops for closed loop control.

10 REM 12 CHANNEL PID LOOP CONTROL
20 DIM  RESET(12), UPDATE _TIME(12), INTEGRAL(12},
DERIVATIVE(12), PROP_BAND(12), RATE{12}

30 FOR C 070 11: REM C CHANNEL
40 PROCESS VARIABLE AIN(C)

50  AQOT(C) PID__ LOOP(C)

60 NEXT

REAL FUNCTION: PID__ LOOP

10 EXTERNAL RESET, INTEGRAL, DERIVATIVE,
UPDATE__ TIME. PROP__BAND, SETPOINT, RATE,
PROCESS VARIABLE

20 INTEGERARGD

30 PROCESS _ERROR
SETPOINT(D)

40 INTEGRAL(D) RESET(D) + (INTEGRAL(D) 1|
PROCESS__ERROR) * (UPDATE__TIME(D) TIMER)

50 DERIVATIVE(D) RATE(D) =~ (PROCESS ERROR
DERIVATIVE(D))(UPDATE _ TIME(D} - TIMER)

60 CONTROL__OUTPUT PROP_ BANDID)
PROCESS__ERROR i INTEGRAL(D) | DERIVATIVE(D)

PROCESS _VARIABLE
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70 UPDATE _TIME(D) = TIMER
80 RESULT = CONTROL__OUTPUT

The second line of the program saves space in memory for the P-I-
I3 variables for the 12 different PID control loops. Since the user
wants to nainain separate parameter and variable values for cach
P-1-13 loop, the arrays provide this function. The proper data for
cach Joop can be catered with an INPUT statement in the main
program. A FOR/NEXT laop circulates through all twelve chan-
nels, measares an analog inpuc parameter for cach channel, and
calculates the proper response with the use of the function

PID_ L.OOP.

At each puss through the loop, C increments and cach variable
takes on avadue corresponding o cither the channel or data in the
array with chat location. For example, in the first pass throagh,
PROCESS__ VARIABLLE = AIN(0), the analog input at channet 0,
since Cnow equals 0. Similarly, with the variable SETPOINT, the
program insteucts the system to go to the first memory location in
the array, the pointlabeled (0), and ose that dara for caleulations.

The Funetion PID__LOOP performs the P-1-D caleulation, pro-
ducing an output propordonal o the sum of the error, its inwegral,
and ies derivadve, maltiplied by the appropriate coefficients. The
integralis peneraced acline 40 of the PID_ LOOP, and its summa-
uonand muldplications are performed in line 60,

Acline 30 of the main program, the following happens: the system
reads the instruction and goes to the function, it then executes the
cight lines of of the Function and then recurns with che value of
RESULT; chis value is then converted to an analog output ac the
corresponding channel, to close the control loop. The use of the
funcdon PID__LOOP permits one or more programmers to devel -
op software independently of each other. Since procedure and
fanction maodales have independent line numbers, conflicts foe
specific partions of memory space ire minimized.

o systems where a pMAC-5000 is used for its powerful analog
capabilitics, it might also be used as a Programmable Controller,
il digital control is necessary. A PC must operate with inputs and
outputs at industrial line voltages, and ic must be designed for reli-
able aperation in harsh industrial environnienes, ac ambient tem-
peratures of 60°C or more. The hardware configaration of the
rMAC-5000 meets these requirements,

The conventional PC is an cvene-driven device. That is, a certain
acton is taken if a given event oceurs. The events in this program
are digital inputs riggered by swieeh closures on an operacor
pancl. Lach switch seleces a different sequence of actions. Figure
2 is an example of the use of pMACBASIC in a PC application,
employing two Procedures, On closure of a switeh, SEQUENCL )

Figure 2. Mixture-contro) system using programmable-con-
troller techniques.



is intended to fill a tank wich two fluids, mix them, and drain the
resulting mixcure. If either of the two fluids does not flow into the
tank, an ALARM Procedure will shut off the intake valves and
provide a message for the operator.

10 REM » PROGRAMMABLE CONTROLLER *
20 ON_CHANNEL = DIN{0,1,1}

30 IF ON__CHANNEL = 1 THEN SEQUENCE1
40 GO 70 20

PROCEDURE: SEQUENCE?

10 OOT{1,2,2) = 1
20 OOT{1,331 =1
30 (FDINI{0,1,1}) = 0ORDIN(0,2,2) = 0 THEN ALARM
40 IFTRIGGER = 1GOTO 150
50 TRIGGER =0
60 WAIT (15)
70 0OT(1,2,2)=0
80 DOT{1,33}=0
90 DOT(1,4,4)=1
100 WAI(T (20)
110 DOT(1.44)=0
120 DOT(1.5.5) =1
130 WAIT (15)
140 DOT(1,55) =0
150 EXIT
PROCEDURE: ALARM

10 TRIGGER =1

20 DOTI1,2,2)=0

30 DOT(1,33}=0

40 PRINT “NO FLOW IN ONE OF THE LINES, TURN OFF
SWITCH”

50 WAIT(5)

60 EXIT

The program responds to a switch closure on the operator pancl.
Closing the switch (at Channel 1) produces a logical 1%, which
calls the pracedure SEQUENCE 1 at Line 30 of the main program.
The first two statements tarn on the valves for lines T and 2. I there
is no flow in one of the lines, the program invokes the Procedure
ALARM;, which shuts the valves and prints an alarm message: on
exccution of line 40 of SEQUENCLI, if the valves have been
closed, SEQUENCE L exits. Otherwisce, the valves remain open {or
15 scconds, then are closed. Ac that point, the agitator turns on
for 20 s, tarns off, and then the vessel is emptied for 15 seconds.

The program could be improved through che use of Interrupt state-
ments. Rather than timing the agicator, cach revolution of the
agitator could generate a pulse vucput which would be counted
down to zero and generate an event-based incerrupe. This would
save the 20 sceconds the system would otherwise wait idle. Simi-
larly, pulsc-type flowmeters could count down from a preset vol-
ane of flow, then generate an interrupt, to save the [3 seconds of
computer idlencess during the fill time. A level-sensor in the drain
could determine when che tank has been emptied, saving the 15
scconds af drain time.

Additionally, applications requiring faster execution of portions of
the program can be programmed in assembly code. The processor
exceutes the code dircarly, avoiding the compiler. pMACBASIC
accesses assembly Tanguage routines from the main program wich
a CALL stacemene,

Anather key application of computer-based eqaipmentin industri-
al automation is data collecton. Equipnients, such as dara loggers,
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collect and store large amounts of daca for record keeping or anal-
ysis. The wMAC-5000's up-to-64K of memory and data-format-
ting commands can be used 1o scan a large number of input chan-
nels, automatdically canvert the informaton to engineering units,
and then store arrays of data.

Arrays arc groups of cells, cach capable of storing a single valae.
Arrays in uMACBASIC may have a number of dimensions limited
only by available memory space. Like other variables, arrays have
names, buc in addition, they also have subscripts that indicatee
which cells are being referred to. Anexample is:

LETWATER__TEMP(60,3)= 37.5

This statement assigns a value 37,5 o a cell in a twa-dimensional
array—tihe 60th ccl) in the firsc dimension and the third cell in the
sccond dimension, The progranimer saves space for these arrays
in memory by the use of a dimension (DIM) statement. For this
array, a dimension statement ¢ould be:

DIMWATER__ TEMP(100, 10}

allocating enough storage space for 100 % 10 real numbers or
1000 clements.

A common way to collect data and fill arrays is with a FOR/NEXT
loop. By nesting loops within onc another, the programmer can fill
cach dimension of a multi-dimensional array. For example, the (ol
lowing program scans 48 analog input channcls and records the
hour of cach scan. The main program would interrupt, i.c., halt
execution once an hour and ¢all suc the subroutine.

10 DIM PROCESS  TEMP(24,43)

20 GTIME (HOUR,MIN,SEC)

30 If HOUR <> PREVIOUS_HOURGOSUB 100
40 GOTO 20

100 PROCESS TEMP(HOUR.48) = HOUR

110 FOR CHANNEL = 0 to 47

120 PROCESS__TEMP{HOUR, CHANNEL) = AMN(CBANNEL)
130 NEXT

140 PREVIOUS HOUR =
150 RETURN

HOUR

The maim program repeatedly collects the time with a GTIME
statement. When the hour changes, HOUR will not be equal to
PREVIOUS  HOUR, and the the program will aceess the sub-
routinc at line 100. The last array locadion is filled with ¢he hour
of the scan. The CHANNLEL FOR/NEXT loop fills the first 48 cells
in that array with the data from cach of the 48 analog input chan-
nels, The recurn seatement returns progeam exceution o the (in
this case very short) main program where it will check the dme
iteratively untit the next change of dhe hour (if the instruction in
line 50 were at che end of a much longer program, the hoar checks
would be less frequent).

Data in the array can be printed out ar intervals chosen by the
programmer. In addicion, by using a Work Station QOperating Sys-
tem (WOS) (see page 8), with onc of the readily available graphies
packages for personal computers, the data can be displayed
graphically.

By skillful programming of the uMAC-5000, closed loop control,
data logging, scquence control and other data processing opera-
tions ¢an be combined. Users can thus replace dedicated instru-
ments, ¢.g., data loggers, programmable controllers, and analog
contrallers, with a single flexible design. The seral communica-
tons with a host computer (or stand-alone operadon) makes for
truly distributed measurement and control in factory automadion, 3
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12-CHANNEL ANALOG EXPANDER BOARD FOR pMAC SYSTEMS

Less Than $100 per Channel for Low-Cost Isolated Sensor-Based Measurements
Interface Thermocouples, Current Sources, Low-or-High-Level Voltage

The pMAC-40157 is a low-cost, 12-channel, isolaced input ex-
pander board for ase with both the wMAC-4000% and the new
stand-alone BASIC-programmiable pMAC-5000* mecasurement-
and-control systems. It accepts 12 channels of analog input, pro-
vides = 1300 V input-te-output and channel-to-channel isolation,
plus filiering, gain, and common-mode rejection.

Available in two low-level (mV) voleage versions, a coureent- or
medium-level voltage-version and a high-level-valtage version, it
accepts thermacauple signals and other voltage inputs, as well as
process currents. Designed as a cast-competitive all-electeonic al-
ternative to isolated systems employing mechanical relays for
harsh industrial environments, the pMAC-4015 serves applica-
tions in process control, product test, high channel-capacity R &
D, muldpointrecorders, and heat-profile systems.

Al 12 channels on each pMAC-4015 provide both pratection and

performance: = 1500-volt common-made isolation and 130-valt
normal-modc input protection—plus low-drift preamplification

(x£0.003% of span per °C), filtering, open-circuited inpue decce-

ton, and 160 dB of common-mode rejection, Its transforimer ssola-

tion and all-solid-state circuitry climinate concerns about reliabil-

ity and stability often associated with relay-isolation techniques.

Al 12 channels on each of the four optional board types (sce table)
are configured ac the factory for the specificd input type and span
range. The span appropriate to the actual inpat types to be used
is sce by che user, via a DIP switch. Typical accuracics are 1o within
= 1°C for type | thermocouples, =1.1°C for type K ther-
macauples, and £0.08% of full-scale for a = 2S5-millivolt input
signal.

Input Types Available

£ 25mV,or T S, R, or B chermocouples

=50mV,or |, K. Wthermocouples

=100mV, E thermocouples, 4-20mA, =20 mA, = 1 mA
x5V 10V

The tMAC-4015 connects to the master board via the expander
porc. Analog signals are preconditioned, and the analog ourput is
fed to che a/d converter on the master board. The digital logic in
the master kMAC-4000 or BASIC-programmable wxMAC-5000
board determines which WMAC-4013 channel is chosen for con-
version and enables the appropriate expander board's autpat.

The board accepts both ac (4 voleage-range options) and 24-volt
de power, deriving its required voltage levels from either source.
As with other pMAC boards, if the ac supply is interrupted, power
is smoothly switched over to the 24-volt saurce.

APPLICATIONS

The basic application of the pMAC-4015 with a pMAC Master
Board is shown in Figure I. Control signals from the Mastee deter-
minc which channel’s high-level analog output appears on the ana-
log output bus asan input for conversion at the Master Board.

“Userhe reply card fortechnical data, See also thearricle sarting oo page 3,
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SIGNAL : !
CONDITO MR 4% FOUR CHANNEL ANALOG INPUT
CONNECTIONS

The LMAC-4015 conditions large numbers of analog inpuc sig-
nals with similar ranges at low cose. I¢ plugs directly into any ex-
pansion sockee in WMAC 4- or 7-slot card cages. Up ta six uMAC-
40135's may be used in a pMAC-5000 cluster for a total of 84
analog channels per cluster, with up to 672 channels on a single
20-mA multidrop communication line (see page 6). With thee-
mocouples, an isothermal AC1800 screw-terminal connector for
cach 4 input channels provides for cold-junction compensation.

The pMAC-4015 is especially cost-cffective when used for appli-
cations involving measurement of large numbers of points, c.g.,
from 50 to 150. Typical environments include control rooms,
where the outputs of large numbers of thermocouples are nioni-
tored; retrafit applications, replacing moltipoint recorders or data
loggers for computer-based syseemss heat profiles for bailers and
furnaces; monitoring and control inindustries requiring high-volt-
ape isolation,

Since sofeware drivers are available for personal computers (for ex-
ample, Apple Hand He, IBM, HP-85/86/87 —in addicion to DEC s
RT-11 and RSX aperating systems—(see Aialog Diadlogue (7-2),
they can easily be used as hosts for pMAC-4000 svstems: the
nMAC-4000 and its expansion channcls become frontends o im-
plement PC-based intelligent measurement-and-control svstems
involving large numbers of analog inpues atlow cost. 3

THERMOCOURLES.
MEASURING
PROCE5S CHANNEL
TEMPERATURE CONTROL
—C: CHANNEL 1 A BUS
L —
WMAC 4015 WMAC 4000
. 12 CHANNEL OR
. ANALOG pMAC 5000
INPUT MASTER
. EXPANDER BOARD
ANALOG BUS .
= 1500% de mas
COMMON MODE VOL TAGE

777 =
Figure 1. Typical thermocouple application {input isolation
to = 1500 V).
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MUX200 INCREASES CHANNEL CAPACITY OF MACSYM 350 SYSTEMS

Form Distributed Analog/Digital Input/Output Systems with MACSYM 150
Using MACSYM 200s, ADIO Card Library and All MACBASIC ADIO Statements

by Bill Schweber

The MACSYM 3307

measurement and concrol computing system, which aceepts sen-

{(sce Analog Dialogre 16-3), ix a powerful

sor-based analog and digical measurement inpues and provides an-
alog and digital sueputs for concrol, viaa variety of analog and dig-
ital inpue and oueput cards. Fhe syxeem is programmable in MAC-
BASIC {an enhanced, mulatasking version of BASIC) and uses che
NMP/N-86 Operading System (from Digital Rescarch, Inc.)

The MATSYM 350 extends che analog/digital capability of che
basic MACSYM 150 by combining with it the accuracy, sampling
speed. signal - conditioning, and Jocal data storage of the
MACTSYM 200 intelligene frontend. The MACSYM 200 perforing
s 16-bic CPU
controls che Analog/Digical Inpu/Output (ADIO) backplane and

softwvare-selectable 12« or 16-bit a/d conversion:

handles local data-processing necds. ADTQ cards can plog directly
into the 16-slot backplane; more than 30 types are avaitable for
interfacing to vircnally any real-world sensor, cransducer, or ac-
aiator, via field wiring. Communicadon between the MACSYM
150 and the 200, via RS$-422, is completely transparent to the user.

Many applicadons require more than a single MACSYM 200:
some call for the YO werminatons for ficld wiring (o be at phys-
ically separated locations; others simply require more addicional
YO than asingle MACSYM 200 can handle, With these needs in
mind, the MACSYM 200 Muliplexer, the MUX200, was de-
veloped.

The MUX200 facihiates the connection of more than one
MACSYM 200 w a single MACSYM 150, With a single
MUX200, four MACSYM 200s (up to 64 cards) can be connected
(Figure 1), and additional MUX200s make ic possible for as many
as 15 MACSYM 200 units (240 cards, with very large numbers
of 11O points)  be connected at distances of up co 1000 ft (300
m), from node o node—and 5000 fe (1500 nv) from the farchest
MACSYM 200 to the MACSYM 150,

Figures 2 and 3 show radial and mulddrop configuracions for -
cerfacingwithup to 15 MACSYM 200s, using 5 MUX200s.

When MUX200s are used, the software transpareucy of che
MACSYM 350 is retained. Thus, the MUX200 makes available
flexible distributed systems to MACSYM users at low cost for the
addidonal bardware, and neligible software penalty,

* For rechnical dara use the reply card.

Seqies 100

MUX-200 HARDWARE
The objectives fulfilled by the MUX200's hardware (Figure 4) are:

“To ace as a fanout buffer for signals from the MACSYM 130
to the MACSYM 200s.

“I'o acr as an OR gate for signals from the MACSYM 2005 10
the MACSYAM 150,

“I'o be Nexible with respect to power, ive., ta allow the MUX200
to recvive its operating power from cither local ac lines or from
user-furnished 3-voltsupplies,

<T'o be resistant to electromagnetic incerference (EMI), since the
MUX200 and its associaced cables will be in noisy environments
and may possibly have long cable runs and high ground-potential
differencus.

“To be cransparent with respect 1o speed, i.e. to allow data o
be exchanged acthe normal high rate of 307.2 kilobyvtes/second.

Data and timing lines beaween che MACSYM 150 and MACSYM
200 employ RS-422; control lines employ RS-423. The line drivers
and reccivers used in che MUX200 are designed o allow
MUX200s o be daisy-chained to achieve longer distances and per-
mit more than4 MACSYM 200s to be incerconneceed.

The built-in power supply converts ac line power o +5 V de, and
the internal desw-de converter furnishes an additional =35 'V de.
Instead of relying on the ac line, the wser may provide the +5V
power direetly from an exiernal source.

The MUX200%s shiclded enclosure provides protection against
EMI; for long distances between nades, the user should provide
acable thachas an exera eable shictd wired to the connector pins.

Because the cost of the MUX200 is essennially char of buffers,
gates, a power supply, and mechanical hardware, itis an inexpen-
sive complement to a MACSY M 330 seseem, costing about the
same as a sophisticated ADIQ enrd or along run of ¢able.

OPERATION

The uvser imterconnects the NMACSYANL (30, MUX200s, and
MACSYM 2005, and then sees o DIP swatch in each NIACS YL
200 to a1 unique paumber from 1 to {5, This tells each box what
its number is and how it shail be identificd by the aser’s program.

Ay subsetof the 13 numbers may be used, and the logical assign-

ADIO CARDS

},

ADID CARDS

/»\csmm

Hl
ar/

/Mgcs YM 700//

A} .
Intestace Cards y * //

5 "' g ) .. ADIO CARDS B i
= e ' 23 = ..-:';f
200 - \ ” -k“j ;
=7 MACSYM 200
Al

Figure 1.

14

Four MACSYM 200s with one MUX?200.
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Inteeface Cards

Series 100 [’
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! MACSYM 200
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MUX
200

Figure 2. Up to 15 MACSYM 200s, using five MUX200s in a

radial configuration.
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Figure 3. Up to 15 MACSYM 200s, using five MUX200s in a
multi-drop configuration.
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Figure 4. MUX200 block diagram.

ment of box nembers doesn™t have o correspond with the
MACSYM 200s" physical placement. The box numbers may be as-
signed arbitrarily.

The programmer then direets the ADIO stawements from the
MACBASIC program to particular MACSYM 200s by using che
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box numberin the ADIO syntax. For exumple,

AIN:3 (slot, channel) means an analog input from the indicated
slotand channelnumber of MACSYM 200 number 3.

DOT:12 (slot, channel) means a digical outpuc for the indicated
slotand channel nember of MACSYM 200 number 12,

AD ADIO statemients, including, the high-speed SCAN and COL-
LECT and the MACSYM 200 reser statement, XRESET, can be
uscd with the box number.

Fach ADIO statement from the MACSYM 150 appears ac the in-
pats of all the MACSYM 200s, via che MUX200s. Fach
MACSYM 200 ignores all statements except those having @ box
number thae agrees wich che physical sewting of ies DIP switch. At
the targeted MACSYM 200, the message is aceepted, incerpreted,
and processed, and the appropnate response (for example, a re-
wirned analog inpuc value) is prepared. Each response thatis o be
rerurned o the MACSYM 150 is put into proper formac by the
MACSYM 200, and its box namberis also attached.

For such ADIO statements as AIN, AQT, DIN, and DOT. there
15 asingle response for cach statemenc sent by the MACSY M 150,
Therclore, the MACSYM 130 expects one—and only one—data
transnvssion from che group of MACSYM 200s. But some other
ADIO statements, such as SCAN, COLLECT, and AVERAGE, in-
volve data collected aver a longer time frame: thus, the retorned
vithies are transmiaed aca time ehat cannot be predetermined,

Racher than hamper the system user by not allowing any ADIO
statements undl a SCAN, COLLECT, or AVERAGE is compler,
the saftware in the MACSYM 150 uses a polling scheme to resolve
conflicts for usc of the communications link to transmit data from
the MACSYM 2005 back to the MACSYM 150, This allows a
number of MACSYM 2005 to operate, exceuting virious com-
mands at the same time, The data packets recurned from dhe vari-
ous MACSYM 200¢ are handled by the polling scheme and sorted
out 3o e all the valoes are evenwually recaened. Some transiis-
sions will have 1o waic for transmissions from other MACSY M
200s to be completed. The entire process is transparent to the
user's software; the communicacions link and polling do not have
tobeincladed inthe user's program,

CONCLUSION

MACSYM 200 muldplexers offer MACSY M users a convenient,
low-cost, vasy-to-use way fora MACSYM 150 measurement-and
contro) computer 1o communicate wich up o fiftcen MACSYMI
200 intelligent frontends, 3
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DATAACQUISITION INFORMATION SYSTEM:

SAE's Way of Providing an Extra Level of Software Support
Menu-Driven Monitoring System for Industrial Uses with MACSYM 150 AND 350

by Don R. James

Industrial users of measarement and conteol systems can choose
o design, install, and weite the software for their own systems—or
o contract the job to an engineering firm. As contral-systen com-
puters cvolve away from general-purpose minicompucers and to-
wards fallv integrated modular control computers, more firms arc
considering installing and programming their own systems, since
a dedicated control system’s incegrated hardware foc industrial
automadion has the porential for lower hardware costs and simpli-

fied safoware development.

The cost of user-developed applications programs, however, may
stll be comparable to the expense of hiring an enginecring firm 1o
develop the software, since cach company’s problem requires a
custom solndon, which may not be casy to implement in software.
An intermediate appraach is to purchase well-conceived basic ap-
plications sofawvare to minimize the amount of user programming
¢ffort. In the approach to be described here, Systems Application
Engineering, Inc., of Houston, Texas, uses their system expertise
in industrial measurement and control to develop proprietary ap-
plications saftware (or the Analog Devices MACSYM (50, SAC's
approach—offering off-the-shell mena-based products that meet
up to 90% ol the software required for a broad class of applica-
tions—lowers the user’s cost of awomating open-loop monitor-
ing. Vv pical customer groups that benelitinelude:

Utlives: Dedicaced or distributed monitoring of clectrical distri-
bution, generation and transimission.

Process Plants: Processing sensor daca for automane control
schemes, such as adaprive, analyzer-based. or conventional

control.

Oil and Gas: [njection control and monitoring, interrogation of
wellhead cquipment and implementation of pump-off control,
lease amtomatic custady-transfer, and information for production

ACCOUNLINE OF FESCIVOIT Management.

Manufacturing Automacdon: Applications 1o sequence contral,
sorting, scarching, and selecung.

Systems Application FEngineering, Inc., specializes in applying
antomation o the soliution of real-time induscrial measurement,
test, control and informadion-reporting problems. As consultants
specializing in mini- and microcomputer control systems, SAE has
gained a large amount of experience in over 150 projects, leading
to a deep understanding of the underlying software requirements
for many applications.

At present, because sofeware for induestrial automation is not stan-
dardized or—in general—transportable, generic software must be
developed Tor a specific computer system. The choice of a system
for this purpose is a serious matcer, because the hardware and the
softwace are cssentially partners in a marriage.

To funcoon in a broad spectrum of applications, the computer sys-
teon mase be flexible in both the number and types of input and
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output channels, in processing capability, and in communications,
The MACSYM 150 and MACSYM 200 subsystems provide chis
flexibility, employing an integrated modular design {cireuits, hard-
ware, and software) which atlows the user to custom-configure the
number and types of VO channels. Plug-in signal conditioning
boards connect the system o analog and digital sensors (inputs)
and control (outpat) circuits. The number of 1/0 channels can be
further expanded by mcans of commmunication links to remote
measurement and control subsystems for monitoring and control
system designs,

Figures 1 and 2 depict the hardware of SAE's small and medium
DAIS (Data Acquisition information System) conligurations. The
small DAIS system usex a host MACSYM 130 computer, which
communicates over a high-speed serial link o a single MACSYM
200 measurement and concrol subsvstem. The host computer con-
tuns operator interfaces, such as CRT monitor, kevboard for en-
tering data, panter, and disk storage. The MACSYM 200 incelli-
gent remote front end has a backplane with 16 interchangeable
slots, Each slot accommodates an analog or digital input/output
card, sclected to maech che application,

The medivm DATS system provides further channel expansion
with the addivon of a multplexer (see page 14) and NMACSYM
200 measurement and  control  subsystems. One  or
MACSYANI 200s operate under the supervisory control of the
MACSYNI 150,

maore

Both the number of 170 slots and the processing speed of the com-
puter limic the atcainable size of a control system. The system must
aceept real-warld daca, processit, and respond in a timely fashion.
A high-speed CPU allows the system o process the data in real
time with a minimum of execndon time, The MACSYM 150 dehiv-
ers a factor of two or more throughput improvement over CPUs
used for many populac computers, due to its advanced micropro-
cessor hardware (Intel’s cuprocessar chip-set, 8086/8087), and—
in software—ies multicasking MACBASIC, a compiled language,
which mintmizes program-execuation time.
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Figure 1. Small DAIS system: MACSYM 150, MACSYM 200,

ADIO cards, and peripherals.
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Figure 2. Large DAIS system: MACSYM 150, MACSYM
2Q00s, multiplexers, ADIO cards, peripherals.

SOFTWARE DESIGN

Software coardinates with the hardware architecture o forny an
overall control structure. The hardware design includes the com-
puter and allits interfaces o the external process and the buman
environment. The pracess environment includes: analog inputs for
sensor dataanalog oueputs for control signals, digical inputs o de-
tect switch closures, and digital outpues for relay switching. The

Analog Dialogue 17-3 1983

human environment includes CR'I'displays, alarms, and data stor-
ageon disk or hard copy formac from a princer.

Purchased without the DAIS software, which anticipaces dhe kinds
of programs needed for industrial applications, MACSYM re-
quires the programmer to write instructions for collecting real
world data, computing the required control signals, and formar-
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ting daca for display with a sequence of program comvmands.
MACSYM is casy to prograun in MACBASIC 3, even if one is not
a professional programmer, but programming is sull exacting,
time-consuming work, and many of the resalting programming se-
quences wirn ouc to be similac to these written by other users for
differenc applications; they essendially involve “re-inventing che
wheel,™

Here's an example of MACBASIC: two MACBASIC 3 statements
in the following program cause a digical input event {a cank level
that ¢xceeds a preseribed limit) to produce a digital output cvent
(curning off the flow o che tank) and an operator display.

10 IF DIN{1,72} = 1 THEN DOT{(2,12) - 0

20 IF DIN{1,12) 1 THEN PRINT "LEVEL OF TANK A
EXCEEDS LIMIT”

The meaning of line 10 is: “If che digital input from Q sensor con-
nected to sloe 1, channel 12015 1 (on, up, trug, cre.), then the digital
outpuc at slat 2, channel 12, to a valve actuatar, is set to O (off).”
v a measuremene and control application with hundreds of VO
points and numerous displays, the control program can exceed
1000 lines. With the estimated installed (and debugged) cost of a
single line of program reaching S35, any reduction in the nomber
of lines of new program offers substantial cost reductions.

SAE uses MACBASIC 3 to develap their proprictary Data Acquisi-
tion and information System. The result—fron the user’s point of
view—is that, rather than generating an applications program by
connecting a series of individual program commands, an end-user
configures the sofoware for DAIS and operates i¢, through a
number of meno-driven software functions. DAIS sofuwvare fune-
vons include:

Specificavon of paraceers by fill-in-the-blanks CRT displays

Conversion of analog measurcments to process engineering

units

Priority alarm/evenc detection and reporting

User-specified logging—periodic and on demand

Overview, group, and imdividual datdisplays

Access (o data by pointor group nane

Access (o displavs via software menus

Analog ar digital real-world vugpuis

Diagnostic, wtility and documentadion functions

Extended historv/trend lunction.
The user accesses cach functon by calling up a CRT display. No
additional user-program steps are necessary: the sofoware fune-
tions contain all the necessary programming o adtomaically ac-
quire process data, convert it to engineering units, generate alarm/

eveng reports, and provide operator/engineer interfaces,

A menn scructure allows gsers o upgrade their existing ap-
proaches to monitoring and control by means of anintegrated and
automated system. Since operators monitor and control process
parameters through the various system displavs, and no computer
progrunming is involved, it is unnecessary (o (rain operors as
camputer programmers. This is similar o the approach popular
in office environments for automated order-enery systems, where
the user aceesses data and enters information through menus on
the computer sereen. An example of this tvpe of soltware s an air-
line reservation system where scating assigniments can be checked
by entering the passenger's name and having the system respond
with the passengec’s seating assignownt. Some recent personal
computers also take advantage of menu-type programming so that
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operators can get usclul results with a minimal amount of prog-
ramming clfort.

Before the system can acquire and convert process data, however,
the user must initialize the system by providing information on the
parameters of each input channel. The firse display is dhe "menu”
fanction, which provides access o all other funcdons. Figure 3
simulaces the choices given on the sercen fora typical maim menu.

=

SYSTEM GROUP AVERAGES TOTALS LOG TAG  MANLAL HEPORT MAINTNG

FUMCTHON KE ¥ S ON KEYROARD

[« =] = B = E R R R

Figure 3. Typical main menu.
From the main menu, the user is routed through a series of menus
until a digital- or analog-variable detail sereen has been reached
(Figure 4). In each case, the aperator selects the desired display by
pressing the function key below the appropriate displayed choice.
IZach one of these meous is a subset of the function selected from
the main menu (Figure 3), which leads the operators into a final
level of passive displays for informacion-only, and active displays
for engineering mainwnance (parameter adjustment) oc Jaca

entey.

e | p
f _ GATATH LD
e [ VTR GTORS
sr=——
- Femm—— |
iE—— 1
T —
s—— FLINEC IO

MAIN ML N

MUNUSILECTION

Figure 4. Progressionof menus.
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bl —

owledqed Groupndes
Summary Ouplay
Histarcal
Agknowdedges
b - aadverages
Alarm Samrrary Group Summary gm”, ﬁ.m.:...-.
: Witgucal Data w1 Data
Gt of Service Aewnowiedge M,_,"'),klgm“» Ria ,I<LI,)‘.“
Surmimary Groug Alarims Trend (haplay A N
Sappress
Ewert Summary Go i Alarms
Grpug Enabite Alarms
Gt o Schomatic
Growp Betiiton
P10

Fu Fe F? Fa ENGINEERING
LOG CONTROL Tl DE TANS DISPLAY MANUALENTAY REPORT MAINTENANCE
TagOetails Syatems Liptingy
Logindes Display Eraplays Erter Data e Set Dateand Time
Drigital Frint Systems Bunld Modrty
Pring Loy Variables Buitd Data Base 3 Brata Bave
pOperatar St Madity Syatem
Log Delinmian Fral Varabiles 3 to B O
Supress Bac wiorical MaltProcess
Tag Alarms Gata ta Bine Software
Syatem Mgnitgs
Erabile Tag Alssmy Mriaplay Set Debug Mods

Tag Sehamatic

Figure 5. Typical subheadings of second-stage menus.
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Dataenery displays allow programmers to enter a daca field, where
they can enterimitial data ar aleer, delete, or add 10 the information
in that data fickd. As Figure 4 shows, this can be done by entering
two consccutive display choices on the menu sereens and inserting
informazion into the daca field on the final sereen. In addidon 1o
the standard functions, SAL can develop custam displays for the

user.

Figure 6 details a Digita) Variable Decai Display (via F6). As Fig-
ure 5 shows, a similar display allows entry of real varables (i.c.,
analog measarements. Onee a nser has established the pacameters
for an input channel, (s)he accesses this sereen and inpues the re-
quired data, For example, the user goes to the daca ficld on the
screen for the card address and enters the Location, Stoc Number
and Channel of the digital inpuc or sucput. As shown, engineers
and operators can also enter the artributes of alaem conditions in-
cluding: normal seate, alaem state, digital-variable-to-ser (“Set
Tag™) oo alarm seate, alarmy prioricy, suppress alarm-checking,
normal and abnermal stace descriptors, tog number (o tripger on
alarm state. and alarm groups,

DIGITAL VARIABLE DETAIL 021483 1R 13
raG DESCRIPTION STATE ALARM

GROUPS OUALITY SCANMODE

TYPE,
DATAPROCESSING
FREQUENCY|SEC)

MANUALENTRY ALLOWED

HARDWWARE INTERFACE ALARMPROCESSING
SUPPRESS ALARM

CARD ADDRESS CONTROL TAG

LOC SL0T GHNL  MONITORSTATE = CHANGE QOF STATE ALARM
POLARITY NOAMAL STATE CONDITION
PRIOWITY
STATE DESCRIPTORS
NORMAL ON ALARM
AHNORMAL SETTAG -
TRIGGERLOG
INPFUT TAGS
n 12
™ T4 —
MAIN ME N
PROMPTS
ISEEFIG 3}

e SYSTEM GROUP AVERAGE TOTAL LOG TAG MANUAL REPORT MAINTNCE

ERR ALAKM

Figure 6. Digital variables display (via F6, Tag Details dis-
play, and Digital Variables).

Other daca fiekds allow users w assign a tag (point identifier) o
the channel, Jink wgether a number of tags as a group, and specify
alarm conditions,

Daca regarding a channel ¢an be called vp in various ways. For ex-
aniple, the vser selects the second funcion (I2) to call ap Group
Summary, then selects the Group Summary menu and types in the
desired Group, A user can also enter the tag designacion to call up
information regarding a specific channel. Figure 7 shows a display
formae that allows operators to cheek the status of a group. e
group display provides current information (rag, description,

GROLPDISPLAY 10 3% 12
BOILERANO 1§ 1742
TaG DESCAIPTION VALUE UMNITS ALEM - TAG DESCRAIPTION VALUE UNITS  ALRM
FRCIGYA QOILEAFEED 2103 KLE HA LO - PRCYOY A BOIWER FO PR BG5S PSIG

TAG XXX
© TAG YYY

PAGE FORWARD FORNEXT GROLP OF SELECT MENLI ALAHME"*

Figure 7. Simplified example of current-value group dis-
play.
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value of reading, units, and alarm statos) for cach input assigned
tothat group.

A single group might, for instance, be the combination of inputs
monitoring a single picee of equipment, such as a tarbine. Fhe twvo
tags shown here as part of a group display ace an input channel
monitoring a boiler feed in kib/be and boiler feed pressure in psig.
The firse cag has an alarm condition indicating that che feed value
is below 2 limic set for that inpue channel. The operator can re-
spond ta chis condition by going to anuther screen and altering the
limit or generating a digital or analog outpur ta aleer the boiler
feed.

When it scans the input channels, the system scans both analog and
digital inputs. Scanning of process dacais based on the input type.
The system scans all digital inputs at a user-defined race of [, 2,
5, 07 10 seconds; ic scans individual analog points based on the as-
signment to a specific ¢lass. For analog inputs, 2 umber of al-
gorithms, standard with DAIS or custom-developed, convert ana-
log data o engineering unies.

Discrete inputs are processed on change of state and ac system
idialization. Lach discrece input is specificd by the user to have
both a normal and abnormal state and changes can trigger an
alarm or event. Analog inputs also trigger alarms or evenes when
the signal exceeds user-defined high or low limit or rate-of-change
alarm limie.

When the system deteets an alarm or event, a wessage is logged
and displayed. Alarms are initially presented as “unacknow-
ledged.” Figare 8 shows the Unacknowledged Alarm Summary
screen. Operators call up this sereen to see a historical display of
past alarm conditions. Calling up and vicwing these alarms caoses
theirseatus o be changed o “acknowledged™.

The display details the time of the alarm. The tag and deseription
informs the operator as (o what and where the alarm is. TVhe Q s
the quality of the the channel and relates o the Jast time it was
scanned or whether there is an crror such as an open circuie, Also
histed are the value (analog, in engincering unies) or status (open,
close), enginecring units for values, value of limic violared and it
violuted code. (e.g. HIGH, HIHI, LOW, LOLO, ROC, ¢te). T'his
compact display of all key information on a single screen allows
operacors to track and respond to alarm conditions, @

UNACKNOWLEDGED ALARM SLIMMARY PAGE 01 26 83 18 33

TIME TAG OESCRIPTION 0 VALST UNITS  IMIT ALRM  GROUPS

o1 10 0%
92 23 5%
ax 11 03
04 04 22
0% 44 17
06 31 11
07 2423
o8 57 #
Lo b
100 2%

1131 8
AN
1342 71
1404 41
15 5% 06
16 55 14
17731
W47 M
13 42 e
MAIN
MERL
PROMPTS

SHSRTEM GRAQLP  AVERAGE TOTAL  LOWS  TAG  MANLAL REPORT MAINTNG

ERA ALARM

Figure 8. Unacknowledged Alarm Summary format show-
ingtimes. Other details omitted for clarity.
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BOOLEANS, 8-COLOR PLOTTER, 10MB WINCHESTER, BUFFERS
MACBASIC 3 Enhancements for MACSYM Add Logical Operations, Color Hardcopy,
10-Megabyte Mass Storage, and Multiple Buffers for 64K Program Memory

by Richard Quinn

MACBASIC 3 continues to evolve as the most advanced measure-
ment and control language available. The newest version, Revision
2.0, adds Boolean operacors for logic-intensive control applica-
tions, ploteer support for hard-copy color graphics, 10-megabyte
Winchester suppore, and more-flexible memory management for
large memory-intensive programs.*

BOOLEAN OPERATORS

Boolcan opcerators, which perform logical operations on numeric
valugs, arc usually used to connect two or more binary (two-val-
ucd) relations cogether and return a TRUE or FALSE decision to
be used in making a choice between two alternatives. Included are
NOT (complement), AND {conjuncrion), OR (disjunction), XOR
(exclusive OR), IMP (implication), and EQV (equivalence). Table
1 lists MACBASIC’s Boolean opcrators and their definitions.
Boolean operators can greacly simplify program scructure, making
it easier to read while taking up less code space than multiple
IF ... THEN statements.

X it | X x 1 RELAY $“’I.)\Y
Y o1l v—D— Y T(:()xr,\(:r COlL
Tz % = x
NOT X 1oy | x—>o——Not X ——0
X AND Y A ::D___\ AND ¥ X v
! X
xoky  ernn [ TTPD—xony 3o
v
X Y
N
X XOR Y orn X NOK Y
; X Y
v
X X b 1
X FQVv v 100 X FQV Y | :I - : |
i X Y
ANNINTURY By ij_‘ IMT Y X Y
A 3 { 40

Table 1. MACBASIC Boolean Operators.

Here are two simple examples of how Boolean operators can be
used in MACBASIC (=1 is TRUE, ON, CLOSED:; 0 is FALSE,
OFF, OPENY; the suffix, ('), indicates an integer operand):

IF VALVET" = -1 ANDVALVEZ2" = -1 AND
VALVE3' = -3 THEN 100

IF TEMP) <LOWERLIMIT OR TEMP2>
UPPERLIMIT THEN ALARMY = -1

[n these cases, the operands represent cruc or false values. How-
cver, they actually consist of 16-bic integers; logical comparisons
are pecformed on the corresponding bics of inceger operands. For
example, the base-10 numbers, 63 and 16, represented by binary

*Forcomplere information on these enhanoements, getin touch widh the nearest
Analog Devices Sales Office or phone onr direer line, (617) 326-6666.
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111111 and 010000 may be AND-¢d, by AND-ing the individual
bits, to give 010000 (16). This would be stated as

A’ = 63 AND I6.

with theresultthat A’ = 16.

In the stacement,
B’ =210R 12

21 and (2 in binary are 10101 and 01100. When or-c¢d the result
is 11101, therefore B = 29.

Applications

Besides such purely computational chores as implementation of
more-compact programs, and making decisions, Boolean func-
tions have direct application to the simulation, analysis, and syn-
thesis of programmable-logic concrollers. A simple example is the
ladder diagram of Figure 1, in which a set of relay coils, CR4, CRS,
and CR@, are energized when the series circuit is completed. For
example, CR4 is encrgized when CR3 and cither CR1 or CR2 are
closed.

hrmeme! i

| CR1 1

! |

[z o R e e Lo

| CR2 CR3 CR4

I

1==1 [==== 5 R

| CRz CR3 1

I I

e 74 L., i B R o |

| CR2 CR3 | CRS

! |

L SRS U= €
CH4 CR&

Figure 1. Switching ladder diagram.

[n such an application, the user would read-in the scate of contacts
CR1 through CR4, using MACBASIC's DIN (digital input) com-
mand. The state of these comntaces would be assigned to inceger var-
iables CR1‘, CR4’. 0 would mean an open contact, — 1 a closed
contact. The following three lines of MACBASIC 3 code would
simulace the action of the relays in Figure 1+

10 CR4° = (CR1’ OR CR2’) AND CR3’

20 CRB’ = CR2' XOR CR3’

30 CR&’ = (CR2’ XOR CR3’) AND NOT (CR4’)

The state of the relay output cails, CR4’ chrough CR6’, would be
sctby the DOT (digital output) statcment.

8-COLORPLOTTER FOR GRAPHICS HARD COPY

The PLT 03 8-color plotter complements the high-resolution
graphic capabilicies of the MACSYM 150/350 Measurement and
Control System, making ic possible to obtain hard copies of sophis-
dicated color graphics displays

-

The PLT 03 Plotter features an 8-pen stall, a (77 (17 plotter bed,
and a pen-writing speed of 15 inches per second. The plotter soft-
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ware driver has been integrated into MACBASIC 3 so that the
programmer does not need to learn a new graphics language in
order to use the plotter. The graphics commands for the plotter are
identical in function to those used with the CRT screen. The com-
mands are summarized in Table 2.

BOX Drawsa rectangle, salid or outline

CIRCLE Draws a circle (or arc) solid or oviline

COLOR Change the pen color

YONT Changes charaaier size

GRAPHICS Assigns the plouee 10 an RS-232 port

1IAXIS Draws a horizomal axis with uck macks

HAXISP Draws 3 horizontal posilive axis with tick marks
HOME Moves pensioupper left comer of current view
HI'RINT Prints achacacter string horizantally

Joy Inpwis digitized pasition informatinn from plotter
LABEL Prinis acharacier string av a specified angle
LTYPL Makes the current line siyle dotted, dashed, solid, ere.
MOVE Mavcsthe penbut docs not draw a line

PAGE Changes the cureenn plotiet/CRT page

PLOT Drawsaline

VAXIS Draws a vertical axis with tick marks

VAXISP Draws a venical positive axis with tick marks
VIEW Esiablishes cuerenn plotting area

VIPRINT Prints a character string vertically

WINDOW Defines world coardinare sysiem for graphics view

Table 2. Plotter graphics commands.

The user direets the graphics commands o cither the CRT sereen
or the ploteer by using the PAGE command. Pages O througl 4 are
reserved for MACSYM 150/350 texc and geaphics displays, while
pages S and 6 are reserved for plotter oucput. As an example, the
following pragram samples an analag output and displays the out-
puton the CRT screen.

10 PAGE 1 Write all subsequent stateinents ro
page )

20 DISPLAY1 Display page )

30 VIEW 9 Full-screen (9) view
40 WINDOW 0,100,0,100 Scts op lintits of coordinate system
50 MOVEQ,0 Place cursorat 0.0

60 FORAREADING =1TO100 100-pointlaop

70 VOLTAGE = AIN(1,0) Define "VOLTAGE ™ asimput Slot I,
Channcl 0

80 PLOTREADING,VOLTAGE Plot ceading number and measured
voltage

80 NEXTREADING Continue loop

With a few minor changes, the same program provides inputs to

the plotter:

5 GRAPHICS1,5 Plotter conneeted 1o RS-232 port

# 1 cau beidentificd as

PAGE S

10 PAGE S Write all subsequent statements

to page §

The restof the statements arc idendical to those for display.

30 VIEW 9

40 WINDOW 0,100,0,100

50 MOVE 0,0

60 FOR READING = 1 TO 100
70 VOLTAGE = AIN(1,0)

80 PLOT READING,VOLTAGE
80 NEXT REAODING
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Figure 2. PLT038-ColorPlotter.

The plotiec/driver requires a DSI- 100 RS-232 port for communica-
tion between the MACSYM 150/350 and the plotter. The driver
is written 50 that it uses a subset of the Houston Instruments HI-
PLOT graphics command language. Other BI-PLOT-compatible
plotters should work with the driver, but the user may have co
make minor MACBASIC 3 program changes in order o take into
account different sizes of plotter beds.

10-MBYTE WINCHESTER MASS STORAGE

The WDS-100 10-Megabyte Winchester provides the MACSYM
150/350 with high-density mass storage for programs requiring
storage of large amounts of data. [t comprises two major
assemblies, the Winchester interface card, which occupics one slot
in the Series 100 /O bus, and a separate subsystem—which houses
the Winchester power supply, controller board, and placter. Once
formacted, the Winchester platter can store up to 10 megabytes.
The controller board will detect “burst’ errors up to 22 bits in
length, Automatic error correction takes place for burst errors up
o [ 1bitsinlength.

The Winchester software has been written transparently so that
the Wincheseer looks to the programmer like a MACSYM 5 V4"
Noppy-disk drive, but wich a capacity of 10 megabytes instead of
320 kilobytes.

Figure 3. WDS-100 Winchester Mass Storage System

MULTIPLE-PROGRAM BUFFERS

Before Revision 2.0 of MACBASIC 3, a user's program was limiced
(0 64 kilobytes of source code (actual MACBASIC statements) and
64K for object code (compiled code for the 8086 processor), While
this capacity was suflicient for many user programs, ic fell short
for others. Now this limitation has been eliminated. You can now
create and utilize addinonal 64KB objece- and source-code buffers.
There is no degradation in system performance when multiple buf-
fers are used, and all of the standard muldtasking commands apply

to them. 3
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GROUND RULES FOR HIGH-SPEED CIRCUITS

Layout and Wiring Are Critical in Video-Converter Circuits

How to Keep Interference to a Minimum

by Don Brockman and Arnold Williams

It recent issues, Analog Dualogue has dealt extensively with
topics ir shiclding and grounding,”> emphasizing the tech-
miques needed (o protect the integrity and precision of andalog
siginds b the de and andio-frequesey donrain from imterfering
sigials, whether at tine frequency or at much higher frequen-
cies. To complement those articles, we suggest bere the cle-
mets of good practice for bigh-resofution “videv-speed™ con-
verless, i.e., converters of 10-bit or greater resofution, operat-
ingat wword rates above | Miz.

Fleetromos may be frustradng for designers who cross the
threshold frontlow-resolution-low-speed to high-resalution- high-
speed designs, or from digieal to analog-signal-conditioning cir-
cutts. For them, itoften secms che ground rules™ have changed.

Ixperienced designers can readity acest to the difficulty of obtain-
ing consistent grounds. They can relate stories about the ground
that wasn't where dhey thought it was, or the groand thac wasn't
there atall, despite a conviction thae ithas to be,™ On princed-cir-
cuit (p-¢) boards, wires and/or runs that seemed 10 be perfectly
good grounds are transformed into inductors or worse in high-
speed or high-frequency cireuits.

ACADI's Computer Labs Division, where high-speed circuits are
its bread-and-buteee, applicacions engineers have found  thae
grounding is the focus of a large percentage of questions from
desigoers making their initial foray inco high-speed cireuits. In
most cases, the designers encountered difficulties ax (he result of
being unaware of—or ignoring—cereain basic ground rules,

BASICPC-CARD RULES

Knowledgeable high-speed circuir designers have learned thae
every squarce inch of a printed-cirant board which doesn’c contain
ciraunts or conducting runs should be ground plane. Violating thac
simple rule invites disaster. Bat sometimes, serict adherence to the
rule is stll no guarantee of success if circuit density is oo high;
then one must reduce the density and ereate more *real escate™ for

the ground plane.

Our applications engineers strongly cecommend that all bread-
board designs be done on Jouble-sided copper-clad boards. Al-
though chis is not a sure cure for ground problems, icimproves the
designer's chances.

Another basic rule for working witly high-speed and/or high-fre-
quency printed-circuit-board designs is 1o connece analog ground
and digital ground together within che PC board. This technigue
is used, for example in Analog Devices eard-level high-speced a/d
coanverters {e.g., MQOD-1005, MOD-1020, MOD-1205, CAV-
0920, and CAV-1210*). Connecting the two grounds enhances
the performance of the converters when they are operaced either
by themselves or as tightly knic subsystems. However, it can raise
some syscem-level problems, to be discussed below.

Another rule for printed-circuit-board designs containing analog

and digital cireuicry is (o use every available spare pin for making
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ground connections, and to use those pins to separate the analog
and digital signals enrering or leaving the board.

Avoid using purely insuladng {e.g., “Vector™) breadborrds and
small-diamecer hookup wire {e.g., #24) for connections, including
supply voleages and grounds. The approach will creace ground and
noise problems if the cireuwit is intended o operate at | MHz or
more (itwill probably lead co problems at even slower speeds).

To summarize: Use double-sided copper-clad  boards  with
maximum ground area and heavy, well-located power-supply and
ground-retarn leads, Tie grounds together locally.

GENERAL CIRCUIT PRACTICE

Any subsystem or circuit layout operating at high speeds with boch
analog and digial signals needs to have those signals physically
separated as much as possible to prevent possible crossealk be-
twveen the two. Digieal signals leaving or entering the layout should
use runs that have minimum length. The shoreer the digieal runs,
the lower the likelihood of coupling to the analog circuits.

Anadog signals should be couted axs far from digical signals as size
constrtings allows and (he two, ideally should never closely paral-
lel one another’s paths, Il they must cross, they should da so at
aghcangles 1o minimize interference. Coaxial cables inay be neces-
sary for analag inpnes or outputs—a demanding  condition
mechanically, bucsometimes the only solution cleetrically.

When combining track-and-hold and a/d-converter hybrids or
modules on che same board, keep them as close wgether axis prac-
tical, All groands need o be conneeted to che single, low-imped-
anee grownd plane: and the connections should be made righe ac
the unies dhiemselves (another argumenc for having large amounts
ol poad, solid ground plane available all over the p-¢ boanl).

A snggested practical approach lor accomplishing chisisilluscrated

i Figure 1, which shows a flow-chart layout, as (he
preferred method for combining high-speed analog and digital

circuits on a p-¢ board.

If one assumes a 10-volt input range on the 12-bit a/d converter,
the feast-significane bie (LSB) of the ADC will have a valoe of 2,8
mV (10 V/4,096), Assume that a single pin of the p-¢ connector,
which is nsed for ground, has a resistance of 0.05 ohm—and dhat
the p-c card deaws a towal of 1.5 amperes.

The voltage drop at the ground pin could be 75 millivoles in these
circumstances. I only digital logic were used, this voltage drop
would be minuoscale, hardly worth considering. However, the
hypothetical real-world situation being considered here is a mix-
ture of both analog and digital circuits, and the 75 mV can have
asignificancimpact on the sabsysiem’s performance.

"Alan Rich, “Undeestandiog Inzerference-Type Nowse,™ Aralog Dialngiee 163,
1982, pages 16-19,

2 AL Rich, “Shiclding ang Guarding,”™ Anulog Dialogrue 17-1, 1983, pages X-
13.

*For technical daa on any of these, use the eeply card.
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In this example, the digital circusts are TTL. Since TTL is a saw-
rated logic, ground currents vary widely, and varying currenc flow-
ing through the ground often produces noise signals which mod-
wate the ground plane. This noise, created by digital switching,
can couple into the analog portion of the circuit and have an im-
portant effect on performance, even atlow digital Jevels. For exam-
ple,if only 10% of the 75 -miilivol¢ I-R drop cited here couples into
the analog signal, chat would represent 3 LSBs,

I'he result? The circuit intended for operation as a [2-bit system
is now reduced  asystem ol 10 (o 11 bits, beecause of noise mask-
ing the 2.5-millivole leve) of the desired 12-bit LSB. The recom-
mended solution? Assign muldiple pins for ground conncctions, to
reduce the total contace resiseance. As Figare | shows, those pins
are also used to separate the analog and digital signals,
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Figure 1. "Flow-Chart” layout for logical separation of
functions.

This design approach may scem unnceessanily nigoroas and ame-
consuming batcan prove rewarding when the p-¢ board is installed
inits final systemy location,

Locate the aming circuits near the center of the board (Figure 1)
because the dming is at the heart of the ciecuit, being connected
to all of the major ciccnit components of the board. A central loca-
tion belps assure minimum pachs for the digiral signals.

Variations of this theme may not use the exact same copiponents
or functions, but the same basic techniques should be applicd in
any design containing analog and digital circuits. For cards with
all connections at one end, avoid configurations which have ana-
log circuits ncar the p-¢ connector, and digial signals at che oppo-
site end of the card—or vice versas ¢ither sitnagion will cause ana-
log and digital paths to pass in close proximity to ane another,

SYSTEM GROUNDING

Alchough local des for analog and digital grounds help the per-
formance of a card, they can cause problems for the system
designer using ADCs and DACGs. In svstoms, dacta converters
should be considered as andlog (noc digital) components; che svs-
tem design must be assigned o experienced and capable analog
engineers, who are used o defending millivolr signals against
interference.

Place ADCs and DACs (Tike other analog devices) near other parts
of the anmalog section, because: (1) reflecdons make it hard to crans-
mit anwdog signals more than a shoere distance widhout loss of
bandwidih and amplitude; and (2) notse generated by the digical
section can couple into the analog through the ground planc or
power supplics, or radiace to nearby analog components.
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Lach card in the system should be returned directly o the power
supply common, using heavy wire, Where icis mandacory that a
card’s analog and digical grounds be separaced, cach should be
separately recurned o the power supply: don't connect the twvo
grounds and return asingle ground line to the power supply.

POWER SUPPLIES
Besides ground rules, designees of high-speed civeuits musce also
consider the rules aboue power supplivs to obtain best results.

Lvery power-supply line leading into a high-specd p-c card or daca-
acquisition cir¢uic muse be carefully bypassed to its ground retarn
to prevent noise from entering the card. Ceraniie capacitors, rang-
ing invalue from 0.01 1o 0.1 pF, should be used generously in the
Lavout, mounted as closcly as possible to the deviee or circait being,
bypassed; and at least one good-quality tantalum capacitor of 3
to 20 b shoald be assigned o cach power-supply voltage,
mounced as near as possible o the incnming power pins (o kccp
potentially high levels of low-frequency ripple off the card.

To some cxtent, the p-¢'s power-supply connector pios can in-
troduce noise problems. 1f cheir contact resistance is sufficiently
high, and a varying curreatis flowing, the varying IR deop which
results is noise and can be coupled into pares of the card. This cau-
ton applies especially co + S-volt supplics used 1o power 1L sys-
tems, but the problem can be alleviated wich a variadion of che rule
about multiple pins for making ground connections. Parallel che
I-R drops by also using muldple pins for power connections.

Low-noisc, low-ripple temperature-stable Tincar power supphics
are the preferred choices for high-speed eircuits. Switching power
supplies often scem to meed those eriteria, inclading ripple specifi-
cations, But ripple specs are generally expressed ist terms of rvis—
and the spikes generated in switchers may often produce hard-to-
filcer. uncontrollable noise peaks with amplitudes of several-
hundred millivolts. Their high-frequency componcents may be ex-
cremely difficulcro keep out of the ground system.

If swwitchers cannot be avoided for high-speed designs, they should

be carefully shiclded and locaced as far away from the “action™ as

possible, and their outputs should be filtered heavily.

ABOUTIC DESIGNS

There is often a difference in implementing designs using high-pre-
cision 1C ¢irenits vis:a-vis p-¢ card designs using modules or hyb-
rids. Some [Cs are specifically designed to keep analog and digital
grownds separated within the device, beeaunse they would be un-
able to perform their functions properly without the separation.

Recognizing this, 1C manufacturers are generally very careful in
detailing how to obtain aptimum performance from their devices.
Those details of che application notes frequently instrucee the user
to conneet analog and digital grounds for the device wogether ex-
ternally; when they do, the connection needs to be made as closely
as possible to the device. nother, much rarer, instances, the char-
acteristics of an individual device—or system——may require some
ranote connection of the grounds,

The bese approach for getting optintum performance from any de-
vice 1s o follow diligently the recommendations of che manufac-
tarer. I the recommendations are missing or vague, ask for them,
Legical signal flow generates logical trentment of ground paths
and groand connections—a logical wuy to prevent potenuial

problems, >
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New Product Briefs

UNPARALLELED INSTRUMENTATION AMPLIFIER
AD624: Lowest Offset Drift and Noise, 16-Bit Linearity
IC Has Pin-Programmable Gains, <10ppm/°C Total Gain Tempco

RMS-DC CONVERTER

Highest-Accuracy, Widest-BW
True-RMS Monolithic 1C

The ADG37* is a complete true-rms-to-dc
converter on a single monolithic chip. It
of complex
waveforms for signals up to 8 MHz (=3 dB,
2V rms) and has guaranteed maximum non-
linearity of 0.02% of full scale (10 mV o
fall-scale signals).

computes  the rms  value

It is laser-wafer-crimmed o a maximum
toal anadjusted errar of 20.5mV offsct
and =0.2% of reading. A single external
capacitor scts the low corner-frequency, de-
termining che ripple level, response specd,
and serchng dme. Crest factors of 3 (10%
duty cveles) add minuscule (0.1%) error,
and ¢rest factors of 10 (1% duty cycles) add
only 1 % error.

For power-critical applications, such as bat-
hand-held
AD637—which will operate with supplies
from =3 Vo =18 V—has a 3-scate Chip
Sclect, which reduces power-supply drain

tery-powered meters,  the

from 3 mA max to 450 pA max when in-
voked. The Chip Sclect also permits the out-
puts of several AD637s to be wired together
to form an active analog multiplexer; the de-
sired channet is selected by pulling ies Chip
Sclect high,

The combination of high accuracy, wide
bandwidth, and lew power drain open up
new applications for low-cost rms-to-de
conversion in telecommunicacdions, high-
resalution inscrumentation, and high-specd
testing,

Ocher uscful features include a dB outpug, a
denominator input (for computing vector
sums, mean square, and absolute value), and
an an-chip buffer amplifier. Prices (hermetic
DIP) starcat $13.00in 100s, 3
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* Use the reply card for eechnical daca.
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The ADG24* Instrumentation Aniplificrisa
complete high-performance amplifier {abri-
cated on a single monolithic chip. Tt includes
a set of laser-wafer-trimmed tracking resis-
tors o form precise pin- programmable
gaims of 1, 100, 200, 500, and 1000, as well
as 10 other intermediate values, withouat the
use 0{ any CX[L‘TIIL\‘ componcnts.

The AD624C’s unprecedented performance
combines gain stability o beuer than 10
ppmi°C nax (G = 100), offset drifts o[ 0.25
pV/2C (input) and 10 wV/C (output), peak-
to-peak noise (0.1 o 10 Hz) of 0.2 pV
(inpuc) and 10 wV (output), and nonlinear-
iry of 10 ppm max (16-bit) for gains from |
o200,

Designed for low-level transducer interface
applications that demand the ulumace in
precision, the AD624%s typical applications
include  measorements of thermocouples
and load cells: with its low ercors and drilt,

it meets the stringent cequirements of weigh-
ing scales.

A member of the same family as the general-
purpose ADS24% introduced in Analog
Dialogue 16-3 (page 3), the AD624 featurcs
improved low-level signal handling per-
formance, a doubled range of pin-prog-
rammable gains, and a compatible 14-pin
DIP pinout (except for gain values). The
input protection circuitry of the AD624 will
protect the device from differendal overvol-
tages of =2V under fault conditions. Prices
of the ADG24AD/BD/CD in 100s
$11.90/$15.55/$23.35. 3
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THERMOCOUPLE AMPLIFIER/COMPENSATOR

Cold-Junction-Compensated Amplifier for K Thermocouples
Monolithic AD395: Pre-Trimmed for 1°C Calibration Accuracy

Modcl ADS95¥ is a complete thermocouple
signal condivancer on a monolithic chip ina
Y4-pin hermetic DIP package. Combining
an ice-point reference with a precalibrated
differential amplifier, it produces a high-
level {10 mV/°C) output directly in response
o a thermocouple signal. Proper compensa-
ton is provided for ambient cold-junction
temperangres between 0and + 50°C.

In the open-loop (comparator) made, it can
function as a set-point controller; and—
when used withoot a thermocouple—it will
funcdon as an ambient temperature trans-
ducer with a low-impedance output volaage
direetly proportional to degrees Celsius (10
mV/eC).

I¢ is simdar to the AD394 compensator for
Type J thermocouples, described in Analog
Dialogie 16-3, page 3, but is precalibrated
Type K
mocouples. Like the ADS94, it can be re-

to work direcdy  with ther-

calibraced for other thermocouple types by

the addition of 2 or 3 resistors. In addicion,
botch types provide a flexible-formar alaem
thac indicates when cither lead of the ther-
mocouple is open-circuited. The alarm can
be interfaced ta 17T, CMOS, or direct indi-
cator and control functions.

Like the ADS94, the ADSIS will work over
a wide range of power supplies, from a
single supply at +3V, to a dual = 15-volt
supply for wider cemperature ranges, in-
cluding negative values, The low-power de-
vice draws quivscent current of typically
160A. Prices (100s) startar $9.50.3
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‘ New Product Briefs

wP-COMPATIBLE 12-BIT MULTIPLYING DAC
CMOS AD7548 Interfaces to an 8-Bit Bus
Double-Buffered, Left- or Right-Justified Data Format

Yoo
Fey)
®

ADTSa8

The AD7548*, a 12-bit CMOS Multiplying
d/a converter, can interface directly with 8-
bit microprocessors. [ts primary applicacion
is in high-accuracy analog output systems
employing 8-bit data buses.

The AD7548 is a member of a family of 12-
bit CMOS multiplying DACs, capable of in-
terfacing with a comprehensive variety of
databuses:

+AD7543* Serialinpuc(“1-bic¢” bus)

AD7542*
sAD7548*
*AD7545%

It is specified for operation on +3V, + 12V

3 4-bit nybbles (4-bic bus)
4 + 8 bics (8-bicbus)
12 bits (12 or 16-bit bus)

or + 15V supplics, is monotonic over temper-
acure in all grades, and is capable of full 4-
quadrant multiplication; all grades have a
low 3 ppm/°C max gain tempco.

Double-buffered loading is essential in
DACs where the data bus is smaller than the
DAC's word length. The feature is also use-
ful in multi-DAC syscems; it allows all the
DAC:s to be updated simultancously—or at
will—after they have been loaded. Data may
be loaded in cither left- or right-justified for-
mat, as determined by a control input. Data
may be overridden by all-0's or alf 1%s for
system calibration or troubleshooting,
Housed in a compact, 0.3” plastic (JN/KN),
Cerdip (AQ/BQ), or hermetic (SD/TD) 20-
pin package, the AD7548 saves ime, space,
and money. Prices (100s) startac $9.48. 3

LOW-COST wP-COMPATIBLE IC 8-BIT ADC

AD673 Includes Reference, Clock, Comparator, Output Buffers
Converts in 20 s, Has No Missing Codes over Temperature

The AD673% complete monolithic sucees-
sive-approximation 8-bit a/d converter con-
sists of a DAC, voltage reference, clock,
comparator, SAR, and 3-stace buffers. No
external components are necded for a full-
accuracy 8-bitconversion in 20 s (30 max).

[t interfaces 1o many popular uPs withoue
external buffers or peripheral incerface
adapters. Output bufter access time js 250
1S mMax.

Opcrating on supplics of +§ Vand =12V
to — 15 V., the AD673 aceepts analog inputs
of 0 co + 10V (unipolar) or =S Vo +5V
(bipolar), as determined by hard-wiring the
state of a logic pin. A positive pulse on the
CONVERT line initiaces the 20 ps conver-
sion cycle. DATA READY indicates com-
pletion of the conversion. DATA ENABLE
controls the 8-bit 3-state output buffers.

*Usc the reply card for technical daa.
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The AD673)N and AD673[)) are specified
for the 0°C to +70°C temperatare range.
The ADG73SD, which guarantees $-bic ac-
curacy and no missing codes from — §5°Cro
+ 125°C, is also available in a MIL-STD-
883 version.

The ADG73SD is furnished in a 20-pin her-
metically sealed ceramic DIP. The AD673)
is avaitable in a choice of plastic or ceramic
packaging. Prices start ar $7.90 (100,
ADGE73IN - plastic). O

10-BIT IC ADC
Low-Cost, nP-Compatible AD7573
No missing codes, Tpip 10 Tray
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The AD75737 is a monolithic CMOS A/D
Converter capable of performing  10-bu

ADISTI

19 BIT DAC ’j

DATADUT

g i

conversions in 80 microscconds. A succes-
sive-approximation device, with an internal
cock oscillator, it requires only a single sup-
ply, plus a voltage reference.

It is designed (or casy microprocessor iiter-
facing using two standard control signals,
CS (decoded device address) and RD
(READAWRITE control) for Conversion
Start and Daca Read aperations. Conversion
results are available via a 10-bit-wide three-
state output bus.

When the AD7573 is operated with a single
+ 15-V supply, all logic inputs and outpats
arc CMOS-compatible. With an added +5V
supply, its logic levels are compatible with
TVL/CMOS. A ratiometric device, it re-
quires & S-V reference (e.g., AD384%) for
10-Vinput levels.

The AD7573 interfaces to uPs quite flexi-
biy. Depending on the connection, it can in-
terface as ROM—rcading the resules of the
last conversion and initiating a new one to
be read later (simplest): static RAM —start-
ing a conversion on WRITE and getting the
conversion daca later on READ (provides
best-defined conversion timing): and slow
memory—initiating a conversion, and put-
ting the computer in WAIT unul dhe conver-
sion is completed (provides the freshese
daca)d.

Available in a varicty of performance levels
and small 20-pin DIP packages, the AD7573
provides versadlity and excellent perform-

ance at low cost. Prices in 100s start at
SIR.50(AD73573IN). O
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Worth Reading

BOOK REVIEW

Electrostatic Discharge Control — Suceessful Methods for Micro-
electronics Designr and Manufucturing, by Tacak N. Bhar and Ed-
ward J. McMahon, Hayden Book Company, Inc., Rochelle Park
NJ, 1983 (194 pp., hard cover) — Nos available from Analog De-
vices,

One of the major barriers o the suceessful and reliable application
of microclectronic devices is an insidious natueal phenomenon
known o the ancients and immortalized in American legend by
Benjimin Franklin: ESD —clectrostatic discharge.

As the vacaum-tube and its high-voltage power supplics were in-
creasingly displaced by transistors and integrated circuits, and re-
legated to specialty arcas of electronics, designers breathed a deep
sigh of relief: for many years thereafter, they enjoved the palpable
pleasure of working with circuits employing low-voliage power
supplics, lethal to neicher humans nor semiconductors.

But as CMQOS cireuits came mto increasing use, as feare size of
integrated circuits sheank towards small numbers of microns, and
as air conditioning—with its low reladve humidity—became an
everyday featare, if wot a sine qua non, of the electronic assembly
plant, as well as for the faboratory, sophisticated cleccronic com-
ponents were increasingly visiced with roubles, from sudden
death 1o permanenc degradacion. A large share of the problems
were traced to LSD, in its many manifestations.

Here now is a book chat deals with che subject in a pracica) way,
ranging from che nature and origins of FSD to ways of controlling
and dealing with it. The chaprer eides are:

Background

Mathemadics of Stadce Electricity

Static Electricity

Failare Modces and Mechanisms

Sensitivity of Electronic Parts

MOS Integrated Circuirs

Effects on Special Devices

Fffeces on Bipolar Devices

Sensitivity of Thick-Fibm Resistors

ESD Control Program

Protective Matrerials

Protective Equipment

Prowcetive Packaging

Additional Design Considerations

IESD Suscepaibilicy Testing.
The authors presene ¢ase histories of ESD damage to microelee-
tronic components o alert readers to the severity of damage from
ESD phenomena. They detail the manufacuuring processes thae
generate  state clectricity, and  discuss failure modes  and
mechanismis in depth—and illustrate them with examples,

Among the useful items of information presented in the book are
(ables listing typical capacitances of personnel in work situations
(192 pF for a seated person), prime sources of statie clectricity in
an clectromes work arcu, typical measured electrosiatic voltages
(c.g., 1R,000 V {or a work chair padded with urethane foam in 10-
20% RH), constituents of parts susceptible to ESD (constituents,
part types, failure mechanisms, and failure indicators), part failure
analysis procedures, ESD training curriculum, FSD-protective
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work-station options, cte. The book has an index, and cach chap-
teris followed by alist of useful references.

Copiously illustrated, wich line drawings, circuits, and photo-
graphs, this book (or one like it—but wc arc aware of very few
with its brevity, practicality, and completeness) should be an abso-
lute necessity for anyone designing, manufacturing, testing, or
working with microelectronic components and circnits—or who
manages anorganizauon thatdoes.

NEW PUBLICATION FROM ANALOG DEVICES
Imerfacing the Real World to
Your Compuiter is a frec 16-page
brochure thae describes a wide
range of methods 1o interface sen-
NOPS, [fﬂll.\\tlllct‘r;\', Ulllpll( ac¢-
tuators, and digital VO o comput-
ers. Inclading  key  selection
criteria, it dexcribes such products
as signal condidoners (with and

without isolation), two-wire trans-
mitcers, remore and Jocal signal-conditioning subsyscems, hi-lo
alarm-limit sabsystems, pC-compatible analog O subsvtems,
and remote, intedligend 170 subsystems, 3

MORE AUTHORS (costtisnued from page 2)

Bill Schiceber {page 14) is a Sys-
tems Markedng  Engincer  with
ADIs Measurement and Control
Division. Before his, he designed

microprocessor-based controls tor

matenialsscesting equipment. Bill
-

@

hobbies include bicycling, photography, model railroading, and

has a BSEL from Columbia Uni-
versity, an MSELE from the Univer-
siey of Massachusetts, and is a Re-

gistered Protessional Engineer, His

“justtaking care of things acound che house.™

Jobn Sylvan (page 9), Technical
Publicity Associace, has been with

TR

Analog Devices since his gradua-
ton from Colby College in 1980,
Working in the Technical Com-
munications Deparonent for (he
last two years. Jobn bas writeen
numerous articles on Analog De-
vices” computer- and incegrated-
circuit cechnalogies.,

Amold Williams (page 22) is a
Senior Applications Engincer at
ADI's Computer Labs  Division
(formerly Computer Labs, Incor-
porated), where he worked in En-
gineering from 1970 1 1975, He
then worked as a Contract En-
gincer and in Componene Sales
undl 1980, when be rejomed CLID

as the Divisian™s first Applicadons

Lngioncer.
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Potpourri

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

IN THE LAST ISSUE . . . (Volume 17, Number 2, 1983 -— 28 pages):
Four Buffered Voltage-Out 8-Bit DACs in a 20-Pin DIP (AD7226 Quad DAC)
Avoiding Passive-Component Pitfalls (Optimistic assumptions about the
behavior of passive components can lead to nasty surprises.)
Digital FIR Filters without Tears (Cookbook design of FIR filters)
Monolithic V/f Converter with 1-MHz Full~Scale Output (AD650)
New—-Product Briefs:
Fast 14-Bit ADC and DAC for Telecommunications (HAS—1409 and HDD-1409)
10-Bit-Plus-Sign Monolithic CMOS ADC Converts in 80 us (AD7571)
16-Bit ADC is Fast, Compact, and Low-Power (ADC1143)
uP-Compatible IC Complete 10-Bit A/D Converter (AD573)
Monolithic Voltage-Output AD DAC80 - Available in Plastic
12-Bit AD6012 — Super—Second-Source DAC
Hybrid 14/16-Bit Latched Digital/Resolver Converters (DRC1765/66)
12-Bit InductosynIM-Resolver/Digital Converters (IRDC1733 --
Inductosyn is a registered trade mark of Farrand Industries, Inc.)
uMAC Software Speeds Data Acquisition for DEC, HP, Apple, & IBM PCs.
Transistor/Diode Family Board Extends Tester Capability (LTS-2600)
Automatic SystemMalfunction Detection with Watchdog Timer (WDTO1)
Flexible, Low-Cost Benchtop Tester for ICs & Discretes (LTS-2012)
Editor's Notes, Authors, New Literature, Potpourri, Advertisement.

NEW-PRODUCTS: DIGITAL MULTIPLIERS & MULTIPLIER/ACCUMULATORS . . . ADI's Digital
Signal Processing Division announces the cool-running ADSP-1012 12~Bit X 12-Bit
Multiplier and the ADSP-1009 12-Bit X 12-Bit Multiplier/Accumulator, which draw 95%
Tess power than the devices bearing the same number currently popular in the
industry, which they replace, pin—for-pin and function-for-function. Cycle times
are compatible with 5-MHz clock rates. Because they dissipate only 150 mW at a
6-MHz clock rate, the ADSP-1012 and AD2P-1009 (S and T grades)can be guaranteed to
operate over the full military temperature range, —55°C to +125°C ambient — not
just case — temperature, Typical prices (100s) are $115 (ADSP-1012K) and $135
(ADSP-1009K) .

DATA SHEETS . . . A newly revised and updated uMAC-4000 data sheet is avallable
upon request. It includes information on the family of extender boards, including
the new uMAC-4015; and it also includes enhancements to software drivers for
HP-86/87 and DEC RT-11 compatibility. Please note this erratum: Correct accuracy
figures for R and B type thermocouples (page 10 of earlier data sheets) should be
¥3.0°C (+5.4°F) . . . An Ordering Guide and Price List for the uMAC-4000 Series is
available upon request.

RELIABILITY NOTE . . . A report i{s available from your local Component Sales

office summarizing the comprehensive qualification testing of ADI's monolithic AD
DACB0 low-cost 12-bit DAC. 1In sum: "The AD DAC80 has exhibited excellent
performance and reliability characteristics, in both hermetic and plastic-
encapsulated DIP packages, as demonstrated under various accelerated test
conditions.” The procedure consisted of an Operating Life Test - per MIL-STD-883
Method 1015 - for 1000 hours at +125°C, utilizing both plastic and hermetic parts,
and 1000 hours of temperature-humidity-bias operating life test at 85°C/85Z R.H. on
plastic devices.

AWARD-WINNING SOFTWARE MANUAL . . . The MACBASIC 3 CONCEPTS Manual has won a 1983
Achievement Award in the annual publications competition of the Boston Chapter of
the Soclety for Technical Communications. For further information, get in touch
with our nearest MACSYM sales office.

PATENT . . . U. S. Patent 4,395,647 has been granted to William H. Morong, III,
for "Half-Wave Signal Isolator with Means for Controlling Flux in the Coupling
Transformer.
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MACSYM 150

hitches directly to
sensors and actuators—
no add-on hassles

or costs.

Here's the one measurerment and
conrrol computer that goes direct [0
the source. Our 16-bit MACSYM 150
has it all—including six built-in 1/O
stols for direct connection to thermo-
couples and other sensors and actua-
tors at the turn of a screw. So you'll
never again have o cope with the
built-in headaches of competitive
models, which require expensive
add-on /O units before they can
even start interfacing with sensors
and actuators.

MACSYM 150’ everything
you need today in a product test
computer. The combination of an
Intel* 8086 processor plus an 8087
math coprocessor and 1 Mbyte
of RAM space give you power to
spare. Systems with 128 KB RAM,
single floppy disk, and black-and-
white graphics start at $6540.

And taking advantage of
all these advanced features is
as easy as programming in
MACBASIC, which is as
easy as you can get With
MP/M-86" MACSYM 150
can run CP/M-86™ software,
going from measurement
and control to personal
computing to make your
other jobs a breeze.

And when you're ready
to expand to even more
I/O points, MACSYM 150

upgrade it with our remote measure-
ment front-end, and the MACSYM

150 becomes the MACSYM 350,

with the capacity to interface to over
700 channels. Your MACSYM 350

will handle virtually every input—
including thermocouples, strain gages.
limit switches, and tachometers —

as well as motor and contactor
outpUILS.

For more on the computer that
takes the hitches out of product test,
wiite Analog Devices, Three Technol-
ogy Way, Norwood, MA 02062.

ANALOG
DEVICES

"MP/M-Bb Ind "CP/M-86 ar¢ regitered leadefmarks Of O1g:ial Reveach g
"ingelis 3 regitered (ragemurk of Intel Corporan oo

readly ransforms Into a

distuibuted measurement
and conuol system. Just

What makes it the ideal
product test computer?
There's only one hitch.

Headquarters (617) 329-4700. Caitorrna (714]842-1717. 1408) K 7-0633, Cotorado (303) 320-6076 Hiinors (312)653-5000, Marytany {301) 992-1994_ Micnigan 131316941866
New Jersey (2011 367-1126, New York (716]634-7970.0n10 (614) 764-8870.(216) 531-M55, Pernsytvania (2151 643-7790, Texas (713) b6A-5800, Belgum [32 312374803,
Ouvnmark {45 2) 845800, France {33 1] 687-34-11 Hollana (31 1162051080, Isract {972052) 28995 haly [39 2) 6898045, 39 2) 669924, Japan (81 3) 263-6826 Sweden (46 8) 282740,
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