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Interface

with the

1EEE-488

Bus

ituations often arise
where laboratory instru-
ments may have to be
portable and connected
to more than one com-
puter, or computers of
different types. Since
many instruments are
sold complete with a built-in IEEE-488
interface, and the bus controller can
handle many different types of instru-
ments, it is no longer necessary to design
a special computer interface for each in-
strument and for each computer. Only
the bus controller needs to be specific
for any given computer, though of
course the software drivers may have to
be different also.

The characteristics and use of the
IEEE-488 bus, designed for controlling
laboratory equipment, will be described
in this article. Readers may wish to aug-
ment this with the official ANSI/IEEE
Standard [1] or with more readily di-
gestible information available from var-
ious manufacturers [2,3]. I will discuss
the 10 basic functions or capabilities of
the bus, the purpose of the 16 signal
lines, the types and effects of bus com-
mands issued by the Controller, device-
dependent characteristics of the bus,
and will give an example of a simple

data acquisition program in Basic.

Some distinguishing features of the
IEEE-488 bus are:

® [t is highly standardized.

® It has universal commands to
which all devices respond.

@ [t transmits 8 data bits in parallel
with full handshaking at rates up to 1
MB (rarely achieved and automatically
determined by the slowest active
device).

e It permits up to 15 devices to be
connected at one time, using up to 31
addresses. (“Secondary” addressing po-
tentially permits 961 addresses. “‘Ex-
cess” addresses are useful, since some
devices use more than one address. De-
vices can also be swapped onto the bus
without concern for conflicting
addresses. )




Weaknesses of the bus include:

@ Restrictions on total cable length
| of 2 meters times the number of devices
(maximum of 20 meters).

e No standardization of the opera-
tional characteristics of the bus (cf. in-
terpretation of data such as ASCII, bi-
nary, BCD, etc., device program codes).

@ Potential competition for access
to the bus if there are a large number of
slow devices.

e Generally, about two-thirds of
the devices must be powered up to en-
sure proper bus operation. However, if
power-down devices do not load the
bus, the number of active devices is
unimportant.

® Further restrictions on cabling
(plus a lack of fast devices) make it diffi-
cult to attain transfer rates even remote-
ly close to the maximum.

Additionally, the IEEE-488 specifi-
cation itself is quite complex. This has
resulted in subtle errors in its implemen-
tation and description (to which this ar-
ticle may not be immune).

The power and flexibility of the 488
bus reside predominantly in the Control-

ler, which can dynamically reconfigure |

the bus participation and is itself gener-
ally equipped with Talker and Listener
functions. For example, a Controller can
send commands to address a device to
talk, listen, be inactive, or cause either
some selected devices or all devices to
perform a common function (e.g., trig-
ger). Controllers can be purchased as
standalone dedicated devices or added
onto general-purpose computers (as, for
example, with Hewlett-Packard com-
puters or as hardware additions to S-100
computers).

Several manufacturers offer LSI
chips that perform the 488 interface
functions (with varying degrees of capa-
bility and speed) and are used by most
488 devices (including the S-100 based
controller) manufacturers. The 488 in-
terface boards available for S-100 com-
puters have grown markedly to include
Cromemco, Dylon, D & W Engineer-

ing, I/0 Technology, National Instru-

ments, Pickles & Trout, and others.
{Note to Osborne owners: errors in the

| 488 drivers in the (early) single-density
ROM BIOS were corrected in the dou-
ble-density version. In single density, ei-
ther avoid using the Control Out rou-
tine with REN TRUE, or follow it by
going to Standby, then Take Control.)

[ have used some of these boards
(such as Pickles & Trout) extensively.
Most come with machine-language
source code to drive the board, and
many offer software that easily interacts
with Microsoft Basic and various com-
piled languages. Some also offer S-100
interrupt capability. Since the S-100
processor must interact with the 488/8-
100 interface board, transfer rates on
the 488 bus that involve the 488/8-100
interface board are generally limited to
a maximum of 5 to 50 K /sec.

| IEEE-288 bus

There are only three basic partici-
pants (Table 1) on the bus: Controllers
(only one may be in charge at a time);
Talkers (only one at a time); and Listen-
ers (limited by the 15-device maximum
of the bus). Coupled to these functions
are the Source and Acceptor Hand-
shake functions necessary to ensure er-
ror-free transfers on the data lines.
There are five remaining bus functions,
which provide special optional capabili-
ties. Devices usually specify their 488
capability in a code printed next to the
connector.

The Controller orchestrates the ac-
tivities on the bus and generally identi-
fies its unique status on the bus by as-
serting TRUE on the Attention (ATN)
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Figure 1, Photograph of an I1EEE-488 connector showing both male and female sides

and the corresponding signal pinout.
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line, at which point all other bus activity
must cease and all devices must “listen”
to it, This places the interface in the
command mode, where all devices
handshake data on the data lines and in-
terpret them as (Multiline) commands.
When the ATN line is FALSE, the in-
terface is the data mode, where data
(whose significance is device depen-
dent) are sent by a Talker and received
only by Listeners.

There are really two categories of
commands: Uniline and Multiline. Uni-
line commands are so named because
only one (Interface Management) line is
used. Multiline commands use the data
lines (and the ATN Interface Manage-
ment line). They are further broken
down into five basic groups: Addressed,
Universal, Listen Address, Talk Ad-

| dress, and Secondary commands, which

are distinguished by the three or four

most significant bits (Table 2). These
commands are subsets of Uniline and
Multiline messages that describe all
types of transmissions over the bus oth-
er than handshaking.

Most Controllers also have the ca-
pability to participate as normal Talkers
or Listeners. This multiplicity of roles
and abilities must be clearly under-
stood, since the bus will not function at
all well if the Controller’s presence is
felt when you want other bus transac-
tions to oceur.

Whenever a device is connected to
the 488 bus and powered on, its inter-
face module is monitoring the ATN
(and other) lines to determine whether
the Controller ‘is issuing a command.
[nitially a device is inactive (except for
Talk- or Listen-Only devices, which
power up as fixed participants) in terms
of participating in exchanges of data on
the bus, although it can still be operat-
ing in a useful, independent manner.

The transition to bus participation

Table 1. IEEE-488 interface functions

Implementiation Allowable
Function codes* statest
1. Source Handshake SHO-SH1 6
2. Acceptor Handshake AHO-AH1 5
3. Talker TO-TS 3-8
TEO-TE8
4. Listener LO-L4 3-5
LEO-LE4
5. Service Request SRO-SR1 3
6. Remote/Local RLO-RL2 2-4
7. Parallel Poll PPO-PP2 3-5
8. Device Clear DCO-DC2 2
9. Device Trigger DTO-DT1 2
10. Controller CO-C28 up to 20
E1=0pen collector drivers * 0" indicates no capability
E2=Tri-state drivers T Depends on implementation
Table 2, Categories of multiline commands
DIQ lines A
* % T
v & .
) 4 7 65 4321 N
Mnemonic Message name A * x
ACG address command group M AC X T OEHX K 1
UCG universal command group M UC 3 ORI X X 1
LAG listen address group M AD X1 X X K 1
TAG talk address group M AD XK1TOXXXXX 1
SCG secondary command group M SE ol LS B i e B TR |
M = Multiline AC = Addressed command
U = Uniline AD = Address (talk or listen)

1 = Logical one

0 = Logical zero

X = Don’t care or not relevant.
= S5-bit listen address

T = 5-bit talk address
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DD = Device dependent
SE = Secondary command
ST = Status

UC = Universal command

comes when the Controller sends out a
command that assigns a role (Talker or
Listener) to the device. Each device has
a 5-bit binary address that is switch
settable and is sent along with a 2-bit
code to indicate whether it is to be a
Talker or Listener (Table 2). It is impor-
tant to distinguish between a device that
has been assigned and functions as a Lis-
tener (involved in data transfers), and a
device that “listens” when the Control-
ler speaks (which is something that all
devices must do).

Finally, the remote versus local de-
scription of a device’s operation can be |
confusing. Remote/Local capability re-
fers to a device’s ability to be pro-
grammed (for range, triggering, etc.)
over the bus, and is not a description of
its participation or lack thereof on the
bus. A device can be in Local mode and
yet be acting as a Talker or Listener.

IEEE-488 functions

The Standard defines 10 interface
Sunctions (Table 1). These are distinct
from the device’s internal functions, like
range, “trigger” mode, etc., which are
set on its front panel (and may be pro- |
grammable over the bus). The use of the
commands related to the 488 functions
will be detailed in the section on
Multiline Commands. Each of the 10
functions has different levels of imple-
mentation (Table 1) ranging from im-
plemented (SH1) versus not implement-
ed (SHO) for the Source Handshake, to
many different levels of capability for
Controllers. (Functions C1-C4 can be |
chosen in certain combinations and cou-
pled with one of the C5-C28 functions
for a total of approximately 193 possible
variations.)

A device is not required to imple-
ment all functions. A signal generator
may be equipped as a Listener with Re-
mote/Local and Trigger (bus) capabili-
ties, while a digital voltmeter might also
include Talker, Service Request, Paral-
lel Poll and Device Clear capabilities. A
minimum capability would have to in-
clude a Listen function (with Acceptor
Handshake). A simple bus configura-
tion could consist of a digital voltmeter
operating in a Talk-Only mode and a |
printer in a Listen-Only mode, where no
Controller is needed.

The core of the Standard is a de-
scription of each function in terms of al-
lowable states (Table 1) and the condi-
tions under which transitions occur
from state to state—for instance, from
Talker Idle (not a Talker) to Talker Ac-
tive. The number of allowable states de-
pends on the level to which a function is
implemented (a Talker with Serial Poll

| capability has five states; without, only

three states). In general, on power-up,
all bus functions are in an idle or equiva-
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lent state. While not necessary for its
use, a thorough understanding of the
bus requires familiarity with these state
diagrams [1]. The 10 functions are:

1,2. Handshaking (SH and AH).
An interlocked handshake sequence is
used to guarantee proper transfer of

| each byte on the data lines (DIO1-

DIO8). The transfer cannot be initiated
by the Source until all Acceptors are
ready, and any Acceptor will delay the
the termination of the transfer (or
Multiline message) until it has fully ac-
cepted the byte. Thus, the slowest par-
ticipating device determines the pace of
the handshake. See “"Hardware Details:
Handshaking Lines” below.

3. Talker or Extended Talker (T,
TE). All Talkers (only one permitted at
a time) must be capable of*Source and
Acceptor Handshaking, since they-must
also be able to receive Multiline com-
mands from the controller. Capabilities
vary with a device's ability to (/) re-
spond to Secondary (or extended, if
more than 31) addresses (T vs. TE); (2)
provide a Talk-Only mode (T & TE
1,3,5,7); (3) respond to a Serial Poll (T
& TE 1,2,4,5); and (4) unaddress
{unbecome a Talker) when its listen ad-
dress is sent (T & TE 5,6,7,8). Talkers
(except Talk Only) must also cease be-
ing Talkers if a Universal UNTalk
(UNT) command or Other Talk Ad-
dress (OTA) is sent by the Controller.
The Standard requires the Talk-Only
mode to be activated by a manual
switch, which causes the device to pow-
er up and permanently occupy the Talk-
er role on the bus (it won’t UNTalk).
Note that the Serial Poll capability is
not a separate function, but a subset of
the Talk function.

4, Listener or Extended Listener
(L, LE). Listeners differ with respect to
their ability to (1) respond to Secondary
addresses (L vs. LE); (2) provide a Lis-
ten-only mode (L & LE 1,3) and (3)
unaddress (unbecome a Listener) when
their talk address is sent (L. & LE 3,4).
The Listen-Only capability is similar to

Talk Only. Primitive Listeners (L & LE r

1,2) require only Acceptor Handshake
capability.

5. Service Request (SRQ), De-
vices with this capability (SR1) can re-
quest service from the Controller at any
time by asserting TRUE on the SRQ In-
terface Management Line. They must
also be able to respond to a Serial Poll (T
& TE 1,2,4,5). See “*Multiline Com-
mands: (Universal) Serial Poll Enable.”

6. Remote/Local (RL). Devices
with this capability (RL1,2) can select
between two sources of programming
input (for range, function, triggering,
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etc.): (1) front panel control (local) or
(2) 488 interface (remote). A device's
programmability in Remote may be less
extensive (or more so) than in Local. A
device goes into Remote when the Con-
troller sends its Listen address while as-
serting the REN line. In Remote, the
front panel controls, except power
on/off and bus-related controls (manual
SRQ and Go To Local) are inoperative.
RL1 differs from RL2 in its ability to
permit Lockout (Local Lockout—
LLO) of the Go To Local front panel
button.

7. Parallel Poll (PP). Provides a

| o R R,
The transition to
hus participation
“imm when the
Gontroller sends
aﬁﬁ@mﬁnamﬂiﬂaﬁ
assigns a role
to a device.
]

device with the ability to convey its sta-
tus over one of the data lines to the Con-
troller. Devices are individually config-
ured and can then be simultaneously
polled by the Controller much more
quickly than with Serial Polling. PP1
signifies that the device’s response to a
Parallel Poll is remotely configurable;
PP2 signifies that it is locally con-
figurable. See “Multiline Commands:
(Addressed) Parallel Poll Configure.”

8. Device Clear (DC). DCI1 pro-
vides the ability to clear (initialize) de-
vices individually or as a group using an
Addressed command (Selective Device
Clear) or a Universal command (Device
Clear). DC2 omits Selective Device
Clear. Generally, Device Clear places
the device’s functions (voltage scale,
triggering, etc.) in the power-on state
(this is not identical to power on in
terms of placing the device’s 488 inter-
face in a quiescent state). However, a
manufacturer is free to clear the device’s
functions to any condition.

9, Device Trigger (DT), DT1 is an
Addressed command that triggers the
operation of devices individually or in
groups. Once an operation has been
started, a device will not respond to sub-
sequent Device-Trigger commands un-

til its first operation is complete.

10. Controller (C). Only Control-
lers have the ability to assert the ATN,
I[FC or REN lines and are therefore
uniquely able to create Talkers or Lis-
teners, as well as send Addressed (e.g.
Group Trigger) or Universal (e.g. De-
vice Clear) commands. Controllers vary
widely in their ability to perform a Par-
allel Poll, respond to a Service Request,
perform Talk and Listen functions, pass
or take control from a second Control-
ler, etc. With the exception of the latter,
many Controllers have all of the above
capabilities.

Hardware details

For those experienced with the va-
garies of setting up RS-232 interfaces,
the 488 bus will come as a pleasant sur-
prise. All 488 cable connectors incorpo-
rate both male and female (stackable)
connections with locking screws (Fig-
ure 1), so that adapters are never neces-
sary and both linear and star configura-
tions are easily set up. (Watch the
screws! Black threads are metric; silver
are English.) Also, there are no ambigu-
ities regarding baud rate, stop bits,
which signals appear where, etc.

The 488 bus employs eight Data
lines, three Handshaking lines, and five
Interface Management lines. Lines are
generally at 2.5 to 3.7 volts until an open
collector line driver pulls the line to
ground (tri-state drivers are optional on
some of the lines; see Table 1). This re-
sults in a wired ORing scheme, whereby
any device(s) can maintain a line low.
The 488 Standard uses a negative
TRUE logic convention, meaning that
TRUE (logical 1) equals low (< 0.8
volts) and FALSE equals high (> 2.0
volts).

Data lines (DIO1-DIO8), The
Data lines are used to transmit data (in-
cluding “normal” data, device status
and device program codes) between a
Talker and Listeners, as well as Ad-
dressed commands (between a Control-
ler and Listeners) and Universal com-
mands (between a Controller and all
devices).

Handshaking lines (NRFD, DAV,
and NDAC). The three Handshaking
lines operate under a fairly complex set
of rules to provide a fully interlocked
handshake for transmitting over the
Data lines. The detailed sequence of
events is described in Figure 2. It is
again worth noting that the pace of the
handshake (i.e., any transmission over
the Data lines) is controlled by the slow-
est participating device (Controller,
Talker or Listener).

Interface Management lines
(ATN, EOI, IFC, REN and SRQ).
Five lines are used to manage the 488
bus, and the information conveyed on
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these lines is usually known as Uniline
messages, since only one line is involved
(i.e., in general, the data lines are not
used). These can take the form of com-
mands from the Controller (e.g., IFC),
but also include messages to the Con-
troller (e.g., SRQ) or to Listeners (EOI).
The five interface management lines
are:

ATN. Attention is asserted low
(TRUE) only by the Controller, indicat-
ing to all devices that the Data lines will
contain a special command to tell de-
vices to become Talkers or Listeners or
perform a Secondary, Addressed (to
Listeners) or Universal command.

EOI End Or Identify is used to sig-
nal the last byte of a string sent on the
Data lines asserted by a Talker (ATN
FALSE) as the last byte is placed on the
Data lines. It is also asserted (with ATN
TRUE) by the Controller to initiate a
Parallel Poll.

IFC. The Interface Clear line is as-
serted low (TRUE) only by the control-
ler and places the bus (i.e., the 488 inter-
face modules in all devices) in a known
quiescent state. For example, all Talkers
and Listeners go into the idle state

| (UNTalk and UNListen), although de-

vices do not Go To Local (GTL), nor
are they cleared (DCL or SDC).

REN. The Remote ENable line is
asserted TRUE only by the Controller
to permit remote programming of de-
vices on the bus. Devices with
Remote/Local (RL1,2) capability (and
providing they are Listeners and REN
is TRUE) are able to be remotely pro-
grammed by receiving Multiline mes-
sages (usually sent by the Controller
acting as a Talker). Generally, remote
programming mimics (some or all of)
and disables the front panel controls
(except those which relate to the bus,
like Service Request or Go To Local
buttons—see Universal Command: Lo-
cal Lockout). On power-up or if REN
becomes FALSE, all devices will shift to
the Local state. See “IEEE-488 Func-
tions: Remote/Local and Device-De-
pendent Messages.”

SRQ. The Service ReQuest line is
asserted TRUE by a device(s) capable of
Serial Polling (a Talk function subset) to
signal a need for attention. Some devices

| can be programmed (using a status
| mask) to define the conditions under

which they will generate an SRQ. Some
devices also permit SRQ to be generated
from front panel (operator) input. The
Controller must sense the SRQ line and
perform a Serial Poll to determine
which devices need service. See
“Multiline Commands: (Universal) Se-
rial Poll Enable.”
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Figure 2, The detailed sequence of events involved in handshaking process. Reprinted
with permission from reference [1].
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Muitiline commands

Multiline commands (ATN
TRUE—see Tables 2 and 3) are an arti-
ficial subset of Multiline messages,
which are simply bus transactions that
use the data lines and therefore involve
handshaking. The Controller sends a
Multiline command by asserting ATN
TRUE and simultaneously placing a
byte command (a 2-byte sequence is
used for Secondary commands) on the
data lines. The type of command is de-
termined by the three most significant
bits (Table 2), with the lower bits speci-
fying the particular address or com-
mand. The Controller also uses
Multiline messages by acting as a Talker
(ATN FALSE—after first placing a de-
vice into the Listen state) to send a series
of data bytes that program the device
for voltage scale, triggering mode, etc.
These noncommand messages are sent
while ATN is FALSE and are called de-
vice-dependent messages (to be dis-
cussed in that section).

Talk and Listen (Addressed) com-
mands. The Talk and Listen address
commands are characterized by the
three high bits (X10 for talk, X0l for
listen—see Table 2). Devices can share a

Listen address, although a Talk address
cannot be shared by other Talkers. De-
vices which have both Talk and Listen
capabilities often use a common address
for both functions. The address of a de-
vice is set by five switches (usually at its
rear), which select an address between O
and 30 (binary 00000 to 11110) and cor-
respond to the low 5 bits of the Talk
(MTA) or Listen (MLA) address com-
mand (Table 3).

A device with a binary address of
01001 would recognize its Talk address
(i.e., become a Talker) by seeing X10
01001 (ASCII ‘I’) on the data lines
(with ATN TRUE), while its listen ad-
dress would be X01 01001 (ASCII
‘Y—where ‘X’ means the bit isn’t used).
Upon hearing its Talk or Listen address,
a device will assume its function once
the ATN line is released. The one re-
maining address, 31 (binary 11111), is
reserved to UNTalk (ASCII ‘") or
UNListen (ASCII ‘?’) all devices. Note
exceptions and limitations described in
the IEEE-488 Functions section.

Secondary commands. This group
(SCG—see Table 2) is distinct from the
primary command group (PCG, which
includes all other commands in this sec-
tion). Table 2 indicates the characteris-
tic bit pattern (X11) of Secondary com-
mands. These are sent as a 2-byte

Table 3. Remote message coding*

DIO LINES AESIR

& ,g;?" TORFE

Mnemonic Message name & & 87654321 NIQCN
ATN attention U UC XXXXX XXX I X XXX
DAB data byte M DD DDDDDDDD 0 XX XX
DCL device clear M UC ¥ 010 12081005 1 S5
END end | B L RSN X R XX
GET group execute trigger M AC XEPC0R0RIROE0 O - T HEEE K
GTL to to local M AC X0000001 I XXXX
IDY identify U ue R HEDEDCICIEH I BT XX
IFC interface clear U e XHEHEXEHH X XXX
LLO local lock out- M UC (0 R (S0 (I 80 (RS 5 0 T«
MLA my listen address M AD b 6 ey U 151 I OB O MBS (87 1 20
MTA my talk address M AD Yl O BT T T T L e
MSA my secondary address M SE S SESERSSEST I SR
PPC parallel poll configure M AC X 00 0U0R10 SR R SEEeR S
PPE parallel poll enable M SE Yl A OLSTRAR P SIS
PPD parallel poll disable M SE x111DDDD 1 XXXX
PPR1  para. poll resp. 1 ST XEXXXRXT L ILXXX
PPR2  para. poll resp. 2 U ST KA XK KX HK L X kX
PPR3  para. poll resp. 3 U ST K A e pe s T 3 X
PPR8  para. poll resp. 8 U ST XXX XXXX 1 1XXX
REN remote enable Uaue SRS DR SR . S S )
RQS request service U ST K I HCR SO I SN
SDC selected device clear M AC X0000100 1 XXXX
SPD serial poll disable M UC Y000 G0 S XXX
SPE serial poll enable M UC X DO 0 0ED e e e
SRQ service request Yo ST XXXXXXXX XX1XX
TCT take control M AC Xx0001001 I X XXX
UNL unlisten M AD s 02 LI LS 0 1 I X XXX
UNT untalk M AD <ol el R (o (1 (5 B A O e

* This listing is complete except for codes for Handshake and DAB variations. See Table 2
Sfor code key.
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sequence, the first byte of which is a Pri-
mary command such as Talk address
(MTA), listen address (MLA), or Paral-
lel Poll Configure (PPC).

SAD. The Secondary ADdress
command is essentially a 2-byte address
and is implemented only by extended
Talkers (TE) and Listeners (LE). It per-
mits 31 secondary addresses for every
one of the 31 primary addresses, al-
though its implementation is device de-
pendent, and few devices have the
capability.

PPE and PPD. The Parallel Poll
Enable and Parallel Poll Disable Sec-
ondary commands are required for Par-
allel Poll capability (PP1,2—only occa-
sionally implemented). The first byte of
the sequence is the Addressed com-
mand: Parallel Poll Configure, followed
by the PPE or PPD ‘byte’ (Table 3). See
“Multiline Commands: (Addressed)
Parallel Poll Configure.”

Addressed commands (GET, GLT,
PPC, SDC, and TCT). These Ad-
dressed commands (bit pattern
X000—see Tables 2 and 3) are per-
formed only by devices currently as-
signed as Listeners. Recall that the
Standard does not require these devices
to perform every bus function, although
they must adhere to a specific, well-de-
fined level of capability (Table 1).

GET. Group Execute Trigger (Jast
4 bits: 1000; ASCII ‘cntrl-H”) causes de-
vices with the DT capability to be trig-
gered simultaneously. See “TEEE-488
Functions: Device Trigger.”

GTL. Go To Local (last 4 bits:
0001; ASCII ‘cntrl-A’). A device with
this capability (RL1,2) returns from Re-
mote to Local (front panel program-
ming control) upon receiving this com-
mand. A device will only go (back) to
the Remote state when the Controller
sends its Listen address (MLA) with the
REN line asserted. If REN is released,
all devices Go To Local. Remote and
Local do not describe the device’s par-
ticipating on the bus; they indicate the
source (front panel or 488) of its pro-
gramming (for voltage range, triggering
mode, etc.).

PPC. Parallel Poll Configure (last 4
bits: 0101; ASCII ‘cntri-E*). Parallel
Polling is a complex capability (PP1,2),
often not implemented, which is com-
plimentary to the Serial Poll capability.
In a Serial Poll the request for service is
initiated by the device (using the SRQ
line); a Parallel Poll is always initiated
by the Controller and permits the status
of many devices to be determined simul-
taneously and quickly. Conceptually
and in contrast to Serial Polling, Paral-
lel Polling is used for high throughput
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Listing 1. A program to set up and acquire data using a DVM and scanner.

This section contains a canned routine which sets up the “hooks” from MBasic to
the Pickles & Trout routines that drive the 488/S-100 board. First set aside (create)
variable space in MBasic. The first CALL requires location (from CP/M) of P&T
routines. It, in turn, passes the addresses of all of the variables to P&T for its access.

100 CNTL%=CNTLC®+TALK$+TALKC$+LSTN%+LSTNC%+SPOLLY+PPOLL%+DREN%

110 REN%=STATUSZ+IFC$+BRSET%+IOSET%+PROTCL%+ECHO%

120 ERCODE%=TIMEZ+EOT%+EO0S%+LENGTH%+POLL%+BUSE+ECHOINZ+ECHOOUTE

130 X=256%PEEK(7)+PEEK(6)+9

140 IF X>32767 THEN X=X-655361

150 SETUP%=CINT(X)

160 CALL SETUP$ (CNTL%,CNTLC®,TALK%,TALKC%,LSTN%,LSTNC%,SPOLL%,PPOLL%,DRENE,
REN% ,STATUS%, IFC% ,BRSET$ , IOSET% , PROTCL% ,ECHO% , IOPORT%)

170 CALL IOSET%({ERCODE%,TIME%,POLL%Y,BUS%)

180 CALL PROTCL%(EOT%,E0S%,LENGTH%)

190 CALL ECHO%(ECHOIN% ,ECHOOUT%)

200 CR$=CHR$(13) : REM Assign contants:

210 SDC$=CHR$(4) : REM Selective Device Clear = "D

220 TRIGG$=CHR$(8) : REM Group Execute Trigger = “H

230 LLO$=CHR$(17) : REM Local LockOut = "Q

240 UNTALK$=CHR$(95) : REM UNTalk address = ASCII "_"

250 UNLSTN$="2" ; REM UNListen address = ASCII "3"

260 DVM$="FL1Z0OR3T3" : REM String contains DVM program codes for: Filter on;

270 REM Autozero off; 1 volt range; & single trigger.

We now can use the 488 bus to clear and set up the bus and devices.

300 CALL IFC$ : REM Send Uniline message to cause InterFace Clear,

310 CALL RENY : REM Send (& maintain) Remote ENable Uniline message.

320 A$="6"+SDC$+LLO$ : REM String has DVM Listen Address, Clear and Lockout
330 CALL CNTLZ(A$) : REM Act as Controller (ATM TRUE) & send string A$.
340 A$=DVM$ : REM String contains DVM program codes,

350 CALL TALK%3(A$) : REM Act as Talker, send this set up message.

360 A$=UNLSTN$:CALL CNTLE(A$) : REM Act as Controller & UNListen all devices,

Obtain time/date from scanner clock and print and save it.

500 AC$="TD":GOSUB 800 : REM "TD" prepares Scanner to send time/date.

510 A$="I":CALL CNTL%$(A$) : REM Scanner Talk address {(tho remotely programmed
520 REM to send time, Scanner was not addressed to be a Talker in line 500).
530 CALL LSTN¥(A$):TIME$=A$: REM Controller to act as Listener to hear time,
540 REM Data on the 488 bus will be stored in A$ by the P&T routines, & its
550 REM contents will change if the P&T LiSTeN routines are called again,
560 PRINT TIME$

Here we take DVM readings from Channel 0 and 1 of scanner. ERCODE% (line
700) is set by the P&T routines to various nonzero values which represent eight pos-
sible “error” conditions, such as the presence of an S-100 reset, another controller
in the system, bus timeout error, Service Request asserted, no (handshake) Accep-
tors on the bus, etc.

600 AC$="ACO™:GOSUB 800 : REM Send "ACO" to Scanner: Close Channel 0
610 A$="6":CALL CNTLE(AS) : REM "6" is the Listen address of the DVM.
620 A$=TRIGG$:CALL CNTLI(A$) : REM TRIGG$ = addressed command: trigger.
630 A$="V":CALL CNTLE(4A$) : REM "V¥n is the DVM Talk address.

640 CALL LSTN$(A$) : REM Controller acts as Listener for DVM,
650 R(1)=VAL(MID$(A$,4,6)) : REM Convert data from ASCII to numeric.
660 AC$="AC1":GOSUB 800 : REM Send "AC1" to Scanner: Close Channel 1
670 A$="6"+TRIGGS:CALL CNTLI(A$) : REM Condensed version of lines 610~630
680 CALL LSTN%Z(A$) : REM Controller to act as Listener for DVM.
690 R(2)=VAL(MID&(A$,4,6)) : REM Convert data from ASCII to numeric.
700 IF ERCODE%>0 THEN GOSUB 1000 : REM If 488 bus error goto error routine,

Note that we take the precaution of UNTalking all devices before we have our
488/S-100 interface act as a talker (TALK % - line 820, which requires only a soft-
ware command and does not involve sending a new talk address over the bus). The
two-Talker conflict can be created by controllers or talk-only devices. It is permissi-
ble for the 488/S-100 interface to act as a controller while the DVM is a talker, since
all devices release the bus and pay attention when the controller asserts ATN.

800 A$=UNTALK$:CALL CNTLI(AS) :
810 A$=")":CALL CNTL%(A$) : REM ")" is Listen address for Scanner.
820 A$=AC$+CR$:CALL TALKI(A$) : REM Send prgm code string AC$ to Scanner.
830 A$=UNLSTN$:CALL CNTLY(A$):RETURN:REM Send UNListen command and return.

REM UNTalks DVM.
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devices requiring a fast response (such
as disk drives).

The Secondary command, Parallel
Poll Enable (PPE), enables the device’s
response to a Parallel Poll by telling it
how and under what conditions to re-
spond. (The “how” is a 3-bit code sent
on DIO1-DIO3 during PPE, which
specifies which of the eight data lines
the device should assert if it needs ser-
vice when polled. The “what condition”
tells a device to respond to a poll if its in-
ternal status “‘bit” matches the value of
bit 4—DIO4—also sent during PPE.)
Once enabled, a device will respond to
Parallel Polling until it receives a Paral-
lel Poll Unconfigure (Universal) com-
mand or the Parallel Poll Disable (sec-
ondary) command.

The actual poll is initiated by the
Controller when it asserts TRUE on
both the ATN and EOI lines, and all en-
abled devices will respond by sending a
Parallel Poll Response (PPR) message
by asserting TRUE on their assigned
data line if they need service. Thus the
status of up to eight devices can be
uniquely determined simultaneously,
and more than eight devices can be han-
dled by data line sharing (a second Par-
allel Poll following reconfiguration
would be necessary to identify which
specific devices need service).

SDC. Selective Device Clear (last 4
bits: 0100; ASCII ‘cntrl-D’) is a capabil-
ity (DC1 only) that will initialize a de-
vice’s functions to a condition some-
what similar to power-on. See “IEEE
Functions: Device Clear.”

TCT. Take ConTrol (last 4 bits:
1001; ASCII ‘cntrl-I’) is a method for
passing bus control among multiple
Controllers. This command is unique in
that the new Controller is first ad-
dressed to Talk (not Listen) prior to
sending this command. Since few 488
systems employ more than one Control-
ler, this is rarely used (or implemented).

Universal commands (DCL, LLO,
PPU, SPE, SPD). Universal com-
mands are received by all devices on the
bus (not just those addressed to Listen),
and are acted on if the device imple-
ments the specific function. Recall that
the first several bits (X001) distinguish
between the Addressed and Universal
commands (Table 2).

DCL. Device CLear (last 4 bits:
0100; ASCII ‘entrl-T) is identical to the
Addressed command Selective Device
Clear, except that it affects all devices
on the bus with this capability (DC1,2).
See “IEEE-488 Functions: Device
Clear.”

LLO. Local LockOut (last 4 bits:
0001; ASCII ‘cntrl-Q’). Requires RL1

capability and is primarily designed to
augment the remote programming ca-
pability by inhibiting the front panel Go
To Local button present on some de-
vices. Note that during remote opera-
tion (RL1,2 capability), devices will not
respond to front panel programming,

The Gontroller
can dynamically
reconfigure hus
participation.
P SR

although the Go To Local button will
remove them from Remote and restore
front panel (Local) programming. Lo-
cal Lockout must be issued with REN
TRUE and will take effect whether the
device is in Local (called ‘Local With
Lockout’ state—all other front panel
controls will be operative) or in Remote
(‘Remote With Lockout’ state), permit-

ting greater security against tampering.
Note that if REN goes FALSE, all de-
vices will exit both the Remote and
Lockout states and return to the normal
Local (without Lockout) state.

PPU. Parallel Poll Unconfigure
(last 4 bits: 0101; ASCII ‘cntrl-U’) turns
off the entire Parallel Poll capability of
all devices and is the condition of the
bus on power-up. See ‘“Addressed Com-
mand: PPC.”

SPE. Serial Poll Enable (last 4 bits:
1000; ASCII ‘cntrl-X’) is used by the
Controller to determine the Source of
an SRQ (Service Request). The proper
sequence involves sending an UNListen
command (to prevent other devices
from listening to the Serial Poll re-
sponse) and an SPE. The controller then
sends a Talk address and listens (ATN
FALSE) for a byte response, ending this
sequence by sending Parallel Poll Dis-
able when it finds the source (there may
be more than one) of the SRQ. An
UNTalk command should be sent to
disable the last Talker. The Serial Poll
capability is a Talk function subset (T &
TE 1,2,5,6).

The response from a device assert-
ing SRQ will be a data byte with bit 6
(DI06) asserted (known as a Request
Service (RQS) response—see Table 3).

The Cost Efficient
EPROM
Programmer

$995.00

COMPLETE

Dealer inquiries welcome.
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DISPLAY:

® Bright 1" high display system

® Progress indicated during
programming

e Error messages

KEYBOARD:

e Full travel entry keys

* Auto repeat

e [lluminated function indicators

INTERFACE:
e RS-232C for data transter
e 110-19.2K baud

o X-on X-off control of serial data

FUNCTIONS:

ALSO AVAILABLE FROM SCC:
The Cost Efficient Erasing Units
FIVE TIMES THE CAPACITY OF OTHER UNITS, FOR LESS THAN $200!

FEATURES INCLUDE:

Fast and standard programming
algorithms

Single key commands

Search finds data strings up

to 256 bytes long

Electronic signatures for easy
data error |.D.

“FF" skipping for max program-
ming speed

User sets memory boundaries
15 commands including move,
edit, fill, search, etc. functions
Extended mode reads EPROM
sets

Affordable and economical

* Unique wave design .

e Efficient bulb design * Portable, easy to use
e All-steel, heavy duty design » EPROMS

® Quick erasure time * Micro computer

e Efficient * Industrial design

* Reliable °

* Safe * Timer included

Production environment ready

QUICK DELIVERY ON ALL PRODUCTS!

Shown in test mode.

GENERAL.:

Stand alone operation, external
terminal not needed far full
command set

Total support

28 pin sockets

Faulty EPROMS indicated at
socket

Programs 1 to 128K devices
Built in diagnostics

No calibration required

No personality modules to buy
Programs new CMOS EPROMS
Printer interface option
Complete with 128K buffer

Three Models Available:

EU-156...over 150 chips

$195.00

EU-312...over 300 chips

$359.95

EU-1050...over 1000 chips
(EPROM or Micro Computer)

CALL!

FOR FURTHER INFORMATION ON SCC's COST EFFICIENT PROGRAMMERS AND ERASING UNITS CALL

SOUTHERN COMPUTER CORPORATION

3720 N. Stratford Rd., Atlanta, GA 30342, 404-231-5363
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The other bits can represent a variety of
internal status conditions (such as data
ready, error, or front panel SRQ button
pressed), permitting the reason for the
SRQ to be determined along with the re-
questor’s identity. Some devices have a
programmable mask to determine
which of the status conditions will result
in an SRQ.

SPD. Serial Poll Disable (last 4 bits:
1001; ASCII ‘cntrl-Y?) ends a serial poll
initiated by the SPE.

Device-dependent messages

Device-dependent messages are
simply bytes sent in parallel by a Talker
(ATN FALSE) and received by one or
more Listeners. This byte can represent:

1. Normal data (measurements by
a voltmeter sent to a printer; floppy disk
data sent to a microprocessor; etc.)

2. End-of-string indication

3. Device status information (e.g.,
a Serial Poll status byte)

4. Program codes (usually sent by
the Controller acting as a Talker) which
alter the internal operation of the device
(range, triggering, etc.).

The device dependency comes in as
a result of the different forms and uses
to which data can be put. The data can
be normal data or device programming
codes. Data can be binary, ASCII,
packed BCD, etc., and it is up to the
Talker and Listeners to be in agreement.
Devices also differ in their response to
or handing of leading or trailing spaces,
a negative zero (‘-0’), inconsistent use of
upper- and lower-case letters, rounding
or truncation of digits, etc. Not all de-
vices handle these situations thought-
fully or gracefully.

End-of-string indicators. The Stan-
dard does not specify what a device
must do to indicate the end of a string.
Generally, one or both of the following
techniques are used by most devices: (1)
The EOI line is asserted by the Talker
when the last byte of the string is put on
the data lines; (2) A <cr> (carriage re-
turn) or <cr> <If> (line feed) termi-
nates the string; and (3) the string is as-
sumed to be a predetermined length.
Some Controllers (or associated soft-
ware) also have a timeout mechanism
that i1s generally used to break the mi-
croprocessor out of its wait loop should
something go awry.

This ambiguity can pose problems.
For example, 1 use a HP 3456A system
voltmeter which, fortunately, offers sev-
eral options. Normally, it sends 12
ASCII data bytes followed by a <cr>
<If>, with the EOI line raised when
the <If> is sent. EOI can be disabled.
If multiple readings (up to 350) are ac-

quired and then sent on the bus, the
ASCII readings are separated by com-
mas, with the end-of-string indication at
the end. A packed format is also avail-
able, which sends 4 bytes and uses only
EOI (no <er> or <cr> <If>). In
the multiple reading mode, no delimit-
ers or EOT are used until the last byte is
sent. Those with a passing familiarity of
Microsoft Basic can readily conjure up
interesting effects.

Fortunately, most devices provide
some flexibility in adapting to this situa-
tion. For example, some devices have
switch or software options. Also, the
software that comes with the Pickles &
Trout interface contains explicit com-
mands that determine what it should lis-
ten for and send to represent the end of
the string.

Device program codes. Program
codes are generally sent by the Control-
ler (acting as a Talker) to a device ad-
dressed as a Listener. There is no stan-
dard regarding how a device will
respond to a program code sequence of
‘FLORA4T3’. The recent IEEE Standard
728-1982 [4] contains “Recommended
Practice for Code and Format Conven-
tions,” but adherence is not required,

and many existing devices do not con-
form. However, this will be a problem
only for those who wish to remember
the program codes for a variety of
devices.

To provide an example: the HP
3456A DVM can be programmed over
the 488 bus for function (F1-F5), range
(R1-R9), auto zero off/on (Z0-Z1), fil-
ter off/on (FLO-FL1), various internal
math functions (MO-MO9), trigger mode
(T1-T4), and a variety of other miscel-
laneous instrument functions. Sending
the ASCII character sequence of
‘FIR3Z1FLIT3’ to the DVM (previ-
ously addressed as a Listener) would
cause it to be set for DC volts, 1 volt
scale, auto zero and filter on, and single
Trigger. The DVM will implement each
change as soon as it receives a single
complete code (e.g., ‘F1°).
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The same codes sent to an HP
3497A scanner are entirely meaning-
less, although no bus errors will result
(the scanner, although not the DVM,
will beep at you to notify you of its dis-
tress under these circumstances).

An example in Microsoft Basic

To convey a better feeling for the
operation of the bus and the 488/S-100
interface, an example is in order. Let us
imagine that we have a HP 3456A
DVM and a HP 3497A scanner with
clock. We wish to power up the devices,

program them remotely, and gather
data. First, however, some preliminary
information.

Powering up a device (especially
the Controller) can disrupt the bus, so it
is wise to have (and leave) all devices
turned on that will ever be needed dur-
ing a sequence of bus operations. Note
that the DVM can be remotely pro-
grammed to wait until its current read-
ing 1s transferred over the bus before
continuing with another reading (other
devices may be made this way by de-
fault). The lack of a Listener to hand-
shake the current reading will put the
DVM in limbo. Thus the following gen-
eral sequence is usually necessary:

WANTED...S-100

INTEGRATORS

Don't settle for less! Demand high performance and
reliability at the right price. PERFORMICS is
dedicated to S-100. All our boards are 100% |IEEE-
696 compatible. Take a closer look :

80286 CPU BOARD
MODEL P-286 $1495

& 50286 CPU e Programmable Interrupt
Controller ® Three 16 Bit Timers Cascadable
® Dual Ported Architecture (S-100 + PRIVATE
ACCESS BUSSES) ® Socket for 80287 Math
Processor Running Independent Clock (Option)
® Two Jedec 28 pin sockets for up to 64K
EPROM/ROM.

STATIC RAM BOARD
MODEL P-128 $995

® 128K CMOS Static RAM @ Addressable on
64K Boundaries @ Battery Backup (Option)
® Dual Ported Architecture ($-100 Bus +
PRIVATE ACCESS BUSSES) ® Cascadable
® No Wait State Operation with P-286.

8086 CPU BOARD
MODEL P-8086 CPU $495

® 8086 Microprocessor ® 5, 8, or 10 MHZ e
Socket for Optional 8087 Math Co-Processor @
RS-232 Serial Port (Full Hand Shaking Signals)
Software Selectible Baud Rates @ Parallel
Printer Port ® Two 28 Pin Jedec Sockets forupto
64K Bytes of EPROM @ 8 Level Programmable
Interrupt Controller (Expandable to 64) ® Three
16 Bit Timers

Quantity Discounts Available
Call today for more
- information . . .

FLOPPY DISK CONTROLLER
MODEL P-DISK $350

® |ndustry Standard 765AC (8272 Intel) Disk
Controller Chip ® 5% and 8 Inch Drive Capability
(Software Controller) ® 24 Bit DMA Addressing
foraTransfer Range ofthe Full 16 Megabytes @ 8
or 16 Bit Tranfers (Software Controlled) ® Digital
Data Separator for High Reliability ® Full RS-232
Port (with Hand Shaking Signals) Software
Selectible Baud Rates.

DYNAMIC RAM BOARDS

1 MEG STARTING AT $1,995
® 1 MEG, 2 MEG and 256K Byte Versions
Available ® 6 MHz, 8 MHz and 10 MHz Speeds
Available ® Parity Checking at the Byte Level ®
Custom Refresh Control for High Speed
Operation ® Suppons Phantom Signal ® Supports
the Full 24 Bits of Address ® Supports Both 8 Bit
and 16 Bit Operation ® Four Layer PC Board
(High Noise Immunity).
SYSTEM 286
MODEL SYS-286 $4,395
® 6 MH2z 80286 CPU ® 256K RAM (Expandable
to 16 MEG) @ 2-5 %" DSDD Disks ® 3-Serial, 2-
Parallel Ports ® Heavy Duty Enclosure @ Your
Choice of MS-DOS or Concurrent CPM-86.

SYSTEM 86

MODEL SYS-86 $3,395
® 8 MHz8086 CPU @ 256K RAM (Expandableto
1 MEG) @ 2-5%" DSDD Disks ® 3-Serial,
2-Parallel Ports ® Heavy Duty Enclosure @ Your
Choice of MS-DOS or Concurrent CPM-86.

ERFORMILCS

Z INC.

P.0. BOX 3207 ® NASHUA, NEW HAMPSHIRE 03061 @ (603) 881-8334
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1. Power up all devices that will be
needed. Act as a Controller and send
out an IFC and then REN (if the devices
are to be remotely programmed).

2. Actasa Controller and send out
the Listen address for each device.
Then, acting as a Talker, send out pro-
gram codes for that device.

3. Act as a Controller and config-
ure the bus with a Talker and Listeners,
then become inactive or participate in
the bus (as a Talker or Listener). Note
that as a Listener, the Controller can re-
ceive a data byte and (while holding up
the final step of the handshaking pro-
cess), go and process or store it to ensure
that no data are missed. When inactive,
the Controller will not assert any of the
handshaking lines, and thus the bus pro-
ceedings will continue without its
participation.

4. Be prepared to re-address a
Talker and Listeners, respond to a Ser-
vice Request (SRQ), etc., as needed.

A program to accomplish this is
shown in Listing 1.

Final comments

My experience with the 488 bus has
been excellent. My system employs a
Pickles & Trout 488/S-100 interface
board and has performed laboratory in-
strument control and data acquisition
on an essentially continuous basis for
four years. About a year ago I switched
from CDOS (a CP/M derivative from
Cromemco) to Cromix (a UNIX-like
multiuser, multitasking operating sys-
tem from Cromemco); the few problems
encountered were very short lived.

The ease and viability of the transi-
tion attests to the versatility and excel-
lent design of the 488 and S-100 buses,
as well as the particular components I
have used. o
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