

















generate an interrupt. Only when the controller actually
addresses the card as a talker will the interrupt be
generated. As a result, it is not necessary to continually
enable and disable the interface for interrupts on these
conditions. If the “interrupt on addressed to talk” bit is
set, an interrupt will be generated each time the
98034A receives its talk address from the controller.
These three bits remain set until the user’s program
clears them with another interrupt enable mask contain-
ing a zero in these positions (or when the interface is
reset from the computer).

Bit 1 of the interrupt enable mask allows an interrupt to
occur if the device-clear or error bits (status byte one)
are set. The remaining interrupt conditions (bits 3, 2,
and 0) are used by the I/O ROM during buffer transfer
operations. Their correct use is highly dependent on
timing and protocol considerations; and as such, they
do not represent interrupting conditions which can be
useful to a high-level program.

Figure 1l1-28 shows the register assignments used by
the 98034A Interface card.

IN OuT

R4 Data Input Data Output
R5 Status Request Interrupt Mask
R6 Status Bytes & Bus Commands
Interrupt Data
R7 Poll Request Bus Control Lines

& Poll Response

Figure 111-28

Most HP-IB operations use complex sequences of these
register operations, which are handled automatically by
the I/O ROM in response to high-level statements
discussed in Section IlID5. As a result, in most cases it
is neither practical nor desirable for the user’s program
to attempt to carry out HP-IB operations by using the
rdi/wti statements to directly access these registers.

The one exception to this is in the use of EOI. We
have seen (Section IID5) that the EOI line is used to
indicate the end of a data message when binary data is
being sent over the bus. Normally, when ASCII data is
‘ being sent, a special character such as LF (line feed) is
used to terminate the message. If EOI must be used,
buffer transfers will recognize this condition as a ter-
mination of the input transfer operation. The 9825A
does not, however, send EOI automatically with any
data messages. If the user’s program wishes to set EOI,
this can be done using an R7 OUT operation. In fact,
all five of the bus control lines can be set or cleared us-
ing the bit mapping shown in Figure III-29.

When the upper three bits of the R7 OUT register are
100, the lower five bits directly address the bus control
lines. In each position, a 1 will set and a 0 will clear
the corresponding line. For example, to send 100 bytes
of data using EOI with the last byte, the following pro-
gram could be used.

16: forl=11to 99
17:  wtb 713, A[l]

18: next |

19:  jmpiof(7)

20: wti 0,7; wti 7,144
21 wtb 713, A[100]

Before sending the last byte, the program addresses
select code 7 (wti 0,7) and outputs a 144 (binary
10010000) to the R7 register to set EOI. Then the last
byte is sent with EOI set. Remember that all five bus
lines are set or cleared by this operation. Thus, for ex-
ample, if we wanted to set EOI and leave REN set
(assuming that it was set before this operation) we
would have used a 146 (binary 10010010) instead of
the 144.

It should also be kept in mind that not every device on
the bus is allowed to set the bus control lines. Figure
[1I-30 shows the role that a device must currently have
to set each of these lines.

EOI  Talker

IFC  System Controller
ATN Active Controller
REN  System Controller
SRQ Non-controller

Figure 111-30

Finally, Figure IlI-31 shows the responses of the
98034A when it receives the various bus control
messages.

Bit: 7 6 5 4 3 2 1 0
R7 OUT 1 0 0 EOI IFC ATN REN SRQ

Figure 111-29

ATN — As a non-controller, the 98034A gives
its attention to the controller and will
not respond (flag indicates busy) to the

computer during ATN true.

IFC — Clears all registers and indicators to
the power-on state except for the
interrupt-enable mask and the serial
poll response byte.

REN — No response

'EOI — Terminates data input transfer to a
buffer. Does not terminate simple read
statement.

SRQ — Sets the service request bit (bit 7 of
fourth status byte) and interrupts if bit

7 of interrupt mask is set. e |




DCL, SCD — Sets bit 2 of first status byte and inter- |
rupts if bit 1 of interrupt mask is set.

GTL, LLO — No response

GET -- No response

98034A delivers the currently set seriall
poll response byte without computer
intervention.

Serial poll —

98034A responds to a parallel poll
using the line and sense set by the
switches on the card.

Parallel poll —

Parallel poll response is switch settablef

PPU, PPC —
and not programmable by the con-
troller. No response.

TCT - 98034A assumes active control of the

HP-IB.

Figure I11-31

E. The 98036A Serial 1/0
Interface
1. An Introduction to Serial I/O

In the previous sections we have discussed interfacing
peripheral devices to the computer in various formats
including 16-bit parallel (98032A), BCD (98033A),
and the HP-IB instrumentation bus (98034A). In all of
these cases, the cards are used to interface local
peripherals and instrumentation clusters which are
physically located near the computer itself. Some ap-
plications, however, may require the use of peripheral
devices which are located at considerable distances
from the computer.

Historically, this need arose when the size and speed of
computers made it practical for them to do multitask-
ing; that is, being shared by several users at the same
time. To do this, each user required his own port into
the computer, called a terminal, through which he
could enter programs and data and get back printed
results. This so-called time-sharing made it possible for
each user to access a central computer from a terminal
located in his own office or work space. The standard
methods of interfacing, however, were not practical in
this case since the cost of running cables containing
many wires over these distances would quickly become
prohibitive. A method of interfacing was needed that
would require the fewest number of wires to connect
the terminal to the computer.
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The solution to this problem was found in a new
method of data transmission called serial I/0. In this
method, all data is sent and received over a single pair
of wires in a bit-serial manner; that is, a word or byte
of data is transmitted on a single wire, and received on
a second wire, one bit at a time. We will see later that
in some cases, more than two wires are used to
achieve special features. But i all these cases, the
transmission of data one bit aiter the other is a
characteristic of serial interfacing.

This method of connecting terminals to a computer
soon led to connecting one computer to another so
that they could exchange programs and data. And it
became possible to connect terminals and computers
located in different buildings, cities, and even countries
by making use of the already existing telephone lines.
But because telephone lines were not designed to
transmit digital (i.e., discrete v»ltage level) signals, a
device that would translate the digital signals produced
by a serial interface into analog (i.e., modulated audio
tones) signals that could be casried over telephone lines
was required. Such a device it known as a data set or
a modem (modulator-demoduiator). Figure I1I-32
shows how a pair of such mociems would be used to
connect a computer to a remote terminal or to another
computer.

digital data
COMPUTER
DIRECT SERIAL :O LINK

=

L COMPUTER lT'I MODEM t ] MODEM TERMINAL
digital data analog date digital data

TELEPHONE SEFIAL /0 LINK

Figure 111-32

Although the interfacing of remote devices is the
primary use of serial /O, it is by no means restricted to
this use. Many peripheral devices such as keyboards
and printers are available whict use a serial com-
munications link to the computer, even though they
may be physically located very near that computer.
Because of the large number of manufacturers making
modems and data terminal equipment, a need for
some standard for compatabilitv was recognized leading
to the RS-232-C standard for szrial interfacing in the
late 1960’s. Since this was the most common standard
available prior to the IEEE-488- 1975 (see Sectin IlID1),
many manufacturers of peripheral devices designed
them with serial interfaces to taxe advantage of this
compatability.



2. Data Transmission Using Serial
I/0

In this section, we will discuss in detail the method by
which data is transmitted over a serial communications
link, and introduce some of the terminology associated
with serial I/O. The concepts involved are not difficult,
but unless they are understood a great deal of confu-
sion can result.

As with the other methods of interfacing, information is
most commonly transmitted over the data line using
two voltage levels to represent the two possible states
of a binary digit or bit (1 or 0). We will see later that
another convention called current loop is sometimes
used in which current levels, rather than voltage levels,
are used to represent this information. Figure III-33
shows the voltage levels for these two states, and the
meanings assigned to each.

State: LOW HIGH
Voltage range: —3 to —25V +3 to +25V
Binary state: logic 1 logic O
Level name: mark space

Figure 111-33

When data is not being transmitted, the line is held in
the low state. Unlike the other methods of interfacing,
the serial protocol does not use any type of handshake
process. When the transmitting device has a byte of in-
formation ready to send, it merely puts the information
on the data line, expecting the receiving device to be
ready to take it. If the first bit of the data byte sent hap-
pens to be a logical 1 (low state), the receiver could
not distinguish this bit from the quiet line, which is also
a low state. Therefore, each byte of data is preceeded
by a start bit, which is defined to be in the high state.
This transition from the low state (idle line) to the high
state (start bit) lets the receiver know that a byte of data
is being transmitted. As an example, lets look at how
the transmitter would encode the ASCII character “E”
to be sent over the data line. Figure Il[-34 shows the
state changes that take place on the data line to send
the ASCII “E”. The transmitting device first pulls the
data line high (start bit) to tell the receiver that a data
byte is coming. It holds the line high for an amount of
time agreed upon between the transmitter and the
receiver, called a bit time. Following the start bit, the
bits of the data byte itself are placed on the data line.
The least significant bit (bit 0) is sent first, and each bit
is held on the line by the transmitter for one bit time.
When the receiver senses the leading edge of the start
bit, it waits for one half of a bit time in order to syn-
chronize itself as closely as possible to the center of that
start bit. Then, each bit time interval after that, it
samples the state of the data line and reads a logic 1 or
0. These time intervals at which the receiver samples

the data line are marked by ticks in Figure 1lI-34. After
the last (most significant) data bit has been sent, the
transmitter may also send a parity bit (marked P in
Figure 11I-34) which will be discussed later.

ASCIl “E"" = 69 (decimal) = 105 (octal) = 01000101 (binary)

I L

ST 0 1 00 O 1 0O PSTP ST -
(o

1 bit time

Figure I11-34

From this diagram, we see that the successful transmis-
sion of a data byte is highly dependent on precision
timing. If the receiver is sampling the data line at a rate
significantly faster or slower than the transmitter is set-
ting that line, it is possible that the receiver will either
miss a bit, or sample the same bit twice, resulting in er-
roneous data being received.

After the last data bit has been sent, the transmitter
then allows the line to stay in the idle (low) state for
some set minimum time interval before sending the
next start bit to begin the next character transmission.
This idle time is sometimes called a stop bit, although it
does not actually represent a bit of real data. It merely
allows the receiver time to process the data byte just
received before the next one comes along. For some
devices, one bit time may not be enough to process the
previous character and be ready for the next one. In
this case, the transmitter and receiver may agree that
the transmitter will wait in the idle state for 1.5 or 2 bit
times before sending the next start bit.

In the example used in Figure 1lI-34, we sent the
character “E” using an 8-bit ASCII code. That is, eight
of the bits sent represented the actual data. If we in-

. clude the start bit, a parity bit, and one stop bit, we see

that 11 bit times are actually required to send an 8-bit
byte of data. As an example, lets assume that the
overall transmission rate we are using is 10 characters
per second. This data rate is very common among
printing terminals such as the popular Teletype ASR
Model 33. Figure IlI-35 shows the timing characteristics
for this example case.

Character length = 8 bit

Bits/character = 8 + Start + Parity + Stop = 11
Data Rate = 10 characters/second

Bit rate = (10 char/sec)(ll bits/char) = 110
bits/sec

Bit time = 1/110 bits/sec = 0.009091 sec = 9.1
msec

Figure II1-35

Thus we see that at 110 bits per second, each bit is
held on the data line for approximately 9.1
milliseconds.



This bit rate of 110 bits per second is sometimes
refered to as a baud rate and we often speak of the
data channel running at 110 baud. Strictly speaking, a
binary data channel (i.e., one using low and high
voltage levels) should only be described by the term bit
rate, the word baud being reserved to characterize the
data transmission rate of the analog signals sent be-
tween modems. Because of bit compression schemes
used in some modems, the bit rate and the baud rate
may not always have the same value. For our pur-
poses, we will treat modems as transparent devices that
convert digital information to analog and back to digital
for long distance communication; and as such, we will
only be concerned with bit rates.

The field of data communications and serial 1/O prob-
ably has more terms associated with it than any other
method of interfacing. It is probably also the area in
which the terms are most commonly misunderstood
and misused. In order to avoid some of this confusion,
we will spend the remainder of this section discussing
some of those terms and concepts that will be useful to
understand when using the 98036A Serial 1/O Inter-
face.

Returning to Figure [lI-34 we see that although the bits
within the data byte must be sent at precise intervals,
there is no restriction on the time between characters
except that the required stop time be allowed. Indeed,
it is this lack of a time restriction that makes the start bit
necessary, so that the receiver will recognize the next
character. This mode of transmission is called bit-
synchronous, character-asynchronous or more com-
monly, simply asynchronous transmission. As we saw,
it requires 11 bit times to transmit 8 bits of actual data.

The extra start and stop bits can be eliminated if a
group of data bytes is transmitted as a single block,
with start and stop indicators only at the beginning and
end of the entire block. This means that as soon as one
data byte is sent, the next one must be transmitted im-
mediately with its first bit occuring at the next bit time
interval. (This method of transmission is called syn-
chronous communication.) Although this eliminates the
intermediate start and stop bits, it also places a heavier
burden on the transmitter and the receiver. Their inter-
nal clocks which determine when each bit time interval
is to be marked must be precisely synchronized so that
they do not drift out of phase with one another. Also,
if the transmitter does not have the next data character
ready to send when the next bit time occurs, it must fill
in with some pre-defined sync character so that the
transmitter and the receiver do not loose their syn-
chronization. In general, protocols for synchronous
data transmission can become quite complex. Since
HP desktop computers are intended to be both stand-
alone computing devices and instrumentation con-
trollers which can also go on line to another computer
when required, and not intended to act as a terminal

emulator as their primary func:ion, only asynchronous
data communciations is suppa:ted on these machines.
Since most large computers ar d timeshare services
support asynchronous termina's, this mode of opera-
tion is satisfactory for most applications.

Up until now we have talked #bout serial transmission
as through it took place over & single wire. Obviously,
a common signal ground is also required so that both
the transmitter and the receiver can measure the
voltage levels on the data line. with respect to the same
reference point. Thus the simplest form of serial com-
munication requires two wires for the data transmis-
sion.

If communication over the data line is always in one
direction, the data channel is said to be operating in
the “simplex” mode. For example, an RS-232-C
printer would only receive infcrmation, while a device
such as a tape reader would only transmit data. A ter-
minal, however, may both ser:d and receive data since
it has both a keyboard (data transmitter) and a printer
or a CRT (data receiver). In Section IlID2 we saw that
the HP-IB allows bidirectional communications over a
set of data lines. That is, the same set of data lines is
used for sending information from device A to device
B, and for sending informatiot: from device B to device
A. A special HP-IB protocol (i e., addressing talkers
and listeners) is used to control the traffic on this set of
data lines.

Since communication in one ¢lirection over an RS-232-
C link uses only one wire, such protocols can be avoid-
ed by allocating separate transmit and receive data
lines, with a common signal ground line used for
reference. Figure llI-36 shows a schematic representa-
tion of such an RS-232-C dat. link.

DATA |
communications  |@ Transma'ad Data
DEVICE oY

Recewve 1 Data TERMII\‘IAL
(Computer or — DEVICE
Modem) Signal {.round

Figure 111-36

Typically, the devices represented in Figure II[-36 will
be a computer (or a modem for remote communica-
tions) and a terminal. But this. same diagram can also
represent a link between any two RS-232-C devices.
For thjs reason, the two devices are often referred to
by the more general terms Data Communications
Equipment (DCE) and Data Terminal Equipment
(DTE). Also, the terms transm:tted data and received
data are defined relative to the terminal (DTE device).

An output-only device operating in the simplex mode
would only implement the trarsmit and ground lines,
not using the received data lin:z. An input-only device
would implement the received data and ground lines. If



a device can both transmit and receive data, it would
implement all three lines. Such a device is said to be
operating in the “duplex” mode.

When two devices are directly connected over an RS-
232-C link, they normally operate in what is called a
full-duplex mode. This means that data may be
transmitted and received simultaneously. Information
may be carried from the DTE to the DCE on the
transmitted data line at the same time that information
is being sent from the DCE to the DTE on the received
data line.

If these devices are connected over telephone lines us-
ing a pair a modems, only one data path (the phone
line) interconnects the two modems. In this case, full
duplex operation is still possible since many modems
are capable of multiplexing the two signals representing
the transmitted and the received data. As the transmis-
sion speed (baud rate) increases, however, the amount
of information being sent by both transmitters
simultaneously eventaully exceeds the capacity of the
telephone line. Thus, when using high-speed modems,
a special protocol is used called half-duplex in which
only one device at a time is allowed to transmit data to
its modem for sending over the telephone line.

Figure IlI-37 shows a schematic representation of all
three of these modes of operation. Notice that while
the computer is playing the part of a modem in the
simplex and full-duplex modes, in the half-duplex
mode it is operating as a terminal, as is shown by the
labeling of the transmitted and received data lines.
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Figure I11-37

So far, we have been using the terms half-duplex and
full-duplex to describe the characteristics of the com-
munications line itself. These terms are also applied to
classify terminal types with similar, but not quite iden-
tical meanings. To clarify this, lets look at the
characteristics of a terminal in operation.

Figure IlI-38 shows a schematic representation for a
half-duplex terminal. It consists of a keyboard for enter-
ing information to be sent to the computer, an output
device such as a printer or a CRT for displaying infor-
mation sent back by the computer, and some electronic
hardware for selecting the transmit or the receive mode
of operation on the half-duplex data line.

1o}

r
I |
| 1 COMPUTER
| SELECTOR |+

| |

] |

[

Figure 111-38

Information typed in on the keyboard is sent to the
computer, and its responses are sent to the terminal’s
printer. Since it is very difficult to type on the keyboard
without some visual feedback as to which keys have
been pressed, the half-duplex terminal will also send its
keystrokes to the printer as indicated by the arrow in
the figure. Thus the printer shows a record of both the
input from the keyboard as well as the output from the
computer.

If, due to electrical noise on the data line, a bit is
dropped (i.e., a transmitted 1 or O is received as a O or
1) the computer will not receive the same message as
sent by the terminal. But since the information on the
printer was generated by the keyboard, the message
looks correct even though the computer responds with
an error indicating that it did not understand the
message received. This problem can be alleviated by
operating the terminal in the full-duplex mocdle, and
taking advantage of a capability offered by many
timeshare computers called echo-back or simply echo.
Figure I[I-39 shows how a terminal would operate in this
mode.
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Figure 111-39

The keyboard on the terminal does not directly drive
the printer. Instead, as each key is pressed, it is
transmitted to the computer which receives it for pro-
cessing, and also echoed back to the terminal to be



output on the printer. In this mode, the operator at the
terminal still gets visual feedback of what has been
typed. But the characters printed are those received by
the computer and echoed back. Now if there is a
transmission error, the operator sees the incorrect
character on the printer and can send a backspace
character and retype the correct character.

Some terminals operate in only the half-duplex or the
full-duplex mode, while others will operate in either
mode, usually selectable by a switch on the terminal
itself. If a terminal is operating in the half-duplex mode
with a computer which echoes characters back, each
keystroke will be printed twice — once from the
keyboard and once from the echo back. Thus typing
the message “HELLO” would result in the printer
showing “HHEELLLLOQO”. On the other hand, if a
full-duplex terminal is communicating with a computer
that has no echoback capability (or has this feature
turned off), neither the computer nor the keyboard is
driving the printer during the typing of messages at the
terminal, and the operator is “running blind”. This
close association between half and full duplex operation
of a terminal, and having echo turned on or off, can
lead to confusion unless this associdtion is understood.
When a selectable terminal is run in the half-duplex
mode, the keyboard drives the printer and echo should
be suppressed on the computer. In fthe full-duplex
mode, the keyboard does not drive'the printer and the
echoback feature of the computer should be on. If the
particular computer being used cannot have its echo
turned on or off, this will dictate the mode of operation
of the terminal.

3.Control Lines and the RS-232-C
Standard

Until now we have been concerned only with data
transmission over serial [/O lines. This method pro-
vides a simple means of communication over a
minimum number of wires, but does not allow for
much flexibility. As data communications equipment
became more sophisticated, the need for more control
arose. For example, if a data terminal device offered
the ability to perform more complex tasks (e.g., save a
block of received data on a magnetic tape unit), it
might require more than the provided stop-bit time be-
tween characters to perform these operations. With the
advent of telephone communications and modem
equipment, other new needs arose such as the ability
to detect when a computer was trying to dial up a
modem, and when it had dropped the line (i.e., hung
up) at the end of the communication.

In an attempt to prevent total confusion in this area
with every manufacturer implementing these control
features in whatever manner they chose, resulting in
lack of compatability between serial I/O devices, the
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Electronic Industries Association (EIA) tried to define a
standard to guide designers of serial 1/O equipment.
After several proposals and ewrlier standards, the EIA
RS-232-C standard was adopied in 1969 and is used
today by a large number of manufacturers of data com-
munications equipment.

Even though the RS-232-C standard is the most
popular one in use today, several other standards exist
which allow for more capabilifies in certain areas of ap-
plication. Some of these are very close to the RS-232-
C in their definitions. And the user setting up a serial
I/0 system should be careful to recognize equipment
which claims to be RS-232-C compatible but may have
“slight” differences. In any given application, these dif-
ferences may or may not be enough to prevent com-
patability with a true RS-232-~ device.

Data communications devices which are RS-232-C
compatible use a standard EIA 25-pin connector,
shown in Figure [11-40. The computer or modem (DCE)
cable terminates with a female connector, and terminal
devices' (DTE) use a male cornector. Although this
polarity is the common one, ome devices will be
found which use the opposite type of connector. The
problems that this can cause will be discussed in Sec-
tion IIIE6.

T ———— i m——

Figure 111-40

Figure 111-44 shows the various data and control lines
that have been assigned to each of the connector pins
by the RS-232-C standard. The arrows are used to
show the direction of each lin:>. That is, an arrow to
the right signifies that the signal described is generated
by the DCE device and received by the DTE; while an
arrow to the left signifies a signal from the DTE to the
DCE. Notice that the terms transmitted and received
data (pins 2 and 3) are name! relative to the data ter-
minal device. In the following paragraphs, we will
describe each of these lines; rot in the order of their
pin assignments, but collectec into logical groups ac-
cording to their functions.

Protective Grourd (Pin 1)
This line is connected to the chassis ground of the
device which is usually conne:ted to the external



ground of the power supply for safety reasons.

Transmitted Data (pin 2)
Received Data (pin 3)
Signal or Logic Ground (pin 7)

These three lines are used to obtain full-duplex data

exchange and have already been discussed in Section
IIE2.

Request to Send (pin 4)
Clear to Send (pin 5)

Data Set Ready (pin 6)

Data Terminal Ready (pin 20)

These four lines perform status indication functions
between the modem and the terminal, and indicate
various go/no-go conditions. The Data Set Ready
(DSR) and Data Terminal Ready (DTR) lines are
similar to the PSTS line on the 98032A card (see Sec-
tion IlIA). When they are on (high voltage level), they
indicate that the device is operational. For example,
the data set (modem) might turn off DSR if it were
switched into the test or dial mode, or if it lost the car-
rier signal on the telephone lines. Similarly, the ter-
minal would turn off DTR if it were switched from the
on-line to the local mode of operation.

The Request to Send (RTS) and Clear to Send (CTS)
lines perform different functions depending on the
mode of operation. In the half-duplex mode, they are
used to control the channel direction, or direction of
communication flow on the data line.

Normally these lines are used by data communications
equipment manufacturers to implement the various
serial I/O protocols, and are not of concern in simple
data exchanges between RS-232-C devices. The user
should be aware, however, that some modems and ter-
minals will not operate properly unless certain of these
lines are set to the on state. We will discuss this further
in Section IIIE4 when we see how the 98036A card
sets and clears these lines.

Ring Indicator (pin 22)

Carrier Detect (pin 8)

Signal Quality Detector (pin 21)
Data Signal Rate Selector (pin 23)

These four lines are used when the terminal is
operating with a modem using telephone communica-
tions. The Ring Indicator indicates that the telephone
ringing signal is being received on the communication
channel. The Carrier Detect indicates that the acoustic
signal or tone that is modulated to carry the data infor-
mation is being received. Loss of this carrier indicates
that the communication channel is no longer establish-
ed. Some modems can detect from the waveform of
the carrier signal when there is a high probability of an

error in the received data. This condition is indicated
by the state of the Signal Quality Detect line. The Data
Signal Rate Selector line is used by some rmodems with
dual rate capability to switch between two data signal-
ing rates.

When connecting RS-232-C devices to HP desktop
computers using the 98036A Interface, these lines
would not normally be used, although, they are made
available for setting and testing by the interface.

Transmitter Clock (pin 15)
Receiver Clock (pin 17)
Transmitter Clock (terminal source) (pin 24)

Normally, each device has its own internal clock signal
used to send and receive data bit patterns at the correct
bit-time intervals. If a device does not have its own
clock, or if it wishes to use the other device’s clock for
special data rates or synchronization purposes, these
lines are used to transmit those clock pulses.

Secondary Transmitted Data (pin 14)
Secondary Received Data (pin 16)
Secondary Request to Send (pin 19)
Secondary Clear to Send (pin 13)
Secondary Carrier Detect (pin 12)

These lines are assigned by the RS-232-C standard in
order to allow for a second data communications chan-
nel. The 98036A does not support this secondary
channel, although two of the control lines assigned for
this channel (Secondary Request to Send and Secon-
dary Carrier Detect) are made available to the com-
puter and can be used for whatever purpose the user
finds convenient. This assumes, of course, that the
device being interfaced to does not use these lines for
their assigned meanings.

As we will see in Section IlIE4, some of these lines are
implemented by the 98036A Interface while others are
not. For example, the transmitter and receiver clocks
(pins 15 and 17) can be externally controlled on the
98036A, while the terminal source transmitter clock
(pin 24) is not implemented. Also some of the second-
ary channel lines are provided since they are
sometimes used in implementing half-duplex protocols.

4.The 98036A Serial 1/0 Interface

In Section lIIE1 we showed how a serial communica-
tions link is used to connect a computer to a remote
terminal. Using the 98036A Interface card, HP desktop
computers can participate in this communications link,
acting as a substitute for either the computer, the ter-
minal, or both. In the last case, the serial I/O link is
used to allow two desktop computers to be connected



together for program and data exchange. Figure Il1-41
shows a schematic representation of these three
methods of interfacing.

DESKTOP
COMPUTER

ITEHMINA —~~

98036A (Standard)

|FF ['wooew DESKTOP
LCOAAPUTMODEM oD }——q_fow’“m ‘

98036A (Option 001)
DESKTOP DESKTOP
COMPUTER COMPUTER
98036A Sld)

98036A {Option 001)

Figure I1I-41

The desktop computer can be any one that uses the
98036A Interface, and we will be using the 9825A as a
representative example. Depending on whether the
9825A is playing the part of the computer or that of
the terminal, the RS-232-C pin assignments will be
slightly different. For example, as a terminal, the
98036A card should transmit its data on pin 2 and
receive on pin 3 (see Figure I1I-44). But the 98036A
card on the computer end of this link will receive data
on pin 2 and transmit on pin 3. (Remember that the
terms transmit and receive are named relative to the
terminal.) Therefore, two versions of the 98036A Inter-
face are required. The standard version makes the
9825A look like a computer or a modem, and is used
to connect it to a terminal device. The option 1 version
makes the 9825A look like a terminal and allows it to
be connected to a computer or a modem. When we
say that the 9825A looks like a modem or a terminal,
we mean only the way in which it handles the data
communications channel. Additional software (i.e., a
program in the 9825A) is required to allow it to
emulate the actual operation of a modem or a ter-
minal. The only function of the interface card is to send
and receive information over the data line, and to
make the various R5-232-C control lines available for
setting and testing. Any higher capability such as ter-
minal emulation must be handled by a running pro-
gram in the 9825A.

Figure IlI-42 shows the meanings that have been given
to the interface registers on the 98036A in order to ac-
cess the various data and control lines.

IN OuT
R4 |Data In* Data Out*
R5 | Status In Control Out
R6 |Extended Status | Extended Control
R7 (not used) Trigger

*These registers are also used for special status and control information.

Figure 111-42
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Data input and output with the: 98036A is handled in
the same way as described for the 98032A Interface.
That is, data bytes are sent a1 received through the
R4 registers, and the R7 OUT register is used as a trig-
ger. The same drivers presentid in Section [IA4 are
used to exchange data with th:z 98036A Interface. Us-
ing these drivers, the card is anerated in the half-
duplex mode only. Data may »e sent or received, but
not both at the same time. We will see later how the
interrupt structure of the 9825A can be used to allow
full-duplex operation.

Data exchange with the 9803¢A card is done as
through it were an 8-bit paralle| interface. An entire
byte of data is sent to the card via the R4 OUT
register. When the R7 OUT trigger is issued, the inter-
face automatically breaks it down into a sequence of
serial bits and supplies the reqiired start and stop bits
(plus a parity bit if parity is being used). It also takes
care of the necessary timing re quirements.

Most of the complex protocol {or exchanging data over
the RS-232-C channel is hand:ed by a large-scale in-
tegrated circuit (Intel 8251) calied a USART (Universal
Synchronous/Asynchronous Receiver and Transmit-
ter). This USART is the heart of the 98036A and im-
plements most of the data, tim:ng, and control re-
quirements specified by the R$-232-C standard. The
remaining electronics of the 98036A provide an inter-
face between this USART and the 1/0O backplane of
the desktop computer. It shouid be mentioned that
even though the USART is capsable of supporting syn-
chronous communications on the data channel, a com-
plex driver would also be required in the desktop com-
puter to implement one of the byte-oriented syn-
chronous protocols (e.g., BISYNC), since these pro-
tocols are not provided by the USART itself. As a
result, only the asynchronous 1node of operation is
supported on the 9825A using the 98036A Interface.

The status (R5 IN) and contra (R5 OUT) registers on
the 98036A are used for settirig and testing various
modes of operation of the interface card itself. Figure
I11-43 shows the assignments that have been made for
the bits in these registers.

R5 Registers
R5 OUT Register

BIT 7

BIT &

Intertace

wis | omre I se | T
Programmed
Interrupt Interface. "
!
R5 IN Register

e
Enablo Resel
BT 8 BIT 7 BIT 6 BIT 5 ara | BiT3 BT 2 BT 1 BIT 4
Controt Contro
Pariproral | [meriace ¥ Intertace Intertace. ¢ ¥ Status 2 Status 1
Status 1 ntarrup Y] 1D 1 Receiver | Transmitier
Enablo Status Rocel Trana

Figure 11143



Most of these bits are used for operating the card in the
interrupt mode, and will be discussed in the next sec-
tion on interrupt programming. The remaining bits will
be discussed here.

Bits 4 and 5 of the status (R5 IN) byte contain the in-
terface type identification bits (see Section 1IC2). Bit 5
of the control hyte (R5 OUT) is set to a 1 to cause the
98036A to return to its power-on state. The USART
itself on the 98036A card makes use of two full bytes
of control information, and provides one byte of its
own status information. Since there are not enough bits
in the R5 registers to contain all of this information, the
98036A card u;tilizes a multiplexing scheme to gain ac-
cess to these USART registers. This scheme works in
the following manner. If bit O of the control byte (RS
OUT) is set to a zero, the R4 registers have their nor-
mal meanings of data in and data out. If, on the other
hand, this bit is set to a one, the R4 registers are now
used to access the USART status, mode, and control
bytes. Because of this mode of access, these USART
registers have been given the names R4C, R4D, and
R4E. Figure 1lI-43 shows the meanings given to the
various bits in these registers.

R4 Registers

R4C Mode Word

|

8IT 6 BT 5 BIT 4 a3 BIT 2 er 1 | “emo

8it Rate Factor

00 = not used

01 = 1 X bil rate clock
10 = 1/16 X bil rate clock
11 = 164 X bit rate clock

t
Number of Stop Bits
00 = not vafid

01 =1mit

10 = 1.5 bits

11 =20is

Charactsr Lengin
Parity Enable =5bits
0 = Disabie
1 = Enable

Parity Type
0 = Odd 0% = B bils
10 = 7 bils
11=8his

1= Even

R4D USART Control Word

BIT 5 BIT 4
Ciear To Send
Pin 5 (Standard)|

Request To
Seng Pind
(Option 001)

BIT 2 BIT 1 BITO

Data Set Ready
Pin 6 {Standard)|
Dale Teyminal | Enable Data
Raeady Pin 20 Transmitte

(Option 001)

T e BIT 6 BIT 3

Reset Status
Bils ol USART
Stalus Word

USART Send Break | Enable Dala
Reset Character Receiver

Always 0

R4E USART Status Word
:: :871 7 |
Request To Send|

Pin 4 (Standard)
Data Sef Ready
n6

BIT 1 6o ]

BIT 6 BIT 5 BIT 4 BIT 3 BT 2

Transmilter
Empty

Asceivar

Framing Overrun Parity
Always 0 Err Ready

Transmiter
Error or Error Roady

(Option 001)

Figure 11143 (cont’d)

Before discussing the meanings of these bits, lets look
at how each of them is accessed. The USART Status
Byte (R4E) would be obtained by setting bit O of the in-
terface control register (RS OUT) to a one. A normal
data input operation is then performed. Since this con-
trol bit is set to a one, this tells the interface to place
the USART status byte in the input (R4 IN) register,
rather than a normal data byte. When this sequence is
finished, the card should be returned to the data mode
by setting bit O of the control byte (R5 OUT) back to a
zero. Thus, the sequence

wic 11,1; rdb(11) = A; wtc 11,0

would result in reading the USART status byte (R4E)
and placing its decimal equivalent in the variable A. In
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a similar manner, the sequence
wtc 11,1; wtb 11,X; wtc 11,0

would output the contents of the variable X to the
USART control byte (R4D). The USART also uses a
mode word (R4C) which is accessed through the
following sequence.

stc 11,1; wtb 11,64,A,B; wtc 11,0

The 98036A (set to select code 11) is set to the control
mode and a decimal 64 (binary 01000000) is sent to
the USART control byte (R4D) as in the example
above. This sets bit 6 of the R4D register, which is a
reset for the USART. In addition to its other reset func-
tions, it also places the USART in the mode where the
next two bytes output are sent to the R4C and the
R4D registers respectively. In the example above, the
value of A would be sent to R4C and B to R4D. Of
course, bit 6 of the binary representation of B should
not be a 1 or the USART will again be reset, nullifying
the output to R4C and R4D.

The R-232-C standard specifies certain characteristics
of the data line such as the voltage levels used, the
start/stop protocol, etc. Other characteristics of the
data transmission are left more flexible by the standard.
These include the following: the bit rate (bits per
second) at which the data is transmitted; the number of
bits per character; the type of parity (even, odd, or
none) to be used; and the number of stop bits. These
characteristics can be chosen to suit the given applica-
tion, so long as the sender and the receiver both agree
on the particular set of characteristics to be used.
Unless all four of these characteristics are the same for
each end of the channel, the data transmitted will not
be properly interpreted by the receiver. For example, if
the transmitter is sending data at 300 bits per second
(bps) and the receiver is operating at 600 bps, the data
pattern 10010--- transmitted will be received as
1100001100--- since the receiver is sampling the data
line twice as fast as the transmitter is setting it. When
the receiver displays the characters it thinks it has
received, they will appear totally unintelligible. Such
received data is usually refered to as “garbage”.

The 98036A allows for a wide range of flexibility in
each of these four categories. The data rate may be set
to all of the more common values in the range 75 to
9600 bps. The character length may be set to 5, 6, 7,
or 8 bits per character. Most ASCII devices will use 7
or 8 bits per character, with the 5 and 6 options only
used by special devices that use more limited character
sets. the number of stop bits may be set for 1, 1.5, or
2. As mentioned before, these are not actual bits but
rather the minimum time that the data line must be
held in the quite (low) state before the next start bit can
be sent.

Because of the nature of serial I/O transmission, data



on the line is very susceptable to “dropping bits”; that
is, having a bit sent as a 0 or a 1 being received as a 1
or a 0. In order to detect when this happens, a scheme
called parity checking is often used. The transmitter will
supply an extra bit to be sent with each character that
is not part of the data itself. This parity bit is set in such
a way that the total number of bits set to a one (both
data and parity) is always even or always odd. Each
character that the receiver gets is checked to make sure
that the received data has the proper parity. For exam-
ple, Figure 1lI-34 shows the bit pattern used for sending
an ASCII “E” character. Since there are an odd '
numtber of 1’s (three) in the ASCII representation of an
“E”, and the parity bit is a zero, this particular example
is using odd parity. If even parity were being used, the
parity bit would be set to a one to bring the total
number of 1’s to an even number (four).

It is important to note that if parity is not being used,
the parity bit is not even transmitted. This can lead to
some confusion because of the way other methods of
interfacing handle parity. For example, when 7-bit
ASCII data is being sent over an 8-bit parallel interface
(such as the HP-IB), the eighth bit is not being used for
the 7-bit ASCII characters and is sometimes used to
send a parity bit along with each data character. If pari-
ty is not being used, the eighth data line is still there
and is usually always set to a zero. This sometimes
leads to the conclusion that in serial 1/0, if parity is not
being used, the parity bit is always set to a zero. But in
actuality, if parity is not used, the parity bit is not even
sent.

When connecting a 98036A card to another serial /O
device, the user must know the values for each of the
four characteristics, bit rate, bits per character, parity
and stop bits, and set the 98036A to match them. This
inforrnation is usually contained in the operating
manual for that device, or from a timeshare service if
the user is going to go on line to a timeshare com-
puter. As an example of the difficulty that can arise,
such a manual or a timeshare service might specify
“8-bit data, even parity”. After some trial-and-error
evaluation, it becomes clear that the device is actually
using 7 data bits plus parity, and in their specification
they are considering the parity bit to be part of the
data. Being aware of this lack of consistent terminology
can sometimes save much time in determining the
operating characteristics of a serial [/O data line.

All of these options for data line characteristics can be
set on the 98036A card by the use of switches, (see
Appendix). In addition, the character length, number
of stop bits, and parity can be set through the R4C
Mode Word, overriding the switch settings on the card.

The mode word also allows the the setting of a value
called the bit rate factor. In Section IlIE2 we discused
how both the transmitter and the receiver must
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measure time intervals called bit times to determine
when to set or sample the data line for the next bit.
The more precisely these bit time intervals can be
measured, the less likely it is that the time intervals of
the transmitter and receiver will drift with respect to
one another and cause an incorrect data exchange.
Normally, an internal clock an the 98036A card is set
to run at 64 times the bit rate being used. By dividing
the bit time interval into 64 parts, the exact center of a
bit on the data line (Figure IlI-34) can be more precise-
ly located. At bit rates greater than 2400 bps, however,
the internal clock cannot run this fast. As a result, at
4800 and 9600 bps the bit time intervals are divided
into 16 parts instead of 64, dropping the demands on
the internal clock back into a range in which it can
operate. This bit time interval divider and its associated
restrictions are in the USART itself.

The R4D control byte is usec to control various func-
tions on the USART itself. We have already discussed
how bit 6 is used to reset the USART and to address
the R4C mode word. When the 98036A is reset (either
by pressing the reset key on the 9825A or by setting bit
5 of the interface control register, R5 OUT), a default
value of 5 is set for R4D. Ths sets bits 0 and 2 which
enable the USART for data transmission and reception.
Normally, these bits are always left on and any output
to the R4D register should include these bits.

Two other bits, 1 and 5, are used to set or clear the
two most commonly used R%-232-C control lines.
These are Clear to Send and Data Set Ready when the
98036A is acting as a computer or modem interface;
or Request to Send an Data ['erminal Ready when the
98036A is acting as a terminal interface (option 001).
As we mentioned in Section IIIE3, many terminals or
modems will not operate unless they see one or both
of these lines set.

When the data channel is operating in the half-duplex
mode, the computer and the terminal follow an agreed
upon set of rules that determine when each of them
will transmit on the data line. If the computer is cur-
rently transmitting a large block of information, the ter-
minal cannot transmit. If it would like to get the com-
puter’s attention (for example, to abort the data
transfer) it would follow some agreed upon protocol for
interrupting the transmission and turning around the
communications link. In full-cuplex operation, this is
accomplished by sending what is called a break
character. Strictly speaking, this is not a character in
the sense of a transmitted data character. It merely
holds the data line high for a period of time that is
longer than one complete character time, typically
about 200 milliseconds. The receiver of the transmitting
device detects this, and can act on it as it chooses.
Most timeshare computers are set up to abort the cur-
rent I/O sequence and returr- control to the terminal
when a break character is detected. We will discuss the



98036A’s response to receiving a break character. The
break character is sent by setting bit 3 of the R4D
register. This holds the transmitted data line high until
this bit is again cleared to a zero. For example, the se-
quence

wtc 11,1; wtb 11,47; wait 200; wtb 11,39; wtc
11,0

would set bit 3 of R4D and then clear it after a 200
millisecond wait period. During both the setting and
clearing of the break bit, bits 5, 2, 1, and 0 are
specified (47 decimal = 00101111 binary) in the logic
1 state so that the transmitter and receiver remain
enabled, and the two control lines {(bits 1 and 5) re-
main set.

We will see that three of the bits in the USART Status
Byte (R4E) are used as error indicators. Bit 4 of the
R4D register is used to clear all three of these error in-
dicators.

The RA4E register returns a status byte from the USART
itself containing information about various situations
that can occur there. Bit 7 is used to monitor either the
Request to Send line {standard card) or the Data Set
Ready line (option 001 card). Normally these lines are
only used when implementing special protocols.

Three of the bits in R4E indicate the status of the input
(bit 1) and output (bits 2 and 0) buffers on the USART.
During normal program operation, these indicators are
of no interest. They are useful, however, in either
debugging a program or in making sure that the data
channel is properly set up. For example, if a terminal is
connected to a 9825A using the 98036A, and data
cannot be input from the terminal, checking bit 2 will
tell whether data is being received and improperly
handled by the program, or not being received at all.
This bit is set when a character is received by the
USART and cleared when the computer takes that
character.

The remaining three bits of the R4E register (5, 4, and
3) indicate a framing error, and overrun error, and a
parity error respectively. Taken individually, these three
errors have simple meanings. A framing error indicates
that at the time the receiver was expecting to see the
stop bits (low level), the data line was actually high.
This could be caused by having the wrong bit rate set.
For example, if the transmitter were sending at 300bps
and the receiver was set to 600bps, the receiver would
finish sampling for the data bits (doubly reading most of
them!) when the transmitter was only about half finish-
ed sending. The receiver would then look for the stop
bit (or bits) in the data region of the character transmis-
sion. If the data line went high during this time, the
framing error indicator would be set.
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It is interesting to notice that the data being transmitted
during the time that the receiver is looking for the stop
bits could, by change, be 1 bits (low level) and appear
to the receiver to be correct stop bits. Thus, an incor-
rect character could be received without the framing er-
ror indicator being set. The probability of this situation
{accidental matching of data bits with stop bits)
decreases rapidly with the number of characters receiv-
ed. That is, if several characters can be received
without the framing error being set, it is very unlikely
that the bit rate selector is improperly set. With one or
two characters, it is difficult to be sure.

It should also be mentioned that once an etror in-
dicator is set, it can only be cleared by a reset opera-
tion; i.e., a card reset, a USART reset, or the specific
error flags reset in bit 4 of R4D. For example, receiving
a character without a framing error will not clear the
framing error bit if it was set by a previous character
that was improperly received. Otherwise, if the last
character received were incorrect but accidentally
matched the expected stop bits with data bits, the
entire string would appear to have been properly
received.

The overrun error indicator is set whenever a data
character has been received, but was not taken by the
computer before the next one came along. This error
indicates that one or more data characters have been
lost. The situation can be corrected for future transmis-
sions by either slowing down the data rate, or by using
a faster programming method to take the data as it
comes in.

The parity error indicator is set when the 98036A is
enabled to check parity on received data, and the ex-
pected parity bit is not correct.

Although the meanings of the three error conditions
are straightforward, when combinations are considered,
the meaning can sometimes be confusing. Examples of
this are apparent from the transmission of the ASCII
“E” shown in Figure Il[-34. Assume that the transmitter
is sending the pattern as shown, but that the receiver is
set for no parity. After reading the last data bit, since
no parity bit is expected the receiver will expect the
stop bit to immediately follow. Since the line is high at
this time (transmitter is sending a parity bit of 0), a
framing error is detected. Thus, even though the prob-
lem is caused by the fact that the transmitter is set for
parity and the receiver is not, it is a framing error that
is indicated by the error bits in the USART status word.
This points up the necessity of knowing the data
transmission characteristics of the device being interfac-
ed over the serial I/O channel. If these characteristics
are now known, it can sometimes be a tricky bit of
detective work to analyze the errors indicated and
isolate the true cause of the problem.



When connecting an unknown terminal using the
98036A card, it is unwise to try running a complex ap-
plications program until simple read binary and write
binary operations from the keyboard can be made to
work. Otherwise, the user may waste considerable time
trying to debug a correct program when the actual
cause of the problem is that one or more of these data
transmission characteristics is improperly set for that
device.

Finally, when the bit rate has been properly set so that
a framing error does not normally occur, the presence
of a framing error indicates the reception of the break
character. Since the line is held high for 200
milliseconds during a break, even at the slowest bit
rate, the line will be high for longer than one character
time and cause the expected stop bits to be missed.
Depending on the number of bits per character set and
the type of parity being used, the parity error may also
be set during the reception of a break character.

The remainder of the RS-232-C control lines are only
used for special applications, and are accessed through

various bits in the R6 register. The specific bits that can
be set (R6 OUT) or tested (R& IN) depend on whether
the 98036A is acting as a computer or modem (stan-
dard card) or as a terminal (option 001). These
registers are accessed from the 9825A using the read
interface (rdi) and write interface (wti) statements
described in Section [IA3. Although these control lines
are usually used for special applications only, they may
control lines required by some devices in simple ap-
plications. Some terminals will not transmit data unless
the Carrier Detect line (bit 0 of R6 OUT) is set, along
with Data Set Ready and Clear to Send. Again, suc-
cessful operation demands that the user know the re-
quirements of the device beinq interfaced.

Figure 111-44 shows the RS-232-C pin assignments im-
plemented by the 98036A Interface, along with the
names and directions of these lines. On the left is
shown the pin connector numbers on the standard
98036A card, and the interface registers used to access
each of them. On the right is shown the same informa-
tion for the Option 001 98036A card.

98036A as R.C 98036A as
DCE Device | STD ||<— | PIN # NAME OPT 1 | DTE Device
n.a. -1 > 1 Protective Ground 1 n.a.
read 3 « 2 Transmitted Data 2 write
write 2 - 3 Received Data 3 read
R4E, bit 7 6 - 4 Request to Send 4 R4D, bit 5
R4D, bit 5 4 - 5 Clear to Send 5 (note 1)
R4D, bit 1 17 - 6 Data Set Ready 6 R4E, bit 7
n.a. 7 > 7 Logic Ground 7 n.a.
R6 OUT, bit@ | 16 - 8 Carrier Detect 8 R6 IN, bit @
n.a. — 9 (Reserved for test) — n.a.
n.a. — 10 (Reserved for test) — n.s.
n.a. - - 11 Data Rate Select (U.K.) 11 R6 OUT, bit 2
(note 2)
R6 OUT, bit1 ]| 13 - 12 Second Carrier Detect 12 R6 IN, bit 2
n.a. — - 13 Second CTS — n.a.
n.a. — - 14 Second TXD — n.a.
n.a. — - 15 Transmitter Clock 15 (note 3)
n.a. — - 16 Second RXD — n.a.
n.a. — - 17 Receiver Clock 14 (note 3)
n.a. — 18 — — n.a.
R6 IN, bit @ 8 < 19 Second RTS 16 R6 OUT, bit @
(notes 1,4) 5 -« 20 Data Terminal Ready 17 R4D, bit 1
R6 OUT, bit2 | 11 - 21 Signal Quality Detect — n.a.
R6 OUT, bit 3| 10 - 22 Ring Indicator 9 R6 IN, bit 1
R5 IN, bit 1 9 -« 23 Data Rate Select 13 R6 OUT, bit 1
n.a. — - 24 Transmit clock (term) — n.a.
n.a. — 25 — 10 n.a.
note 1:this line cannot be read
note 2:this line unassigned by
RS-232-C
note 3:switch selectable on 98036A
Figure I11-44 note 4:can be set high by switch on
98036A
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5.Programming with the 98036A
Interface

For half-duplex operation, the 98036A is programmed
in the same manner as the 98032A Bit-Parallel Inter-
face. Output is done using the write (wrt), write binary
(wtb) or list statements; and input is done with read
(red) or read binary (rdb) operations.

In the full-duplex mode, the 98036A is capable of
sending and receiving data simultaneously. But since
the I/0O structure of the computer only allows for one
flag line (ready/busy flag) a difficulty arises. Assume for
example that we ask for a byte of received data and
send a byte of transmitted data. When the flag line
again indicates ready, does it mean that the output
character has been sent or that the input character has
been received, or both? If both output and input try to
use the same flag line, at the same time, ambiguities
arise.

To get around this in the full-duplex mode, we
dedicate the flag line to one of the two operations (in-
put or output) and use the interrupt structure of the
computer for the other. For example, we could tell the
interface card that the flag line is to be used for output
data and the interrupt for input data. Now each time
the output buffer is ready to take another character this
fact will be indicated by the flag line going set. And
each time a character is received, an interrupt will be
generated by the interface, but the flag line will be left
alone. Bits 1 and 2 of the interface control register (R5
OUT) are used to indicate whether the input or the
output operation should use interrupt. The other
operation will use the normal flag handshake
mechanism. In normal applications, both bits would
never be set. Also, the most common practice is to
operate the receiver under interrupt. This is because
the desktop computer is generating the output data; but
it never knows when to expect received data, and must
always be ready for it.

The following program gives an example of a simple
program to output information to a computer con-
nected to a 9825A via a 98036A Interface, and to
print any information sent to the 9825A by the com-
puter. The printing is done on a 9866A Printer set to
select code 6, and the 98036A card is on select code
11.

0: dim A$[100], B$[200]

1:  buf “Input’’, 100, 1

2. oni 11, “Print”

3. eir114

4: tfr 11, “Input”,0,10
37:

wr.t 11,B%
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63:  “Print’’; red “Input’’ A$
64: tfr 11,"Input”’,0,10

65: wrt 6,A$

66. iret

This program sets up a buffer called “Input” and starts
an input transfer to this buffer from the 98036A card.
Data will be received into this buffer until a line feed
(LF = decimal 10) character is received (see Section
I[IB3 on transfer operations). When the transfer is com-
plete, the program will branch to the routine labeled
“Print”, which reads the data out of the “Input” buffer
into the string A$, and sends this information to the
printer in line 65. Another transfer statement is ex-
ecuted to be ready for the next line of incoming data,
and line 66 causes a return from the interrupt service
routine back to the main program (lines 5 through 62.
In the meantime, this main program is free to execute
output statements to the 98036A card as exemplified
by line 37 in the program.

Notice that in line 3, the statement eir 11,4 was used
to set bit 2 of the 98036A control register (R5 OUT).
this informed the interface that it was to use the inter-
rupt structure for the receiver, and the normal flag
handshake for the transmitter. Since the lower four bits
of this register are preserved whenever the [/O ROM
needs to set or clear the main interrupt-enable bit (see
Section IlIE4), the 98036A remains in this mode
throughout the entire program. If line 3 had not been
executed, the receiver would have responcled on the
normal flag line rather than generating an interrupt,
and the transfer would never have completed.

A potential problem exists with the “Print” service
routine in this example program segment. When one
line of data (terminated by a LF character) is received,
the buffer transfer is complete and a branch to the serv-
ice routine is made by the I/O ROM. The time to com-
plete this branch and execute the read statement in line
63 is about 5 to 10 milliseconds, depending on the
number of characters in the buffer. At data rates above
600 bits per second, it is possible that another character
would be received before the next transfer statement
(line 64) could be executed, causing that character to
be missed. For this reason, a special buffer-read (bred)
statement is provided by the Systems Programming
ROM (98224 A) which substantially reduces the time
period during which the input buffer is not active. (For
more information, see the Systems Prograrnming
Manual.) This programming tool makes it possible to
operate the 98036A in the high-speed, full-duplex
mode.

With a suitable HPL program, it is possible for the
9825A to emulate an RS-232-C terminal. Such a pro-
gram would cause the 9825A to mimic many of the
operations of a terminal such as transmitting informa-



tion entered through the keyboard to the computer and
printing information received from the computer. It
should be remembered, however, that HP desktop
computers are designed to be stand-alone computa-
tional and controlling devices, and not primarily as ter-
minal replacements. Also, it is not necessary to provide
(via a high level program) a complete terminal
emulator in order to exchange data with another com-
puter over an RS-232-C communications link. Within
an applications program, data may be exchanged with
a remote computer using read, write, and transfer
statements without any operator intervention (other
then establishing the communications link if a modem
is involved).

6.RS-232-C vs. Current Loop
Operation

In the previous sections we have discussed two
methods of interfacing for which standards exist that
specify certain electrical, mechanical, and functional
parameters. Most manufacturers of devices which are
compatible with the IEEE-488-1975 (HP-IB) standard
adhere closely to its definitions. And as a result most of
these devices are plug-to-plug compatible. Unfortunate-
ly, this is not always true of devices that claim to be
RS-232-C compatible. In particular, the fact that a
serial I/O device uses an EIA 25-pin connector does
not automatically make it an RS-232-C device.

Even when a device is RS-232-C compatible, variations
from the expected configurations may still exist. We
mentioned earlier that the common convention used
for connectors is that the data terminal equipment
(DTE) will use the male connector while the data com-
munications equipment (DCE) will use the female con-
nector. Indeed, the 98036A Interface is available in
two configurations (see Figure 1lI-41) so that the
desktop computer can play the part of either the DCE
or the DTE. As an example of the difficulties that can
arise, consider a terminal device (DTE) which ter-
minates in a female 25-pin connector. Since the
desktop computer is to act as a modem (DCE) in this
system, the standard 98036A card will be used. But
since both devices have female connectors, they cannot
be plugged together. In this case we will have to obtain
a special female-to-female adaptor in order to make the
connection. But the fact that this adaptor is necessary
at all should alert the user to the possibility that all of
the pin assignments for the terminal’s connector may
not be as expected. In particular, the transmitted data
line (pin 2) and the received data line (pin 3) often
need to be interchanged on one of the connectors or
cross-wired in the adaptor.

In general, when two RS-232-C devices are connected
and do not appear to operate properly, there are two
areas which should be thoroughly checked out before
suspecting either a programming error or a hardware
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malfunction. The first is to insure that all of the pin
assignments in both devices are as expected. For the
98036A Interface these pin ausignments are found in
Figure IlI-44, while the assignments for the device be-
ing connected should be contained in the operating
manual for that device. If these pin assignments are all
correct, the user should then :heck to see if any con-
trol lines (Clear to Send, Date Set Ready, Carrier
Detect, etc.) required by the tevice being interfaced are
not set. The 98036A is capable of setting any of these
control lines; but is is the responsibility of the user to
determine which lines his particular device requires and
include the instructions for setting them within his pro-
gram. For the 98036A card itself, these requirements
are as follows. The standard ¥8036A (acting as a DCE
device) requires the Data Terninal Ready (DTE, pin
20) signal to be true before it will transmit. Most ter-
minals will automatically set this line when they are
switched into the remote or on-line configuration. The
option 001 98036A (acting as a DTE device) requires
the Clear to Send (CTS, pin 5) signal to be true for
proper operation. If the DCE device being interfaced
cannot supply this signal, it may be set on the 98036A
card itself (see 98036A Installation and Service
Manual).

The problem of connecting serial I/O devices is further
complicated by the fact that a second data transmission
convention known as “current loop” exists. As the
name implies, this method of transmission uses the
presence or absence of a current flow in the data line
to represent the two logic states (1 or 0) rather than
two different voltage levels as specified by the RS-232-
C standard. It should be noted that a device operating
in the current loop mode is not an RS-232-C device,
even though it uses many of the same conventions
such as start and stop bits, parity, etc., of the RS-232-
C data format.

Historically, the first serial [/O devices operated in this
current loop mode. With the advent of the RS-232-C
standard, most manufacturers of serial I/O devices
switched over to the use of veoltage levels on the data
lines. Even so, many current Joop devices are still
available. One reason for this is that while the practical
operating distance for a direct (not using modems) RS-
232-C data link is about 50 feet (15 meters), much
longer distances are obtainable: in the current loop
mode.

Figure IlI-45 shows the three basic elements that make
up a current loop. The element labeled source is an ac-
tive current supply. Typically, there is one and only
one active source in any current loop, with all other
elements acting passively.

S
T R+
o SOURCE o
MODULATOR DETECTOR
Data Data
n T+ R- Out

Figure 1}1-45



In the quiet (no data transmission) state, this source
maintains a continuous current flow through the loop.
When data is presented to the transmitter at the data in
line, the modulator converts this digital information
(ones and zeros) into a matching sequence of current-
on and current-off states by either allowing the current
in the loop to flow, or blocking it. Since the same cur-
rent pulses flowing through the modulator also flow
through the detector, the detector can sense these cur-
rent on/off states and translate them back into digital
information in a form (usually voltage levels) that can
be recognized by the receiving device. The order in
which each of these devices appear in the loop is not
important.

In simplex operation, the source and modulator are
located in the transmitting device, while the detector is
located in the receiving device. For full-duplex opera-
tion, each device contains a transmitter (source plus
modulator) and a receiver (detector). The transmitter of
each device is connected to the receiver of the other
device, thus creating two complete, independent cur-
rent loops.

Most data terminals that operate in the current loop
mode are passive devices; that is, they have a
modulator and a detector, but not a current source.
They depend instead on the DCE device to provide the
current source. The 98036A card, when operating in
the current loop mode, is capable of supplying the re-
quired current (20ma). Figure I1I-46 shows how such a
passive terminal should be connected to a 98036A for
half-duplex current loop operation.

received data

l SOURCE I:
DI >

MOD

transmilted dala
DO«

=
{oer]
e

13 O ground

98036A

Figure 111-46

Several points should be noted about this connection.
It is necessary to jumper (connect together) the R— and
the T+ leads at the terminal in order to complete the
loop. Also, in half-duplex current loop mode the
ground lead from the 98036A is not connected. If the
terminal also has an active current source, Figure IlI-46
could be modified for full-duplex operation by discon-
necting the R—/T+ jumper and reconnecting R— to
ground and T+ to the terminal’s current source.

In the half-duplex arrangement shown, there are ac-
tually five elements in the loop: a source, two
modulators, and two detectors. Only one modulator at
a time is allowed to modify the current flow (i.e., en-
code information to be sent around the loop), which is
why this is a half-duplex arrangement. Both detectors,
however, can be active at the same time. This also
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means that since the terminal’s detector receives the in-
formation sent by the terminal’s modulator, no special
circuitry is required to get the effect of an echo-back
(see Section IIIE2).

In the figures above we have labeled the current loop
connections as T+, T—, R+, and R—. Various
manufacturers may use different designations to label
these connections, such as T5, T6, T7, and T8. The
exact labeling for a given device can be obtained from
the operating manual for that device. Figure 111-47
shows three typical receiver (detector) circuits and may
be helpful in recognizing the R+/R— connections from
the schematic diagrams in the operating manual for the
terminal being connected.

R+ R+ R+ Qe
e T EY

REED RELAY INPUT TRANSISTOR

R-0—
OPTO-ISOLATOR

Figure 111-47

Up to now we have discussed current-loop operation in
terms of presence or absence of current in the loop,
without saying anything about the amount of current
flowing. Most current sources for use in current loop
operation provide either 20 milliamps (ma) or 60 ma.
The 98036A Interface card can supply (acting as a
source) 20ma. lts receiver is capable of sinking (acting
as a detector) either 20ma or 60ma with no modifica-
tions or switch settings required on the card to select
20ma or 60ma operation.

The current source in the 98036A operates from a 12
volt power supply, and the detector in the 98036A re-
quires 6 volts to operate properly. This means that the
other passive elements in the loop (terminal modulator
and detectors) must not drop the voltage of the current
passing through them more than 6 volts. Converting
this voltage drop to the equivalent resistance at 20ma
we have

R = V/I = (6 v)/(20ma) = 300 Ohms.

Thus, when the combined resistance of the external
elements in the loop exceeds 300 Ohms, the detector
in the 98036A will no longer be able to reliably
distinguish logical ones from zeros. This external
resistance is made up not only of the elements in the
loop, but also of the wire in the loop itself. And since
the resistance of a wire is proportional to its length, this
limit on external resistance is what ultimately deter-
mines the maximum operating distance of the serial
[/0O link in the current loop mode.



APPENDIX A

ASCII CHARACTER SET
Decimal Octal HEX ASCII HP-IB* Decimal Octal HEX § ASCI HP-IB*
0 0 00 NULL 32 40 20 | space LO**
1 1 01 SOH GTL 33 41 21 ! L1
2 2 02 STX 34 42 22 ” L2
3 3 03 ETX 35 43 23 # L3
4 4 04 EOT SDC 36 44 24 $ L4
5 5 05 ENQ PPC 37 45 25 % L5
6 6 06 ACK 38 46 26 & L6
7 7 07 BELL 39 47 27 ’ L7
8 10 08 BS GET 40 50 28 ( L8
9 11 09 HT TCT 41 51 29 ) L9
10 12 0A LF 42 52 2A * L10
11 13 0B VT 43 53 2B + L11
12 14 oC FF 44 54 2C , L12
13 15 OD CR 45 55 2D - L13
14 16 OE SO 46 56 2E . L14
15 17 OF SI 47 57 2F / L15
16 20 10 DLE 48 60 30 0 L16
17 21 11 DC1 LLO 49 61 31 1 L17
18 22 12 DC2 50 62 32 2 L18
19 23 13 DC3 51 63 33 3 L19
20 24 14 DC4 DCL 52 64 34 4 L20
21 25 15 NAK PPU 53 65 35 5 L.21
22 26 16 SYNC 54 66 36 6 L.22
23 27 17 ETB 55 67 37 7 L23
24 30 18 CAN SPE 56 70 38 8 L.24
25 31 19 EM SPD 57 71 39 | 9 L25
26 32 1A SUB 58 72 3A : L26
27 33 1B ESC 59 73 3B ; L27
28 34 1C FS 60 74 3C | < .28
29 35 1D GS 61 75 3D = .29
30 36 1E RS 62 76 3E > L30
31 37 1F us 63 77 3F ? UNL

* These are the meanings assigned to the ASCII characters on the HP-IB when the ATN line is true {see Section IlID5).
** Listen address codes. L<n> = listen address for device number <n>.
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ASCII CHARACTER SET

(continued)

Decimal Octal HEX ASCII HP-IB Decimal Octal HEX ASCII HP-IB
64 100 40 @ TO* 96 140 60 ‘ SO**
65 101 41 A T1 97 141 61 a S1
66 102 42 B T2 98 142 62 b S2
67 103 43 C T3 99 143 63 c S3
68 104 44 D T4 100 144 64 d S4
69 105 45 E T5 101 145 65 e S5
70 106 46 F Té6 102 146 66 f S6
71 107 47 G T7 103 147 67 g S7
72 110 48 H T8 104 150 68 h S8
73 111 49 I T9 105 151 69 i S9
74 112 4A d T10 106 152 6A j S10
75 113 4B K T11 107 153 6B k S11
76 114 4C L T12 108 154 6C 1 S12
77 115 4D M T13 109 155 6D m S13
78 116 4E N T14 110 156 6E n S14
79 117 4F O T15 111 157 6F o S15
80 120 50 P T16 112 160 70 p S16
81 121 51 Q T17 113 161 71 q S17
82 122 52 R T18 114 162 72 r S18
83 123 53 S T19 115 163 73 s S19
84 124 54 T T20 116 164 74 t S20
85 125 55 U T21 117 165 75 u S21
86 126 56 \Y) T22 118 166 76 v S22
87 127 57 W T23 119 167 77 w S23
88 130 58 X T24 120 170 78 X S24
89 131 59 Y T25 121 171 79 v S25
90 132 5A Z T26 122 172 7A z S26
91 133 5B [ T27 123 173 7B { s27
92 134 5C \ T28 124 174 7C | S28
93 135 5D ] T29 125 175 7D } $29
9 136 5E A T30 126 176 7E = S30
95 137 5F — UNT 127 177 7F DEL 831

*

*Kk

Talk address codes. T<n> = talk address for device <n>.
Secondary command group. Meanings are device dependent.
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APPENDIX B

98032A REGISTER MAP
IN OouT —
R4 DATAIN DATA OUT
R5 STATUS CONTROL
R6 HIGH BYTE DATA HIGH BYTE DATA 7
R7 (not used) TRIGGER |

R4-IN: Read 16 bits (lower 8 bits if jumper B is not installed) of data from the input data latches.
Sets [/ 0 line to input.

R4-OUT: Write 16 bits (lower 8 bits if jumper F is not installed) of data to the output data latches.
Sets [/ 0 line to output.

R5-IN:  Read 98032A card status byte (Section 11IB1).

7 6 5 4 3 2 1 0
INT DMA 1 ] D IOD STI1 STI@
R5-OUT: Write 98032A card control byte (Seétion 1IIB2).
7 6 5 4 3 2 1 @
INT DMA RESET AH — — CTL1 CTL@Q
R6-IN:  Read 16 bits (upper 8 bits if jumper B is not installed) of data from the input data lasches.

Does not affect 1 /O line.

R6-OUT: Write 16 bits (upper 8 bits if jumper F is not installed) of data to the output data latches.
Does not affect /O line.

R7-OUT: Sets PCTL to initiate an input/ output handshake, depending on the state of the
[/0 line from the last R4 access.
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98032A JUMPER OPTIONS

Jumper Function (when installed) Reference
1 Indicates input data lines are positive-true. 1B4
2 Indicates output data lines are positive-true. 11IB4
3 Inverts PCTL to high=set, low=clear.
4 Inverts PFLG to high=ready, low=busy.
5 Inverts PSTS to high=not OK, low=0K.
6 Set for pulse-mode handshake.
7 Required for DMA transfers.
8 Clock high input byte when PFLG goes from ready to busy. [11B2
* { 9 Clock high input byte when PFLG goes from busy to ready. [IIB2
A Clock high input byte on R6-IN operation. B2
B Select words (16 bit) input mode. IIIB3
C Clock low input byte on R4-IN operation B2
. 1D Clock low input byte when PFLG goes from busy to ready. B2
E Clock low input byte when PFLG goes from ready to busy. B2
F Select words (16 bit) output mode. [1IB3

*Select only one of these three.
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APPENDIX C

98033A REGISTER MAP
IN ouT
R4 DATAIN (not used)
R5 STATUS CONTROL
R6 (not used) (not used)
R7 (not used) TRIGGER
R4-IN:  Eead one 8-bit ASCII character from the 98033A BCD-to-ASCII translator.
R5-IN:  Read 98033A card status byte (Section IIIC3).
7 6 5 4 3 2 1 )
INT ) 1 ) /) 9 9 P
R5-OUT: Write 98033A card control byte (Section IIIC3).
7 6 5 4 3 2 1 g
INT — RESET — — — — —

R7-OUT: An output to R7 (actual value output is a “don’t care’’) causes the 98033A to place the next ASCII character in the
sequence representing the reading into the R4-IN register. After 16 characters have beer: so placed, the next R7-OUT
causes a new reading to be taken (i.e., the card sets CTLA and CTLB to start a data handshake with the BCD device)
and places the first character of that reading in the R4-IN register.
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98033A SWITCH CONFIGURATIONS

Switch set to
"ON", will :
Invert DFLGA ~ () Invert SGN2 < (=)
invert DFLGB o [mm] invert SGN1 w ) 33
Select CTLA- 2 o[- invert OVLD o [w-)
Select CTLB- 2 «[wm] | S2 Invert Data ;_L;'f_
invert CTLA » )
invert CTLB [ ]
Select. Optional Format So=l

98033A HANDSHAKE DIAGRAM

CTLA-1 MODE (Select CTLA-2 switch off).

CTLA ———— CLEAR
SET
BUSY
DFLGA L READY
[ ]
]
t
CTLA-2 MODE (Select CTLA-2 switch on).
CTLA CLEAR
SET
BUSY
DFLGA ——————— READY

—~ e

At time “t” the data on the BCD input lines is valid and the BCD-t0-ASCII translation process begins.
CTLB and DFLGB operate in a similar manner.
See Section IIIC4.
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R4-IN:

98034A REGISTER MAP
IN OouT
R4 DATA IN DATA OUT :
R5 STATUS CONTROL
R6 STATUS/DATA COMMANDS
R7 PARALLEL POLL DIRECT BUS CONTROL i

APPENDIX D

Initiates a data byte input sequence.

R4-OUT: Transfers one byte of data to the bus.

R5-IN:

Initiates a status read sequence.
R5-OUT: Outputs a control byte to enable the 98034A for various interrupt conditions (Section IIID6).

7 6 5 4 3 2 1 /
SRQ ACT TLK LST IRF ORE CTHER EOI
R6-IN:  Completes a data byte input sequence. Clears ATN.
Delivers 98034A status bytes.
Completes a parallel poll input sequence.
R6-OUT: Sets the ATN line true and outputs a byte of command or addressing information.
R7-IN:  Initiates a parallel poll byte request.
R7-OUT: Direct* bus control (Section IlID6).
7 6 5 4 3 2 1 )
1 ] "] EOI IFC ATN REN SRQ
Service Request control and serial-poll response byte (Section IIID5).
7 6 5 4 3 2 1 ]
@ SRQ X X X X X X

X = user definable.

*After executing this R7-OUT instruction, the 98034A will clear the STS line if an illegal operation (e.g., specifying ATN
if the 98034A is not active controller) is indicated.
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98034A OPERATIONAL SEQUENCES

GENERAL
Any operation with the 98034A should be preceded by testing the flag (FLG) line and waiting for it to indicate
ready. Otherwise, erroneous operation can result.
After a sequence of operations, the status (STS) line should be tested. It will be cleared if an illegal operation
was specified, otherwise it will remain set.

CONTROLLER TALKER ADDRESSING (TAD)
This sequence addresses the 98034A as a talker, and one or more bus devices as listeners. When used in
other operational sequences, it will be abbreviated as TAD.
1. R6-OUT Send unlisten (63) command.
2. R6-OUT Send 98034A talk address.
3. R6-OUT Send device listen address.
4. R6-OUT Send device secondary address if specified.
5. Repeat 3 and 4 for any multiple listeners.

CONTROLLER LISTENER ADDRESSING (LAD)

1. R6-OUT Send unlisten (63) command.

2. R6-OUT Send 98034A listen address.

3. R6-OUT Send device talk address.

4. R6-OUT Send device secondary address if specified.

5. R6-OUT Send device listen address for multiple listener.

6. R6-OUT Send device secondary address if specified.

7. Repeat 5 and 6 for any other multiple listeners.

DATA OUTPUT

1. TAD Address the bus.

2. R4-OUT Send the first data byte.

3. Repeat 2 for each data byte.

DATA OUTPUT USING EOI

1. TAD Address the bus.

2. R4-OUT Send the first data byte.

3. Repeat 2 for each data byte.

4. R7-OUT Send a 144 to R7 to set EOI with REN false,
or 146 to set EOI with REN true.

5. R4-OUT Send the last data byte. The 98034A will
automatically clear EOI after the handshake
is completed.

DATA INPUT

1. LAD Address the bus.

2. R4-IN Start acceptor handshake (set NRFD false).
3. R6-IN Take in the received data byte.

4, Repeat 2 and 3 for each data byte.

By setting bit @ of R5-OUT, the 98034A is enabled to clear STS if EOl is set. In this case the STS line would be
tested after step 3.
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READ STATUS
1. R5-IN:Initiate status read sequence. In the byte received, bits 4 and 5 are ones, indicating ar: HP-IB card type

(Section IIC2). No other bits are meaningful.

2. R6-IN:Get status byte 1.

@ P ¢ () () DCL o ERROR
3. R6-IN:Get status byte 2.
1 1 0 Ay A, As A, A,
4. R6-IN:Get status byte 3.
EOI REN SRQ ATN IFC NDAC NRFD DAV
5. R6-IN:Get status byte 4.
SRQ ACT TLK LST SAC 1 SPL EOR

The 98034A is not monitoring the bus during this sequence. Thus, if the 98034A is not the controller, this sequence

must be completed within 100 microseconds to satisfy IEEE-488 timing specifications.
This sequence also resets thé status (STS) line if it had been cleared by a previous illegal operation.

SERIAL POLL

1. LAD Address the bus.

2. R6-OUT Send SPE (24) command.

3. R4-IN Initiate a data input handshake.

4. R6-IN Take in the serial poll byte.

5. R6-OUT Send SPD (25) command.

6. R6-IN Optional dummy operation to clear ATN.
PARALLEL POLL

1. R7-OUT Send 148 to R7 to set ATN and EOL.

2. R7-IN Initiate parallel poll byte request.

3. R6-IN Take in the paralel poll byte.

4, R7-OUT Send 128 (or 130 if REN should be set) to R7

to clear ATN and EOIL

PASSING CONTROL

1. R6-OUT Send unlisten (63) command.

2. R6-OUT Send device talk address.

3. R6-OUT Send TCT (9) command.

4. R6-IN Clear ATN line to complete transfer of control.
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APPENDIX E
98036A REGISTER MAP

IN OouT
R4 DATA IN, R4E DATA OUT, R4C, R4D
R5 STATUS CONTROL
R6 LINE STATUS LINE CONTROL
R7 (not used) TRIGGER
R4C Mode Word
BIT 7 I B8IT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
i | I
Number of Stop Bits Character Length Bit Rate Factor
00 = not valid Parity Type Parity Enable 00 = 5 bits 00 = not used
01 = 1 bit 0 = Odd 0 = Disable 01 = 6 bits 01 = 1 X bit rate clock
10 = 1.5 bits 1 = Even 1 = Enable 10 = 7 bits 10 = 1/16 X bit rate clock
11=2 bi]ts 11=8 tl:)ns 11 = 1/64 X bit rate clock
1
R4D USART Control Word
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
SleaSI(TSO Sedndd) Data Set Ready
in tandar Reset Status Pin 6 (Standard)
Always 0 lF‘;SAF:T Request To Bits of USART gi”d B;eak Enabﬁe Data | haia Terminal Enable Data
ese Send Pin4 Status Word aracter eceiver Ready Pin 20 Transmitter
(Option 001) (Option 00T)
R4E USART Status Word
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
Request To Send
Pin 4 (Standard) . . ) . .
Data Set Ready Always 0 Framing Overrun Parity Transmitter Receiver lT:zran;rmtt‘,r
Pin 6 Error Error Error Empty Ready eady
(Option 001)
R5 OUT Register
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BiT 2 BIT 1 BITO
R4 Control
Interface Programmed géi;:g?; g;irt%?; 0 = Data IN/
Interrupt Interface Receiver Transmitted ouT
Enable Reset Control Control 1= gontrol/
tatus
R5 IN Register
BIT 8 BIT 7 BIT 6 BIT & BIT 4 BIT 3 BIT 2 BIT 1 BITY
—
Control Control
Peripheral :2::30? Interface Interface 7 7 Status 2 Status 1
Status 1 EnabrepStatus 1.D. g 1.D. 1 Receiver Transmitter
Mode Mode




R6 OUT Register (standard cable)

BIT 7

BIT 6

BIT &

BIT 4

BIT 1

BITO

BIT 3 BIT 2
. Signal
Half/Full Ring ) Secondary I
— e —— Speed Control Indicator S:{aelg Line Signal :5'2 ;:gpr;:la
(Interface) Pin 22 Pin 21 Detect Pin 12
R6 IN Register (standard cable)
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
Data Signal Si;igg?ry
Always 1 Always 1 Always 1 Always 1 Always 1 Always 0 Rate Select To %end
Pin 23 Pit 19
R6 OUT Register (option 001 cable)
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
. . Se.condary
Data Signal Data Signal .
Half/Full — Rate Select Rate Select ?‘ c%uesdt
Speed Control (UK)Pin 11 | Pin23 b Sen
R6 IN Register (option 001 cable)
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 i BITO
Secondary Ring Linc Signal
Always 1 Always 1 Always 1 Always 1 Always 1 Line Signal Indicator D';‘ "t%rj:s
. Detect Pin 12 Pin 22 ectH
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KEYBOARD /DISPLAY /PRINTER REGISTERS

When the peripheral address is set to zero, the keyboard, display, and printer are addressed {Section IIC1). In this case,
thel/O registers have the following meanings.

IN ouT
R4 KEYBOARD KEYCODE DISPLAY DATA
R5 STATUS CONTROL
R6 (not used) PRINTER DATA
R7 (not used) CHARACTER SET SELECT

R4-IN:  Returns an 8-bit keycode from the keyboard (bits #-6) plus bit 7 indicating 1 = shift, @ = no shift.
R4-OUT: Output one character to the rightmost position of the 32-character shift buffer for the display. Bit 7 indicates

cursor on (=1) or off (= @) for this character.
R5-IN:  bit@: Always 1.

bit 1: Printer out-of-paper (= 1) indicator.

bit 2: Printer busy (= 1) or ready (= @) indicator.
R5-OUT: bit @: Dump printer buffer to strip printer.

bit 1: Dump display buffer to single line display.

bit 2: Trigger beeper.

bit 3: Set busy light off.

bit 4: Set busy light on.

bit 5: Select insert cursor for display.

bit 6: Select replace cursor for display.
R6-OUT: Output one character to the rightmost position of the 16-character shift buffer for the printer.
R7-OUT: bit @: @ = Select standard character set.

1 = Select alternate character set (if available).
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APPENDIX F
BIBLIOGRAPHY

GENERAL

o HP 9825A Calculator General I/ O Programming (HP#09825-90024)

o HP 9825A Calculator Extended 1/ O Programming (HP#09825-90025)

e Calculator Users Guide and Dictionary, Charles J. Sippl {Champaign, lllinois: Matrix Publishers, Inc.). A survey of

calculator and desktop computer products, plus a glossary of hundreds of commonly used computer terms and
concepts.

HP-IB

e IEEE Standard Digital Interface for Programmable Instrumentation. IEEEE Std. 488-1975. (Institute of Electrical
and Electronics Engineers, Inc., 345 E 47th St., New York, N.Y., 10017, USA). This is the complete and formalized
description of the HP-IB, intended for use by an engineer designing a bus compatible instrument. It is not a good
starting point for learning about the bus.

e Condensed Description of the Hewlett-Packard Interface Bus (HP#59401-90030). A reference guide to the HP-IB
extracting the operational aspects from the IEEEE Std. 488-1975.

e HP-IB Improving Measurements in Engineering and Manufacturing (HP#59300-90005). Operating characteristics
for nineteen popular HP-IB instruments, along with sample 9825 programs for each insttument.

SERIAL1/0O

e Guidebook to Data Communications (HP#5955-1715). An extensive survey of terms, cor:cepts, and equipment
used in data communications.
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