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INTRODUCTION

The INTEL 8256 MUART is a Multifunction Univer-
sal Asynchronous Receiver Transmitter designed to be
used for serial asynchronous communication while
also providing hardware support for parallel I/0, tim-
ing, counting and interrupt control. Its versatile
design allows it to be directly connected to the
MCS®85, iAPX-86, iAPX-88, iAPX-186, and
iAPX-188 microcomputer systems plus the MCS-48
and MCS-51 family of single-chip microcomputers.

The four commonly used peripheral functions con-
tained in the MUART are:

1) Full-duplex, double-buffered serial asynchronous

"~ Receiver/Transmitter with an on-chip Baud Rate
Generator

2) Two - 8-bit parallel I/0 ports

3) Five - 8-bit counters/timers

4) 8-level priority interrupt controller

This manual can be divided into two parts. The first
part describes the MUART in detail, including its
functions, registers and pins. This section also
describes the interface between the MUART and Intel
CPUs plus a discussion on programming considera-
tions. The second section provides an application ex-
ample: a MUART-based line printer multiplexer. The
Appendix contains software listings for the line
printer multiplexer and some useful reference infor-
mation.

DESCRIPTION OF THE MUART

The MUART can be logically partitioned into seven
sections: the microprocessor bus interface, the com-
mand and status registers, clocking circuitry, asyn-
chronous serial communication, parallel I/0, timer/e-
vent counters, and the interrupt controller. This can
be seen from the block diagram of the 8256 MUART
as shown in Figure 1. The MUART’s pin configura-
tion can be seen in Figure 2.

Microprocessor Bus Interface

The microprocessor bus interface is the hardware
section of the MUART which allows a uP to com-
municate with the MUART. It consists of tristate
bi-directional data-bus buffers, an address latch, a
chip select (CS) latch and bus control logic. In order to
provide all of the MUART’s functions in a 40-pin DIP
while retaining direct register addressing, a multi-
plexed address/data bus is used.

6-249

Address/Data Bus

The MUART contains 16 internal directly addressable
read/write registers. Four of the eight address/data
lines are used to generate the address. When using
8-bit microprocessors such as MCS-85, MCS-48 and
MCS-51, ADO - AD3 are used to address the 16 inter-
nal registers while Address/Data line 4 (AD4) is not
used for addressing. For 16-bit systems, AD1 - AD4
are used to generate the address for the internal data
registers and ADO is used as a second active low chip
select.

RD, WR, CS

The 8256 bus interface uses the standard bus control
signals which are compatible with all Intel peripherals
and microprocessors. The chip select signal (CS),
typically derived from an address decoder, is latched
along with the address on the falling edge of ALE. As
a result, chip select does not have to remain low for
the entire bus cycle. However, the data bus buffers
will remain tristated unless an RD or a WR signal

becomes active while chip select has been latched in
low.

INT, INTA

The INT and INTA signals are used to interrupt the
CPU and receive the CPU’s acknowledgment to the
interrupt request. The MUART can vector the CPU to
the appropriate service routine depending on the
source of the interrupt.

RESET

When a high level occurs on the RESET pin, the
MUART is placed in a known initial state. This initial
state is described under ‘‘Hardware Reset.”’

Command and Status Register

There are three command registers and one status
register as shown in Figure 1. The three command
registers are read/write registers while the status
register is a read only. The command registers con-
figure the MUART for its operating environment (i.e.,
8 or 16 bits CPU, system clock frequency). In addi-
tion, they direct its higher level functions such as con-
trolling the UART, selecting modes of operation for
the interrupt controller, and choosing the fundamen-
tal frequency for the timers. Command Register 3 is
the only register in the MUART which is a bit set/reset
register, allowing the programmer to simply perform
one write to set or reset any of the bits.

210907-001
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Figure 1. Block Diagram of the 8256 MUART
U The status register provides all of the information
ADO[]1 40| ] vee about the status of the UART’s transmitter and
AD1[] 2 3s[IP10 receiver as well as the status of the interrupt pin. The
AD2[]3 38 [ P11 status register is the only read only register in the
MUART.
AD3[]4 a7[JpP12
ADa[]s 36 [1P13 CLOCK CIRCUITRY
085 [}6 3L 1P1a The clock for the five timers and baud rate generator
pBe [}7 34 [IP15 is derived from the system clock. The system clock,
pB7[]}8 33 ]P1e pin 17 (CLK), is fed into a system clock prescaler
ALE[] 9 20p17 which in turn feeds the five timers and the baud rate
"B ] 10 31[Jpr20 generator. The MUART’s system clock can be asyn-
R : ,
wa ] 1 8256 30 [ p21 chronous to the mlcroprocéssor s clock.
RESET [} 12 2Pz System Clock Prescaler
[ REKI 28[]P23 ' . .
Ty C . 277 p2e The system clock prescaler is a programmable divider
C which normalizes the internal clocking frequency for
INT.[] 15 26[1P25 the timers and baud rate generator to 1.024MHz. It
EXTINT [] 16 25[1P26 divides the system clock (CLK) by 1, 2, 3, or 5, allow-
CLK (] 17 24| P27 ing clock frequencies of 1.024MHz, 2.048MHz,
e 23110 3:072MHz or 5.12MHz. (The commonly used
= H ’I‘:C : 6.144MHz crystal frequency for the 8085 results in a
RxD [} 19 22 17x 3.072MHz fréquency from the 8085’s CLK pin.) If the
GND [] 20 21[]¢CTs system clock is not one of the four frequencies men-

Figure 2. MUART Pin Configuration

6-250

tioned above, then the frequency of the baud rate
generator and the timers will be nonstandard;
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however, the MUART will still run as long as the
system clock meets the data sheet tcy spec.

Timer Prescaler

The timer prescaler permits the user to select one of
two fundamental timing frequencies for all of the
MUART’s timers, either 1KHz or 16KHz. The fre-
quency selection is made via Command Register 0.

Asynchronous Serial Interface

The asynchronous serial interface of the MUART is a
. full-duplex double-buffered transmitter and receiver
with separate control registers. The standard asyn-
chronous format is used as shown in Figure 3. The
operation of the UART section of the MUART is very
similar to the operation of the 8251A USART.

Recelver SQctIon of the UART

The serial asynchronous receiver section contains a

serial shift register, a receiver buffer register and
receiver control logic. The serial input data is clocked
into the receive shift register from the RxD pin at the
specified baud rate. The sampling actually takes place
at the rising edge of RxC, assuming an external clock,

GENERATED

TRANSMITTER OUTPUT 0gD1----Dx  BY :zse
5
l START PARITY STOP
TxD MARKING J DATA !I TS | BIT l BITS
N DOES NOT APPEAR
RECEIVER INPUT Dp Dy -—--Dx ON THE DATA BUS

PROGRAMaED

CHARACTER
LENGTH

. START PARITY sTop
RxD I BIT [ DATABITS I BIT I BITS l

TRANSMISSION FORMAT
CPU BYTE (5 8 BITS/CHAR)

I DATA CHARACTER |

. ASSEMBLED SERIAL DATA QUTPUT (TxD)

I START PARITY sTOP
BIT l DATA CHARACTER ] BIT [ BITS

~—

RECEIVE FORMAT

SERIAL DATA INPUT (RxD) )

~5 f ~ )
START PARITY STOP
L BIT r DATA CHA‘RACTE‘R . I BIT I BITS

CPUBYTE (58 BITS/CHAR)® |

+" DATA CHARACTER

*NOTE IF CHARACTER LENGTH IS DEFINED AS 5,6 OR 7
BITS THE UNUSED BITS ARE SET TO “ZERO"

Figure 3. Asynchronous Format

6-251

or at the rising edge of the internal baud clock. When
the receiver is enabled but inactive, the receive logic is
sampling RxD at either 32 or 64 times the bit rate,
looking for a change from the Mark (high) to the
Space (low) state. This is commonly referred to as the
start bit search mode. When this state change occurs,
the receive logic waits one half of a bit time and then
samples RxD again. If RxD is still in the Space state,
the receive logic begins to clock in the receive data
beginning one bit period later. If RxD has returned to
the Mark state (i.e., false start bit), the receive logic
will return to the start bit search mode.

Normally-the received data is sampled in the center of
each bit, however it is possible to adjust the location
where the bit is sampled. This feature is controlled by
the modification register.

The bit rate of the serial receive data is derived from
either the internal baud rate generator or an external
clock. When using an external clock, the programmer
has a choice of three sampling rates: 1x, 32x, or 64x,
Using the internal baud rate generator, the sampling
rates are all 64x except for 19.2 Kbps which is 32x.

When the serial shift register clocks in the stop bit, an
internal load pulse is generated which transfers the
contents of the shift register into the receive buffer.
This transfer takes place during the first half of the
first stop bit. The load pulse also triggers several other
signals relevant to the receive section including
Receive Buffer Full (RBF), Parity Error (PE), Over-
run Error (OE), and Framing Error (FE). These four
status bits are updated after the middle of the first
stop bit when the receive buffer has already been
latched. Each one of these four status bits are latched.
They are reset on the rising edge of the first read pulse
(RD) addressed to the status register. A ¢omplete
description of the status register is given in the section
““Description of the Registers.”’

- When the serial receiver is disabled (via bit 6 of Com-

mand Register 3) the load. pulse is suppressed. The
result is that the receive buffer is not loaded with the
contents of the shift register, and the RBF, PE, OE,
and FE bits in the status register are not updated.
Even though the receiver is disabled, the serial shift
register will still be clocking in the data from RxD, if
any. This means that the receiver will still be syn-
chronized with the start and stop bits. For example, if
the receiver is enabled via Command Register 3 in the
middle of receiving a serial character, the character
will still be assembled correctly. When the receiver is
disabled the last character received will remain in the
receive buffer. On power-up the value in the receive
buffer is undefined. .
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Whenever a character length of fewer than 8 bits is
programmed, the most significant bits of a received
character will read as zero. Also, the receiver will only
check the first stop bit of any character, regardless of
how many stop bits are programmed into the device.

Recelve Break Detect

A Receive Break occurs when RxD remains in the
space state for one character time, including the parity
bit (if any) and the first stop bit. The MUART will set
the Break Detect status bit (BD) when it receives a
break. The Break Detect status bit-is set after the mid-
dle of the first stop bit. If the MUART detects a break
it will inhibit the receive buffer load pulse, thus the
receive buffer will not be loaded with the null
character, and none of the four status bits (PE, OE,
FE, and RBF) will be updated. The last character
received will remain in the receive buffer. A break

detect state has the same effect as disabling the-

receiver—they both inhibit the load pulse—therefore
one can think of the break status as disabling the
receiver.

The Break Detect status bit is latched. It is cleared by
the rising edge of the read pulse addressed to the status
register. If a break occurs, and then the RxD data line
returns to the Mark state before the status register is
read, the BD status bit will remain set until it is read.

If RxD returns to the Mark state after the BD status -

bit has been read true, the BD status bit will be reset
automatically without reading the status register.

The receive break detect logic.of the MUART is in-
dependent of whether the receiver is enabled or dis-
abled; therefore even if the receiver is disabled the
MUART will recognize a break. When, the RxD line
returns to the Mark state after a break, the 8256 will
be in the start bit search mode.

If the receiver interrupt level is enabled, break will
generate an interrupt request regardless of whether the
receiver.is enabled. Another receive interrupt will not
be generated until the RxD pin returns to the Mark
state.

Transmitter Section of the UART -

The serial asynchronous transmitter section of the
MUART consists of a transmit buffer, a transmit
(shift) register, and the associated control logic. There
are two bits in the status register which indicate the
status of the transmit buffer and transmit register:
TBE (transmit buffer empty) and TRE (transmit
register empty).
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To transmit a character, a byte is written to the
transmit buffer. The transmit buffer should only be
written to when TBE = 1. When the transmit register is
empty and =0, the character will be automatic-

- ally transferred from the transmit buffer into the

transmit register. The data transfer from the transmit
buffer to the transmit register takes place during the
transmission of the start bit. After this transfer takes
place, sometime at the beginning of the transmission
of the first data bit, TBE is set to 1.

When the transmitter is idle, both TBE and TRE will
be set to 1. After a character is written to the transmit
buffer, TBE=0 and TRE=1. This state will remain
for a short period of time, then the character will be
transferred into the transmit register and the status
bits will read TBE=1 and TRE =0. At this point a se-
cond character may be written to the transmit buffer
after which TBE=0 and TRE =0. TBE will not be set
to 1 again until the transmit register becomes empty
and is reloaded with the byte in the transmit buffer.

The transmitter can be dlsabled only one way—usmg
the CTS pin. When CTS =0 the transmitter is enabled,
and when CTS =1 the transmitter is disabled. If the
transmitter is idle and CTS goes from 0 to 1, disabling
the transmitter, TBE and TRE will remain set to 1.
Since TBE=1 a-character can be written into the
transmit buffer. The character will be stored in the
transmit buffer but it will not be transferred to the
transmit register until CTS goes low. -

If CTS goes from low to high during transmission of a
character, the character in transmission will be com-
pleted and TxD will return to the Mark state. If the
transmitter is full (i.e., TBE and TRE=0), the
transmit shift register will be emptied but the transmit
buffer will not; therefore TBE=0 and TRE=1.

Transmitter Break Features

The MUART has three transmit break features:
Break-In Detect, Transmit Break (TBRK), and Single
Character Break (SBRK).

Break-In Detect - A Break-In condition occurs when
the MUART is sending a serial message and the
transmission line is forced to the space state by the
receiving station. Break-In is usually used with half-
duplex transmission so that the receiver can signal a
break to the transmitter. Port 16 must be connected
externally to the transmission line in order to detect a
Break-In. If transmission voltage levels other than
TTL are used, then proper buffering must be provided
so that Port 16 on the MUART will receive the correct
polarity and voltage levels. .
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When Break-In Detect is enabled, Port 16 is polled in-
ternally during the transmission of the last or only
stop 'bit of a character. If this pin is low during
transmission of the stop bit, the Break Detect status
bit (BD) will be set. Break-In Detect and receive Break
Detect are OR-ed to set the BD status bit. (Either one
can set this bit.) The distinction can be made through
the interrupt controller. If the transmit and receive in-
terrupts are enabled, a Break-In will generate an inter-
rupt on level 5, the transmit interrupt, while Break will
generate an interrupt on level 4, the receive interrupt.
If RxC and TxC are used for the serial bit rates,
Break-In cannot be detected.

Transmit Break - This causes the TxD pin to be forced
low for as long as the TBRK bit in Command Register
3 is set. While Transmit Break is active, data transfers
from the Transmit Buffer to the Transmit register will
be inhibited.

If both the Transmit Buffer and the Transmit Register
are full, and a Transmit Break command is issued
(command register 3, TBRK = 1), the entire character
in the Transmit register is sent including the stop bits.
TxD is then driven low and the character in the
Transmit Buffer remains there until Transmit Break is
disabled (command register 3, TBRK = 0). At this time
TxD will go high for one bit time and then send the
character in the Transmit Buffer.

Single Character Break - This causes TxD to be set
low for one character including start bit, data bits,
parity bit, and stop bits. The user can send a specific
number of Break characters using this feature.

If both the Transmit Buffer and the Transmit Register
are full and a Send Break command is.issued (com-
mand register 3, SBRK = 1) the entire character in the
Transmit Register is sent including the stop bits. TxD
is driven low for one complete character time followed
by a high for two bit times after which the character in
the Transmit Buffer is sent.

Modification Register

The modification register is used to alter two standard
functions of the receiver (start bit check, and sampling
time) and to enable a special indicator flag for half-
duplex operation (transmitter status). Disabling start
bit check means that the receiver will not return to the
start bit search mode if RxD has returned to the. Mark
state in the center of the start bit. It will simply pro-
ceed to assemble a character from the RxD pin
regardless of whether it received a false start bit or
not. The modification register also allows the user to
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define where within the receive data bits the MUART
will sample.

Parallel 1/0

The MUART contains 16 parallel 1/0 pins which are
divided into two 8-bit ports. These two parallel I/O
ports (Port 1 and Port 2) can be used for basic digital
1/0 such as setting a bit high or low, or for byte
transfers using a two-wire handshake. Port 1 is bit
programmable for input or output, so any combina-
tion of the eight bits in Port 1 can be selected as either
an input or an output. Port 2 is nibble programmable,
which means that all four bits in the upper or lower
nibble have to be selected as either inputs or outputs.
For byte transfers using the two- wire handshake,
Port 2 can either input or output the byte while two
bits in Port 1 are used for the handshaking signals.

All of the bits in Port 1 have alternate functions other
than I/0 ports. As mentioned above, when using the
byte handshake mode, two bits on Port 1 are used for
the handshaking signals. As a result, these two bits
cannot be used for general purpose 1/0. The other six
bits in Port 1 also have alternate functions if they are
not used as I/0 ports. Table 1 lists each bit from Port
1 and its corresponding alternate function.

The bits in the Port 1 Control Register select whether
the pins on Port 1 are inputs or outputs. The pins on
Port 1 are selected as control pins through the other
programming registers which are relevant to the con--
trol signal. Configuring a bit in Port 1 as a control
function overrides its definition in the Port 1 Control
Register. If the pins on Port 1 are redefined as control
signals, the definition of whether the pin is an input or
an output in the Port 1 Control Register remains un-
changed. If the pins on Port 1 are converted back to -
170 pins, they assume the state which was defined in
the Port 1 Control Register.

Each parallel I/0 port has a latch and drivers. When
the port is in the output mode, the data written to the
port is latched and driven on the pins. The data which
is latched in the 170 ports remains unchanged unless
the port is written to again. Reading the ports,
whether. the port is an input or output, gates the state

_at the pins onto the data bus. Writing to an input port

has no effect on the pin, but the data is stored in the
latch and will be output if the direction on the pin is
changed later. Writing to a control pin on Port 1 has
the same effect as writing to an input pin. If pins 2, 3,
5, and 6 in Port 1 are used for control signals, the con-
tents of the respective output latches will be read, not
the state of the control signals. If pins 0, 1, and 7 on
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Table 1. Port 1 Control Signals

7

Port 1 are used for control signals, the State of the

control signals will be read. If pin 4 on Port 1 is used .

as a test output for the internal baud rate, this clock
signal will be output through the output latch, thus the
information in the output latch will be lost.

The Two-Wire Byte Handshake

The 8256 can be programmed, via the Mode Register;
to implement an input or output two-wire byte hand-
shake. When the Mode Register is programmed for
the byte handshake, Port 2 is used to transmit or
receive the byte, and pins P10 and P11 are used for the
two ‘handshake control signals. Figures 4 and 5 on
pages 7 through 10 show a block diagram and timing
signals for the two-wire handshake input and output.

To set up the two- wire handshake output using inter-

rupts one must first program the Mode Reglster, and
then enable the interrupt via the interrupt ‘mask
register. An interrupt will not occur immediately after
the two-wire handshake mterrupt is enabled.’ The in-
terrupt is triggered by the rising edge of ACK. There

are two ways to generate the first interrupt. Either the -
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Pin Pin .
Symbol | Number | Control Function Condition -
| P10 39 “| ACK Control signals for Port 2 Mode register
P11’ 38 OBF  8-bit handshake output - P2C2 - P2C0 =101
P10 39 STB  Control signals for Port 2 Mode register
P11 -38 IBF 8-bit handshake input P2C2 - P2C0=100
P12 ) 37 " | Event counter2 Mode register
\ clock input CT2=1
- P13 36 Event counter 3 Mode register
: clock input CT3=1
P14 35 Internal baud rate ‘Mode word
i generator clock output P2C0 - P2C2=111
Port 1 control word P14=1
Command Register 2
B3 - B0 > 3H
P15 34 Timer 5 trigger input Mode register )
: T5C=1
P16 33 Break-In detection input Command Register 1
BRKI=1
P17 32 External edge sensitive Command Register 1
interrupt input BITI=1

first data byte must be written to Port 2 and complete-
ly transferred before an interrupt will occur, or the
two-wire handshake interrupt is enabled while ACK is
low, and then ACK goes high.

Event Counters/Timers

The MUART’s five 8-b1t ‘programmable counters/
timers are binary presettable down counters. The
distinction between timer and counter is determined
by the clock source. A timer measures an absolute
time interval, and its input clock frequency is derived
from the MUART’s system clock. A counter’s fnput
clock frequency is derived from a pulse applied to an
external pin. The counter is decremented gn the rising
edge of"this pulse. .

When the counters/timers are configured as timers
their clock source passes through two dividers: the
system, clock ‘prescaler, and the timer prescaler. As
mentioned before, the system clock prescaler normali-
zes the internal system clock to 1.024 MHz. The timer
prescaler receives this normalized system clock and
devides it down to either 1 kHz or 16 kHz, depending
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Figure 4. Block Diagram of Handshake Output

on how Command Register 1 is programmed. If more
timing resolution is needed the clock frequency can be
input externally through the I/0 ports.

By programming the Mode Register, four of the 8-bit
counters/timers can be cascaded to form two 16-bit
counters. Counters/timers 3 and 5 can be cascaded
together, and counters/timers 2 and 4 can be cascaded
together. Counters/timers 2 and 3 are the lower bytes,
while counters/timers 4 and 5 are the upper bytes in
the cascaded mode.

Each counter can be loaded with an arbitrary initial

value. Timer 5 is the only timer which has a special
- save register which holds its initial value. Whenever

Timer 5 is loaded with an initial value the special save
. register is also loaded with this value. Timer 5 can be
reloaded to its initial value from the detection of a
high-to-low transition on Port P15.

The counters are decremented on the first rising édge
of the clock after the initial value has been loaded.
The setup time for loading the counter when using an
external clock is specified in the data sheet. When us-
ing internal clocks, the user has no way of knowing
the phase relationship of the clock to the write pulse;
therefore the timing accuracy is one clock period.

The timers are counting continuously, and an inter-
rupt request is issued any time a single counter or pair
of cascaded counters reaches zero. If the timers are
going to be used with interrupts, then the programmer
should first load the timer with the initial value, then
enable the interrupt. If the programmer enables the in-
terrupt first, it is possible that the interrupt will occur
before the initial value is loaded. When an interrupt
from any one of the timers occurs, the corresponding

bit in the interrupt mask register is automatically
reset, preventing further interrupt requests from oc-
curing.

The event counters/timers can be used in the follow-
ing modes of operation:

Timer 1 R
— Serves as an 8-bit timer.

Event Counter/Timer 2

— Serves as an 8-bit timer or event counter, or
cascaded with Timer 4 as a 16-bit timer or event
counter.

Event Counter/Timer 3

— Serves as an 8-bit timer or event counter, or
cascaded with Timer 5 as a 16-bit timer or event
counter, with the additional modes of operation
selectable for Timer 5.

Timer 4

— Serves as an 8-bit timer, or cascaded with Event
Counter/Timer 2 as a 16-bit timer or event
counter.

Timer §

1) Non-retriggerable 8-bit timer

2) Retriggerable 8-bit timer whose initial value is
loaded from a save register which starts following
the negative transition of an external signal. Subse-
quent transitions of this signal after the counting
has started, reloads the ipitial value and restarts the
counting. i

Cascaded with Event Counter/Timer 3, non-
retriggerable 16:bit timer, which can be loaded
with an initial value by two write operations.

3

~—
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@The 8256 signals with INT that the equipment has accepted the last character and that the output latches are empty again.

Figure 4a. Timing of Handshake Output

@Theréupon, the microprocessor transfers the next data to the 8256.

@The rising edge of WR latches the data into port 2 (P20...P27) and ‘‘Output Buffer Full’” (OBF) is set which indicates that a
new byte is available. ’

\

Thq equipment acknowledges with the falling edge of ACK that it recognized OBF."
@Thereupon, the 8256 releases OBF.

The equipment acknowledges the data transfer with a rising edge of ACK which causes the 8256 to set INT.

6-256
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Figure 5. Block Diagram of Handshake Input

4) Cascaded with event counter/timer 3, non-
retriggerable 16-bit event counter, which can
“be loaded with an initial value by two write
operations.

Cascaded with Event Counter/Timer 3, retrig-
gerable 16-bit timer. The most significant byte
(Timer 5) will be loaded with its initial value from
the save register, while the least significant byte
(Event Counter/Timer 3) will be set to OFFH
automatically, Loading, starting, and retriggering
operations follow the same, pattern as in 2).
Cascaded with Event Counter/Timer 3, retrig-
gerable 16-bit event counter. The most significant
byte (Timer 5) will be loaded with its initial value
from the save register, while the least significant
byte (Event Counter/Timer 3) will be set to OFFH
automatically. Loading, starting, and retriggering
operations follow the same pattern as in 2).

5

6)

Interrupt Controller

In a microcomputer system there are several ways for
the CPU to recognize that a peripheral device needs
service. Two of the most common ways are the polling
method and the mterrupt service method.

In the polling method the CPU reads the status of
each peripheral to determine whether it needs service.
If the peripheral does not need service, the time the
CPU spends polling is wasted; therefore this overhead
results in increasing the execution time. Some systems
must meet a specific request to response time such as a
real time signal. In this case the programmer must
guarantee that the peripheral is polled at a certain fre-
quency. This polling frequency cannot always easily
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be met when the CPU must execute a main program as
well as subroutines. Usually each peripheral has its
own request to response time requirements; therefore
the user must establish a priority scheme.

The interrupt method provides certain advantages
over the polling method. When a peripheral device
needs service it signals the CPU through hardware
asynchronously, thus reducing the overhead of polling
a device which does not need service. The CPU would
typically finish the instruction it is executing, save the
important registers, and acknowledge the peripheral’s
interrupt request. During the acknowledgment, the
CPU reads a vector which directs the CPU to the start-
ing location of the appropriate interrupt service
routine. If several interrupt requests occur at the same
time, special logic can prioritize the requests so that
when the CPU acknowledges the interrupt, the highest
priority request is vectored to the CPU.

An interrupt driven system requires additional hard-
ware to control the interrupt request signal, priority,
and vectoring. The 8256 integrates this additional
hardware onto the chip. The interrupt controller on
the MUART is directly compatible with the MCS-85,
iAPX-86, iAPX-88, iAPX-186, iAPX-188 family of
microcomputer systems, and it can also be used with
other microprocessors as well. It contains eight priori-
ty levels, however, there are a total of 12 interruptable
sources: 10 internal and 2 external. Since there are
eight priority levels, only eight interrupts can be used
at one time. The assignment of the interrupts used is
selected by Command Register 1 and by the mode
register. The MUART’s interrupt sources have a fixed
priority. Table 2 displays how the 12 interrupt sources
are mapped into the 8 priority levels.
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Figure 5a. Timing for Handshake Input

The equipment indicates with the falling edge of STB (Strobe) that a new character is available at port 2. The 8256
acknowledges the indication by activating IBF (Input Buffer Full).

@Thereupon, ;he equipment rcleasq STB and the 8256 latches the character.
@The 8256 informs the microprocessor through INT that a new character is ready for transfer.

The microprocessor reads the character.
@The rising edge of signal RD resets signal IBF.
Thi; action signals to the equipment that the input latches of the 8256 are empty and the next chargcter can be transferred.
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Table 2. Mapping of interrupt Sources to
Priority Levels

Priority Source
Highest LO Timer 1
L1 Timer 2 or Port Interrupt

L2 | External Interrupt (EXTINT)

L3 Timer 3 or Timers 3 & §

L4 Receiver Interrupt

L5 Transmitter Interrupt

L6 Timer 4 or Timers 2 & 4
Lowest L7 | Timer 5 or Port 2 Handshaking

MCS®-85/8256 Interrupt Operation

The 8256 is compatible with the 8085 interrupt'vcctor-
ing method wheén the 8086 bit in Command Register 1
of the MUART is set to 0. This is the default condition
after a hardware reset. The 8085 has five hardware in-
terrupt pins: INTR, RST 7.5, RST 6.5, RST 5.5, and
TRAP. When the MUART’s interrupt acknowledge
feature is enabled (IAE bit 5§ Command Register 3=1)
the MUART’s INT Pin 15 should be tied to the 8085’s
INTR, and both the 8085 and the MUART’s INTA
pins should be tied together. All of the interrupt pins
on the 8085 except INTR automatically vector the pro-
gram counter to a specified location in memory. When
the INTR pin becomes active (HIGH), assuming the
8085 has interrupts enabled, the 8085 fetches the next
instruction from the data bus where it has been placed
by the 8256 or some other interrupt controller. This
instruction is usually a Call or an RSTO through
RST7. Figure 6 shows the memory locations where the
8085 will vector to based on which type of interrupt
occurred.

The 8085 can receive an interrupt request any time,
since its INTR input is asynchronous. The 8085,
however, doesn’t always acknowledge an interrupt re-
quest immediately. It can accept or disregard requests
under software control using the EI (Enable Interrupt)
or DI (Disable Interrupt) instructions.

At the end of each instruction cycle, the 8085 ex-
amines the state of its INTR pin. If an interrupt re-
quest is present and interrupts are enabled, the 8085
enters an interrupt machine cycle. During the inter-
rupt machine cycle the 8085 automatically disables
further interrupts until the EI instruction is executed.
Unlike normal machine cycles, the interrupt machine
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MEMORY ADDRESS
RSTO 00H
RST1
TRAP oo
RST2 10H
RST 7.5 Vaddy 18H
RST 6.5
RST 5.5 RST4 20H
i 24H
RSTS 28H
2CH
RST6 30H
34H
8085A
EXECUTING 3cH
SOFTWARE
RST INSTRUCTIONS 8085A
IN RESPONSE TO INTR SYSTEM
MEMORY

Figure 6. 8085A Hardware and Software RST
Branch Locations

cycle doesn’t increment the program counter. This en-
sures that the 8085 can return to the pre-interrupt

- program location after the interrupt service is com-

pleted. The 8085 issues an INTA pulse indicating that
it is honoring the request and is ready to process the

interrupt.

The 8256 can now vector program execution to the
corresponding service routine. This is done during the
first and only INTA pulse. Upon receiving the A
pulse, the 8256 places the opcode RSTn on the data
bus; where n equals 0 through 7 based on the level of
the interrupt requested. The RSTn instruction causes
the contents of the program counter to be pushed onto
the stack, then transfers control to the instruction
whose address is eight times n, as shown in Figure 6.

Note that because interrupts are disabled during the
interrupt acknowledge sequence, the EI instruction
must be executed in either the service routine or the
main program before further interrupts can be proc-
essed.

For additional information on the 8085 interrupt
operation and the RSTn instruction, refer to the
MCS-85 User’s Manual.
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IAPX-86/88 - 8256 Interrupt Operation

The MUART is compatible with. the 8086/8088
method of interrupt vectoring when the 8086 bit in
Command Register 1 is set to 1. The MUART’s INT
pin is tied to the 8086/8088 INTR pin, and its INTA
pin connected to the 8086/88’s INTA pin. Like the
8085, the 8086/8088’s INTR pin is also asynchronous
so that an interrupt request can occur at any time. The
8086/8088 can accept or disregard requests on the
INTR pin under software control instructions. These
instructions set or clear the interrupt-enabled flag IF.
When the 8086/8088 is powered-on or reset, the IF
flag is cleared, disabling external interrupts on INTR.

Although there are some basic similarities, the actual
processing of interrupts with an 8086/8088 is different
from the 8085. When an interrupt request is present
and interrupts are enabled, the 8086/8088 enters its in-
terrupt acknowledge machine cycle. The interrupt

acknowledge machine cycle pushes the flag registers -

onto the stack (as in PUSHEF -instruction). It then
clears the IF flag, which disables interrupts. Finally,
the contents of both the code segment register and the
instruction pointer are pushed onto the stack. Thus,
the stack retains the pre-interrupt flag status and pro-
gram location which are used to return from the ser-
vice routine. The 8086/8088 then issues the first of

two INTA pulses which signals the 8256 that the
8086/8088 has honored its interrupt request.

e

The 8256 is now ready to vector program execution to
the appropriate service routine. Unlike the 8085 where
the first INTA pulse is used to place an instruction on
the data bus, the first INTA pulse from the 8086/8088
is used only to signal the 8256 of the honored request.
The second INTA pulse causes the 8256 to place a
single interrupt vector byte onto the data bus. The
8256 places the interrupt vector bytes 40H through
47H corresponding to the level of the interrupt to be
serviced. Not used as a direct address, this interrupt
vector byte pertains to one of 256 interrupt ‘‘types’’
supported by the 8086/8088 memory. Program execu-
tion is vectored to the corresponding service routine
by the contents of a specified interrupt type.

All 256 interrupt types are located in absolute memory
locations O through 3FFH which make up the
8086/8088’s interrupt vector table. Each type in the
interrupt vector table requires 4 bytes of memory and
stores a. code segment address and an instruction
pointer address. Figure 7 shows a block diagram of
the interrupt vector table. When the 8086/8088
receives an interrupt vector byte, it multiplies its value
by four to acquire the address of the interrupt type.

% h
INTERRUPT TYPE 255 (FFH) 3FCH
INTERRUPT TYPE 254 (FEH) 3F8H

R . B

.
7 INTERRUPT TYPE 71 (47H) 11CH
6 INTERRUPT TYPE 70 (46H) 118H
5 INTERRUPT TYPE 69 (45H) 114H
MUART’S
INTERRUPT 4 INTERRUPT TYPE 68 (44H) 110H
LEVELS 3 INTERRUPT TYPE 67 (43H) - 10CH
2 INTERRUPT TYPE 66 i (42H) - 108H
1 INTERRUPT TYPE 65 (41H) 104H
0 INTERRUPT TYPE 64 (40H) 100H
.
- S ®
.

INTERRUPT TYPE 2 . .. (2H) 8H .
INTERRUPT TYPE 1 (H) . - |’ 4H
INTERRUPT TYPE O {OH) OH

Figure 7. 8086/8088 Interrupt Vector Table

6-260
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Once the service routine is completed the main pro-
gram may be reentered by using an IRET (Interrupt
Return) instruction. The IRET instruction will pop the
pre-interrupt instruction pointer, code segment and
flags off the stack. Thus the main program will
resume where it was interrupted with the same flag
status regardless of changes in the service routine.
Note especially that this includes the state of the IF
flag; thus interrupts are re-enabled automatically
when returning from the service routine. For further
information refer to the iAPX 86,88 User’s Manual.

Using the 8256’s Interrupt Controller
Without INTA

There are several configurations where the 8256 will
not have an INTA signal connected to it. Some ex-
amples are when using the 8256 with an 8051 or 8048,
or when connecting the INT pin on the 8256 to the
8085°’s RST 7.5, RST 6.5, or RST 5.5 inputs. In these
configurations the IAE bit in Command Register 3 is
set to 0, and the INTA pin on the 8256 is tied high.
When the interrupt occurs the CPU should branch to
a service routine which reads the interrupt address
register to determine which interrupt request level oc-
cured. The interrupt address register contains the level
of the interrupt multiplied by four. Reading the inter-
rupt address register is equivalent in effect to the
INTA signal; it clears the INT pin and indicates to the
MUART that the interrupt request has been
acknowledged. After the CPU reads the value in the
interrupt address register, it canadd an offset to this
value and branch to an interrupt vector table which
contains jump instructions to the appropriate inter-
Jupt service routines. An 8085 program which
demonstrates this routine is given is Figure 8.

Table 3 summarizes the priority levels and the in-
terrupt vectors which the 8256 sends back to the CPU.
Note that when using Timer 1 there is a conflict pre-

sent between RSTO in the 8085 mode and a hardware
reset, because both expect instructions starting at
address OH. However, there is a way to distinguish
between the two. After a hardware reset, all control
registers are reset to a value of OH; therefore when
using Timer 1, Reset and RSTO can be distinguished
by reading one of the control registers of the 8256
which has not been programmed with a value of OH.
The control registers will contain the previously
programmed values if RSTO occurs.

Interrupt Registers

The 8256’s interrupt controller has several registers
associated with it: an Interrupt Mask Register, an In-
terrupt Address Register, an Interrupt Request
Register, an Interrupt Service Register, and a Priority
Controller. Only the Interrupt Mask Registers and the
Interrupt Address Register can be accessed by the
user.

Interrupt Mask Registers !
The Interrupt Mask Registers consist of two write
registers — the Set Interrupts Register and Reset Inter-
rupts Register, and one read register — the Interrupt
Enable Register. Each one of the eight levels of inter-
rupts may be individually enabled or disabled through
these registers. Writing a one to any of the bits in the
Set Interrupts Register enables the corresponding in-
terrupt level, while writing a one to a bit in the Reset
Interrupts Register disables the corresponding inter-
rupt level. Reading the Interrupt Enable Register
allows the user to determine which interrupt levels are
enabled. The bits which are set to one in the Interrupt
Enable Register correspond to the levels which are
enabled. All of the interrupt levels will remain enabled
until disabled by the Reset Interrupts Register except
the counter/timer interrupts which automatically
disable themselves when they reach zero.

INTA: IN INTADD
MOV L, A
XRA A
MOV H, A

LXI . B, TABLE
DAD B
PCHL

;Read the.Interrupt Address Register
;Put the interrupt address in HL

;Load BE with the interrupt table offset
;Add the offset to the interrupt address
;Jump to the interrupt vecor table

Figure 8. Software Interrupt Acknowledge Routine
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Table 3. Assignment of Interrupt Levels to Interrupt Sources

Restart | Inter-
Com- rupt '
mand Vector | Inter- Sources N
Interrupt | 8085 8086 rupt Trigger (Only one source can be Selection
Level mode mode Address | Mode assigned at any time) by
Highest RSTO 40H OH edge Timer 1 - ,
Priority ‘
0
1 RST1 41H 4H edge Event Counter/Timer 2 or Command
external interrupt request word 1 BITI
on Port 1 P17, (bit 2)
2 RST2 |42H | 8H Tevel Input EXTINT , -
RST3 43H CH edge Event Counter/Timer 3 or Mode word -
cascaded event counters/ T35 (bit 7)
timers 3 and 5
4 RST4 44H 10H edge Serial receiver -
RST5 45H 14H edge Serial transmitter . -
6 . RST6 46H 28H edge Timer 4 or cascaded event Mode word
) ) - counters/timers 2 and 4 T24 (bit 6)
7 RST7 47TH 1CH edge Timer 5 or Port 2 with Mode word
Lowest ‘ handshaking interrupt P2C2 - P2CO
Priority request (bits 2...0)
Note:

If no interrupt requests are pending and INTA cycle occurs, interrupt level 2 will be the default value vectored to the CPU.

Interrupt requests occurring when the corresponding
interrupt level is disabled are lost. An interrupt will
only occur if the interrupt is enabled before the .
interrupt request occurs.

Interrupt Address Register .
The Interrupt Address Register contains an identifier
for the currently requested interrupt level. The
numerical value in this register is equal to the interrupt
level mutliplied by four. It can be used in lieu of an
INTA signal to vector the CPU to the appropriate in-
terrupt service routine. Reading this register has the
same effect as the INTA pulse: it clears the INT pin
and indicates an interrupt acknowledgement to the
MUART. If the Interrupt Address Register is read
while no interrupts are pending, the external interrupt
EXTINT will be the default value, 08H.
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Interrupt Request Register

The Interrupt Request Register latches all pending in-
terrupt requests unless they are masked off. The re-
quest is set whenever the associated event occurs.

Interrupt Service Register .

In the fully nested mode of operation, every interrupt
request which is granted service is entered into this
register. The appropriate bit will be set whenever the
interrupt is acknowledged by INTA or by reading the
Interrupt Address Register. At the same time, the cor-
responding bit in the Interrupt Request Register is
reset. The Interrupt Service Register bit remains set

_until the microcomputer transfers the End Of Inter-

rupt command (EOI) to the device by writing it into
Command Register 3. In the normal mode the bits in
the Interrupt Service Register are never set.
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Priority Controller

The priority controller selects the highest priority
request in the Interrupt Request Register from up to
eight requests pending. If the INTA signal is enabled
and becomes active, the priority controller will cause
the highest priority level in the Interrupt Request
Register to be vectored back to the CPU, regardless of
whether the 8256 is in the normal mode or the nested
mode. In the normal mode, if any bits are set in the
Interrupt Request Register, the INT pin is activated.
The highest priority level in the Interrupt Request
register will be transferred to the Interrupt Address
Register at the same time the interrupt request occurs.
In the Fully Nested mode, the priorities of all pending
requests are compared to the priorities in the Interrupt
Service Register. If there is a higher priority in the
Interrupt Request Register than in the Interrupt Ser-
vice Register, the INT signal will be activated and the
new interrupt level will be loaded into the Interrupt
Address Register.

Interrupt Modes

There are two modes of operation for the interrupt
controller: a normal mode and a fully nested mode. In
the normal mode the CPU should only be a maximum
of one interrupt level deep; therefore, the CPU can be
interrupted only while in the main program and not
while in an interrupt service routine. In the fully
" nested mode it is possible for the CPU to be nested up
to eight interrupt levels deep. Using the fully nested
mode, the MUART will activate the INT pin only
when a higher priority than the one in service is re-
quested. The fully nested mode is used to protect high
priority interrupt service routines from being
interrupted by equal or lower priority requests.

Normal Mode

In the normal mode of operation the 8256 will activate
the INT pin whenever any of the bits in the Interrupt
Request Register are set. The bits in the Interrupt
Request Register can be set only if the corresponding
interrupts are enabled. If more than one interrupt re-
quest bit is set, the MUART will always place the
highest priority level in the Interrupt Address Register
and vector this level to the CPU during an INTA cy-
cle. When the CPU acknowledges the interrupt
request, using either the INTA signal or by reading the
Interrupt Address Register, the corresponding Inter-
rupt Request Register bit is reset. Since the Interrupt
Service Register bits are never set, there is no indica-
tion in the MUART that an interrupt service routine is
in progress. Therefore, the priority controller will in-
terrupt the CPU again if any of the interrupt request
bits.are set, regardless of whether the next request is a
higher, lower, or equal priority.
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The implied way to design a program using the normal " .
mode is to have the CPU’s interrupt flag enabled dur-
ing portions of the main program, but to leave the in-
terrupt flag disabled while the CPU is executing code
in an interrupt service routine. This way, the CPU can
never be interrupted in an interrupt service routine.
Upon completion of an interrupt service routine the
program can enable the CPU’s interrupt flag, then
return to the main program.

Figure 9 shows an-example of how the normal mode
of interrupts may operate. As the CPU begins
executing code in the main program, certain 1/0
ports, variables, and arrays need to be initialized.
During this time the CPU’s interrupt flag is disabled.
Once the program has completed the initialization
routine and can accept an interrupt, the interrupt flag
is enabled. In the 8085 this is done with the assembly
language instruction EI, and on the 8086 with STI.

A short time later, an interrupt request comes in on
Level 4. Since the CPU’s interrupt flag is enabled, the
interrupt acknowledge signal is activated and the CPU.
branches off to Interrupt Service Routine 4. While the
CPU is executing code in Interrupt Service Routine 4,
an interrupt request comes in on Level 6 and then a
short time later on Level 2. The 8256 activates the INT
signal; however, the CPU ignores this because its in-
terrupt flag is disabled. Upon returning to the main
program the interrupt flag is enabled. When the inter-
rupt acknowledge signal is activated, the MUART
places the highest priority interrupt request on the
data bus regardless of the order in which the requests
came in. Therefore, during the interrupt acknowledge
the MUART vectors the indirect address for Interruot
Level 2. The INT signal is not cleared after the
acknowledge because there is still a pending interrupt.

The normal mode of operation is advantageous in that
it simplifies programming and lowers code re-
quirements within interrupt routines; however, there
are also several disadvantages. One disadvantage is
that the interrupt response time for higher priority in-
terrupts may be excessive. For example, if the CPU is
executing code in an interrupt service routine during a
higher priority request, the CPU will not branch off to
the higher priority service routine until the current in-
terrupt service routine is completed. This delay time
may not be acceptable for interrupts such as the serial
receiver or a real time signal. For these cases the
MUART provides the nested mode.-

Nested Mode
In the nested mode of operation, whenever a bit in the
Interrupt Request Register is set, the Priority Con-
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MAIN PROGRAM

E1 OR STI
|
[o======
INTERRUPT INTERRUPT |
REQUEST 4 SERVICE |
ROUTINE 4 . |
1 |
p o [ L |
' [———7LINTERRUPT
° | REQUEST 6
| [ ]
° |

| _INTERRUPT
REQUEST 2

= RTEARGET 1
1 SERVICE

ROUTINE 2

I,

™ iNTERRUPT
|  SERVICE

ROUTINE 6

Figure 9. Normal Interrupt Mode Example

troller compares the Interrupt Request Register to the -

Interrupt Service Register. If the bit set in the Request
Register is of a higher prioritythan the highest priority
bit set in the Service Register, the MUART will ac-
tivate the INT signal and update the Interrupt Address
Register. If the bit in the Request Register is of equal
or lower priority than the highest priority bit set in the
Service Register, the INT signal will not be activated.
When an INTA signal is activated or the Interrupt
Address Register is read, the corresponding bit in the
Request Register which caused the INT signal to be

asserted is reset and set in the Service Register. When ,
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an EOI (End Of Interrupt). command is issued, the
highest priority bit in the Service Register is reset.

Figure 10 shows an example of the program flow using
the nested mode of interrupts. During the main pro-
gram an interrupt request is generated from Level 4.
Since the interrupt flag is enabled, the interrupt
acknowledge signal is activated, and the
microprocessor is vectored to Service Routine 4.
During Service Routine 4, Level 2 requests an inter-
rupt. Since Level 2 is a higher priority than Level 4,
the 8256 activates its INT signal. An interrupt
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MAIN PROGRAM

INTERRUPT,

F
REQUEST 4 |

TINTERRUPT |
SERVICE
ROUTINE 4

INTERRUPT
REQUEST 2

—

J

I = INTERRUPT
SERVICE
| ROUTINE 2
EI OR STI

-
1
}
I
|
|

J

-

INTERRUPT

I

.
0|

m|

o m
|3|—|9L »

—3l

REQUEST 6

I INTE
]

SERVICE
ROUTINE 6

L

- - ———

0|
m
[

=1 __

|
L

C

PT

Figure 10. Fully Nested Interrupt Mode Example

acknowledge is not generated because the interrupt
flag is disabled. This section of code in Service
Routine 4 is protected and cannot be interrupted. A
protected section of code may reinitialize a timer, take
a sample, or update a global variable. When the inter-
rupt flag is enabled the microprocessor acknowledges
the interrupt and vectors into Service Routine 2. Ser-
vice Routine 2 immediately enables the interrupt flag
because it does not have a protected section of code.
During Service Routine 2, Interrupt Request 6 is
generated. However, the MUART will not interrupt
the microprocessor until service routines 2 and 4 have
issued the EOI command.
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Edge Triggering

The MUART has a maximum of two external inter-
rupts—EXTINT and P17. EXTINT is a dedicated
interrupt pin which is level triggered, where P17 is
either an I/0 port or an edge triggered interrupt. If
P17 is selected as an interrupt through Command
Register 1 and its interrupt level is enabled, it will
generate an interrupt when the level on this pin
changes from low to high. The edge triggered mode in-
corporates an edge lockout feature. This means that
after the rising edge of an interrupt request and the
acknowledgment of the request, the positive level on
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P17 won’t generate further interrupts. Before another
interrupt can be generated P17 must return low.

External devices which generate a pulse for an inter- -

rupt request can use the edge triggered mode as long as
the minimum high time specified in the data sheet is
met.

Level Triggering

The external interrupt (EXTINT pin 16) is the only
level triggered interrupt on the MUART. The 8256 will
recognize any active (high) level on the EXTINT as an
interrupt request. The EXTINT pin must stay high un-
til a short time after the rising edge of the first INTA
pulse. If the voltage level on the EXTINT pin is high
then goes low, the bit in the interrupt request register
corresponding to EXTINT will be reset.

In the normal mode of operation if EXTINT is still
high after the INTA pulse has been activated, the INT
signal will remain active. If the microprocessor’s inter-
rupt flag is immediately reenabled, another interrupt
will occur. Unless repeated interrupt generation is
desired, the programmer should not reenable the
CPU’s interrupt flag until EXTINT has gone low.

In the nested mode of operation, if EXTINT is still
high after the INTA pulse has been activated, the INT
signal will not be reactivated. This is because in the
. nested mode only a higher priority interrupt than the
one being serviced can activate the INT signal. The

EXTINT pin should go inactive (low) before the EOI
command is issued if an immediate mterrupt is not
desired.

Depending upon the particular design and applica-
tion, the EXTINT pin has a number of uses. For
example, it can provide repeated interrupt generation
in the normal mode. This is useful in cases when a ser-
vice routine needs to be continually executed until the

" interrupt request goes inactive. Another use of the

EXTINT pin is that a number of external interrupt re-

- quests can be wire-ORed. This can’t be done using

P17, for if a device makes an interrupt request while
P17 is high (from another request), its transition will
be shadowed. Note that when a wire-OR’ed scheme is
used, the actual requesting device has to be deter-
mined by the software in the service routine.

Cascading the MUART’s
Interrupt Controller

Cascading the MUART’s interrupt controller is
necessary in an interrupt driven system which contains

.more than one interrupt controller, such as a system

using more than one MUART, or using a MUART
with another interrupt controller like the 8259A. For a

- system which uses several MUART’s, one of them is

tied directly to the microprocessor’s INT and INTA
pms, while the remaining MUARTS are daxsy-chamed
using the EXTINT and INT pins. This is shown in
Flgure 11.

8085
8086 8256 8256 8256
INTR [= INT EXTINT = INT EXTINT [ INT
INTA 1 INTA <] INTA <] INTA
Vee Vee

Figure 11. Cascading the MUART’s Interrupt Controller
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Using the configuration in Figure 11, when the
microprocessor receives an interrupt, it generates an
interrupt acknowledge and branches into an interrupt
service routine. For the interrupt service routine of the
external interrupt, EXTINT Level 2, the micro-
processor will read the next MUART’s interrupt ad-
dress register and branch to the appropriate service

acknowledge. An example of this type of interrupt
acknowledge is given in Figure 8. If the last MUART
in the chain indicated an external interrupt, the
microprocessor would simply return to the main pro-
gram; however, this would be an error condition
caused by a spurious interrupt. A flow chart of the
software to handle cascaded interrupts is given in
Figure 12.

routine. In effect, this would be a software interrupt

INT

INTA

5 ¥ f i L

LEVEL 0 LEVEL 1 EXTINT LEVEL 3 LEVEL 7
INTERRUPT INTERRUPT SERVICE INTERRUPT INTERRUPT
FIRST SERVICE SERVICE ROUTINE SERVICE | ® ® © [ SERVICE
MUART ROUTINE ROUTINE T ROUTINE ROUTINE
| | RET‘URN 1 | natan ] NEXT Revonn ] ETURN
R R
INTERRUPT ‘
‘ADDRESS
REGISTER.
BRANCH
( 70 SERVICE
ROUTINE
[ 1 l
LEVEL 0 LEVEL 1 EXTINT LEVEL 3 LEVEL 7
INTERRUPT INTERRUPT SERVICE INTERRUPT o o | mwrERRUPT
SERVICE SERVICE ROUTINE SERVICE | ® SERVICE
ROUTINE ROUTINE ROUTINE ROUTINE
. SECOND, ' 1 1 1
MUARTY\ | meturn | | meturn | READ [_reurn_| | RETURN ]
NEX
INTERRUPT
ADDRESS .
REGISTER.
BRANCH
TO SERVICE
ROUTINE

Figure 12. Flow Chart to Resolve Interrupt Request When Cascading MUART
Interrupt Controllers
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Some consideration should be given to the priority of
the interrupts when cascading MUARTS. If all of the
MUART’s Level 0 and Level 1 interrupts are disabled,
the highest priority interrupt is the EXTINT. In this
case the last MUART in the chain would have the
highest priority; however, it would take the longest
time to propagate back to the CPU. If, however,
Level 0 or Level 1 interrupts were enabled, the closer
to the microprocessor the MUART is, the higher the
priority these two levels would have.

When using the 8256 interrupt controller along with
some other interrupt controller, such as the 8259A,
the MUART’s INT signal would simply be tied to one
of the interrupt controller’s request inputs. The ser-
vice routine for the MUART’s interrupt request would
initially perform the software interrupt acknowledge
before servicing the MUART’s interrupt request.
A block diagram of this configuration is given 'in
Figure 13.

Polling the MUART

If interrupts are not used, the only other way to con-
trol the MUART is to poll it. It is still possible to use
the priority structure of the MUART with polling. In
this mode of operation the MUART’s INT signal (Pin
15) is not used, and the INTA pin is tied high. Since
the INT pin’s level is duplicated in the MSB of the
Status Register, a program can poll this bit. When it
becomes set, the program could read the Interrupt
Address Register to determine the cause. Either the
normal or nested mode of operation can be used. Note
that 'the functions used with this polled method must
have their interrupts enabled.:

It is also possible to poll the counters/timers, parallel

170, and UART separately. To control the UART,

one could poll the Status Register. Byte handshakes

with the parallel I/0 can be controlled by polling Port
1. Finally, each counter/timer has its own register
which can be polled.

8085A 8259A 8256
8086 ,
. INTRFe——INT.  IRm|*+——INT
INTAl—{INTA - ves{NTA

Figure 13. Connecting the 8256 to the 8259A Interrupf Controller
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Symbol |Pin No. Typel Name and Function Symbol | Pin No.| Type| Name and Function
ADO-AD4| 1-5 1/0 |Address/Data: Three- INTA 14 Interrupt Acknowledge:
state address/data lines; If the MUART has been
DB5-DB7| 6-8 . .
which interface to the enabled to respond to in-
lower 8 bits of the micro- terrupts, this signal in-
processor’s multiplexed forms the MUART that
address/data  bus. The its interrupt request is be-
5-bit address is latched on ing acknowledged by the
;he t;all;ng.tedge dOf :l]f) microprocessor. During
D the 8-0it mode, A this acknowledgement the
AD3 are used to select the MUART puts an RSTn
Zrl())f megl:te:é d IWht::. instruction on the data
16-bit dzr N ‘n th bus for the 8-bit mode or
bit mode. AD4 in the | a vector for the 16-bit
8-bit mode is ignored as mode
an address, while ADO in -
the 16-bit mode is used as INT 15 lf“emlpt Request: A high
a second chip select, active signals the microproc-
low. essor that the MUART
| needs service.

ALE 9 I |Address Latch Enable: EXTINT 16 External ll.lterrupl: An ex-
Latches the 5 address lines ternal device can request
on ADO-AD4 and CS on interrupt service through
the falling edge. this input. The input is

— level iti igh),

RD 10 I |Read Control: When this t;‘;fem::“if';vuzt l():‘ﬁel) H
|signal is low, the selected high until an INTA occurs
register is gated onto the or the interrupt address

— - data bus. register is read.

WR 11 I Wnte flontrol: When this CLK 17 System Clock: The
signal is low, the value on ' reference clock for the
the data bus is written in- baud rate generator and

_|to the selected register. the timers.
RESET 12 I [Reset: An ‘actfve high RxC 18 Receive Clock: If the
pulse on this pin forces baud rate bits in Com-
the chip into its initial mand Register 2 are all 0,
state. The chip remains in this pin is an input which
this state uptll cfontrol n- clocks serial data into the
formation is written. RxD pin on the rising

Cs 13 I Sm::l"l“:‘nAé‘l’:son :l]"_li: edge of RxC. If baud rate

ig _enables. g .
MUART. It is latched . |bits in Command Register
with the address on the 2 are programmed from
falling edge of ALE, and 1-0FH, this pin outputs a
RD and V&have no ef- square wave whose rising
fect unless CS was latched
low during the ALE cycle.
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PIN DESCRIPTIONS (CONTINUED)

Symbol

.|least 1/32 of a bit, or it

‘|transmitter buffer is emp-

will be ignored. If the

ty, this pulse will be ig-
nored. If this pulse occurs
during the transmission of
a character up to the time
where 1/2 of the first (or
only) stop bit is sent out,
it will be ignored. If it oc-
curs afterwards, but
before the end of the stop
bits, the next character
will be transmitted im-
mediately following the
current one. If CTS is still
high when the transmitter
register is sending the last
stop bit, the transmitter
will enter its idle state un-
til the next high-to-low

transition on CTS occurs.

* |bits are selected,

Pin No. | Type] Name and Function Symbol | Pin No.| Type| Name and Function
edge indicates when the : 1f0.75 étop bits is chosen,
data on RxD is being the CTS input is edge sen-
sampled. This output re- sitive. A negative edge on
mains high during start, CTS results in the im-
stop, and parity bits. mediate transmission of

RxD 19 I |Receive Data: Serial data the next character. The
input. length of the stop bits is
p— — determined by the time in-
CTS 21 I . [Clear To Send: This input terval between the begin-
en'ables the serial -trans- ning of the first stop bit
mitter. If1, 1.5, O'Z_StoP and the next negative edge
_|bits are selected, CTS is on CTS. A high-to-low
level sensitive. As long as transition has no effect if|
CTS isow, any character the transmitter buffer is
loaded into the transmit- empty or if the time inter-
ter buffer register will be val between the beginning
tl:ansmitted serially.. A _|of the stop bit and next
single negative going negative edge is less than
pulse causes the transmis- 0.75 bits. A high or a low
sion of a single character level or a low-to-high
previously loaded into the transition has no effect on
transmitter  buffer the transmitter for the
register. If a baud rate| 0.75 stop bit mode.
from 1-OFH is selected, -
CTS must be low for at TxC 22 170 |Transmit Clock: If the

baud rate bits in com-
mand register 2 are all set|"
to 0, this input clocks data
out of the transmitter on
the falling edge. If baud
rate bits are programmed
for 1 or 2, this input per-
mits the user to provide a
32x or 64x clock which is
used for the receiver and
transmitter. If. the baud
rate bits are programmed
for 3-OFH, the internal
transmitter clock is out-
put. As an output it

|delivers the transmitter

clock at the selected bit
rate. If 1%2 or 0.75 stop
the
transmitter divider will be

asynchronously reset at
the beginning of each
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PIN DESCRIPTIONS (CONTINUED)

Symbol

Pin No.

Name and Function

Type

start bit, immediately
causing a high-to-low
transition on TxC. TxC
makes a high-to-low tran-
sition at the beginning of
each serial bit, and a low-
to-high transition at the
center of each bit.

TxD

23

Tranémit Data: Serial
data output.

P27-P20

24-31

1/0

Parallel 1/0 Port 2: Eight
bit general purpose 1/0
port. Each nibble (4 bits)
of this port can be either
an input or an output.
The outputs are latched
whereas the input signals
are not. Also, this port
can be used as an 8-bit in-
put or output port’ when
using the two-wire hand-
shake. In the handshake
mode both inputs and
outputs are latched.

P17-P10

32-39

170

Parallel 170 Port 1: Each
pin can be programmed as
an input or an output to
perform general purpose
17/0. -All outputs are
latched whereas inputs are
not. Alternatively these
pins can serve as control
pins which extend the
functional
the chip.

spectrum of |

GND

20

PS

Ground: Power supply

fand

logic ground
reference.

Vce

40

PS

Power: +5V power sup-

ply.
|
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DESCRIPTION OF THE REGISTERS

The following section will provide a description of the
registers and define the bits within the registers where
appropriate. Table 4 lists the registers and their
addresses.

Command Register 1

[L1] o | s1] sof erei | BiTi | 8086 | FRQ|
(OR) ow)
FRQ — Timer Frequency Select

This bit selects between two frequencies for the five
timers. If FRQ=0, the timer input frequency is
16KHz (62.5us). If FRQ =1, the timer input frequen-
cy is 1 KHz (Ims). The selected clock frequency is
shared by all the counter/timers enabled for timing;
thus, all-timers must run with the same time base.

8086 — 8086 Mode Enable

This bit selects between 8085 mode and 8086/8088
mode. In 8085 mode (8086=0), A0 to A3 are used to
address the internal registers, and an RSTn instruction
is generated in response to the first INTA. In 8086
mode (8086 =1), Al to A4 are used to address the in-
ternal registers, and AQ is used as an extra chip select
(AO must equal zero to be enabled). The response to
INTA is for 8086 interrupts where the first INTA is ig-
nored, and an interrupt vector (40H to 47H) is placed
on the bus in response to the second INTA.

BITI — Interrupt on Bit Change

This bit selects between one of two interrupt sources
on Priority Level 1, either Counter/Timer 2 or Port 1
P17 interrupt. When this bit equals 0, Counter/Timer
2 will be mapped into Priority Level 1. If BITI equals
0 and Level 1 interrupt is enabled, a transition from 1
to 0 in Counter/Timer 2 will generate an interrupt re-
quest on Level 1. When BITI equals 1, Port 1 P17 ex-
ternal edge triggered interrupt source is mapped into
Priority Level 1. In this case if Level 1 is enabled, a
low-to-high transition on P17 generates an interrupt
request on Level 1.

BRKI — Break-In Detect Enable

If this bit equals 0, Port 1 P16 is a general purpose I/0
port. When BRKI equals 1, the Break-In Detect
feature is enabled on Port 1 P16. A Break-In condi-

" tion is present on the transmission line when it is forc-

ed to the start bit voltage level by the receiving station.
Port 1 P16 must be connected externally to the
transmission line in order to detect a Break-In. A
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Figure 16a. fedhniqu,e for Geherating the MUART’s Chip Select

210907-001



AP-153 ‘

l—l:l-l L cq(nrnousnl
MN/ =
8284A cg\(w s INTA COMMAND BUS
RES (o] ey Sy 5,
RESET 5, DE’E IIGR'C T
CLOCK Ak owe
GENERATOR %0:3
Lsra
8282
A19-A8 OR
AD,-AD, 283
IN rﬂ_ ¥ OE ‘ o
-1- MEMORY] [PERIPHERAL 8205
DATA DATA
DECODER
R Qmmb
T OR
8287
OF
RESET CLK  INT ALE AD-AD, CSWRRDINTA
8256
PORT1 PORT2 EXTINT TxC AxC TxD RxD CTS

Serial IO

I

\/—\/-\/

Figure 17. 8088 Max Mod918256 Interface

READING PORT 1 AND PORT 2

Reading the ports gates the state at the pins onto the
data bus if they are defined as I/0 pins. A read opera-
tion transfers the contents of ‘the associated output
latches of pins P12, P13, P15, and P16, which are de-

fined as control function pins. Reading control pins-

P10, P11, and P17 delivers the state of these pins.

Operating the Event Counters/Timers

The event counters/timers can be loaded with an
initial value at any time. Reading event
counters/timers is possible without interfering with
the counting process.

LOADING EVENT COUNTERSI/TIMERS

Loading event counters/timers 1-5 under their respec-
tive addresses transfers the data present on the data
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bus as an initial value into the addressed event
counter/timer. The event counter/timer counts from
the new initial value immediately following the data
transfer (exception: retriggerable mode of Timer 5, or
3 and 5)

Cascaded counters/timers can be loaded with an
initial value using one of two procedures:

1) Only the event counter/timer representing the most
significant byte will be loaded. The event
counter/timer representing the least significant byte is
set to OFFH automatically. Counting is started im-
mediately after the data transfer.

2) The event counter/timer representing the most
significant byte will be loaded, causing the least
significant byte to be set to OFFH automatically.
Counting is started immediately following the data
transfer. Next, the counter representing the least
significant byte will be loaded and counting is started
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Figure 18. 8086 Max Mode:3256 Interface

again, but this time with a complete 16-bit initial
value. The least significant byte of the initial value
must be transferred before the counter representing
the least significant byte exhibits its zero transition to
prevent the most significant byte of the initial value
from being decremented improperly.

In the case of an 8-bit initial value for Timer 5 or for
cascaded Event Counter/Timer 3 and 5, the initial
value for Timer 5 is loaded from a save register, if it is
operated in retriggerable counting mode. Counting is
started after an initial value has been transferred
whenever a high-to-low transition occurs on Port
P15.

Cascaded Event Counter/Timer 3 and 5 operating in
retriggerable counting mode can be loaded directly
with an initial value for Timer 5 representing the most
significant byte; Event Counter/Timer 3 will be set to
OFFH automatically.

6-274

READING EVENT COUNTERS/TIMERS

Reading event counters/timers.1-5 from their respec-
tive addresses gates the counter contents onto the data
bus. The counter contents gated onto the data bus re-
main stable during the read operation while the
counter just being read continues to count. The
minimum time between the two read operations from
the same counter is 1 usec.

The procedure to be followed when readmg cascaded
event counters/timers is:

1) The event counter/timer representing the most
significant byte will be read first. At this time, the
least significant byte is latched into read latches. -

2) When the event counter/timer representing the
least significant byte is addressed, the byte stored in
the read latches will be gated onto the data bus. The
value stored in the read latches remains valid until it is
read, the cascading condition is removed, or a-write
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Figure 19. 80186/8256 Interface

operation affecting one of the two event
counters/timers is executed.

The time between reading the most significant byte
and the least significant byte must be at least 1 usec.

Note:
For cascaded event counters/timers the least significant

counter/timer is latched after reading the most significant"

counter/timer. If the lower byte changes from 00H to OFFH
between the reading of the MSB and the latching of the LSB,
the carry from the most significant event counter/timer to the
least significant event counter/timer is lost.

Therefore, it is necessary to repeat the whole reading once if
the value of the least significant event counter/timer is OFFH.
Doing this will .avoid. working with a wrong value (correct
value + 255).
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APPLICATION EXAMPLE

This section describes how the 8256 was designed into
a Line Printer Multiplexer (LPM). This application
example was chosen because it employs a majority of
the MUART’s features. The information in this sec-
tion will be applicable to many other designs since it
describes some common software and hardware
aspects of using the MUART.

Description of the Line Printer Multiplexer
(LPM)

The Line Printer Multiplexer allows up to eight
workstations to share one printer. The workstations
transmit serial asyrichronous data to the LPM. The
LPM receives the serial data, buffers it, then transmits

210907-001
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Table 4. MUART Registers

Read Registers

8085 Mode:
8086 Mode:

[ t1] w] s1] so|srki] Bimi|8ss| Fra)
Command 1

[Pen] ep] c1] cof B3] B2 | &1 | 8O

Command 2

| o [mxe] 1ae] me] o [serefterk] o |
Command 3

| 135 ] 724] 75¢] CTs’LCTz ] p2c2]pacipaco]
Mode

| p17] Pe] pPi5] P14 | P13 P12 P11 ] P10]
Port 1 Control

lL?lLG] slu]Jw]e]u]w]

Interrupt Enable

[o7]o6] 05 Da] D3 [ D2 [ D1 | 00
Interrupt Address

{p7] pe] os| pafosfo2]or]oo]
Receiver Buffer

{o7] os| ps| pa]oafoa]or]oo]

Port 1

[mlos[os]mjoaLbz[m | oo ]
Port 2

o7 oe| ps|psa]|D3fo2{D1|po|
Timer 1

[o7 o6 o5 ] be ['03102 [o1 [ oo ]
Timer 2

| o7 os | os | pa o3 fp2 ot o0 |
Timer 3

|o7|bs|05|04[03[02|o1 ] oo |
Timer 4

[p7TosTos oa oa o2 ot [oo
Timer §

[ INT IHBFITBE” [tre [Bo [ PE JoE |FE |
Status

Write Registers

AD3 AD2 ADt ADO
AD4 AD3 AD2 ADi

o o o o u] w] s1] so[srlem]soss| Fral
Command 1

0

o
o
-

[pen] er] c1] co] B3| 2] B1] 0]
Command 2

o o0 1 o [ser] rxe] e | nie [ eno[sereftery rst|

Command 3
o 0 1 1] fasl 124 ] 15¢ | c13] c12 [ P2c2] P2C1] P2CO|
Mode -
o 1 o o |riz]re]|pris]pPia]pa]piz]pin] rio]
Port 1 Control
o 1 o t]Ju]Jw]s]Ju]w]e]u]w]
‘ Set Ihterrupts
o 1 1 ofuJw]ws]Ju]Jw]|lu]w]
Reset Interrupts
o1 1 1 |o7fos]os][pa|p3a]o2]o1]oo]
Transmitter Buffer
1 o o o [pr]oe[ps[oa]o3]p2]01]00]
Port 1 '
1t o o 1 [p7]oe]os[os]D3]|D2|o1]oo0]
’ Port 2
1 o 1 o [o7rJoe]os]osa]o3]o2]o1]00]
Timer 1
1 0o 1 1 [or]oe]ps]osa]p3]p2]01]0o]
Timer 2
1 1 o o [p7r]oe]os]osa b3 |02 |01 ]0o]
Timer 3
1 1 o 1 [pr]oe]os]bs o3 o2 01|00
: Timer 4 o
11 ofodos]os[m]oa[szmTDo]
Timer 5
"1 1 1 1 [0 [Rs4[rs3]rsz [rst [Rso [Tme [osc |

Modification
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Break-In is polled by the MUART during the
transmission of the last or only stop bit of a character.

transmission and reception. In this case, prescalers are
disabled and the input serial clock frequency must

match the baud rate. The input serial clock frequency

A Break-In Detect is OR-ed with Break Detect in Bit 3
of the Status Register. The distinction can be made
through the interrupt controller. If the transmit and
receive interrupts are enabled, a Break-In will generate
an interrupt on Level 5, the transmit interrupt, while
Break will generate an interrupt on Level 4, the receive

can range from 0 to 1.024 MHz.

B0, B1, B2, B3 — Baud Rate Select

These four bits select the bit clock’s source, sampling
rate, and serial bit rate for the internal baud rate

interrupt. - generator.
S0, S1 — Stop Bit Length B3 B2 B1 B0 :alth Sagq;ling
ate ate
-$1 S0 Stop Bit Length 0 0 0 0 TXC, RxC 1
0 0 Co 0 0 0 1 TxC/64 64
9 : 15 0 o0 1 0 TxC/32 32
0 0 1 1 19200 32
! 1 0.75 o 1 o0 o 9600 64
The relationship of the number of stop bits and the g ‘ : (l) (l) ;igg g:
function of input CTS is discussed in the Pin Descrip- 0 i 1 1 1200 e
tion sectlonv under “CTS”. 1 0 0 0 500 6
LO, L1 — Character Length } g ‘1) (1) g% 2
L1 LO Character 1 0 1 1 150 64
Length 1 1 0 0 110 64
0 0 8 1 1 0 1 100 64
0 1 7 1 1 1 0 75 64
1 0 6 1 1 1 1 50 64
1 1 5

s

v

of pins TxC and RxC:

‘Command Register 2

The following table gives an overview of the function

TxC

RxC

|[PEN|EP [ c1 | co| B3| B2| B1 | BO | Bits 3 to
: 0 (Hex.)
(IR) aw) . 0

‘ Programming bits 0. ..3 with values from 3H to FH
enables the internal baud rate generator as a common

1,2
clock source. for the transmitter and receiver and
determines its divider ratio.
Programming bits 0...3 with values of 1H or 2H
enables input TxC as a common clock source for the
transmitter and receiver. The external clock must pro- 3toF
0

vide a.frequency of either 32x or 64x the baud rate.
The data -transmission rates range from O0...32
Kbaud. . : ‘ . B .

Input: 1 x baud
rate clock for the
transmitter

Input 32 x or 64 x_
baud rate for trans-
mitter and receiver

‘Output: baud rate

clock of the
|transmitter

Input: 1 x baud
rate clock for the
receiver

Output: receiver bit
clock with a low-to-
high transition at
data bit sampling
time. Otherwise:
high level

Output: as above

If bits 0. . .3 are set to 0, separate clocks must be input
to pin RxC for the receiver and pin TxC for the
transmitter. Thus, different baud rates can be used for
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As an output, RxC outputs a low-to-high transition at
sampling time of evary data bit of a character. Thus,
data can be'loaded, e.g., into a shift register external-
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ly. The transition occurs only if data bits of a
character are present. It does not occur for start, pari-
ty, and stop bits (RxC = high).

As an output, TxC outputs the internal baud rate
clock of the transmitter. There will be a high-to-low
transition at every beginning of a bit.

C0, C1 — System Clock Prescaler
(Bits 4, 5)

Bits 4 and 5 define the system clock prescaler divider
ratio. The internal operating frequency of 1.024 MHz
is derived from the system clock.

C1 CO | Divider Ratio |Clock at Pin
CLK
0 0 5 5.12 MHz
0 1 3 3.072 MHz
1 0 2 2.048 MHz
1 1 1 1.024 MHz

EP — Even Parity (Bit 6)

EP=0: Odd parity
EP=1: Even parity

PEN — Parity Enable (Bit 7)
Bit 7 enables parity generation and checking.

PEN=0: No parity bit
PEN = 1: Enable parity bit

The parity bit according to Command Register 2 bit 6
(see above) is inserted between the last data bit of a
character and the first or only stop bit. The parity bit
is checked during reception. A false parity bit
generates an error indication in the Status Register
and an Interrupt Request on Level 4.

Command Register 3

| SET | RxE | 1AE | NIE | END|SBRK{TBRK | RST |
(2R) 2w)

Command Register 3 is different from the first two
registers because it has a bit set/reset capability.
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Writing a byte with Bit 7 high sets any bits which were
also high. Writing a byte with Bit 7 low resets any bits
which were high. If any bit 0-6 is low, no change oc-
curs to that bit. When Command Register 3 is read,
bits 0, 3, and 7 will always be zero.

RST — Reset
If RST is set, the following events occur:

1) All bits in the Status Register except bits 4 and §
are cleared, and bits 4 and $ are set.

2) The Interrupt Enable, Interrupt Request, and In-
terrupt Service Registers are cleared. Pending re-
quests and indications for interrupts in service will
be cancelled. Interrupt signal INT will go low.

3) The receiver and transmitter are reset. The
transmitter goes idle (TxD is high), and the receiver
enters start bit search mode.

4) If Port 2 is programmed for handshake mode, IBF
and OBF are reset high.

RST does not alter ports, data registers or command
registers, but it halts any operation in progress. RST is
automatically cleared.

RST =0 has no effect. The reset operation triggered
by Command Register 3 is a subset of the hardware
reset. '

TBRK — Transmit Break

The transmission data output TxD will be set low as
soon as the transmission of the previous character has
been finished. It stays low until TBRK is cleared. The
state of CTS is of no significance for this operation.
As. long as break is active, data transfer from the
Transmitter Buffer to the Transmitter Register will be
inhibited. As soon as TBRK is reset, the break condi-
tion will be deactivated and the transmitter will be re-
enabled.

SBRK — Single Character Break

This causes the transmitter data to be set low for one
character including start bit, data bits, parity bit, and
stop bits. SBRK is automatically cleared when time
for the last data bit has passed. It will start after the
character in progress completes, and will delay the
next data transfer from the Transmitter Buffer to the
Transmitter Register until TxD returns to an idle
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(marking) state. If both TBRK and SBRK are set,
break will be set as long as TBRK is set, but SBRK will
be cleared after one character time of break. If SBRK
is set again, it remains set for another character. The
user can send a definite number of break characters in
this manner by clearing TBRK after setting SBRK for
the last character time.

END — End of Interrupt.

If fully nested interrupt mode is selected, this bit resets
the currently served interrupt level in the Interrupt
Service Register. This command must occur at the end
of each interrupt service routine during fully nested in-
terrupt mode. END is automatically cleared when the
Interrupt Service Register (internal) is cleared. END is
ignored if nested interrupts are not enabled.

NIE — Nested |rﬁerrupt Enable

When NIE equals 1, the interrupt controller will
operate in the nested interrupt mode. When NIE
equals O, the interrupt controller will operate in the
normal interrupt mode. Refer to the “‘Interrupt con-
troller’’ section under ‘“Normal Mode’’ and ‘‘Nested
Mode”’ for a detailed description of these operations.

IAE — Interrupt Acknowledge Enable

This bit enables.an automatic response to INTA. The
particular response is determined by the 8086 bit in
Command Register 1.

RxE — Receive Enable

This bit enables the serial receiver and its associated
status bits in the status register. If this bit is reset, the
serial receiver will be disabled and the receive status
bits will not be updated.

Note that the detection of break characters remains
enabled while the receiver is disabled; i.e., Status
Register Bit 3 (BD) will be set while the receiver is
disabled whenever a break character has been
recognized at the receive data input RxD.

SET — Bit Set/Reset

If this bit is high during a write to Command Register
3, then any bit marked by a high will set. If this bit is
low, then any bit marked by a high will be cleared.

Mode Register

[ 135] 24| T5c | cT3] c12] P2c2] P2C1| P2C0]
(BR) 3BwW) - ‘
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P2C2, P2C1, P2C0 — Port 2 Control

) Direction

P2C2P2C1P2C0 Mode Upper Lower
0 0 0 nibble input input
0 0 1 nibble input output
0 1 0 nibble output input
0 1 1 nibble output  output
1 0 0 byte handshake input

vl 0 1 byte handshake output

1 1 0 DO NOT USE
1 1 1 test

If test mode is selected, the output from the internal
baud rate generator is placed on bit 4 of Port 1 (pin
35).

To achieve this, it is necessary to program bit 4 of Port

1 as an output (Port 1 Control Register Bit P14=1),

and to program Command Register 2 bits B3 - B0
with a value > 3H.

Note:

If Port 2 is operating in handshake mode, Interrupt Level 7 is
not available for Timer 5. Instead it is assigned to Port 2 hand-
shaking.

CT2, CT3 — Counter/Timer Mode

Bit 3 and 4 defines the mode of operation of event
counter/timers 2 and 3 regardless of its use as a single
unit or as a cascaded one.

If CT2 or CT3 are high, then counter/timer 2 or 3
respectively is configured as an event counter on bit 2
or 3 respectively of Port 1 (pins 37 or 36). The event
counter decrements the count by one on each low-to-
high transition of the external input. If CT2 or CT3 is
low, then the respective counter/timer is configured as
a timer and the Port 1 pins are used for parallel I/0.

T5C — Timer 5 Control

If TSC is set, then Timer S can be preset and started by
an external signal. Writing to the Timer 5 register
loads the Timer 5 save register and stops the timer. A
high-to-low transition on bit 5 of Port 1 (pin 34) loads
the timer with the saved value and starts the timer.
The next high-to-low transition on pin 34 retriggers
the timer by reloading it with the initial value and con-
tinues timing. '

Following a hardware reset, the save register is reset to

00H and both clock and trigger inputs are disabled.

Transferring an instruction with TSC=1 enables the

trigger inpat; the save register can now be loaded with
e
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an initial value. The first trigger pulse causes the initial
value to be loaded from the save register and enables
the counter to count down to zero. o

When the timer reaches zero it issues an interrupt re-
quest, disables its interrupt level and continues count-
ing.. A subsequent high-to-low transition on pin 5
resets Timer § to its initial value. For another timer in-
terrupt, the Timer 5 interrupt enable bit must be set
again. .

T35, T24 — Cascade Timers

These two bits cascade Timers 3 and 5 or 2 and 4.
Timers 2 and 3 are the lower bytes, while Timers 4 and
5 are the upper bytes. If T5C is set, then both Timers 3
and 5 can be preset and started by an external pulse.

.

When a high-to-low transition occurs, Timer 5 is
preset to its saved value, But Timer 3 is always preset
to all ones. If either CT2 or CT3 is set, then the cor-
responding timer pair is a 16-bit event counter.

A summary of the counter/timer control bits is given
in Table 5.

Note:
Interrupt levels assigned to single counters are partly not oc-
cupied if event counters/timers are cascaded. Level 2 will be
vacated if event counters/timers 2 and 4 are cascaded.
Likewise, Level 7 will be vacated if event counters/timers 3
and S are cascaded.
- ¢
Single event counters/timers generate“an interrupt request on
the transition from 01H to 00H, while cascaded ones generate
it on the transition from 0001H to 0000H.

Table 5. Event Counters/Timers Mode of Operatifm

Event Counter/ Programming

Timer Function (Mode Word) Clock Source

1. 8-bit timer’ - internal clock

2 8-bit timer T24=0, CT2=0 internal clock .
8-bit event counter T24=0, CT2=1 P12 pin 37 ~

3 8-bit timer T35=0,CT3=0 internal clock
8-bit event counter T35=0, CT3=1 P13 pin 36

4 -8-bit timer T24=0 internal clock
8-bit timer, T35=0, TSC=0 internal clock

5 normal mode . o
8-bit timer, T35=0, T5C=1 - internal clock
retriggerable mode

2 and 4 16-bit timer T24=1, CT2=0 internal clock

cascaded 16-bit event counter T24=1, CT2=1 P12'pin 37
16-bit timer, T35=1, TSC=0, internal clock
normal mode CT3=0 )

3and 5 _ 16-bit event counter, T35=1, T5C=0, P13 pin 36

cascaded normal mode CT3=1 -
16-bit timer, T35=1, T5C=1, internal clock
Retriggerable mode CT3=0 C
16-bit event counter, T35=1, TSC=1, P13 pin 36
Retriggerable mode CT3=1 - .

6-280 ) -

210907-001



intal

AP-153

Port 1 Control Register

|P17 | P16 [ P15 LP14 | P13 IPIZ l P11 | P10 |

@) @w)

Each bit in the Port 1 Control Register configures the
dn‘ecuon of the corresponding pin. If the bit is high,
the pin is an output, and if it is low the pin is an input.
Every Port 1 pin has another function which is con-
trolled by other registers. If that special function is
disabled, the pin functions as a general I/0 pin as
specified by this register. The special functions for
each pin are described below.

Port 10, 11 — Handshake Controi

If byte handshake control is enabled for Port 2 by the
Mode _Register, then Port 10 is programmed as
STB/ACK handshake e control input, and Port 11 is
programmed as IBF/OBF handshake control output.

If 1_3_yt_handshake mode is enabled for output on Port
2, OBF indicates that a character has been loaded into
the Port 2 output buffer. When an external device
reads the data, it acknowledges this operation by driv-
mg ACK low. Zﬁ— F is set low by writing to Port 2 and
is reset hlgh by’ ACK.

-

If lgztshandshake mode is enabled for input on Port
2, STB is an input. IBF is driven low after STB goes
low. On the rising edge of STB the data from Port 2 is
latched.

IBF is reset high when Port 2 is read.

Port 12, 13 — Counter 2, 3 Input

If Timer 2 or Timer 3 is programmed as an event
counter by the Mode Register, then Port 12 or Port 13
is the counter input for Event Counter 2 or 3, respec-
tively.

Port 14 — Baud Rate ‘Generator Output Clock

If test mode is enabled by the Mode Register and
Command Register 2 baud rate select is greater than 2,
then Port 14 is an output from the internal baud rate
generator. o

P14 in Port 1 control register must be set to 1 for the
baud rate generator clock to be output. The baud rate
generator clock is 64 x the serial bit rate’ except at
19.2Kbps when it is 32 x the bit rate.
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Port 15 — Timer 5 Trigger

If T5C is set in the Mode Register enabling a retrig-
gerable timer, then Port 15 is the input which starts
and reloads Timer 5.

A high-to-low transition on P15 (Pin 34) loads the
timer with the save register and starts the timer.

Port 16 — Break-In Detect

If Break-In Detect is enabled by BRKI in Command
Register 1, then this input is used to sense a Break-In.
If Port 16 is low while the serial transmitter is sending
the last stop bit, then a Break-In condition is signaled.

Port 17 — Port Interrupt Seurce

If BITI in Command Register 1 is set, then a low-to-
high transition on Port 17 generates an interrupt re-
quest on Priority Level 1.

Port 17 is edge triggered.
Interrupt Enable Reglster

vl sl a] a2 ] Lo]

(5R) (5W =enable,
6W = disable)

Interrupts are enabled by writing to the Set Interrupts
Register (SW). Interrupts are disabled by writing to
the Reset Interrupts Register (6W). Each bit set by the
Set Interrupts Register' (SW) will enable that level in-
terrupt, and each bit set in the Reset Interrupts
Register (6W) will disable that level interrupt. The
user can determine which interrupts are enabled by
reading the Interrupt Enable Register (5R).

Priority Source

Highest Lo Timer 1
L1 Timer 2 or Port Interrupt
L2 External Interrupt (EXTINT)
L3 Timer 3 or Timers 3 & 5
4 Receiver Interrupt
L5 Transmitter Interrupt
L6 - Timer 4 or Timers 2 & 4

Lowest L7 Timer 5 or

Port 2 Handshaking

Interrupt Address Register

[o]JoJolps[D3]D2f 0 [0]
I—dlnterrupt Level
Indication

(6R)
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Reading the interrupt address register transfers an
identifier for the currently requested interrupt level on
the system data bus. This identifier is the number of
the interrupt level multiplied by 4. It can be used by
the CPU as an offset address for interrupt handling.
Reading the interrupt address register has the same ef-
fect as a hardware interrupt acknowledge INTA; it
clears the interrupt request pin (INT) and indicates an
interrupt acknowledgement to the interrupt con-
. troller.

Receiver and Transmitter Buffer

[o7 [ D6 [ s | D4“| p3 | p2 | b1 | Do |
.(R) . : aw)

Both the receiver and transmitter in the MUART are
double buffered. This means that the transmitter and
receiver have a shift register and a buffer register. The
buffer registers are directly addressable by reading or
writing to register seven. After the receiver buffer is
full, the RBF bit in the status register is set. Reading
the receive buffer clears the RBF status bit. The
transmit buffer should be written to ‘only if the TBE
bit in the status register is set. Bytes written to the
transmit buffer are held there until the transmit shift
‘register is empty, assuming CTS is low. If the transmit
buffer and shift register are empty, writing to the
transmit buffer immediately transfers the byte to the
transmit shift register. If a serial character length is

less than 8 bits, the unused most significant bits areset '

to zero when reading the receive buffer, and are ig-
nored when writing to the transmit buffer.

Port 1

[D7| Ds| Ds| D4| D3 | D2 | D1 | Do |
BR) 8W)

Writing to Port 1 sets the data in the Port 1 output
latch. Writing to an input pin, does not affect the pin,
but the data is stored and will be output if the direc-
tion of the pin is changed later. If the pin is used as a
control signal, the pin will not be affected, but the
data is stored. Reading Port 1 transfers the data in
Port 1 onto the data bus.
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qut 2

(D7 | D6 | Ds | Da| D3] D2 ] D1 | 0 |
OR) ow)

Writing to Port 2 sets the data in the Port 2 output
latch. Writing to an input pin does not affect the pin,
but it does store the data in the latch. Reading Port 2
puts the input, pins onto the bus or the contents of thé
output latch for output pins.

Timer 1-5

[D7 | D6 [ Ds | Da | D3| D2 | D1 | Do |
(0A16-0E;6R) (0A4-0E16W)

Readmg Timer N puts the contents of the ’umer onto
the data bus. If the counter changes while RDis low,
the value on the data bus will not change. If two
timers are cascaded, reading the high-order byte will
cause the low-order byte to be latched. Reading the
low-order byte will unlatch them both. Writing to
either timer or decascading them also clears the latch
condition. Writing to a timer sets the starting value of
that timer. If two timers are cascaded. writing to the
high-order byte presets the low-order byte to all ones.
Loading only the high-order byte with a value of X
leads to a count of X 256+ 255. Timers count down
continuously. If the interrupt is enabled, it occurs
when the counter changes from 1 to 0.

The timer/counter interrupts are automatically dis-
abled when the interrupt request is generated.

Status Reglster‘

|1NT|RBFITBE|TRE|BD | pE [OE | FE ]
(OF (R)

Reading the status register gates its contents onto the
data bus. It holds the operational status of the serial
interface as well as the status of the interrupt pin INT.
The status register can be read at any time. The flags
are stable and well defined at all instants’. '

FE — Framing Error, Transmission Mode

Bit 0 can be used in two modes. Normally, FE in-
dicates framing error which can be changed to
transmission mode indication by setting the TME bit
in the modlﬁcatnon regxster
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If transmission mode is disabled (in Modification
Register), then FE indicates a framing error. A fram-
ing error is detected during the first stop bit. The error
is reset by reading the Status Register or by a chip
reset. A framing error does not inhibit the loading of
the Receiver Buffer. If RxD remains low, the receiver
will assemble the next character. The false stop bit is
treated as the next start bit, and no high-to-low transi-
tion on RxD is requied to synchronize the receiver.

When the TME bit in the Modification Register is set,
FE is used to indicate that the transmitter was active
during the reception of a character, thus indicating
that the character received was transmitted by its own
transmitter. FE is reset when the transmitter is not ac-
tive during the reception of character. Reading the
status register will not reset the FE bit in the transmis-
sion mode.

OE — Overrun Error

If the user does not read the character in the Receiver
Buffer before the next character is received and
transferred to this register, then the OE bit is set. The
OE flag is set during the reception of the first stop bit
and is cleared when the Status Register is read or when
a hardware or software- reset occurs. The first
character received in this case will be lost.

PE — Parity Error

This bit indicates that a parity error has occurred dur-
ing the reception of a character. A parity error is pres-
ent if value of the parity bit in the received character
is different from the one expected according to com-
mand word 2 bits 6 EP. The parity bit is expected and
checked only if it is enabled by command word 2 bit 7
PEN. ‘

A parity error is set during the first stop bit and is reset
. by reading the Status Register or by a chip reset.

BD — Break/Break-In

The BD bit flags whether a break character has been
received, or a Break-In condition exists on the
transmission line. Command Register 1 Bit 3 (BRKI)
enables the Break-In Detect function.

Whenever a break character has been received, Status
Register Bit 3 will be set and in addition an interrupt
request on Level 4 is generated. The receiver will be
idled. It will be started again with the next high-to-low
transition at pin RxD." ’
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The break character received will not be loaded into
the receiver buffer register.

- If Break-In Detection is enabled and a Break-In condi-

tion occurs, "Status Register Bit 3 will be set and in ad-
dition an interrupt request on Level 5 is generated.

The BD status bit will be reset on reading the status
register or on a hardware or software reset. For more
information on Break/Break-In, refer to the ‘‘Serial
Asynchronous Communication’’ section under
‘‘Receive Break Detect’’and ‘‘Break-In Detect.”’

TRE — Transmit Register Empty

When TRE is set the transmit register is empty and an
interrupt request is generated on Level 5 if enabled.
When TRE equals 0 the transmit register is in the pro-
cess of sending data. TRE is set by a chip reset and
when the last stop bit has left the transmitter. It is
reset when a character is loaded into the Transmitter
Register. If CTS is low, the Transmitter Register will
be loaded during the transmission of the start bit. If
CTS is high at the end of a character, TRE will remain
high and no character will be loaded ‘into the
Transmitter Register until CTS goes low. If the’
transmitter was inactive before a character is loaded
into the Transmitter Buffer, the Transmitter Registér
will be empty temporarily while the buffer is full.
However, the data in the buffer will be transferred to
the transmitter register immediately and TRE will be
cleared while TBE is set.

TBE — Transmitter Buffer Empty

TBE indicates the Transmitter Buffer is empty and is
ready to accept a character. TBE is set by a chip reset
or the transfer of data to the Transmitter Register,
and is cleared when a character is written to the
transmitter buffer. When TBE is set, an interrupt re-
quest is generated on Level 5 if enabled.

RBF — Receiver Buffer Full

. RBF is set when the Receiver Buffer has been loaded

with a new character during the sampling of the first
stop bit. RBF is cleared by reading the receiver buffer
or by a chip reset.

INT — Interfupt Pending

The INT bit reflects the state of the INT Pin (Pin 15)
and indicates an interrupt is pending. It is reset by
INTA or by reading the Interrupt Address Register if .
only one interrupt is pending and by a chip reset.
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FE, OE, PE, RBF, and Break Detect all generate a
Level 4 interrupt when the receiver samples the first
stop bit. TRE, TBE, and Break-In Detect generate a
Level 5 interrupt. TRE generates an interrupt when
TBE is set and the Transmitter Register finished
transmitting. The Break-In Detect interrupt is issued
at the same time as TBE or TRE.

Modification Register

| o | rs4[rs3]rs2] rs1] rso[T™ME[Dsc]
(0F;6W)
DSC — Disable Start Bit Check

DSC disables the receiver’s start bit check. In this state
the receiver will not be reset if RxD is not low at the
center of the start bit.

TME — Transmission Mode Enable

TME enables transmissiqn mode and disables framing
error detection. For information on transmission
mode see the descnptlon of the framing error bit in the
Status Register.

nso RS1, RS2, RS3, RS4 — Receiver Sample
Tlme

The' .numbe_r in RSn alters when the receiver samples
RxD. The receiver sample time can be modified only if
the receiver is not clocked by RxC.

Note:

The modification register cannot be read. Reading from ad-
dress OFH, 8086: 1EH gates the contents of the status register
onto the data bus. -

- A hardware reset (reset, Pin 12) resets all modifica-
tion register bits to 0, i.e.:
* The start bit check is enabled. i
- * Status Register Bit 0 (FE) indicates framing error.
* The sampling time of the serial receiver is the bit
center.

A software reset (Command Word 3, RST) does not
affect the modification register.

§

Hardware Reset -

A reset signal on pin RESET (HIGH level) forces the
device 8256 into a well-defined initial state. This state
is characterized as follows:
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Rs4|Rs3 RS2|RS1|RSPoint of time between
start of bit and end of
bit measured in steps of
1/32 bit length

oj1j1rj1ti1 1 (Start of Bit)
oj1f1}j1]0 2
0Ol1]1]0]1 3
0ojJ1]1j0}0 4
0j1jJ0]1¢}1 5
oj1]o0]1}]o0 6
oj1f0}o0]1 7
oj1jojofo 8
ojoj1j1}1 9
0joj1}j1}0 10
ojoft1]o]1 11
ojojrjojo 12
ojojoj1j1 13
ojojojtrjo 14
0jo0joO0 O] 1 15
0jJ]ojJoOo]O]O 16 (Bit center)
111} 1}11}1 17
1|j1f1]1}]0 18
t{rfrfof1f 19
1j1f1]o0}fo 20
1j110]1]1 21
1jtrfoj1}10 22
11100} 1 23
1{1]0]0}0 24
tjof1]1]1 25
tjoj1jt1y}o 26
110}11]0]1 27
1j]011j0]0 28
1jfoj]o0]1]1 29
1j0j10]1}]0 30
1rjojojoj1 31
1j0}10}]10]0 32 (End of Bit)

- 1) Command registers 1, 2 and 3, mode register, Port

1 control register, and modification register are
reset. Thus, all bits of the parallel interface are set
to be inputs and event counters/timers are con-
figured as independent 8-bit timers.

2) Status register bits are reset with the exception of
bits 4 and 5. Bits 4 and 5 are set indicating that
both transmitter register and transmitter buffer
register are empty.
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3) The interrupt mask, interrupt request, and inter-
rupt service register bits are reset and disable all re-
quests. As a consequence, interrupt signal INT is
inactive (LOW).

4) The transmit data output is set to the marking state
(HIGH) and the receiver section is disabled until it
is enabled by Command Register 3 Bit 6.

5) The start bit will be checked at éampling time. The
receiver will return to start bit search mode if input
RxD is not LOW at this time.

6) Status Register Bit 0 impl}es framing error.

7) The receiver samples input RxD at bit center.

Reset has no effect on the contents of receiver buffer

register, transmitter buffer register, the intermediate
latches of parallel ports, and event counters/timers,
respectively.

INTERFACING

This section describes the hardware interface between
the 8256 MUART and the 8085, 8086, 8088, and 80186
microprocesors. Figures 14 through 19 display the
block diagrams for these interfaces. The MUART can
be interfaced to many other microprocessors using
these basic principles.
In all cases the 8256 will be connected directly to the
CPU’s multiplexed address/data bus. If latches or
data bus buffers are used in a system, the MUART
should be on the microprocessor side of the ad-
dress/data bus. The MUART latches the address in-
ternally on the falling edge of ALE. The address con-
sists of Chip Select (CS) and four address lines. For-
8-bit microprocessors, AD0-AD3 are the address
lines. For 16-bit microprocessors, AD1-AD4 are the
address lines; ADO is used as a second chip select
which is active low. Since chip select is internally lat-
ched along with the address, it does not have to re-
- main active during the entire instruction cycle. As long
as the chip select setup and hold times are met, it can
“be derived from multiplexed address/data lines or
multiplexed address/status lines.

In Figure 15, the 8088 min mode, the 8205 chip select
decoder is connected to the 8088’s address bus lines

A8-AlS5. These address lines are stable throughout the °

entire instruction cycle. However, the MUART’s chip
select signal could have been derived from A16/S3-
A19/56. : : )
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Figure 16 shows the 8256 interfaced with an 8086 in
the min mode. When the 8256 is in the 16-bit mode,
AO serves as a second chip select. As a result the
MUART’s internal registers will all have even ad-
dresses since AO must be zero to select the device. Nor-
mally the MUART will be placed on the lower data
byte. If the MUART is placed on the upper data byte
the internal registers will be 512 address locations
apart and the chip would occupy an 8 K word address
space. Figure 16A shows a table and a diagram of how
the 8256 may be selected in an 8086 system where the
MUART is I/0 mapped and used on the lower byte of
the address/data bus.

PROGRAMMING
Initialization

In general the MUART’s functions are independent of
each other and only the registers and bits associated
with a particular function need to be initialized, not
the entire chip. The command sequence is arbitrary
since every register is directly addressable; however,
Command Word 1 must be loaded first. To put the
device into a fully operational condition, it is
necessary to write the following commands:

Command byte 1
Command byte 2
Command byte 3
Mode byte
Port 1 control
Set Interrupts

‘The modification register may be loaded if required

for special applications; normally this operation is not
necessary. It is a good idea to reset the part before in-
itialization. (Either a hardware or a software reset will
do.)

Operating the Serial Interface

The microprocessor transfers data to the serial inter-
face by writing bytes to the Transmit Buffer Register.
Receive characters are transferred by reading the
Receiver Buffer Register. The Status Register provides
all of the necessary information to operate the serial
170, including when to write to the Transmit Buffer,
and when to read the Receive Buffer and error infor-
mation.

Transmitting
The transmitter and the receiver may be operated by
using either polling or interrupts. If polling is used
then the software may poll the Status Register and
write a byte to the Transmit Buffer whenever TBE=1.
Writing a byte to the Transmit Buffer clears the TBE
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Figure 14. 8085/8256 Interface

status bit. If the CTS pin is low, then the Transmit
Buffer will transfer the data to the Transmit Register
when it becomes empty. When this transfer takes
place the TRE bit is reset, and the TBE bit is set in-
dicating the next byte may be written to the Transmit
Buffer. If CTS is hlgh disabling the ‘transmitter, the
data byte will remain in the Transmit Buffer and TBE
will remain low until CTS goes low. The transmitter
can only buffer one byte if it is disabled.

There is no way of knowing that the transmitter is
disabled unless the CTS signal is fed into one of the
I/0 ports. Using the transmitter interrupt will free up
the CPU to perform other functions while the
t'ra;lsmitter is disabled or while the Transmit Buffer is
full.

To enable the transmit interrupt feature Bit LS in the
Set Interrupt Register must be set. An interrupt re-
quest will not occur immediately after this bit has been
set. Before any transmit interrupt request will occur a
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byte must be written to the Transmit Buffer. After the
first byte has been written to the Transmit Buffer, a
transmit interrupt request will occur, prov1d1ng the
transmitter is enabled.

There are three sources of transmitter interrupt re-
quests: TBE=1, TRE=1, and .Break-In Detect.
Assuming the Break-In Detect feature is disabled,
after the transmit interrupt is enabled and the first
byte is written, a'transmit interrupt request will be
generated by TBE .going active. The microprocessor
can immediately write a byte to the Transmit Buffer
without reading any status. However if Break-In
Detect is enabled, the Status Register must be read to
determine whether the transmit interrupt request was
generated by Break-In Detect or TBE 7

The TRE mterrupt request can be used to indicate
when the transmitter has completely sent all of the
data. For example, using half-duplex communica-

'
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Figure 15. 8088 Min Mode/8256 Interface Multiplexed Bus

tions, all of the data written to the MUART must be
transmitted before the line can be turned around.
After the last byte is written, an interrupt request will
be generated by TBE. If this interrupt is acknowl-
edged without writing another byte, then the next
transmitter interrupt request, TRE=1, will indicate
that the transmitter is empty and the line may be
turned around.

RECEIVING

Valid data may be read from the Receive Buffer
whenever the RBF bit in the Status' Register is set.
Reading the Receive Buffer resets the RBF status bit.
The RBF bit in the Status Register can be used for
polling. When the RBF bit is set, the ‘three receive
status bits, PE, OE, and FE are updated. These three
status bits are reset when they are read. Therefore
when the status register is read with RBF set, the three
error status blt should be tested too.

If interrupts are used for serial " recéive: data, the
receiver must be enabled by setting the RxE bit in
Command Register 3, and Bit L4 must be set in the Set
Interrupt Register. When the receive interrupt request
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occurs the Receive Buffer may be read, but the status
register should also be read since the receive interrupt
could have been generated by the Break Detect. ‘Also,
reading the status register will indicate whether there
were any errors in the received character.

Operating the Parallel Interface

Data can be transferred to or read from Port 1 and
Port 2 by using the appropriate write and read opera-
tions.

LOADING PORT 1 and PORT 2

Writing to the ports transfers the data present on the
data bus into the output latches. This operation is in-
dependent of the programmed I/0 characteristics of
the individual port pins. Writing to control or input
ports-has.no effect on the state of the pins. Pins de-
fined as outputs immediately assume the state which is
associated with the transferred data. If inputs or con-
trol pins are reprogrammed into outputs, they assume
the states stored in' their output latches which were
transferred by the most recent port write operation.
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Figure 20. Using the Line Printer Multiplexer to Share a Line Printer

it to the line printer using a two-wire byte handshake
Dataproducts interface. A conceptual diagram of this
system is shown in Figure 20. Note that only one
workstation can transmit at a time. This workstation
will transmit its entire. file before another workstation
will be allowed to transmit.

The LPM sequentially polls each of the eight RS-232
ports for a Request To Send gR_g‘S). When it finds a
serial port which has asserted RTS, it configures itself
for the appropriate data format and bit rate,
establishes the connection and sends back to the serial
port a Clear To Send (CTS) which enables transmis-
sion. The LPM receives the serial asynchronous data,
buffers it in a software FIFO, and transmits the data
to the line printer. If the LPM detects an error in any
of the serial characters it receives, it transmits an error
message to the serial port and ignores the bad
character. If the LPM does not receive a serial
character after 18 seconds, .it assumes that the
transmission is complete. It transmits the final status
to the serial port, and returns to scanmng

This LPM was designed to be used with single-user

workstations and a 300 lines per minute line printer.
These workstations are not multitasking; therefore in
the middle of a file transfer when the CPU needs to
reload its buffer from' the disk, no serial data is
transmitted. During this time the LPM is emptying its
FIFO; thus, the line printer never stops printing.
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The buffer size on the LPM was chosen to comple-
ment the disk access time on the workstations. Figure
21 illustrates the buffer size calculation. The line
printer can print up to 300 lines per minute, or ap-

. proximately 660 characters per second. This cor-

résponds to a serial transmission rate of 6,600bps
(assuming ASCII character codes and a parity bit) as -
shown'in equatlon 1.

(1), Serial bit rate = (300 lines/min)*(132 char/lin€)*(10 bits/char)
for the line prmter (60 sec/min)

The bottleneck in this data transfer is the line prmter
since the MUART and the workstations can both
transmit and receive at 19. 2Kbps To realize the max-
imum data transfer rate of this system the LPM must
guarantee that the average transfer rate to the line
printer is 660 characters per second. The maximum
amount of dead time that the serial port on. the
workstation is not transmitting, multiplied by 6

the number of bytes which the LPM should buffer. It
was determined through experimentation that it takes
about 3 seconds to load 40K bytes of data from the
disk into the workstation’s RAM. During these 3
seconds no serial data is being sent; therefore the buf-
fer size on the LPM should be 2K bytes. (Note: even
though only a 2K byte FIFO is required, this design
used an 8 Kbyte FIFO.)

To keep the LPM’s buffer full the serial data rate must
be greater than 6.6Kbps. The two bit rates which the .
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Figure 21. LPM Buffer Size Calculation
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0 0 0 1 DONOTUSE
0010 DONOTUSE
0011 18200
0100 9600
0101 480
0110 2400
0111 1200
1000 60
1001 300
1010 200
1011 150
1100 110
1101 100
1110 715
1111 50

Figure 22. Programming Words Format for LPM

workstations use are 9.6Kbps and 19.2Kbps. The CTS
signal is used to control the flow of the serial data so
that the LPM buffer will not overflow.

Each serial port on the LPM can have a different bit
rate, character length, and parity format. These
parameters are programmable through the serial port.
When the LPM powers up, or is reset, it expects a bit
rate of 9600 bps, 7 bit characters,' and odd parity.
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When a serial port receives an ASCII ESC character
(1BH), it puts that port in the program mode. The
next two bytes will program these three parameters.
Only the lower nibbles of these two bytes are used,
and the upper nibbles are. discarded. The format of
these programming words is given in Figure 22. If the
word following the ESC is an ASCHH NUL (0), the
LPM will exit from the programming mode and not
change any of its parameters. .
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" Description of the Hardware

Figure 23 shows a block diagram of the LPM. In addi-
tion to the standard® components of most
microprocessor systems such as CPU, RAM, and

ROM this particular design requires a UART, timers, .
parallel I/0 and an interrupt controller. The MUART

is the ideal choice for this design since it integrates
these four functions onto one device.

The eight serial I/0 ports.use four .signals: Transmit

Data (TxD), Receive Data (RxD), Request To Send .

(RTS), and Clear To Send (CTS). These four signals,
controlled by the MUART, are connected to one port
at a time using TTL multiplexers. The TTL multiplex-
ers are interfaced to RS-232 transceivers to be elec-
trically compatible with the RS-232 spec. The serial
port select address is derived from three bits of.the
MUART’s parallel I/0 O port (Port 1). Two more bits
from Port 1 control CTS and RTS, and another bit
lights up an LED to indicate when the LPM’s buffer is

full. Parallel Port 2 and two bits from Port 1 are con-

nected to the line printer implementing a two-wire

byte handshake transfer. These signals are passed
* through a line driver so that they can reliably drive a
-;long cable.

' Thére are three timin‘gvtgun‘éiirbﬂss needed for the LPM:

a scan timer, a debounce timér, and a recieve timeout.
The Scan timer determines the amount of time spent
sampling RTS on each port before the next port is ad-
dressed. By using one of the MUART’s timers to do
this function, the CPU is free to perform other func-
tions instead of implementing the timer in software. If
RTS is recognized as true, the CPU branches into a

- . debounce procedure. This procedure uses another one

. of the MUARTs timers.to wait 10' msec then sample
RTS again, thus preventing any glitches from register- .
ing as-a false . The receive timeout timer uses two .
8-bit tifmers in the cascaded mode to measure an
18-sécond interval. After a valid RTS is recognized,

N 1

I [ ] |

| " RS R . |

| | paratier o c";':{r'c":fe', Timers UART |

: ___]J ) ] A{{ | I ) :

I I

‘*Ew o, — s
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-1 I il

N\ "_. | -___V N— — Sefla;
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Figure 23. Functional Block Dlagram of the Line Printer Multiplexer
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the LPM sends back a CTS and initializes the receive
timeout timer for 18 seconds. Each time a character is
received by the LPM, this timer is reinitialized. If this
timer times out, the LPM considers the transmission
complete and returns to scanning.

The schematic diagram of the LPM is shown in Figure

24. The CPU is an 8088 used in the min mode. It is in-
terfaced directly to the 8256. An 8282 latch is
employed in the system so that nonmultiplexed bus
memory can be used. A 2716 holds the entire pro-
gram, and six 2016s (2K x 8 static RAMs) are used to
store the buffer, temporary data, stack area, and in-
terrupt vector table. The 2716 is located in the upper
2K of the 8088 address space (FF800-FFFFFH) so that
the reset vectors can be stored starting at location
FFFFOH. The RAM address space spans 0-2FFFH so
that the interrupt vector table can be stored starting at
location 0. The MUART is I/0 mapped and its

registers occupy even addresses from 0 to 1EH. Using
an 8088 CPU the MUART must be placed in the 8086
mode since the INTA signal is used; hence the register
addresses are all even numbers.

The line printer used provides a choice of two stan-
dard parallel interfaces: Centronics or Dataproducts.
The Centronics interface uses a two-wire handshake
pulsed strobe where the transmitter asserts a complete
strobe pulse before an acknowledge is received. The
Dataproducts interface is an interlocking two-wire
handshake. The Dataproducts interface was chosen
since it is directly compatible with the MUART’s
two-wire byte handshake. The MUART could also be
connected to the Centronics interface; however, addi-
tional hardware would be necessary to generate the
pulsed strobe for correct interrupt operation. Figure
25 shows the timing of the Dataproducts interface and
Table 6 lists the connector pin configuration.

Table 6. Dataproducts Interface Line Functions

Signal Description Connector Pin
Data Request Sent by printer to synchronize data transmi'§sion. When | E(return C)
true, requests a character. Remains true until Data
strobe is received, then goes false within 100 nsec.
Data Strobe Sent by user system to cause printer to accépt j(return m)
information on data lines. Should remain true until
printer drops Data Request line. Data lines must
stabilize for at least 50 nsec before Data Strobe is sent.,
Data Bit 1 B(return D)
Data Bit 2 F(return J)
Data Bit 3 L(return N)
Data Bit 4 Bit 8 controls optional character set R(return T)
Data Bit 5 Refer to Commands and Formats. V(return X)
Data Bit 6 : : Z(return b)
Data Bit 7 n(return k)
Data Bit 8 h(return ¢)
VFU Control Optional control frorh ‘user sysiem. Used for VFU p(return s)
(PI) control. Data Request/Strobe timing is same as for data
lines. L
Ready Sent to user system by printer. True when no Check CC(return EE)
condition exists.
On Line Sent to user system by prihter. True when Ready y(return AA)
line is true and operator has activated ON LINE .
Pushbutton. Enables interface activity.
Interface Jumper in printer connector. Continuity informs user Xtov
Verify system that connector is properly seated.
+5V Supply voltage for Exerciser only. . A HH
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Only ten signals are used to interface the LPM to the
line printer: Data Request, Data Strobe, and the eight
data lines. The most significant data line is not used

since the character code is 7-bit ASCII. Data Strobe .

connects to OBF on the MUART; however, for the

Dgtaprogiucts interface this signal must bé inverted. -

Data Request is connected to ACK on the MUART.
When the line printer is ready to accept data, the Data
Request signal goes high. The 8256 will not interrupt

the CPU to transmit parallel data unless this'signal is

 high.

The Dataproducts interface is slightly different from
the MUART’s two-wire handshake in that it latches
‘the data on the leading edge of the strobe signal.
‘When the MUART receives bytes it latches the data on

the trailing edge. As a result the Dataproducts inter-_

face has a 50 nsec setup time for data stable to the
‘leading edge of Data Strobe. In the LPM hardware a
delay line was used to realize this setup time.

‘Descrlption of the Software

The software is written in PL/M and is broken up into
four separate modules, each containing several pro-
.cedures. A block diagram of the software structure is
given in Figure 26. The modules are identified by the
dotted boxes, and the procedures are identified by the
solid boxes. Two or more procedures connected by a
solid line means the procedure above calls thé pro-
cedure below. The procedures without any solid lines
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Figure 25. Timing of Dataproducts Interface

connected above, are interrupt procedures. They are
entered when the MUART interrupts the CPU and
vectors an indirect address to it. ’

The LPM program uses nested interrupts; the priority
of the interrupt procedures is given in Table 7.

Table 7. Line Printer Multiplexers’ Interrupt
Priority ‘

Priority Source

Highest 0 Debounce timer

1 Not Used . '
2 Not Used

3 Receive timer
4 RxD Interrupt
5 TxD Interrupt
6 ‘Scan timer

7 LP Interrupt

The priority of the interrupts is not programmable but
they are logically oriented so that for this application
. the priority is correct. In the steady state of the LPM’s
operation the UART will be receiving data, and the
parallel port will -be transmitting data. The serial
receiver should be the highest priority since it can have
overrun errors. This is the case because the debounce
timer will be disabled, and the receive timeout inter-
rupt will only occur when serial reception has ended.
Therefore the RxD request can interrupt any other ser-
vice routine, thus preventing any possibility of an

' - oVerrun error.
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Figure 26. Block Diagram of LPM Software Structure

On power-up the CPU branches from OFFFFOH to

the INITCODE routine which is_included in the
machine code by the MDS locater utility. INITCODE

initializes the 8088’s segment registers, stack pointer,
and instruction pointer, then it disabled interrupts and
jumps into MAIN__MOD. The first executable in-
struction in MAIN__MOD calls POWERSON, which
initializes the MUART, flags, variables, and arrays.
The MAIN_MOD calls LOADSINT$TABLE, which
initializes the interrupt vector table. The CPU’s inter-
rupt is then enabled and the program enters into a DO
FOREVER loop which scans the eight serial ports for
an

There are three software functions which employ the .
MUART’s timers and interrupt controller to measure
time intervals: SCAN, debounce, and INIT-
$RECEIVER. DEBOUNCE and INITSRECEIVER
procedures, employ the MUART’s timers and inter-
rupt controller to measure time intervals. The CPU re-
mains in a loop for a specific amount of time before it
proceeds with the next section of code. In this loop the
CPU is waiting for a global status flag to change while
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servicing any interrupts which may occur. When the
appropriate timer interrupt occurs, the interrupt ser-
vice routine will set the global flag which causes the
CPU to exit the loop and proceed to the next section
of code. An example can be seen from the scan flow
chart in Figure 27.

The first thing the program does before entering the
loop is set the flag (in this case SCANSDELAY)
TRUE. The timer is initialized and the loop is entered.
As long as SCANSDELAY is TRUE the CPU will
continue ‘to sample RTS. If RTS remains false for
more than 100 msec, the timer interrupts the CPU and

- the interrupt service routine sets SCANSDELAY

FALSE. This causes the CPU to exit the loop and ad-
dress the next port. The process is then repeated. If
RTS becomes true while it is being sampled the DE-
BOUNCE procedure i is, called.

DEBOUNCE _does nothmg more than wait 10 msec
and sample RTS again _using the same technique
discussed above. If RTS is' still valid IN-
IT$RECEIVER s called, otherwise the CPU returns
to scan.
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r
| scansoewav=taue |
]

I INITILIZE SCANSTIMER l
to 100 MSEC

ENABLE SCANSTIMER
INTERRUPT

| cawoesounce |

—

| Avoress next porT |

I REINITIALIZE RECEIVE I

READ CHARACTER FROM
RECEIVE BUFFER

TIMEOUT TIMER

[ CHECK STATUS FOR ERRORSj

?

NO
NO

CALL ERROR
PROCEDURE

CALL PROGRAM @ ,
CALL BUFFS$IN
OUTPUT EOI

, RETURN

. Figure 27. Scan Flow Chart

INITSRECEIVER calls CONFIGURE which pro-
grams the MUART for the bit rate, number of bits in a
character, and parity formdt. This information is
stored in an array called SERIALSFORMAT, which
contains -a byte for each port. The bytes in the

SERIALSFORMAT array have the same bit definition

as the two nibbles in the programming words in Figure
22. Upon returning to INITSRECEIVER the receiver
is enabled, the receive timeout timer is initialized, and
the timer and receiver interrupts are enabled. CTS on
the serial -port is then set true, and the CPU enters a
loop which does nothing except wait for 18 seconds. If
no characters are received within 18 seconds, the
receive timeout interrupt occurs and the loop flag is
set false, which capses the CPU to exit the loop. If a
character is received, a receive interrupt occurs, and
the CPU vectors into the RxD interrupt service
routine.

Figure 28 shows a flow chart of the RxD interrupt ser-
vice routine. This routine begins by reading the receive
buffer and reinitializing the receive timeout timer.
There are two conditions to check for before the
character can be inserted into the FIFO. First, if there
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Figure 28. RxD Interrupt Procedure Flow Chart

are any errors in the received character, an ERROR
procedure is called which reports back .to the serial
port what the error condition was. The character in er-
ror is discarded and the routine returns. The other
condition is that if the received character is an ASCII
ESC, the PROGRAM  procedure is called. If neither

- one of these conditions occurs, the character is placed

in the FIFO by the BUFFSIN procedure.

The LP interrupt routine is entered when the byte
handshake interrupt request is acknowledged. This
routine simply calls the BUFFSOUT procedure, which
extracts a byte out of the FIFO. BUFF$OUT returns
the byte to the LP interrupt procedure, which then
writes it to Port 2. One small problem with getting the
handshake interrupt going is that the first byte has to
be written to Port 2 before the first handshake inter-
rupt will occur. The problem is that the line printer
may not be ready for the first byte. This would be in-
dicated by DATA REQUEST being low. If the byte
was written to the LP while DATA REQUEST is low,
it would be lost. Note that if the handshake interrupt
is enabled while DATA REQUEST is low, then DATA
REQUEST goes high, thé interrupt will occur without

210907-001




inter'

AP-153

writing the first byte. There are several ways to solve

~ this problem. Port 1 can be read to find out what the
state of the DATA REQUEST line is. If DATA RE-
QUEST is low, the CPU can simply wait for the inter-
rupt without writing the first byte. If DATA RE-
QUEST is high, then the first data byte may be writ-
ten. Another solution would be to write a NUL
character as the first byte to Port 2. If DATA
REQUEST is low, then a worthless character is lost. If
DATA REQUEST is high, the NUL character would
be sent to the line printer; however, it is not printed
since NUL is a nonprintable character. The LPM pro-
gram uses the NUL character solution.

BUFFER MANAGEMENT

The FIFO implementation uses an 8K byte array to
store the characters. There are two pointers used as in-
dexes in the array to address the characters:
INSPOINTER and OUTSPOINTER. INSPOINTER
points to the location in the array which will store the
next byte of data inserted. OUT$POINTER points to
the next byte of data which will be removed from the
array. Both INSPOINTER and OUT$POINTER are
declared as words. Figure 29 illustrates the FIFO in a
block diagram. .

The BUFFSIN procedure receives a byte from the
RxD interrupt routine and stores it in the array loca-
tion pointed to by INSPOINTER, then INSPOINTER
is incremented. Similarly, when BUFF$OUT is called

©
= = -3
N FlFQ (OUT$POINTER)
l«t— FIFO (INSPOINTER)
8K)
BUFFER$STATUS SERIAL INPUT PARALLEL OUTPUT
EMPTY ON OFF .
INUSE I ON ON
FULL | OFF ON

Figure 29. FIFO Structure and Status
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by the LP interrupt routine, the byte in the array
pointed to by OUTS$POINTER is read.
OUTSPOINTER is incremented, and the byte which
was read is passed back to the LP interrupt routine.
Since INSPOINTER and OUTSPOINTER are always
incremented, they must bé able to roll over when they
hit the top of the 8K byte address space. This is done
by clearing the upper three bits of each pointer after it
is incremented.

INSPOINTER and OUT$PONTER not only point to
the locations in the FIFO, they also indicate how
many bytes are in the FIFO and whether the FIFO is
full or empty. When a character is placed into the
FIFO and INSPOINTER is incremented, the FIFO is
full if INSPOINTER equals OUT$POINTER. When
a character is read from the FIFO and OUTS-
POINTER is incremented, the FIFO is empty if
OUTS$POINTER equals INSPOINTER. If the buffer
is neither full nor empty, then it is in use. A byte called
BUFFERSSTATUS is used to indicate one of these
three conditions.

The software uses the buffer status information to
control the flow into and out of the FIFO. When the
FIFO is empty the handshake interrupt must be turned
off. When the FIFO is full, CTS must be sent false so
that no more data will be received. If the buffer status
is in use, CTS is true and the handshake interrupt is
enabled.

Figure 30 shows the flow chart of the BUFFS$IN pro-
cedure. The BUFFSIN procedure begins by checking
the BUFFER$STATUS. If it is empty and the
character to be inserted into the FIFO is a CR or LF,
ithe handshake interrupt is enabled, a NUL character
is output, and the BUFFERSSTATUS is set to IN-
USE. The character passed to BUFFSIN from RxD is
put into the FIFO. If the FIFO is now full, the BUF-
FERS$STATUS is set to FULL, CTS is set false, and
the buffer full LED is turned on.

Figure 31 shows the flow chart of the BUFFSOUT
procedure. After the character is read from the FIFO,_
the FIFO is tested to determine if it is empty. If it is
not empty, the BUFFERSSTATUS is FULL and there
are 200 bytes available in the FIFO, serial data recep-
tion is reenabled, and the FIFO fills again, While data
is being received from the workstation, CTS toggles
high-and low, filling up and emptying the last 200
bytes in the FIFO. Referring to the top of the flow
chart (FIFO empty test) if it’s empty, the BUF-
FERSSTATUS is set to EMPTY, and the handshake
interrupt is disabled. During this time all interrupts
N ]

210907-001



AP-153° . '

BUFFERSSTATUS
= EMPTY

ENABLE HANDSHAKE
INTERRUPT

BUFFER$STATUS
. = INUSE

k)

I OUTPUT NUL CHARACTER I

el . .
PUT CHARACTER .
IN FIFO

YES
BUFFER$STATUS
+ = FULL )

SEND NOT CTS BACK
TO SERIAL PORT

’ h.lGHT UP BUFFER FULL LED]

Figure 30. Flow Chart of the BUFF$IN Procedure

are disabled at the CPU. (Remember that the RxD in-
terrupt routine can interrupt the LP and BUFFSOUT
procedures since it ‘has a higher priority, and the
MUART 'is in the nested mode.)

If the CPU interrupt was not disabled during this
time, the following events could occur’ which would
cause the LPM to crash. Assume that the RxD inter-
rupt occured where the asterisk is in the flow chart,
after BUFFER$STATUS is set to EMPTY. The
BUFFS$IN procedure would set BUFFER$STATUS to
INUSE and enable the handshake interrupt. When the
RxD interrupt routine returned to BUFF$OUT, 'the
handshake mterrupt is disabled, but the BUF-
FER$STATUS is INUSE. The handshake interrupt
could never be reeniabled, and the FIFO would fill up.
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_ This is known as a critical section of code. Suspicion

should arise for a critical section of code when two or
more nested interrupt routines can affect the same
status. One solution is to disable the interrupt flag at
the CPU while the status and conditional operatlons
are bemg modified.

* The flow chart for the TxD mterrupt procedure is

given in Figure 32. For this program five different
messages can bé transmitted, and they are stored in
ROM. It is possible to download the messages into a
dedicated RAM buffer; however, the RAM buffer
would have to be as large as the largest message. A
‘more efficient way to transmit the messages is to read
them from ROM. In this case the address of the first
byte of the message would have to be accessible by the
transmit interrupt procedure. Since parameters cannot
be passed to . interrupt. procedures, this message
pointer is declared PUBLIC in one module and EX-
TERNAL in the other modules.

To get the transmit interrupt started, the first byte of
the message must be written to thé transmit buffer.
When a section of code decides to transmit a message
serially, it loads the global message pointer with the
address of the first byte of the message, enables the
transmit interrupt, and calls the TxD interrupt pro-
cedure. Calling the TxD interrupt procedure writes the
first byte to the transmit buffer to initiate transmit in-
terrupts. This can be done by calling PL/M’s built-in
procedure CAUSESINTERRUPT. .

The transmit interrupt routine checks each byte before
it writes it to the transmit buffer. The last character in
each message is a 0, so if the character fetched is 0, the
transmit interrupt is dlsabled and the character is
ignored.

USING THE LPM WITH THE INTELLE¢®
MICROCOMPUTER DEVELOPMENT
SYSTEM, SERIES Il OR SERIES Ill

A special driver program was written for the MDS to
communicate to the LPM. This program, called.
WRITE, reads a specified file from the disk, expands
any TAB characters, and transmits the data through
Serial Channel 2 to the LPM. Serial Channel 2 was
chosen because CTS and RTS -are brought out to the
RS-232 connector The WRITE program is listed in

) appéndix B. It was also necessary to modify the boot

ROM of the development system so that Serial Chan-
nel 2 1mt1ahzes with RTS, false and a blt rate of 9600
bps.
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[ READ CHARACTER OUT OF FIFO I

DISABLE

I BUFFERSSTATUS = EMPTY I

{ *

[ DISABLE HANDSHAKE INTERRUPT l

ARE
ENABLE

IN FIFO

‘ l TURN OFF BUFFER FULL LED I

' SEND CTS BACK TO
- SERIAL PORT,

[ BUFFERSSTATUS = INSUSE |-

| RETURN I

Figure 31. Flow Chart of the BUFFSOUT Procedure

READ CHARACTER OUT OF
MESSAGE BUFFER

CHARACTER

0
?

DISABLE
TRANSMIT
INTERRUPT

TO TRANSMIT BUFFER

'

POINT TO NEXT
CHARACTER IN MESSAGE
BUFFER

WRITE CHARACTER I

OUTPUT EOI

- Figure 32. Flow Chart for TxD Interrupt Procedure
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APPENDIX A
LISTING OF THE LINE PRINTER
MULTIPLEXER SOFTWARE
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PL/M-86 COMPILER

MA LINMOD

SERIES-11II PL/M-86 V1 O COMPILATION OF MODULE MAINMOD

OBJECT MODULE PLACED IN

COMPILER INVOKED BY

7 Fe 336 303 3 3 3 3 3 3 3 3 303 3136 36 3828 36 30 45 35 30 3 3 36 36 38 38 9 4 36 46 30 2 3¢

#
*
#*

F1 MAIN OBY

PLMB86 86 F1 MAIN SRC

MAIN MODULE FOR THE LINE PRINTER

363 5 36 3F 4 36 3 6 4630 6 S S R

MULTIPLEXER

#*
*
*

i/

~

$DEBUG
1 MAIN$MOD DO,
VAR 2222222 2 T2 R TR T L #* * 3t 3t * R
# PORT 1 BIT CONFIGURATION *
* #*
% BUFFER FULL cTS ADDRESS RTS TWO WIRE HANDSHAKE *
* B7 Bb& BS B4 B3 B2 B1 BO #
5% # * v
2 1 DECLARE LIT LITERALLY ‘LITERALLY’,
TRUE LIT ‘OFFH’,
FALSE | LIT ‘0,
FOREVER LIT ‘WHILE 17,
CMDs$ 1 LIT ‘0, /#8256 REGISTERS#*/
CMDs2 LIT ‘2,
CMDs3 LIT ‘4,
MODE LIT ‘67,
PORT$1$CTRL LIT ‘a8, f
SETS$INT LIT ‘0AH ",
INTSEN LIT ‘OAH
RSTSINT LIT ‘OCH’,
INT$ADDR LIT ‘OCH ",
TX$BUFF LIT ‘OEH ",
RX$BUFF LIT ‘OEH ",
N PORT$1 LIT ‘10H ',
PORT$2 LIT ‘12H,
DEBOUNCESTIMER LIT ‘14K,
N SCANS$TIMER LIT ‘1AH,
RECEIVESTIMER LIT “1CH’,
STATUSSREG LIT ‘1EH’,
SCANS INT LIT ‘40H’,
DEBOUNCES$INT LIT ‘O1H’,
RECEIVERS$INT LIT “10H
TIME$OUTSINT LIr . ‘08H’,
TRANSMITSINT LIT *20H ",
EMPTY LIT ‘0,
INUSE LIT ‘1,
FuLL LIT ‘2,
RTS LIT ‘CINPUT(PORT$1) AND 04H)’,
-
6-301
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PL/M-86 COMPILER  MAINMOD .

BEGIN LABEL PUBLIC,
TEMP BYTE
SCANSDELAY BYTE PUBLIC,
DEBOUNCESDELAY BYTE PUBLIC,
RECEIVESDELAY  BYTE PUBLIC,
PORT$PTR BYTE PUBLIC, '
SERIALSFORMAT (8)BYTE . PUBLIC, /% PEN EP L1 LO B3 B2 Bl BO #/
MESSAGESPTR POINTER EXTERNAL,
J BYTE EXTERNAL.,
OK(1) BYTE EXTERNAL.
BUFFERS$STATUS BYTE EXTERNAL.,

/33 3 3 3 3 3 3 33 33 3 L 2 2 2 2 ) A * L2 2 2 *3

M EXTERNAL PROCEDURE DECLARATIONS *

scO dW

OO0~

-

12
13
14
15
16
17
18

19

20
21

22
23
24
25

N -

N

NN -

LV VRV

W N O NRNRRNRDR -

* #* * * *# * *it%/

POWER$ON PROCEDURE EXTERNAL;
END POWER$ON,

LOADGiNTiTABLE.PRDCEDURE EXTERNAL,
END* LOAD$ INT$TABLE:

e P " " #* *

* SET THE BIT RATE AND DATA FORMAT FOR THE SERIAL PORT *

o 3 * *33 /

CONFIGURE: PROCEDURE ;i /#Initialize bit rate and data formats/
TEMP=SERIAL$FORMAT (SHR (PORTS$PTR, 3));

OUTPUT(CMD$1)=( (SHL(TEMP, 2) AND OCOH) OR O3H),
QUTPUT(CMD$2)=(TEMP OR 30H);

END CONFIGURE,

/ * NN

INITIALIZE SERIAL RECEIVER *

*% * % L2 22 * %% LA 22 2 *34d/

INIT$RECEIVER PROCEDURE, h
CALL CONFIGURE. /#Initialize 8256 serial port#/

RECEIVESDELAY=TRUE:
OUTPUT(CMD$3)=0COH, /#Enable serial receiver#/
OUTPUT(RECEIVES$TIMER)=70, /#18 second TIMESOUT#*/
OUTPUT(SETS$INT)=18H, /#Enable RECEIVER and TIME$OUT ainterrupts#/
IF (BUFFER$STATUS<:FULL)

THEN

OUTPUT(PORT$1)=(INPUT(PORT$1) AND OBFH), /#Send CTS TRUE#/

DO WHILE RECEIVES$DELAY=TRUE., /# Wait heTe while receiving éer:al data #/
END,

/% After 18 seconds of not receiving a character, proceed #/
OUTPUT(SETSINT)=TRANSMITSINT, /% Send the terminating message #/
J=0, ’

MESSAGE$PTR= @OK(0);
CAUSESINTERRUPT (45H),
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PL/M-86 COMPILER MAINMOD

26 2 OUTPUT(PORT#1)=(INPUT(PORT$1) OR 40H), /#Send CTS FALSE#*/
27 2 OUTPUT(RSTSINT)=18H, /#Clear RECEIVER and TIMER Interrupts#/
28 2 QUTPUT(CMD$3)=40H, /%*Disable serial receiver#*/
29 2 END INIT$RECEIVER,
/ 22 336 3 3 53 33 R o o
* - DEBOUNCE RTS
B R a  E R L P TR ey
30 1 DEBOUNCE PROCEDURE.
31 2 DEBOUNCE$DELAY=TRUE,
32 2 OUTPUT(DEBOUNCES$TIMER)=10, /# 10O msec debounce time de}ag %/
33 2 OUTPUT (SET$INT)=DEBOUNCE$INT,
34 2 DO WHILE DEBOUNCE$DELAY=TRUE.
35 3 END,
36 2 IF RTS=0 THEN CALL INIT$RECEIVER,
38 2 END DEBOUNCE,
7 wRH L 4 # A #*
* _ BEGIN MAIN PROGRAM
v
39 1 BEGIN CALL POWER$ON,
40 1 CALL LOAD$INT$TABLE,
41 1 ENABLE,
42 1 DO FOREVER,
43 2 SCAN$DELAY=TRUE,
44 2 OUTPUT(SCAN$TIMER) =100, /#Spend 100 msec on each serial port sampling RTS#/
45 2 OUTPUT(SET$INT)=5CANSINT. .
46 2 DO WHILE SCAN$DELAY=TRUE, /#Sample RTS#/
47 3 IF RTS=0
THEN
48 3 ., CALL DEBOUNCE, N
49 3 END, .
S0 2 TEMP=INPUT(PORT$1), /#Increment PORTSPTR#/
S1 2 PORT$PTR=TEMP AND 38H,
52 2 TEMP=TEMP AND (NOT 38H), ‘
93 2 PORT$PTR=(PORT$PTR+8) AND 38H,
54 2 OUTPUT(PORT$1)=TEMP OR PORT$PTR, /#Look at next serial port#/
S5 2 END, /#DO FOREVER#/
56 1 END MAIN$MOD,
MODULE INFORMATION ! . -
CODE AREA SIZE = 011CH 284D

PL/M-86 COMPILER MAINMOD

END OF PL/M-86 COMPILATION

CONSTANT AREA SIZE =

VARIABLE AREA SIZE = OOODH: 13D
MAXIMUM STACK SIZE =

159 LINES READ

O PROGRAM WARNINGS

O PROGRAM ERRORS

O000H oD

Q00CH 12D

6-303

210907-001



intel

AP-153 '

PL/M-8&" COMPILER INTMOD

SERIES-III PL/M-B6 V1 O COMPILATION OF MODULE INTMOD
OBJECT MODULE PLACED IN F1 INT OBJ
COMPILER INVOKED BY PLM86 86 F1 INT SRC

[N I

-

13

14

090 o\

MR- N= NP

-

[ EREREREERREER R AR B R AU AR R R R R RE R A A H R RRRAAFRFF AR RFARAFRR L} HR AR EH AR RRHR

* N *
* INTERRUPT MODULE CONTAINS ALL INTERRUPT ROUTINES ¥
#* PLUS LOAD INTERRUPT I[ABLE PROCEDURE *
#* *

FHR RN RS R E R R AR R R EE R R AR R RIS R AR R R R A AR SRR HF R IR HFERFRRR/

$DEBUG
INT$MOD DO,
$NOLIST
DECLARE
ESC LIT 1BH,
SCANS$DELAY BYTE EXTERNAL,
DEBOUNCES$DELAY BYTE EXTERNAL.,
RECEIVES$DELAY BYTE EXTERNAL,
MESSAGE$PTR POINTER EXTERNAL,
J BYTE EXTERNAL,
R R e e sty
* MESSAGES SENT TO SERIAL PORTS *
L a2 * /

OK (#) BYTE PUBLIC DATA (’'TRANSMISSION COMPLETE’, OAH:, ODH, 00),
BREAK (#) BYTE PUBLIC DATA (‘/BREAK DETECT ERROR’, OAH, ODH, 00),
PARITY (#)BYTE PUBLIC DATA (’PARITY ERROR DETECTED’, OAH, ODH, 00),
FRAME (#) BYTE PUBL}C DATA (‘FRAMING ERROR DETECTED’, OAH, ODH, 00),
OVER$RUN(#)BYTE PUBLIC DATA(’'OVER RUN ERROR DETECTED‘, OAH, ODH, 00),

/ * * e * *x *

* EXTERNAL PROCEDURES CALLED BY THE INTERRUPT ROUTINES #
3 * L FHEEEE AR RN *HH /
ERROR PROCEDURE (STATUS) EXTERNAL.

DECLARE STATUS BYTE, '

END ERROR,

PROGRAM. PROCEDURE EXTERNAL, '
END PROGRAM,

. BUFF$IN PROCEDURE (CHAR) EXTERNAL,

DECLARE CHAR BYTE, >
END BUFF$IN,

BUFF$0UT PROCEDURE BYTE EXTERNAL.,
END BUFF$QUT.

3R RN R R R IR R IR R *ws 6
* LOAD THE INTERRUPT TABLE *
HHHRRAR E 22 2 2 *# HEHEHERESRE SRR RHRNN S/

LOADS$INT$TABLE PROCEDURE PUBLIC,
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PL/M-86 COMPILER INTMOD 12/09/82

15
16

18
19
20

21

22
23
24

25
26

27

29
30

31
32
feied

35

36
37

38
40

RN PNRNNR

LVIUVE L g NN

LU VAR VS

NN

CALL SETS$INTERRUPT (40H, DEBOUNCES$TIME),
CALL SETSINTERRUPT (43H, RECEIVESTIME),
CALL SETSINTERRUPT (44H,RXD),

CALL SETSINTERRUPT (45H, TXD),

CALL SETSINTERRUPT (46H, SCANSTIME),
CALL SETSINTERRUPT (47H,LP),

END LOADS$INT$TABLE,

M g A

* INTERRUPT ROUTINES *
* % HEREEH » P 7

-

e PR 235 04 9636 45 36 36 36 36 96 g

* SET SCAN DELAY FLAG FALSE *

* AR % /

SCANSTIME PROCEDURE INTERRUPT 46H,

ENABLE,

SCANSDELAY=FALSE,

QUTPUT (CMD$3)=88H; /#Qutput end for nested mode#/
END SCANSTIME,

/ * 4 4036 346 35 36 930 2 * Ll e -

* SET DEBOUNCE DELAY FLAG FALSE #*
E R e g g S T S L e g

DEBOUNCES$TIME. PROCEDURE INTERRUPT 40H:
DEBOUNCES$DELAY=FALSE,

OUTPUT(CMD$3) =88H,

END DEBOUNCE$TIME,

AL L2222 2 2 L e e R e S e R R e e g it
* SET RECEIVE DELAY FLAG FALSE *

(22T a2 T R A e 2227 /

RECEIVESTIME PROCEDURE INTERRUPT 43H,
ENABLE;

RECEIVESDELAY=FALSE.

OUTPUT (CMD$3) =88H,

END RECEIVESTIME,

7 »* 965 o

# READ SERIAL RECEIVE BUFFER #* '

» ERERRRE P HEEEE® SRR */

RXD PROCEDURE INTERRUPT 44H,

DECLARE
STATUS BYTE,
CHAR BYTE,
CHAR=INPUT (RX$BUFF),
OUTPUT (RECE IVESTIMER)=70, /% REINITIALIZE RECEIVE TIME OUT ®/

STATUS=INPUT(STATUSSREG) AND OFH,
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41 2 1IF STATUS .0
THEN
42 2 CALL ERROR (STATUS),
43 2 ELSE IF CHAR=ESC
THEN
44 2 CALL PROGRAM,
ELSE
a5 2 CALL BUFF$IN (CHAR),
46 2 OUTPUT (CMD$3) =88H,
47 2 END RXD:
T R . R -
* SEND A BYTE TO THE LINE PRINTER *
EEEEEE e . R R R - y
S48 1 LP' PROCEDURE INTERRUPT 47H,
49 2 ENABLE,
50 2 OUTPUT (PORT$2) =BUFF$0UT,
51 2 OUTPUT (CMD$3) =88H;
52 2 END LP;
VA 222 6356 3 #3435 63 36 36 9 3 R L2 2]
* ) SEND A BYTE TO THE SERIAL PORTS *
3 3636 36 46 36 3 3 3¢ 3636 3 96 96 3 9 3 3% 363 % 2 *H/
53 1 TXD PROCEDURE INTERRUPT 45H,
54 2 DECLARE
MESSAGE BASED MESSAGE$PTR (1) BYTE,
1 BYTE,
55 2 ENABLE, '
56 2 I=MESSAGE (), .
57 2 IF 1<20
THEN OUTPUT(TX$BUFF)=1,
59 2 ELSE OUTPUT(RST$INT)=TRANSMIT$INT,
60 2 J=J+1, ‘
b1 2 OUTPUT (CMD$3) =88H,
62 2 END TXD,
63 1 END INT$MOD,

MODULE INFORMATION

CODE AREA SIZE ‘= 01BDH 445D
CONSTANT AREA SIZE = 0078H 120D
VARIABLE AREA SIZE = 0003H 3D
MAXIMUM STACK SIZE = 0022H ° 34D
181 LINES READ

O PROGRAM WARNINGS

0 PROGRAM ERRORS

END OF PL/M-86 COMPILATION
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PL/M-86 COMPILER BUFFMOD

SERIES-III PL/M-86 V1 O COMPILATION OF MODULE BUFFMOD
OBUECT MODULE PLACED IN F1 BUFF 0OBJ
COMPILER INVOKED BY PLMB6 86 'F1 BUFF SRC

VAL 1] * L2 12 L2 AR 2 L * *

+* B *
* BUFFER MODULE' INSERTS AND REMOVES CHARACTERS FROM FIFO *
* REPORTS SERIAL RECEIVE ERRORS AND *
* RE-PROGRAMS SERIAL PORTS *
* *
L2 a2 33 3 3 * #* 3 3 *H%/
$DEBUG
1 BUFF$MOD" DO,
$NOLIST
3 1 DECLARE
MESSAGESPTR POINTER s PUBLIC
o BYTE PUBLIC,
OK(1) BYTE EXTERNAL.,
BREAK (1) BYTE EXTERNAL,
PARITY (1) BYTE EXTERNAL,
FRAME (1) BYTE EXTERNAL,
OVERSRUN(1) BYTE EXTERNAL,
SERIAL$FORMAT (1)BYTE EXTERNAL.,
PORT$PTR BYTE / EXTERNAL,
FIFO(8192) BYTE,
INSPOINTER WORD PUBLIC,
QUT$POINTER WORD PUBLIC,
BUFFERS$STATUS BYTE PUBLIC,
/®%® #tw * #RuH 33 * e *nn
* INSERT CHARACTER INTO FIFOD *
* #ieat *%% 369363 96 42960 I * /
4 1 BUFF$IN. PROCEDURE (CHAR) PUBLIC,
5 2 DECLARE
CHAR BYTE,
) 2 IF ((BUFFER$STATUS=EMPTY) AND ((CHAR=LF) OR (CHAR=CR)))
THEN
7 2 DO;
8 3 OUTPUT (SET$INT)=HANDSHAKES$INT, /# Enable two-wire handshake interrupt #/
9 3 BUFFER$STATUS=INUSE;
10 3 OUTPUT (PORT$2) =0, /% Output NULL character to get
w the interrupt started »/
11 3 END,
12 2 FIFOCINSPOINTER)=CHAR,' /% Put CHAR into FIFO and i1ncrement pointer u/
13 2 INSPOINTER=( (INPOINTER+1) AND 1FFFH),"
14 2 IF (CCINSPOINTER+4) AND 1FFFH)=QUTSPOINTER) /# Tf the buffer 14 full. stop rveteption *
THEN
15 2 DO, /# Send CTS FALSE, and light up buffer-full LED w/
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.3 OUTPUTIPORT$1)=( (INPUT(PORT$1) OR 40H) AND 7FH),
17 3 BUFFER$STATUS=FULL, .
18 3 END,
19 2 END BUFFS$IN;
- AT TR T I TEEERIIIIITEFER IR L 22 TR L TR WP PRS2 3222 TRy 33 Lt Y
* , REMOVE CHARACTER FROM FIFO *
EREFEERA R AR AR RA SRR R RRRR R RR AR AR AR AR L R UERABRLRRERR AR LR A RA SRR AR NAEE RN/
20 1 BUFF$0UT PROCEDURE BYTE PUBLIC,
21 2 DECLARE CHAR  BYTE; S )
22 =2 CHAR=FIFO(OUTS$POINTER),
a3 2 OUTSPOINTER=( (QUT$POINTER+1) AND 1FFFH),
24 2 1F OUTSPOINTER=IN$POINTER /% If the bufper 1s EMPTY disable the output to LP &/
THEN
a2y 2 Do,
26 3 DISABLE,
27 3 BUFFER$STATUS=EMPTY,
28 3 OUTPUT (RETHINT) =HANDSHAKES$ INT,
29 3 ENABLE,
30 3 END,
/% If the buffer is teady to £ill up again then send CTS TRUE #/
31 2 ELBE 1IF ((BUFFER$STATUS=FULL) AND (((OUTSPOINTER-Z00) AND 1FFFH)=IN$POINTER))
THEN
32 2 DO, /# Turn 6#¢f buffer—-full LED and turn on CTS #/
a3 3 OUTPUT(PORTS$1)=( (INPUT(PORT$1) AND OBFH) OR 8OH).
34 3 BUFFER$STATUS=INUSE,
35 3 END,
RETURN CHAR,
37 2 END BUFFs$QUT,
SR SIS R IR IR R A R AR IR I T B 06 36 38 30 3 03 3 I S I R R SN N
* SEND ERROR MESSAGE TO SERIAL PORT #
FE A A 3 A 33 B33 3 I3 3 I IR I R R I R RN
38 1 ERROR PROCEDURE (STATUS) PUBLIC,
39 2 DECLLARE STATUS BYTE.,
MESSAGE BASED MESSAGESPTR(1) BYTE,
40 2 IF (STATUS AND 02H). 0
“THEN .
41 2 STATUS=2,
42 2 ELSE IF. (STATUS AND 04H)>O0
THEN
43 2 . STATUS=3, . .
443 2 ELSE IF (STATUS AND 08H)0 »
THEN -
45 2 STATUS=4,
44 2 ELSE IF (STATUS AND O1H).O
THEN .\
47 2 STATUS=1,
DO CASE STATUS,
49 3
50 3 MESSAGE$PTR=CGFRAME (O},
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S1 3 MESSAGES$P TR=ROVER$RUN(O),
Sa 3 MESSAGE$PTR=RPARITY(0),
53 3 MESSAGE$PTR=@BREAK(0)
54 3 END, N
55 2 J=1, /% Point to second character 1n string #/
56 2 OUTPUT(SET$INT)=TRANSMITSINT
57 2 OUTPUT (TX$BUFF )=MESSAGE (0),
58 2 .END ERROR,
/ * AR (2222 #* e o
* RELOAD SERIAL PORT CONFIGURE BYTE *
L T R X R e
59 1 PROGRAM PROCEDURE PUBLIC,
&0 2 DECLARE TEMP BYTE,
CHAR BYTE,
61 2 DO WHILE (INPUT(STATUSSREG) AND 40H)=0, /# Wait for next byte #/
62 3 END,
63 2 CHAR=INPUT (RX$BUFF);
64 2 IF CHAR=0 /# I1f second byte 1s O, exit program mode */
' THEN
65 2 DO,
&b 3 OUTPUT(RECEIVES$TIMER)=70;
&7 3 CALL BUFFS$IN (CHAR),
&8 3 RETURN,
&9 3 END.,
70 2 TEMP=(CHAR AND OFH),
71 2 DO WHILE (INPUT(STATUSSREG) AND 40M)=0,
72 3 END,
73 2 TEMP=(INPUT(RXBUFF) AND OFH) OR SHL(TEMP, 4).
74 2 SERIAL$FORMAT (SHR(PORT$PTR. 3))=TEMP,
75 2 END PROGRAM,
76 1 END BUFF$MOD,

MODULE INFORMATION

CODE AREA SIZE =

CONSTANT AREA SIZE = 0000H oD

VARIABLE AREA SIZE =

MAXIMUM STACK SIZE =

189 LINES READ )

O PROGRAM WARNINGS ‘
O PROGRAM ERRORS

O1E4H 484D

200BH 8203D
000AH 10D

END OF PL/M-86 COMPILATION
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SERIES-III PL/M-86 V1 O COMPILATION OF MODULE PON_MOD
OBJECT MODULE PLACED IN F1 PON OBJ
COMPILER INVOKED BY PLMBé 864 F1 PON SRC

$DEBUG
AR H IR ST AT IS I3RS SR I T I I 30 A3 303 A2
#* . #*
#* POWER ON INITIALIZATION OF THE LINE PRINTER MULTIPLEXER *
* - . *
i #3 B e LR R S A a s e T 2 T 2
1 PON_MOD DO,
$NOLIST
3 1 DECLARE BUFFER$STATUS BYTE EXTERNAL., - ’
INSPOINTER WORD EXTERNAL,
OUTS$POINTER WORD EXTERNAL, !
PORT$PTR BYTE EXTERNAL,

SERIALSFORMAT(8)BYTE EXTERNAL.,

4 1 POWER$ON PROCEDURE PUBLIC; .
S 2 DECLARE I BYTE,
& 2 DISABLE,

/% INITIALIZE THE MUART #/

7 2 OUTPUT (CMD$1)=01000011B, /#8086 MODE, FREG=1KHz, 1 STOP BIT, &
; 7 BITS/CHARACTER*/ '
8 2  OUTPUT(CMD$2)=10110100B, /40DD PARITY, SYSTEM CLOCK=1 024 MHz, &
9600 bps#/
% 2 OUTPUT (CMD$3)=01111111B, /#CLEAR CMD$3 REGISTER#/
10 2 OUTPUT(CMD$3)=101100018, /#RESET, INTERRUPT ACKNOWLEDGE ENABLE, &
NESTED INTERRUPT MODE#/
11 2 OUTPUT (MODE )=100001018, /#CASCADE TIMERS 35 FOR THE
RECEIVE$TIMESOUT TIMER, BYTE OUTPUT MODE#*/
12 2 OUTPUT(PORT$1$CTRL)=11111000B. /#PORT 1 RTS=INPUT, THE REST ARE OUTPUTS#*/
13 2 OUTPUT (PORT$1)=11000000B, /#POINT TO THE FIRST PORT, CTS IS FALSE
- . AND BUFFER IS NOT FULL#*/
/% INITIALIZE FLAGS, VARIABLES, AND ARRAYS %/
14 2 BUFFER$STATUS=EMPTY,
15 2 INSPOINTER=0, DUT$POINTER=0,
17 2 PORT$PTR=0,
8 2 DO 1=0 TO 7,
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19 3 SERIAL$SFORMAT(1)=10010100B, /% ON POWER-UP ALL EIGHT SERIAL PORTS
. DEFAULT TO 9600 bps, ODD PARITY, AND
7 BITS/CHARACTER#*/

20 3 END,
21 2 END POWERS$ON.
22 1 END PON_MOD,

MODULE INFORMATION.

CODE AREA SIZE = 0058H 880
CONSTANT AREA SIZE = O0000H oD
VARIABLE AREA SIZE = 0001H 1D '
MAXIMUM STACK SIZE = 0002H 2D

98 LINES READ
O PROGRAM WARNINGS
O PROGRAM ERRORS

END OF PL/M-86 COMPILATION
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COMP1ILFR

ISIS-I11 PL/M-BO V4 O COMPILATION OF MODULE WRITEMOD
OBJECT MODULE PLACED IN F1 WRITE OBYJ
COMPILER INVOKED BY F2 PLMBO F1 WRITE SRC

n

[ ]

o ®

- NN e

N

-

$DEBUGC
WRITE$MOD DO,

AT TR - P R -
*
WRITE PROGRAM READS A FILE FROM A DISK AND COPIES

IT TO SERIAL CHANNEL 2 ON THE MDS

* %k k % %k %k #

*
*
#*
* SYNTAX OF WRITE WRITE .DEVICE.NAME EXTENSION
#* .

I 030 A 3 33 I I 6 S0 20 330 I A 5 33 2 T M 3 A RN R RR

DECLARE LIT LITERALLY "LITERALLY ‘. R
USART$DATA LIT ‘OF6H ",
USART$STATUS  LIT ‘OF7H ",
RTS LIT Y20H ",
TXEN LIT ‘O1H’,
RXE LIT ‘04H",
CR LIT ‘ODH”,
LF LIT ‘OAH’,
TAB LIT OFH’,
sP LIT ‘20H",
ESC LIY ‘1BH”,
FORMS$FEED LIT ‘OCH’,

DECLARE AFTSIN ADDRESS,

FILENAME(1S)  BYTE,

STATUS ADDRESS,
BUFFER(32000) BYTE,

ACTUAL ADDRESS,
CHAR$COUNT ADDRESS,
BYE(42) BYTE INITIAL

(’WROTE ’,0,0,0,0,0,0,0,0,0,0,0,0,0,0, * TO THE LINE PRINTER’, OAH, ODH),
1 ADDRESS,

J BYTE,

/ #n * * -
* EXTERNAL SYSTEM LIB PROCEDURES *
363 336 36 36 3 36 36 30 36 36 3 000 38 30 36 30 36 36 30 3 36 30 36 3 336 3 3 4 3 330 3020 3 2 3 B I B I K IR WRF® S

OPEN

PROCEDURE (AFTNPTR, FILE, ACCESS, MODE, STATUS) EXTERNAL,
DECLARE (AFTNPTR, FILE, ACCESS, MODE, STATUS) ADDRESS,
END OPEN,
READ )
PROCEDURE (AFTN. BUFFER, COUNT, ACTUAL, STATUS) EXTERNAL,
DECLARE (AFTN, BUFFER, COUNT, ACTUAL, STATUS) ADDRESS;
END READ,
WRITE.
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\

PROCEDURE (AFTN, BUFFER, COUNT, STATUS) EXTERNAL,

11 2 DECLARE (AFTN, BUFFER, COUNT, STATUS) ADDRESS,
12 2 END WRITE: .
13 1 CLOSE"
PROCEDURE (AFTN, STATUS) EXTERNAL;
14 2 DECLARE (AFTN, STATUS) ADDRESS,
15 2 END CLOSE, -
16 1 ERROR
. PROCEDURE (ERRNUM) EXTERNAL,
17 2 DECLARE (ERRNUM) ADDRESS,
18 2 END ERROR;
19 1 EXIT-
PROCEDURE EXTERNAL;
20 2 END EXIT, . [
v e - 30 360636 36 36 36 30 34 4 " *
* " WAIT UNTIL USART TRANSMITTER IS READY *
300 36 36 200626 28 38 46 * RN 369636 36 36 246 A AR/
21 1 TXRDY"
PROCEDURE;
22 2 DO WHILE ( (INPUT(USART$STATUS) AND O1H) = 0 ),
23 3 END;
24 2 END TXRDY;
e % * * # A R *
* ) BEGIN MAIN PROGRAM *
* % Py "o /
25 1 BEGIN.
STATUS=0;
26 1 CALL READ(1, FILENAME, 15, ACTUAL, STATUS), /% Read in file and path name #/
27 1 IF STATUS <> 0 '
THEN
28 1 GO TO DONE; } .
29 1 CALL OPEN( AFTS$IN,.FILENAME, 1,0, STATUS), /% Open up the file #/
30 1 IF 5TATUS <> O
: THEN
31 1 GO TO DONE;
32 1 REPEAT
CALL READ(AFT$IN, . BUFFER, 32000, . ACTUAL. STATUS),
33 1 IF STATUS <> O
THEN
34 1 ' GO TO DONE, |
35 1 CHAROCOUNT=O, /% CHARS$COUNT keeps track of the tab columns in each line %/
36 1 OUTPUT(USARTS$STATUS)= RTS.OR TXEN,
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37 1 IF BUFFER(O)=FORM$FEED /% 1f the first chatacter 15 a form feed
Temove 1t Form feeds are inserted at the
end of a file %/

THEN
38 1 DO.
39 2 BUFFER(Q)=00H,
40 2 CHAR$COUNT=-1,
41 2 END,
42 1 DO I = O TO (ACTUAL - 1),
43 2 IF (BUFFER(I)=TAB) /# Replace TAEB characters with the
appropriate number of spaces #/
THEN
44 2 DO,
45 3 CALL TXRDY,
46 3 OUTPUT (USARTS$DATA)=SP,
47 3 CHAR$COUNT=CHAR$COUNT+1;
48 3 DO WHILE ((CHAR$COUNT AND OO07H)<:0),
49 4 CALL TXRDY,
S0 4 DUTPUT(USARTS$DATA) =8P,
51 4 CHAR$SCOUNT=CHAR$COUNT+1,
S5e 4 END,
53 3 END,
ELSE
54 2 IF BUFFER(I)=ESC /% 1f outputting ESC, then output a
O next so the LPM does not get
re-programmed 3/
THEN
S5 2 DO U=0 TO 1,
S6 3 CALL TXRDY,
S$7 3 OUTPUT (USART$DATA) =0,
o8 3 END,
ELSE /% If the character 1s not an ESC or TAB then output 1t %/
59 2 DO, ’
60 3 CALL TXRDY,
&1 3 OUTPUT (USARTSDATA) =BUFFER(I),
b2 3 IF (BUFFER(I)>1FH AND BUFFER(I)-I 7FH)
THEN /% Only increment CHAR$COUNT
for printable characters #/
&3 3 CHAR$COUNT=CHAR$COUNT+1,
64 3 IF ( (BUFFER(I)=CR) OR (BUFFER(I)=LF) ) i
THEN /# Reset CHAR®COUNT for CR or LF #/
65 3 CHAR$COUNT=0,
b6 3 END,
&7 2 END.
68 1 IF ACTUAL = 32000 /#If the file 1s more than 32K, get some more data #/
THEN
&9 1 G0 TO REPEAT,
70 1 CALL TXRDY, /# Terminate file with CR, LF, and FF #/
71 1 OUTPUT (USART$DATA) =CR,
72 1 CALL TXRDY.
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73 1 OUTPUT (USART$DATA) =LF; .
74 1 CALL TXRDY,
75 1 OUTPUT (USART$DATA) =FORMS$FEED
76 1 OUTPUT(USARTSSTATUS)=RXE OR TXEN; /% Shut off RTS #/
77 1 CALL CLOSE (AFTS$IN, STATUS)
78 1 DO I=0 TO 14; 23 Output sign off message */
79 2 IF FILENAME(I)=CR
. THEN
80 2 GO TO SKIP,
81 2 BYE(I+S)=FILENAME(I),
82 2 END; ,
83 1 SKIP- CALL WRITE(O..BYE, 42, STATUS);
84 1 G0 TO NEXT;:
85 1 DONE: -
CALL ERROR(STATUS).
86 1 NEXT:
CALL EXIT,
87 1 END WRITE$MOD;:

MODULE INFORMATION:

CODE AREA SIZE = 02094 ' 521D
VARIABLE AREA SIZE = 7D44H 32068D
MAXIMUM STACK SIZE = 0008H 8D
191 LINES READ

O PROGRAM ERRORS

END OF PL/M-80 COMPILATION
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8085 Mode: AD3 AD2 AD1 ADO
8086 Mode: AD4 AD3 AD2 AD1

0000 | L1 | Lo | st | so |BRKi|BITI|8086] FRQ]
' __C'ommalndl

Timer Frequency Select
8086 Mode Enable
Interrupt on Bit Change
Break-in Detect Enable
Stop Bit Length
Character Bit Length

o001 |PEN|EP |1 | co| B3] B2]B1]BOj
Command 2

Baud Rate Select
System Clock Divider
. Even Parity

: Parity Enable

0010 | SET |RxE | 1AE | NIE | END|SBRK|TBRK|RST]
Command 3

Software Reset

Transmit Break

Single Character Break

End of Interrupt ‘
Nested Interrupt Enable
Interrupt Acknowledge Enable
Receiver Enable

Bit Set/Reset

oo11 | 35 | 124 | Tsc| cr3 | c12 | P2c2|P2C1] P2C0)
Mode I I )
“ o Port 2 Control
Counter/Timer 2
Counter/Timer 3
Timer 5 Retriggerable
Cascade Counter/Timer 2 & 4
Cascade Counter/Timer 3 & §
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0100

0101

0110

0101

0110

1111

[ P17 ] P16 | P1s| P14 | P13 | P12 | P11 | P10|
L J Poirt 1 Cpntroll I
L

Output/Input of Port 1 pins

(Write only)

[L7 e Js{aJaT 2] i [ Lo] Enable
Set Interrupts

(Write only)

L7 |we s als{r2] i |1o] Disable
Reset Interrupts

(Read only)

| 7 |6 | Ls | wa Jus [a] i [ o]  interrupt Levels Enabied
Interrupt Enable

" (Read only)

f oo |o]psa|D3|[D2| 0| 0]

Interrupt Address

Interrupt Level in Service

(Write only)

[ o |rs4 |[rs3]|rs2 |rsi | Rrso|T™ME]DsC]
’ Modification

L—— Disable Start Bit Check
I ' Transmit Mode Enable
Receiver Sampling Point
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Status Register (Read only)
111 [Nt |RBF|TBE|TRE |BD | PE | OF | FE |
Framing Error/Transmission Mode
Indication
Overrun Error
Parity Error

Break Detect or Break-in Detect
Transmitter Register Empty
Transmitter Buffer Empty

R Receiver Buffer Full

Interrupt Pending

Response toc INTA -
8085-Mode (RST-instruction in response to INTA

|1|1[me[ml1]1[T]
—

Interrupt Level

8086-Mode (Interrupt Vector in response to seconq INTA)

o] 1] o]o Jo|D2]D1]|Do0}

Interrupt Level
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8231A
- ARITHMETIC PROCESSING UNIT

s Fixed Point Single and Double s Compatible with all Intel and most
Precision (16/32 Bit) other Microprocessor Families

a Floating Point Single Precision = Direct Memory Access or
(32 Bit) : Programmed 1/O Data Transfers

= Binary Data Formats
a Add, Subtract, Multiply and Divide
s Trigonometric and Inverse

s End of Execution Signal
a General Purpose 8-Bit Data Bus

Interface
Trigonometric Functions : .
a Square Roots, Logarithms, a Standard 24 Pin Package
Exponentiation a +12 Volt and +5 Volt Power
a Float to Fixed and Fixed to Float Supplies
Conversions s Advanced N-Channel Silicon Gate
a Stack Oriented Operand Storage HMOS Technology

The Intel® 8231A Arithmetic Prpcessing Unit (APU) is a monolithic HMOS LSl device that provides high performance fixed
and floating point arithmetic and floating point trigonometric operations. It may be used to enhance the mathematical
capability of a wide variety of processor-oriented systems. Chebyshev polynomials are used in the implementation of the
APU algorithms. '

All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional data bus.
Operands are pushed onto an internal stack and commands are issued to perform operations on the data in the stack.
Results are then available to be retrieved from the stack.

Transfers to and from the APU may be handled by the associated processor using conventional prograr;'lmed 1/0, or may be
handled by a direct memory access controller for improved performance. Upon completion of each command, the APU
issues an end of execution signal that may be used as an interrupt by the CPU to help coordinate program execution.

® 18
RD ——»-0O) l
Wh —sof . BU8 |
CONTROL OPERAND WORKING
Ay ] , STACK ~ ~ REGISTERS
8x18
READY «+—f * ALY —
Vss ()1 24| END
Vec 2 23[7 oK
18 EACK 3 227 RESET
SVACK []4 217 A
svrea []s 20[] AD
WR
<‘L__|—]> BUS ponoruse (L6 o, 1900
0B0-DB7 CONSTANT (TiE LOW) ‘
BUFFER CONMAND hom o ~spes
. REGISTER oso (8 17 [ READY
ALGORITHM o1 ]9 161 Vo
'CONTROLLER . 082 [J10 15[ oe?
083 ] 11 14[7] pse
END - CONTROL
ROM
EATR —-0O) .
SVREQ <——1 |NTERFACE
TROL
J— CONTROI
RESET ——-}
clk ——]
Figure 1. Bilock Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Pin BT . o Pin L
Symbol | No.| Type Name and Function ¢ Symbol | No. | Type Name and Function
Vee 2 Power: +5 Volt power supply. SVREQ | 5| O |[Service Request: This active high out-
. put signal indicates that command
Voo 16 Power: +12 Volt power supply execution -is ‘complete and that' post
Vss 1 Ground. i execution service was requested in the
CLK 23| 1| |Clock: An external, TTL compatible, previous command byte. It is cleared by
timing source is applied to the CLK pin. SVACK, the next command output to the
RESET | 22 | | Reset: The active high reset signal pro- device, or by RESET. o =
vides initialization for the chip, RESET READY |17 | O |Ready: This active high output indi-
also ‘terminates_any operation in pro- ‘ cates that the 8231A is able to accept
gress. RESET clears the status register communication with the data bus. When
and places the 8231A into the idle state. an attempt is made to read data, write
Stack contents and command registers data or to enter a new command while
| are not affected (5 clock cycles). the 8231A is executing a command,
== - — - — READY goes low until execution of the
cs 18| 1 | Chip Select: CS is an active low input current command is complete (See
signal which s.elec.ts thg 8231A and en- READY Operation,.p. 5).
ables communication with the data bus.
O - - DBO- 8- | 1o |Data Bus: These eight bidirectional
Ao 21| | |Address: In"conjunction with the RD DB7 15 lines provide for transfer of commands,
and WR signals, the Aq control line es- statusand data between the 8231A and
tablishes the type of communication the CPU., The '8231A can drive the data
thatis to be peﬂormed withthe 8231Aas | bus only when CS and RD are low.
shown below e -
Ay RD WR Function
0 1 0 Enter data byte into stack COMMAND STRUCTURE
.0 0 1 Read data byte from stack
1 1 0 Enter command . Each command entered into the 8231A consists of asingle
1 0 1 Read status 8-bit byte having the format illustrated below:
RD 20 | | '|Read: This active low input indicates SVREQ OPERATION
o , | that data or status is to be read from the A I'sivaLe  Fixeo CODE
' | 8231A if CS is low. | | | | |
WR 19 | | [Write: This active low input indicates T8 s 4 3 2 ! °
that data or a command is to be written
] into the 8231A if CS is low. Bits 0-4 select the operation to be performed as shown
EACK 3 I | End of Execution: This active low input in the table. Bits 5-6 select the data format appropriate
clears the end of execution output sig- to the selected operation. If bit5is a 1, a fixed point data
nal (END). If EACK is tied low, the END format is specified. If bit 5 is a 0, floating point format is
output will be a pulse that is one clock specified. Bit 6 selects the precision of the data to be
period wide. operated upon by fixed point commands only (if bit
SVACK | 4| | |Service Request: This active low input 5=0, bit 6 must be 0). If bit 6 is a 1, single-precision
clears the service request output (16-bit) operands are assumed. If bit 6 is a 0, double-
(SVREQ). precision (32-bit) operands are indicated. Results are
END 24| O |End: Thisactive low, open-drain output undefined for all illegal combinations of bits in the com-
indicates that execution of the pre- mand byte. Bit 7 indicates whether a service request is
viously entered command is complete. It to be issued after the command is executed. If bit 7 is a
can be used as an interrupt request and 1, the service request output (SVREQ) will go high at the
is cleared by EACK, RESET or any read conclusion of the command and will remain high until
or write access to the 8231. - reset by a low level on the service acknowledge pin
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(SVA ACK) or until completion of execution of the suc-
ceeding command where service request (bit 7) is 0.
Each command issued to the 8231A requests post execu-
tion service based upon the state of bit 7 in the command
byte. When bit 7 is a 0, SVREQ remains low.
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Table 2. 32-Bit Floating Point Instructions

C (@)
Instruction Description .é?d(:) sﬂf:r g:::::::::n s“:::.:::g'm
A BCOD
ACOS Inverse Cosine of A 0 6 RUUWU S§,ZE
ASIN Inverse Sine of A .0 5 R U U WU S,Z E
ATAN Inverse Tangent of A 07 R B U U S, Z
CHSF Sign Change of A 15 R B C D’ S,z
cos Cosine of A (radians) 03 R B UU S, Z
EXP eA Function 0 A R B UWU S, ZE
FADD Add A and B 10 R CDWU S, Z,E
FDIV Divide B by A 13 R C DU S,Z,E
FLTD 32-Bit Integer to Floating Point Conversion 1 C R B CU S,z
FLTS 16-Bit Integer to Floating Point Conversion 1D R B C U S,z
FMUL Muitiply A and B 12 R CDWU S,ZE
FSuB Subtract A from B 11 R C DU S,ZE
LoG Common Logarithm (base 10) of A 0 8 R B U U S,ZE
LN Natural Logarithm of A 09 R B U WU S, ZE
POPF Stack Pop 18 B C D A S,z
PTOF Stack Push 17 A ABC S,z
PUPI Push n onto Stack 1 A R A BC S,z
PWR BA Power Function 0 B R C U U S, E
SIN Sine of A (radians) 0 2 R B UU S,z
SQRT Square Root of A 01 R B C U S,Z,E
TAN Tangent of A (radians) 0 4 R B U U S, Z E
XCHF Exchange A and B 19 B ACD S,z
Table 3. 32-Bit Integer Instructions
(2)

Instruction Description . 2:::) s"‘i:"(' E::é;rl'lgn sux:l'.:::g’(‘)
CHSD Sign Change of A 3 4 R B CD $,20
DADD Add A and B 2 C R C D A S,2CE
oDV Divide B by A 2 F R CDWU S,ZE
DMUL Muitiply A and B (R = lower 32-bits) 2 E . R C DU S$,20
DMUU Multiply A and B (R = upper 32-bits) 3 6 R C DU $,2,0
psus Subtract A from B8 : 2 D R C D A S$,2,C,0
FIXD Floating Point to Integer Conversion 1 E R B C U $,2,0
POPD Stack Pop 3 8 B C DA S, 2
PTOD Stack Push 37 A A BC S,z
XCHD Exchange A and B 3 9 B ACD S,Z

Table 4. 16-Bit Integer Instructions
(3)
Instruction Description "é:"f(l) SA':&kr g:::::’l‘l':n s"::,‘.z:g’(‘)

! v AL By B Cy C_ Dy D,

CHSS Change Sign of Ay 7 4 R AL By B Cy C_ Dy D §,20

FIXS Floating Point to integer Conversion 1 F R ByB . CyC. U U U §,2,0

POPS Stack Pop 7 8 AL By B_ Cy C_ Dy D_ Ay S,Z

PTOS Stack Push ' 77 Ay Ay AL By B_ Cy C Dy S,z

SADD Add Ay and A 6 C R By B_ Cy C_ Dy D Ay S,Z,C,E

SDIV Divide A_ by Ay 6 F R ByB CyC_DyD U S,ZE

SMUL Muiltiply A_ by Ay (R=lower 16-bits) 6 E R ByB CyC.DyD U S,ZE

SMUU Multiply A_ by Ay (R = upper 16-bits) 76 R ByB CyC DyD U S,ZE

ssuB Subtract Ay from A 6 D R By B Cy C_ Dy D Ay S,Z,CE

XCHS Exchange Ay and A 79 AL Ay By B Cy C Dy D S,z

NOP No Operation 00 Ay A_ By B Cy C_ Dy D

Notes: 1. In the hex code column, SVREQ 1s a 0.
2. The stack initially is composed of four 32-bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B 1s Next On Stack (NOS). Upon

completion of a command the stack is composed of: the result (R); undefined (U), or the initial contents (A, B, C, or

D).

3. The stack initially is composed of eight 16-bit numbers (Ay, A, By, By, Cy, Ci, Dy, D). Ay is the TOS and A_is NOS. Upon cornplenon ofa
command the stack is composed of: the result (R); undefined (U); or the initial contents (Ay, Ay, By, B, .. .).
4. Nomenclature: Sign (S); Zero (Z); Overflow (O); Carry (C); Error Code Field (E).
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DATA FORMATS

The 8231A arithmetic processing unit handles operands
in "both fixed point and floatmg point formats. Fixed
point opzrands may be represented in either single
(16-bit operands) or double precision (32-bit operands),
and are always represented as binary, two’s comple-
ment values.

SINGLE PRECISION FIXED POINT FORMAT

N

VALUE

L

DOUBLE PRECISION FIXED POINT FORMAT

S S——

VALUE —r

;HHIIHIHHHIHJHIIHHIIH;

The sign (positive or negative) of the operand is located
in the most significant bit (MSB). Positive values are
represented by a sign bit of zero (S = 0). Negative values
are represented by the two’s complement of the corre-
sponding positive value with a sign bit equalto 1(S=1).
The range of values that may be accommodated by each
of these formats is — 32,768 to + 32,767 for single preci-
sion and —2,147,483,648 to + 2,147,483,647 for double
precision.

Floatmg'pomt binary values are represented in a format
‘that permits arithmetic to be performed in a fashion
analogous to operations with decimal values expressed
in scientific notation.

(5.83x 10%) (8.16 x 10") = (4.75728 x 10%)
In the decimal system, data may be expressed as‘values

between 0 and 10 times 10 raised to a power that effec-
tively shifts the implied decimal point right or left the

number of places necessary to express the result in con-

ventional form (e.g., 47,572.8). The value-portion of the
data is called the mantissa. The exponent may be either
negative or positive. '

The concept of floating point notation has both a gain
and a loss associated with it. The gain is the ability to
represent the significant digits of data with values span-
ning a large dynamic range limited only by the capacity
" of the exponent field. For example, in decimal notation
if the exponent field is two digits wide, and the mantissa
is five digits, a range of values (posmve or negative)
from 1.0000% 10~ % t0:9.9999x 10*9® can be accom-
modated. The loss is that only the sngniflcant digits of
the value can be represented. Thus there is no distinc-
tion in this representation between the values 123451
and 123452, for example since ‘each would be ex-
pressed as: 1.2345x10°%. The sixth digit has been
_discarded. In most applications where the dynamic
range of values to be represented is large, the loss of
significance, and hence accuracy of results, is a minor

consideration. For greater precision a fixed point format

could be chosen, although thh a loss of potential
 dynamic range.

”
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' The 8231A is a binary arithmetic processor and requires
that floating point data be represented by a fractional
mantissa value between .5 and 1 multiplied by 2 raised
to an appropriate power. This is expressed as follows:

value = mantissa. x 28xPonent

For example, the value 100.5 expressed in this form is
0.1100-1001 x 27. The decimal equivalent of this value
may be computed by summing the components (powers
of two) of the mantissa and then multiplying by the ex-
ponent as shown below:

value=(2"'+2"24+27542-8x 27
" =0.5+0.25+0.03125 + 0.00290625) x 128
=0.78515625 x 128 .
=100.5

FLOATING POINT FORMAT

The format for floating point values in the 8231A is given
below. The mantissa is expressed as a 24-bit (fractional)
value; the exponent is expressed as a two’s complement
7-bit value having a range of —~64 to +'63. The most
significant bit is the sign of the mantissa (0 = positive,
1=negative), for a total of 32 bits. The binary point is
assumed to be to the left of the most significant man-
tissa bit (bit 23). All floating point data values must be
normalized. Bit 23 must be equal to 1, except for the
value zero, which is represented by all zeros.

LJWHHH

The range of values that can be represented in this for-
mat is +(2.7x 1020 t0 9.2 x 10"8) and zero.

FUNCTIONAL DESCRIPTION

MANTISSA

IRERREREERERERRONN!

LLLLL

STACK CONTROL

The user interface to the 8231A includes access to an 8
level 16-bit wide data stack. Since single precision fixed
-, point operands are 16-bits in length, eight such vaiues
may be maintained in the stack. When using double
precision fixed point or floating point formats four
values may be stored. The stack in these two configura-

tions can be visualized as shown below:
A4, A3 | A2 |, At T

A2, A1
82 , B1 B4, B3 B2 , BI

! —

l ) — 32—

TOS —=}
NOS ——

TOS —
NOS ——

<

LLLELEL

— g

Data are written onto the stack, eight bits at a‘time, in
the order shown (A1, A2, A3, .. .). Data are removed from
the stack in reverse byte order (A4, A3, A2...). Data
should be entered onto the stack in multiples of the
number of bytes appropriate to the chosen data format.

AFN-01251B
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DATA ENTRY

Data entry is accomplished by bringing the chip select
(CS), the command/data line (Ag), and WR low, as shown
in the timing diagram. The entry of each new data word
“pushes down” the previously entered data and places
the new byte on the top of stack (TOS). Data on the bot-
tom of the stack prior to a stack entry are lost.

DATA REMOVAL

Data are removed from the stack in the 8231A by bringing
chip select (CS), commandidata (Ag), and RD low as
shown in the timing diagram. The removal of each data
word redefines TOS so that the next successive byte to
be removed becomes TOS. Data removed from the stack
rotates to the bottom of the stack.

COMMAND ENTRY

After the appropriate number of bytes of data have been
entered onto the stack, a command may be issued to
perform an operation on that data. Commands which re-
quire two operands for execution (e.g., add) operate on
the TOS and NOS values. Single operand commands
operate only on the TOS. ’
Commands are issued to the 8231A by bringing the chip
select (CS) line low, command data (Ag) line high, and
WR line low as indicated by the timing diagram. After a
command is issued, the CPU can continue execution of
its program concurrently with the 8231A command
execution.

COMMAND COMPLETION

The 8231A signals the completion of each command exe-
cution by lowering the End Execution line (END).
Simultaneously, the busy bit in the status register is
cleared and the Service Request bit of the command
register is checked. If it is a 1" the service request out-
put level (SVREQ) is raised. END is cleared on receipt of
an active low End Acknowledge (EACK) pulse. Similarly,
the service request line is cleared by recognition of an
active low Service Acknowledge (SVACK) pulse.

READY OPERATION

An active high ready (READY) is provided. This line is
high in its quiescent state and is pulled low by the 8231A
under the following conditions:

1. A previously initiated operation is in progress (device
busy) and Command Entry has been attempted. In
this case, the READY line will be pulled low and re-
main low until completion of the current command’
execution. It will then go high, permitting entry of the
new command. .

2. A previously initiated operation is in progress and
stack access has been attempted. In this case, the
READY line will be pulled low, will remain in that
state until execution is complete, and will then be
raised to permit completion of the stack access.

3. The 8231A is not busy, and data removal has been re-
quested. READY will be pulled low for the length of
time necessary to transfer the byte from the top of
stack to the interface latch, and will then go high,
indicating availability of the data.
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4. The 8231A is not busy, and a data entry has been re-
quested. READY will be pulled low for the length of
time required to ascertain if the preceding data byte,
if any, has been written to the stack. If so.READY will
immediately go high. If not, READY will remain low
until the interface latch is free and will then go high.

5. When a status read has been requested, READY will
be pulled low for the length of time necessary to
transfer the status to the interface latch, and will
then be raised to permit completion of the status
read. Status may be read whether or not the 8231A is
busy.

When READY goes. low, the APU expects the bus con-
trol signals present at the time to remain stable until
READY goes high.

DEVICE STATUS

Device status is provided by means of an internal status
register whose format is shown below:

BUSY SIGN ZERO ERROR CODE ———*|

| I

7 0

CARRY

BUSY: Indicates that 8231A is currently executing a com-
mand (1=Busy)

SIGN: Indicates that the value on the top of stack is
negative (1= Negative)

ZERO: Indicates that'the value on the top of stack is
zero (1= Value is zero)

“ERROR CODE: This field contains an indication of the
validity of the result of the last opera-
tion. The error codes are:

0000 — No error

1000 — Divide by zero

0100 — Square root or log of negative number

1100 — Argument of inverse sine, cosine, or

e* too large
XX10 — Underflow
XX01 — Overflow
CARRY: Previous operation resulted in carry or borrow

from most significant bit. (1= Carry/Borrow,
0= No Carry/No Borrow.)

~

If the BUSY bit in the status register is a one, the other
status bits are not defined; if zero, indicating not busy,
the operation is complete and the other status bits are
defined as given above.

READ STATUS

The 8231A status register can be read by the CPU at any
time (whether an operation is in progress or not) by
bringing the chip select (CS) low, the command/data line
(Ag) high, and lowering RD. The status register is then
gated onto the data bus and may be input by the CPU.

EXECUTION TIMES

Timing for execution of the 8231A command set is con-
tained below. All times are given in terms of clock
cycles. Where substantial variation of execution times

AFN-012518
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is possible, the minimum and maximum values are
quoted; otherwise, typical values are given. Variations
are data dependent.

Total -execution ‘times may require allowances for
operand transfer into the APU, command execution, and
result retrieval from the APU. Except for command exe-

cution, these times will be heavily influenced by the
nature of the data, the control interface used, the speed
of memory, the CPU used, the priority allotted to DMA
and Interrupt operations, the size and number of
operands to be transferred, and the use of chained
calculations, etc. .

" Table 5. Command Execution Times

’

DERIVED FUNCTION DISCUSSION

Computer approximations of transcendental functions
are often based ‘on some form of polynomial equation,
such as: A

F(X)= Ao+ A1X+A2X2+ A3X3+ A4X4. o (1-1)

The primary shortcoming of an approximation in this
" form is that it typically exhibits Pery large errors when
. the magnitude of |X| is large, although the errors are
small when |X] is small. With polynomials in this form,
the error distribution is markedly, uneven over any
arbitrary interval.

A set of approximating functions exists that not only
minimizes the maximum error but also provides an even
distribution of errors within the selected data represen-
tation interval. These are known as Chebyshev Poly-
nomials and are are based upon cosine functions. These
functions are defined as follows:

Tn(X)=Cos n6; wheren=0,1,2. .. (1-2)
6=Cos~-1X ,

The various terms of the Chebyshev series can be com-
puted as shown below:

Tp(X)=Cos (0 - 6)=Cos (0)=1 S (1-4)

T4(X)= Cos (Cos ~1X)= X (1-5)

Ta(X)= Cozs‘ 26=2C0s28—1=2Co0s2(Cos~'X)-1 (1-6)
=2X2-1

Command Clock Command Clock Command Clock Command Clock
Mnemonic Cycles Mnemonic Cycles Mnemonic Cycles Mnemonic Cycles
SADD L 17 FADD 54-368 LN 4298-6956 POPF 12
ssuB 30 FSuB 70-370 EXP 3794-4878 XCHS 18
SMUL 84-94 FMUL 146-168 PWR 8290-12032 XCHD - 26

SMUU 80-98 )
SDIv 84-94 FDIV . | 154-184 NOP 4 XCHF 26
DADD 21 SORT 800 CHSS 23 PUPI 16
DsuB 38 SIN 4464 CHSD 27 :
DMUL 194210 |. COS 4118 CHSF 18
DMUU 182-218
DDIV 208 TAN 5754 PTOS 16
. FIXs 92-216 ASIN 7668 PTOD 20
FIXD 100-346 ACOS 7734 PTOF 20
FLTS 98-186 ATAN 6006 POPS 10
FLTD 98-378 | LOG 4474-7132 POPD 12
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In general, the next term in the Chebyshev series can be
recursively derived from the previous term as follows:

T(X)= 2X [Ty = 14] = Ty= 20X); n > 2 a7

Common logarithms are computed by multiplication
of the natural logarithm by the conversion factor
0.43429448 and the error function is therefore the same
as that for natural logarithm. The power function is
realized by combination of natural log and exponential
functions according to the equation:

XY = eyLnx,

The error for the power function is a combination of that
for the logarithm and exponential functions.

Each of the derived functions is an approximation of the
true function. Thus the result of a derived function will
have an error. The absolute error is the difference be-
tween the function’s result and the true result. A more
useful measure of the function’s error is relative error
(absolute error/true result). This gives a measurement of
the significant digits of algorithm accuracy. For the
derived functions except LN, LOG, and PWR the relative
error is typically 4 x 10=7. For PWR the relative error is
the summation of the EXP and LN errors, 7x 10~7. For
LN and LOG,; the absolute error is 2x 10-7,

\
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APPLICATION INFORMATION

The diagram in Figure 4 shows the interface connec-
tions for the APU with operand transfers handied by an
* 8237 DMA controller, and CPU coordination handled by
an Interrupt Controller. The APU interrupts the CPU to
indicate that a command has been completed. When the
performance enhancements provided by the DMA and
Interrupt operations are not required, the APU interface

can be simplified as shown in Figure 3. The 8231A APU is
designed with a general purpose 8-bit data bus and in-
terface control so that it can be conveniently used with
any general 8-bit processor.

In many systems it will be convenient to use the
microcomputer system clock to drive the APU clock
input. In the case of 8080A systems it would be the
¢2TTL signal. Its cycle time will usually fall in the range
of 250 ns to 1000 ns, depending on the system speed.

ADDRESS BUS

OR RD A CS
cPu _ — 8231A
low O WR  sRiTHMETIC
cLOCK CLK  PROCESSOR
READY READY UNIT
[ SYSTEM DATA BUS )

Figure 3. Minimum Configuration Example

ADDRESS BUS

|—> lo———
8208 l i AB-ATS
o . s A0-A7 N D o —
AE O LATCH
AQ-A15 [ o 8237 ADSTB STB gy
DMA CONTROLLER 8O-
HLDA HLDA c 3 " 3 087 <1r <
STy
HOLD w3 |g E B g
f )
cLoCcK
WEWR JO—
WEMW fO—
iOR fo—
CPU J—
10w O
READY
. Vee
— o] O
W D T A 8 3 E F E B <
— w >
INTA INTA 8250 RO END o [ 8231A
INTERRUPT ARITHMETIC
INT INT CONTROLLER [ O EACK PROCESSOR UNIT
DB0-DB7 DBO-DB7 + DBo-DBY

SYSTEM DATA BUS

"=

Figure 4. High Performance Configuration Example
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ABSOLUTE MAXIMUM RATINGS*

Storage Temperature............. -65°C to +150°C
Ambient Temperature Under Bias......... 0°Cto70°C
Vpp with RespecttoVgg............ -0.5Vto +15.0V
Ve with RespecttoVgg. ............ -0.5Vto +7.0v
All Signal Voltages with Respect

to Vss ........................... -0.5V to +7.0V
Power Dissipation..............coiiiuieennn 2.0W

*NOTICE: Stresses above those listed under ‘‘Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is. not implied. Exposure to absolute maximum
rating conditions for extended periods may effect dewce

reliability.

D.C. AND OPERATING CHARACTERISTICS (T) = 0°C to 70°C, Vgg = OV, V¢ = +5V + 10%,
Vpp = +12V = 10%)

Parameters Description Min.. Typ. Max. Units Test Conditions
VoH Output HIGH Voltage 37 Volts lon= —200 yA
Voo Output LOW Voltage 0.4 Volts loL=3.2 mA
Vin Input HIGH Voltage .20 Vee Volts
ViL Input LOW Voltage -05 0.8 Volts
[ Input Load Current +10 rA Vss = Vin = Voo
loFL Data Bus Leakage +10 T pA Vss +0.45 <VguTt <Vce
lec Ve Supply Current 50 95 mA
lpp Vpp Supply Current 50 95 ‘mA
Co Output Capacitance 8 pF
C, ! Input Capacitance pF fc =1.0 MHz, Inputs =0V
Cio 1/0 Capacitance 10 pF

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

37
20 20
:> TEST POINTS <:
04 0.8 [X}
A C TESTING. INPUTS ARE DRIVEN AT 3.7VFORALOGIC “1" AND0.4V FOR

ALOGIC10.” TIMING MEASUREM ENTS ARE MADE AT 2.0V FORALOGIC “1”
AND 0.8V FOR A LOGIC ,

DEVICE
UNDER
TEST

= 150 pF

1CL
1
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A.C. CHARACTERISTICS (T = 0°C to 70°C, Vgs = OV, V¢ = +5V = 10%, Vpp = +12V = 10%)

READ OPERATION )
Symbol Parameter 8231A-8 82314 ; Units
Min. Max. Min. Max.
tar Ay, CS Setup to RD 0 0 ns
tRaA Ao, CS Hold from RD 0 0 ns
tay READY | from RD ¢ Delay (Note 2) : 150 100 ns
tyr READY tto RD t 0 0 ns
Data '35 tgy 35tcy ns
trR READY Pulse Width (Note 3) +50 +50
Status 151y 151cy ns
+50 +50
tRDE Data Bus Enable from RD ¢ 50 : 50 ns
tpRy Data Vahd to READY * 0 0 ns
tpF Data Float after RD t 50 200 50 100 ns
WRITE OPERATION
Symbol Parameter 8231A-8 8231A Units
N Min. Max. Min. ‘Max.
taw Ag, CS Setup to WR 0 o ns
twa A, CS Hold after WR 60 25 ns
twy READY ¢ from WR ¢ Delay (Note 2) 150 100 ns
tyw READY 1 to WR t 0 0 i ns
tRRW READY Pulse Width (Note 4) 50 50 ns
twi Write Inactive Time (Note 4) |command 4oy 4tex ns
Data Stcy 5tcy ns
tow Data Setup to WR 150 100 ' ns
two Data Hold after WR ) 20 ‘ 20 . : ns
OTHER TIMINGS
Symbol Parameter 8231A-8 8231A Units
Min. Max. Min. Max.
toy Clock Period 480 5000 250 2500 ns
tcph Clock Pulse High Width 200 100 ns
topL Clock Pulse Low Width 240 120 ns
tee END Pulse Width (Note 5) 400 200 ns
teae EACK | to END t Delay 200 150 ns
taa EACK Pulse Width 100 50 ns
tsa SVACK | to SVREQ | Delay 300 | 150 ns
tss SVACK Pulse Width 100 / 50 ns
NOTES: ' ‘ .

1. Typical values are for TA=25°C, nominal supply voltages and nominal processlng parameters.

2. READY is pulled low for both command and data operations. . .

3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered
command is being executed, READY low pulse width is the time to complete execution plus the time shown. Status may be read at any
time without exceeding the time shown.

4. READY low pulse width is less than 50 ns when writing into the data port or the control port as long as the duty cycle requirement (tw;) is
observed and no previous command is being executed. tw; may be safely violated as long as the extended tgrrw that results is
observed. If a previously entered command is being executed, READY low pulse width is the time to complete execution plus the time
shown. These timings refer specifically to the 8231A.

5. END low pulse width is specified for EACK tied to VSS. Otherwise teaE applles
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WAVEFORMS ‘
READ OPERATION
cLock J»/ \
! tey ICPH |- tcpL =
A, CS X IC:
tar ‘“—’L—'Ra
—
m | 1'\ /
thy tRAR I__“n_“
READY sr Zr
tRDE DRY tor
D:;; g ) X OUTPUT VALID _5—
WRIT:E OPERATION
Ao, CS
—tAw—s| t .
- —4 Ve K
twy ——L——» RRW —tyw—s>| twi
READY
tow: two
DS“S INPUT STABLE

.

4
2

SVREQ

INTERRUPT OPERATION

teaE

|‘—"EE-“—°‘

Y

"

1
1ss’

SVACK
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 8253/8253-5
PROGRAMMABLE INTERVAL TIMER

= MCS-85™ Compatible 8253-5 = Count Binary or BCD
a 3 Independent 16-Bit Counters a Single + 5V Supply
= DC toA2.6 MHz u Available in EXPRESS
' —Standard Temperature Range
= Programmable Counter Modes * —Extended Temperature Range

The Intel® 8253 is a programmable counter/timer device designed for use as an Intel microcomputer peripheral. It uses nMOS
technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2.6 MHz. All modes of operation are software
programmable.

T ! |«——— CLKO
DATA
0,0, 8 sus <:> K ) COUNTER | GaTEO
BUFFER
F———0UT 0
l I /7
"o fe——— CLK 1 o,
WR *  Reapn/ L_n\ P ’
WRITE =1 jf«——— GATE 1 DSE 2
A LOGIC \tn/ o.03
° ‘ L out1 =
Ay 4
0,0s
! 0,06
cs [ 0,07
0,0 &
cLK 2 CLK oE 9
CONTROL | A ] - outo[] 0
pomer N—— :> N [e——care2 cateol]
REGISTER N
|———out2 GNo([ 12
- 4
[ f ~
INTERNAL BUS / LJ
Figure 1. Block Diagram Figure 2. Pin Configuration
| ©®INTEL CORPORATION, 1883 AFN-00745C
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FUNCTIONAL DESCRIPTION .

General .

The 8253 is a programméble intervialk!imer/codnter‘

specifically designed for use with the Intel™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be treated as an
array of 1/0 ports in the system software.

The 8253 solves one of the most common problems in any
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
‘8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks. It is easy to see
that the software overhead is minimal and that muitiple
delays can easily be maintained by assignment of priority
levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the 8253, °
e Programmable Rate Generator
Event Counter
Binary Rate Multiplier
Real Time Clock
Digital One-Shot
Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8253 tq the system data bus. Data is transmitted or
received by the buffer upon execution of INput or OUTput
CPU instructions. The Data Bus Buffer has three basic
functions.

1. Programming the MODES of the 8253.
' 2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur to change the function uniess the
device has been selected by the system logic.

RD (Read)

A “low” on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write) ,

A “low” on this input informs the 8253 that the CPU is
outputting data in the form of mode information or loading
counters.

A0, A1

" These i'nputs are normally connected to the address bus.

Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selection.

CS (Chip Select)

A “low” on this input enables the 8253. No reading or
writing will occur unless the device is selected. The CS
input has no effect upon the actual operation of the
counters.

‘ le—cLK 0
D7~ COUNTER
Do <::> NTER le——GaTEO
|—souT 0
RD
. e——cLK 1
COUNTER '
#1 [+ GATE1
fo |—out1
Ay
c_s .—’
le——cLk 2
CONTROL
woro - ¥V C::> couNTER eaTE2
REGISTER [N
—»out2
\
INTERNAL BUS /—\.

Figure 3. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions

cs RD.| WR A4q Ao

0 1 0 0 0 L.oad Counter No. 0
0 1 0 0 1 Load Counter No. 1
0 1 0 1 |0 Load Counter No. 2
0 1 0 1 1 Write Mode Word

0 0 1 0 0 Read Counter No. 0
0 0 1 0 |1 Read Counter No. 1
0 0 1 1 0 Read Counter No. 2
0 0 1 1 1 No-Operation 3-State
1 X X X X Disable 3-State

0 1] 1 X | X | No-Operation 3-State
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Control Word Register

The Control Word Register is selected when A0, A1are 11.
It then accepts information from the data bus buffer and
stores it in a register. The informationn stored in this
register controls the operational MODE of each counter,
selection of binary or BCD counting and the loading of
each count register.

The Control Word Register can bnly be written into; no
read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation so
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register.

The counters are fully independent and each can have
separate Mode configuration and counting operation,
binary or BCD. Also, there are special features in the
control word that handie the loading of the count value so
that software overhead can be minimized for these
functions. N

The reading of the contents of each counter is available to
the programmer with simple READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fly” without having to inhibit
the clock input.

8253 SYSTEM INTERFACE

The 8253 is a component of the Intel™ Microcomputer
Systems and interfaces in the same manner as all other
peripherals of the family. It is treated by the systems
software as an array of peripheral I1/0 ports; three are
counters and the fourth is a control register for MODE
programming.

Basically, the select inputs A0, A1 connect to the AQ, A1
address bus signals of the CPU. The CS can be derived
directly from the address bus using alinear select method.
Or it can be connected to the output of a decoder, such as
an Intel® 8205 for larger systems.

Ds- DATA
Do BUS
BUFFER

INTERNAL BUS /

-

Figure 4. Block Diagram Showing Control Word
Register and Counter Functions

Y ADDRESS BUS (16) )
k, A I
¢ CONTROL BUS ]y
] o
¢ DATA BUS (8) )
Ay Ay TS Dg-Dy RD  WR

8253

COUNTER COUNTER COUNTER
’ z :
1

Tour eate cik' "out eate cik! fout cate ck!

HER
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Figure 5. 8253 System Interface .
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asynchronous events or rates to the microcomputer
system have been eliminated.
" Programming the 8253

All of the MODES foreach counter are programmed by the
systems software by simple 1/0 operations.

Each counter of the 8253 is individually programmed by
writing a control word into the Control Word Regtster.
(A0, A1 =11)

Control Word Format
D; Dg Ds 'Dg. D3 Dy Dy Do

[ sc1 | sco|RrL1 [ RLO [m2] m1 [ mo ] BeD |

Definition of Control
SC — Select Counter:

H N
|nte[ 8253/8253-5
M — MODE:
. OPERATIONAL DESCRIPTION M2 M1 Mo
" General ‘ 0] 0] O | ModeO
The complete functional definition of the 8253 is 00 1 | Mode 1
programmed by the systems software. A 's§t. of control X 1 0 | Mode 2
words must be sent out by the CPU to initialize each =
counter of the 8253 with the desired MODE and quantity X |1 1 | Mode 3
information. Prior to initialization, the MODE, count, and 1 0 0 | Mode 4
output of all counters is undefined. These control words 5
program the MODE, Loading sequence and selection of ! 0 1 | Mode
binary or BCD counting.
Once programmed, the 8253 is ready to perform whatever BCD:
timing tasks it is assigned to accomplish.
The 'acu.;al zoumigg opeéatido; of |elach counte:j i: 0 Binary Counter 16-bits
completely independent and additional logic is provide - -
on-chip so that the usual problems associated with 1 Binary Coded Decimal (BCD) Counter
efficient monitoring and management of external, (4 Decades)

SC1 Sco
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 1llegal

RL — Read/Load:

RL1 RLO
0 0 Counter Latching operation (see
READ/WRITE Procedure Section)
1 0 Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 1 Read/Load least signix'ﬁcanti byte first,
then most significant byte.

-6-334

Counter Loading

The count register is not loaded until the count value is
written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
falling edge of the clock. Any read of the counter prior to
that falling clock edge may yield invalid data.

' MODE Definition

MODE 0: Interrupt on Terminal Count. The output wil|
be initially low after the mode set operation. After the
count is loaded into the selected count register, the out-
put will remain low and the counter will count. When ter-
minal count is reached the output will go high and re-
main high until the selected count register is reloaded
with the mode or a new count is loaded. The counter:
continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting results in
the following:

(1) Write 1st byte stoé)s the current counting.”
(2) Write 2nd byte starts the new count. ’

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate in-
put.

The output will go high on the terminal count. If a new
count value is loaded while the output is low it will not
affect the duration of the one-shot pulse until the suc-
ceeding trigger. The current count can be read at any
time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will re-
main low for the full count after any rising edge of the
gate input.

AFN-00745C
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MODE 2: Rate Generator. Divide by N counter. The out-
put will be low for one period of the input clock. The
period from one output pulse to the next equals the
number of input counts in the count register. If the
count register is reloaded between output pulses the
present period will not be affected, but the subsequent
period will reflect the new'value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high until
after the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high until one half
the count has been completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each clock pulse. When the counter reaches
terminal couilt, the state of the output is changed and
the counter is reloaded with the full count and the whole
process is repeated.

If the count is odd and the output is high, the first clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2. After timeout, the qutput goes low and the full count
is reloaded. The first clock pulse (following the reload)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count is odd, the
output will be high for (N+ 1)2 counts and low for
(N —1)/2 counts. ) '

In Modes 2 and 3, if a CLK source other than the system
ilg_ck isused, GATE should be pulsed immediately following
WR of a new count value.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On terminal count, the

6-335

output will go low for one input clock period, then will
go high again.

If the count reg'ister is reloaded duringeounting, the new
count will be loaded on the next CLK pulse. The count will
be inhibited while the GATE input is low.

MODE 5: Hardware Triggered Strobe. The counter will
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count is reached. The counter is retriggerable. The out-
put will not go low until the full count after the rising .
edge of any trigger.

Signal Low
Status Or Going
Modes Low Rising High
0 Disables —— Enables
counting counting
1 —_— 1) Initiates —_
counting
2) Resets output
after next clock
2 1) Disables
counting N Rel(;atds Enables
2) Sets output 2) f:iriat:; counting
immediately ti
high counting
3 1) Disables 1) Reloads
counting counter Enables
2) Sets output 2) Initiates counting
immediately counting . .
high
4 Disables —_ . Enables
counting counting
5 — Initiates —_
. counting

Figure 6. Gate Pin Operations Summary
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MODE 0: Interrupt on'Terminal Count

crock SN AU

4 3 2 1
OUTPUT (INTERRUPT) sl
(n=4) |<—l—n-—~———h '
1
H i
WRm ™~ L ] |
S | ;
. GATE 5 i I
5 4 32 1 0
OUTPUT (INTERRUPT) 1 ! . . . ‘
(m=5) [—— [om— —
A B
A+B=m

MODE 1 Programmable One-Shot

croox MMM
WL

TRléGER
___.._L____r_____.

n=4)

OuTPUT

TRIGGER —-_,—r—u———-—-
0
OUTPUT

MODE 2: Rate Generator

cLock_nrnnnnnruuugo

Wan LA 02
4 3 2 1043 2 1032 1 0
ouTPUT 1T J
0(3) i 3 2 1 .03 2 1 032 1

OUTPUT (n=3) 1 LJ

RESET ——._L____I__——-_._.— .

4 3 2 4 3 2 1

MODE 3: Square Wave Generator

cLock _I'Lﬂ.I'IJ'LrU'U"LnJ'U'U"U'U'L
4

2 2
'_
2

OuTPUT (n =4) | I

5 4

l_._r'i._.l

4
1 J
4 2 ‘2 4

OUTPUT (n=5) l

MODE 4: Software Triggered Strobe

“evote _MUMUMLMULMUAULLULULL

WR n=4
4 3 2 1.0
ouTPUT 1T
. .
. LOADn n=4
GATE | I :
4 4 3 2 1 0
ouTeUT

MODE 5: Hardware Triggered Strobe

R S aligigigSgigigigigigigighy
GATE _ | E——

OUTPUT (n=4)

GATE

OUTPUT (n=4)

Figure 7. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE
Write Operations

The systems software must program each counter of the
8253 with the mode and quantity desired. The program-
mer must write out to the 8253 a MODE control word and
the programmed number of count register bytes (1 or 2)
prior to actually using the selected counter.

The actual order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter #2 last. Each counter’s MODE
control_word register has a separate address so that its
loading is completely sequence independent. (SC0, SC1)

The loading of the Count Register with the actual count
value, however, must be done in exactly the sequence
programmed in the MODE control word (RLO, RL1). This
loading of the counter's count register is still sequence
independent like the MODE control word loading, but
when a selected count register is to be loaded it must be
loaded with the, number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to
be loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word loading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'¢ for Binary or 10¢for BCD). In MODE 0
the new count will not restart until the load has been
completed. It will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation.

6-337

MODE Control Word
Counter n

Count Register byte
Counter n

. Count Register byte
Counter n

LsB

MsB

Note: Format shown is a simple example of loading the 8253 and
does not imply that it is the only format that can be used.

Figure 8. Programming Format ‘

A1 | AO
STk
No-2 MO a1 1]
oo e 1]

Count Register Byte o .
No.5 | MSB Counter 1
No.s | LB e | 1]
No.7 | s ey | 1] o
No.8 | LSB ““"g‘zzi:::ro Byte o | o

Note: The exclusive addresses of each counter’s count register make
the task of programming the 8253 a very simple matter, and
maximum effective use of the device will result if this feature
is fully utilized. .

Figure 9. Alternate Programming Formats
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Read Operations

‘In most counter applications it becomes necessary to read

the value of the count In progress and make a

computational decision based on this quantity. Event:
counters are probably the most common application that

uses this function The 8253 contains logic that will allow

the programmer to easily read the contents of any of the

three counters without disturbing the actual count in

progress.

There are two methods that the programmer can use to
read the value of the counters The first method involves
the use of simple 1/0 read operations of the selected
counter. By controlling the A0, A1 inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register is allowed AQ,
A1-11) The only requirement with this method is that in
order to assure a stable count reading the actual operation
of the selected counter must be inhibited either by
controlling the Gate input or by external logic that inhibits
the clock input The contents of the counter selected will
be available as follows

first 1/0 Read contains the least significant byte (LSB).

second I/0 Read contains the most significant byte
(MSB)

Due to the internal logic of the 8253 i1t I1s absolutely
necessary to complete the entire reading procedure |ftwo
bytes are programmed to be read then two bytes must be
read before any loading WR command can be sent to the
‘same counter

Read Operation Chart - -

A1l A0 RD

0 0 .0 Read Counter No. 0
0 1 0 " Read Counter No. 1’
1 0 0 Read Counter No, 2

1 1 o lilegal -

Reading While Counting

in order for the programmer to read the contents of any
counter without effecting or disturbing the counting
operation the 8253 has special internal logic that can be
acoessed using simple WR commands to' the MODE
register Basically, when the programmer:wishes to read
the contents of a selected counter “on the fly” he loads the
MODE register with a spectal code which latches the
present count value into a storage register so that its
contents contain an accurate, stable quantity.. The
programmer then issues a normal read command to the
selected counter and the contents of the latched registeris
available

MODE Register for Latching COunt
A0, Al =

D7 D6 | D5 | D4 | D3 | D2 | D1 | DO
SC1 | SCo 0 0 X | X X X

SC1,SC0— spectfy counter to be latched
D5,D4
X — don't care

— 00 designates counter Iatchmg operat:on

The same limitation applies to this mode of reading th“é

. counter as the previous method. That is, it is mandatory

to complete the entire read operation as programmed.
This command has no effect on the counter's mode.

3MHz

* 1.6MHz

CLK ©-2

CLK

8085

*If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less.

8253-5

Figure 10. MCS-85™ Clock Interface*
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0°Cto70°C
Storage Temperature .............. —-65°Cto+150°C *
Voltage On Any Pin A

With RespecttoGround .............. -0.5Vto+7V
Power Dissipation ........................... 1 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions abave
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

D.C. CHARACTERISTICS (15 = 0°C to 70°C, Vcc = 5V =10%) *

Symbol Parameter Min. Max. Unit Test Conditions
ViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage 2.2 Vec+.5V \ .
VoL Output Low Voltage 0.45 \% Note 1
VoH Output High Voltage 24 \Y Note 2
he Input Load Current +10 uA ViN =Vgg to OV
loFL Output Float Leakage +10 MA Vout =Vcg to .45V
lcc Ve Supply Current 140 mA
CAPACITANCE (15 = 25°C, Vg = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
CiNn Input Capacitance 10 pF fc=1MHz
| Cio 1/0 Capacitance - 20 pF Unmeasured pins returned to Vss

A.C. CHARACTERISTICS (Ta = 0°Ct070°C, Vgc = 5.0V = 10%, GND = 0V) *

Bus Parameters (Note 3)

READ CYCLE
8253 8253-5
Symbol Parameter Min. Max. Min. Max. ‘Unit -
tAR Address Stable Before READ 50 30 ns
tRA Address Holdl Time for READ 5 5 ns
tRR READ Pulse Width 400 . 300 ns
trD Data Delay From READ [4] . 300 o 200 ns
tHF READ to Data Floating 25 +125 25 100 ns
try Recovery Time Between READ
and Any Other Control Signal 1 1 us
6-339 AFN-00745C
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE ‘
: o 8253 8253-5 )
Symbol " Parameter Min. Max. Min. Max. Unit
taw Address Stable Before WRITE 50 (30" ns
twA Address Hold Time for WRITE 30 30 ns
tww WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
twp. . .Data Hold Time for WR1 TE ‘ 40 30 ns
tRv Recovery Time Between WRITE 1 L Hs
and Any Other Control Signal .
CLOCK AND GATE TIMING
8253 82535
Symbol Parameter Min. Max. Min. Max. Unit
tok Clock Period 380 de 380 dc ns
tewH High Pulse Width 230 230 ns
tpwiL Low Pulse Width 150 150 ns
tew Gate Width High 150 150 ns
tGL Gate Width Low 100 - 100 ns. ..
tGs Gate Set Up Time to CLK? 100 100 ns
tGH Gate Hold Time After CLK* 50 50 ns
“top Output Delay From CLK{[4} . 400 400 ns
‘ topG Output Delay From Gate{ [4] 300 300 ns
NOTES:
1. loL = 2.2 mA.
2. loy = —400 pA.
3. AC timings measured at Vo 2.2, VoL = 0.8.
4, C_ = 150pF. X .
* For Extended Temperature EXPRESS, use M8253 electrical parameters.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
\ . i :
24 ! . »
: 22V ’ 2.2V bevice
> TEST POINTS < / TEST ] CL=150pF
0.8 . 0.8 :
0.45 =
A.C. TESTING' INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1" AND 0.45V FOR A -
LOGIC “0." TIMING MEASUREMENTS ARE MADE AT 2.2V FOR A LOGIC "1" AND
0.8V FOR A LOGIC 0. e N C. INGLUDES JiG CAPACITANCE
' 6-340 AFN-00745C
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WAVEFORMS

WRITETIMING =~ - . READ TIMING

| — )
ancs X j( . | reres X
' ‘*—'Aw—f —lb‘mlu‘— tar —’| |=—tRa
DATA BUS c ) s K ' A N

tow wo—>] —»itap top |e—o

WR v DATA BU%HIGH IMPEDANCE VALID [HIGH IMPEDANCE
\ tww - '

'CLOCK AND GATE TIMING

town > [t teLk tgg—>| |

« N /N N

‘Gs‘—‘" [~ tGH

GATEG /r S ) . _JZ ) &
toH ~———'e-.—v—>| - e top—=|

T
OUTPUT 0 X X

le— topG —! ‘
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. 8254
PROGRAMMABLE INTERVALTIMER

m Compatible with Most Mléroe = Three Independent 16-bit Counters
processors Including 8080A, 8085A, o , :
iAPX 88 and iAPX 86

88 an ] Binrary or BCD Counting

= Handles Inputs from DC to 8 MHz B o

a Six Programmable Counter Modes

® Available in EXPRESS

= Status Read-Back Command —Standard Temperature Range

The Intel® 8254 is a counter/timer device designed to soive the common timing control problems in microcom-
puter system design. It provides three independent 16-bit counters, each capable of handling clock inputs up to
10 MHz. All modes are software programmable. The 8254 is a superset of the 8253.

‘The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package.

je——ctxo )
! DATA OUNTER
D7Dy BUS - ¢ “D «—— GATE 0
BUFFER 4 ’
—»outo -

24[7] Vee

’ Dy 1
! g Ds []2 233 WR
- @ . Ds[]3 22[JRD
;‘:_N: 2 oK Ds[J4 1A cs
WRITE ] COUNTER | GATE® :
A~ LoGIC & 1 L 2001 A
A - £ . ——ourt D2 [Je (1 Ao
- T D []7 [ ok 2
ouT2
c's____T ) S| Dol]8 1

[1GATE 2
[ cLk 1
[ GATE 1
[1out1

|¢——CLK 2
CONTROL COUNTER GATE 0/
WORD | «——aatE2
REGISTER 2 GND

- 0UT 2

LA

Figure 1. 8254 Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Symbol | Pin No. | Type Name and Function Symbol | Pin No. | Type Name and Function
D7Dg 1-8 /O | Data: Bi-directional thr_oe state data bus Vee 24 I'owor +5V power supply connection.
lines, connected to system data bus. WR 23 I | Write Control: This input is low during CPU
CLKO 9 I Clock 0: Clock input of Counter 0. - . N write operations. )
ouT o 10 O | Output 0: Output of Counter 0. - RD 22 | |Read Control: This input is low duvlng CPU
GATEO| 11 1 | @ate 0: Gate input of Counter 0. - »__|read operatione.
GND 12 Ground: Power supply connection. 21 ! :;;: m p:n‘:?oogl;halzénx: ::‘:::f: 31'8
and WR are ignored otherwise.
) A Ao | 2019 | 1 |Address: Used to select one of the thee
] Counters or the Control Ward Register for
read or write operations. Normally con-
nected to the system address bus.
. Ay Ag - Selects
0 0 Counter 0
lo 1 Counter 1
1 0 Counter 2
1 1 Control Word Register
CLK 2 18 I Clock 2: Clock input of Counter 2.
ouT 2 17 O [Out 2: Output of Counter 2.
GATE 2 16 | Gate 2: Gate input of Counter 2.
CLK 1 15 I Clock 1: Clock input of Counter 1.
! GATE 1 14 | Gate 1: Gate input of Counter 1.
Jout1 13 O |Out 1: Output of Counter. 1.

FUNCTIONAL DESCRIPTION

General

The 8254 is a programmable interval timer/counter de-
signed for use with Intel microcomputer systems. It is a
general purpose, multi-timing element that can be treated
as an array of /O ports in the system software.

The 8254 solves one of the most common problems in
any microcomputer system, the generation of accurate
time delays under software control. Instead of setting
up-timing loops in software, the programmer configures
the 8254 to match his requirements and programs one of
the counters for the desired delay. After. the desired
delay, the 8254 will interrupt the CPU. Software over-
head is minimal and variable length delays can easily be
accommodated. -

Some of the other counter/timer functions common to
microcomputers which can be vmplemented with the
8254 are:

Real time clock
Event counter
' Digital one-shot
Programmable rate generator
Square wave generator
Binary rate multiplier
Complex waveform generator
Complex motor controller

6-343

Block Diagram
DATA BUS BUFFER

This 3-state, bi-directional, 8-bit buffer is used to inter-
face the 8254 to the system bus (see Figure 3).

N
l«——CLK 0
@ couansn " GATE O
ouT o
o 3
13 j«——CLK 1
..
S <:$ cou:nsn <« GATE1
g —— out1
; . l«——CLK 2
cou;nsn . QATE2
REGISTER .
—>-0uT2 |
N

Figure 3. Block Diagmm Showing Data Bus Buffer and
Read/Write Logic Functions

AFN-00217D



‘8254

PRELIMINARY

READ/WRITE LOGIC AT

The Read/Wnte Logic accepts rnputs from the system
bus and generates control signals for the other func-
tional blocks of the 8254. Ay and Ag select one of the
‘three counters or the Control Word Register to be read
from/written into. A “low” on the RD input tells the 8254
‘that the CPU is reading one of the counters.-A “low” on
the WR input tells the 8254 that the CPU is is writing either
a Control Word or an‘initial count. Both' RD and WR are
qualified by CS; RD and WR are ignored unléss the 8254
has been selected by holdnng C§ low.

CONTROL WORD REGISTER

The Control Word Register (see Figure 4) is selected by
the Read/Write Logic when Ay,Ag= 11. If the CPU then
does a write operation to the 8254, the data is stored in
the Contrel Word Register and is interpreted as a Con-
trol Word used to define the operation of the Counters.

The Control Word Register can only be written to; status
information is available with the Read-Back Command.

¢I> DATA
Dr-Do BUS
BUFFER

I

i

INTERNAL BUS

Figure 4. Block Diagram Showing Control Word
Reglsler and Counter Functions

COUNTER 0 COUNTER 1, COUNTER 2

These three functional blocks are identrcal in operation,
S0 only a slng(le Counter will be described. The internal
block diagram of a single counter is shown in Figure 5.

The Counters are fully independent. Each Counter may
operate in a different Mode.

,The Control Word Register is shown.in the figure; itis
‘not part of the Counter itself,'but its contents determine
how the Counter-operates. -
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INTERNAL BUS

REGISTER

l

Loaic

GATEn
CLKn OUTn

Figure 5. Internal Block Diagram of a Counter

The status register, shown in the Figure, when latched,
contains the current contents of the Control Word
Register and status of the output and null count flag.
(See detailed explanation of the Read-Back command.),

The actual counter is labelled CE (for “Counting Eie-
ment”). It is a 16-brt presettable synchronous down
counter. :

OLy and OL are two &-bit latches. OL stands for “Out-
put Latch”; the subscripts M and L stand for “Most sig-
nificant byte” and “Least significant byte” respectively.
Both are normally referred to as one unit and called just
OL. These latches normally “follow” the CE, but if a
suitable Counter Latch Command is sent to the 8254,
the latches ““latch” the present count until read by the
CPU and then return to “following” the CE. One latchat
a time is enabled by the counter’'s Control Logic to drive
the internal bus. This is how the 16-bit. Counter.com-
municates: .over the 8-bit internal bus Note-that the CE
itself cannot be read whenever you read the count, It is
the OL that is berng read.

Similarly; there are two 8-bit reglsters called CRy and
CR (for “Count Register”). Both are normally referred'to
as one unit and called just CR. When a new count is writ-
ten to the Counter, the count is stored in the CR and
later transferred to the CE. The Control Logic allows one
register at a time to be loaded from the internal bus.
Both bytes are transferred to the CE simultaneously
CRM and CR, are cleared when the Counter is pro-
grammed. In this way, if the Counter has been pro-
grammed for one byte counts (either most slgnpficant
byte only or least significant byte only) the other pyte
will be zero. Note that the CE cannot be written into;
whenever a count is written, it is written into the CR.

The Control Logic is also shown in the diagram. CLK n,
GATE n, and OUT n are all connected.to the outslde
world through the Control Legic. -
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8254 SYSTEM INTERFACE

The 8254 is a component of the Intel Microcomputer Sys-
tems ‘and interfaces in the same manner as all other pe-
ripherals of the family. It is treated by the systems software
as an array of peripheral /O ports; three are counters and
the fourth is a control register for MODE programming.

Basically, the select inputs Ag, Ay connect to the Ag, Ay
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method.
Or it can be connected to the output of a decoder, such as
an Intel 8205 for larger systems. ‘

(- BUS (16) S
oo |
S CONTROL BUS 1
[ ] [/ [row
bl DATA BUS (8) [
'
A A TE Do-D7 A6 WR
8254
COUNTER COUNTER COUNTER
9 1 i S
‘OUT GATE CLK' 'OUT GATE CLK' "OUT GATE CLK’

Figure 6. 8254 System Interface

OPERATIONAL DESCRIPTION

General

After power-up, the state of the 8254 is undefined. The
Mode, count value, and output of all Counters are
undefined.

How each Counter operates Is determined when it Is
programmed. Each Counter must be programmed
before It can be used. Unused counters need not be pro-
grammed.

Progranimlng the 8254

Counters are programmed by writing a Control Word
and then an initial count. '

All Control Words are written into the Control Word
Register, which is selected when A4,Ag=11. The Con-
trol Word itself specifies which Counter is being pro-
grammed.

By contrast, initial counts are written into the Counters,
not the Control Word Register. The A,,Ag inputs are
used to select the Counter to be written into. The format
of the initial count is determined by the Control Word
used. . .

Control Word Format
ApAp=11 CS=0 RD=1 WR=0

D7 g D¢ Ds . D4

Dy D, Dy .Dg

SC — Select Counter:

SC1 SCo
-0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter, 2
1 1 Read-Back Comrr:band
(See Read Operations)

RW — Read/Write:

.RW1 RWO
0 0 Counter Latch Command (see Read
Operations)
0 1 Read/Write least significant byte only.
1 0 Read/Write most significant byte only.
1 1 ' | Read/Write least significant byte first,
then most significant byte.

NOTE: DON'T CARE BITS (X) SHOULD BE 0 TO INSURE
COMPATIBILITY WITH FUTURE INTEL PRODUCTS.

[ sc1]sco]rwi|rwo | m2 | m1 | mo |BcD]

M — MODE:
M2 M1 Mo
0 0 0 Mode 0
0 0 1 Mode 1
X 1 0 Mode 2
X 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
BCD:
4] Binary Counter 16-bits
1 Binary Coded Decimal (BCD) Counter
(4 Decades)

Figure 7. Control Word Format,

'6-345
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Write Operations

The programming procedure for the 8254 is very flexible.
Only two conventions need to be remembered:

1) For each Counter, the Control Word must be written
before the initial count is written. .
2) The initial count must follow the count format
specified in the Control Word (least significant byte
only, most significant byte only, or least significant

. . byte and then most significant byte). '

Since the Control Word Register and the three Counters

have separate addresses (selected by the A4,Aq inputs),

and each Control Word specifies the Counter it applies
to (SCO,SC1 bits), no special instruction sequence is re-

quired. Any. programming sequéncé that follows ihe
conventions above is acceptable.

v

A new initial count may be written to a Counter at any '
time without affecting the Counter’s programmed Mode
in any way. Counting will be affected as described in the
Mode definitions. The new count must follow the pro-
grammed count format.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first and
second byte to another routine which also writes into
that same Counter. Otherwise, the Counter will be
loaded with an incorrect count.

) A A Ay Ag
Control Word — Counter 0 1 1 Control Word — Counter 2 1 1
LSB of count — Counter 0 0 0 Control Word — Counter 1 1 1
MSB of count — Counter 0 0 o Control Word — Counter 0 1 1
Control Word — Counter 1 11 LSB of count — Cdunter 2 1 0
LSB of count — Counter 1 0 1 MSB of count — Counter 2 1 0
MSB of count — Counter 1 0 1 LSB of, count — Counter 1 0 1
Control Word — Counter 2 1 1 MSB of count — Counter 1 0 1
LSB of count — Counter 2 1 0 LSB of count — Counter 0 0 0.
MSB of count — Counter 2 1 0 MSB of count — Counter 0 0 0

Ay Ag- Ay Ay
Control Word — Counter 0 1 1 Control Word — Counter 1 1 1
Control Word — Counter 1 1 1 Control Word — Counter 0 1 1
Control Word — Counter 2 1 1 LSB of count — Counter 1 0o 1
LSB of count — Counter 2 1 0 Control Word — Counter 2 1 1
LSB of count — Counter 1 0 1 LSB of count — Counter 0 0o 0
LSB of count — Counter 0 00 MSB of count — Counter 1 0 1
MSB of count — Counter 0 0 0 LSB of-count — Counter 2 1.0
MSB of count — Counter 1 0 1 MSB of count — Counter 0 0 0
MSB of count — Counter 2 1 0 MSB of count — Counter 2 1 0

NOTE: IN ALL FOUR EXAMPLES, ALL COUNTERS ARE PROGRAMMED TO READ/WRITE TWO-BYTE COUNTS.
THESE ARE ONLY FOUR OF MANY POSSIBLE PROGRAMMING SEQUENCES.
Figure 8. A Few Possible Programming Sequences ' »

Read Operations

It is often desirable to read the value of a Counter
without disturbing the count in progress. This is easily
done in the 8254.

Thel;e are three possible methods for reading the Coun-
ters. The first is through the Read-Back command. The "

6-346

second is a simple read operation of the Counter, which is
selected with the A4,Ag inputs. The only requirement is
that 1) the CLK input of the selected Counter must be
inhibited by using either the GATE input or external logic;
or 2) the count'must first be latched. Otherwise, the count
may be in process of changing when it is read, giving an
undefined result.
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COUNTER LATCH COMMAND

The other method involves a special software command
called the “Counter Latch Command”. Like a Control
Word, this command is written to the Control Word
Register, which is selected when A; Aq= 11. Also like a
Control Word, the SC0,SC1 bits select one of the three
Counters, but two other bits, D5 and D4, distinguish this
command from a Control Word.

Aq,Ap=11; CS=0; RD=1; WR=0

D Dg Ds Dy D3 D, Dy D
[scisco[o [ o | x [x ] x| x]

SC1 ,SC0 — specify counter to be latched

sC1 SCo Counter
0 0 0
0 1 1
1 0 2
1 1 Read-Back Command

D5,D4 — 00 designates Counter Latch Command
X — don’t care ’

NOTE: DON'T CARE BITS (X) SHOULD BE 0 TO INSURE
COMPATIBILITY WITH FUTURE INTEL PRODUCTS.

Figure 9. Counter Latching Command Format

The selected Counter's output latch (OL) latches the
count at.the time the Counter Latch Command is re-
ceived. This count is held in the latch until it is read by
the CPU (or until the Counter is reprogrammed). The
count is then unlatched automatically and the OL
returns to “following” the counting element (CE). This
allows reading the contents of the Counters “on the fly”
without affecting counting in progress. Multiple
Counter Latch Commands may be used to latch more
than one Counter. Each latched Counter's OL holds its
count until it is read. Counter Latch Commands do not
affect the programmed Mode of the Counter in any way.

If a Counter.is latched and then, some time later, latch-
ed again before the count is read, the second Counter
Latch Command is ignored. The count read will be the
count at the time the first Counter Latch Command was
issued.

With either method, the count must be read according
to the programmed format; specifically, if the Counter is
programmed for two byte counts, two bytes must be
read. The two bytes do not have to be read one right
after the other; read or write or programming operations
of other Counters may be inserted between them.

Another feature of the 8254 is that reads and writes of
the same Counter may be interleaved; for example, if the
Counter is programmed for two byte counts, the follow-
ing sequence is valid.

1. Read least significant byte.
2. Write new least significant byte.
3. Read most significant byte.
4. Write new most significant byte.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between reading the first and
second byte to another routine which also reads from
that same Counter. Otherwise, anlncorrect count will be
read.

READ-BACK COMMAND

The read-back command allows the user to check the
count value, programmed Mode, and current state of the
OUT pin and Null Count flag of the selected counter(s).

The command is written into the Control Word Register
and has the format shown in Figure 10. The command
applies to the counters selected by setting their corre-
spondlng bits D3,02,D1=1.

A0, A1=11 TS=0 RD=1 WR=0
D7 De Ds Ds D3 D2 Dy

[ 1 I ICOUNT|§|ITU§I CNT 2 I CNT 1 ENTO | [] I

: 0 = LATCH COUNT OF SELECTED COUNTER(S)

: 0 = LATCH STATUS OF SELECTED COUNTER(S)

: 1 = SELECT COUNTER 2

: 1 = SELECT COUNTER 1

: 1 = SELECT COUNTER 0

: RESERVED FOR FUTURE EXPANSION; MUST BE 0

Soe9pe

Figure 10. Read-Back Command Format

The read-back command may be used to latch multiple
counter output latches (OL) by setting the COUNT bit
D5=0 and selecting the desired counter(s). This single
command is functionally equivalent to several counter
latch commands, one for each counter latched. Each
counter’s latched count is held until it is read (or the
counter is reprogrammed). That counter is automatically
unlatched when read, but other counters-remain latched
until they are read. If multiple count read-back commands
are issued to the same counter without reading the count,
all but the first are ignored; i.e., the count which will be
read is the count at the time the first read-back command
was issued.

The read-back command may also be used to latch
status information of selected counter(s) by setting
STATUS bit D4=0. Status must be latched to be read;

" status of a counter is accessed by a read from that

counter.
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The counter status format is shown in Figure 11. Bits D5
through.DO contain the counter’s programmed Mode ex-
actly as written in the last Mode Control Word. OUTPUT
bit D7 contains the current state of the OUT pin. This
allows the user to monitor the counter’ s output via soft-
ware, possibly eliminating some hardware from a
system.

) D7 Ds Ds D4 D3 D2 Dy

oo &t o o [ [ w [ w o]

COUNT AVAILABLE FOR READIN(
Ds-Do OWNT! PROGRAMMED MODE (BEE FIGURE 7)

Figure 11. Status Byte

NULL COUNT bit D6 indicates when the last count writ-

ten to the counter register (CR) has been.loaded into the °

counting element (CE). The exact time this happens de-
pends on the Mode of the counter and is described in
the Mode Definitions, but until the count is loaded into
the counting element (CE), it can’t be read from the
counter. If the count is latched or read before this time,
the count value will not reflect the new count just writ-
ten. The operation of Null Count is shown in Figure 12.

THIS ACTION: CAUSES:
A. WRITE TO THE CONTROL WORD REGISTERS ") NULL COUNT=1
B. WRITE TO THE COUNT REQISTER (CR)'Z  NULL COUNT=1
C. - NEW COUNT IS LOADED INTO CE (CR+CE);  NULL COUNT=0

' ONLY THE COUNTER SPECIFIED BY THE CONTROL WORD WILL HAVE
ITSENHNLkF OF%UNT SET TO 1. NULL COUNT BITS OF OTHER COUNTERS

12] |F THE COUNTE! SPROGRAMMEDFORTWO- YTE COUNTS (LEAST
SIGNIFICANT BYTE THEN MOST SIGNIFICANT BYTE) NULL COUNT
GOES TO 1 WHEN THE SECOND BYTE IS WRITTEN,

Figure 12.  Null Count dperaﬂon

If multiple status latch operations of the counter(s) are
performed without reading the status, all but the first
are ignored; i.e., the status that will be read is the status
of the counter at the time the first status read-back com-
mand was issued.

Both count and status of the selected counter(s) may be
latched simuitaneously by setting both COUNT and
STATUS bits D5,04=0. This is functionally the same as.
issuing two separate read-back commands.at once, and
the above discussions apply here also. Specifically, if mul-
tiple count and/or status read-back commands are issued
to the same counter(s) without any intervening reads, all
but the first are ignofed. This is illustrated in Figure 13.

Command
D; Dg Ds Dy D3 D, Dy Dy

bescription

Result

1]/1]0lojo|0o|1]o0
Counter 0

Read back count and, status of

Count and status latched
for Counter 0

Read back status of Gounter 1

- Status latched for Counter 1

Read back status of Counters 2, 1

Status latched for Counter
2, but not Counter 1

Read back count of Counter 2

Count latched for Counter 2 -

Counter 1

Read back count and status of

Count latched for Counter 1,
but not status

Read back status of Counter 1

Command ignored, status

-_already latched for Counter 1

. ‘Figure 13. Read-Back Command Example

AFN-00217D
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If both count and status of a counter are latched, the
first read operation of that counter will return latched
status, regardiess of which was latched first. The next
one or two reads (depending on whether the counter is
programmed for one or two type counts) return latched
count. Subsequent reads return unlatched count.

[CS [RD | WR | A, | Ao
0 1 0 0 0 | Write into Counter 0
0 1 0 0 1 | Writeinto Counter 1
o | 1 0 | 1 | o | Write into Counter 2
"0 1 0 1 1 | Write Control Word
0 0 1 0 0 | Read from Counter 0
0 0 1 0 1 Read from Counter 1
0 0 1 1 0 | Read from Counter 2
o | o | 1 ] 1| 1.]NoOperation (3-State)
1 X X X X | No-Operation (3-State|
0 1 1 X X | No-Operation (3-State)

Figure 14. Read/Write Operaiions Summary

‘Mode Definitions

The following are defined for use in describing the
operation of the 8254.

CLK pulse: arising edge, then a falling edge, in that
) order, of a Counter's CLK input.
trigger: a rising edge of a Counter's GATE input.
Counter loading: the transfer of a count from the CR
to the CE (refer to the “Functlonal
Descnptlon")

‘MODE 0: INTERRUPT ON TERMINAL COUNT

Mode 0 is typically used for event counting. After the
Control Word is written, OUT is initially low, and will re-
‘main low until the Counter reaches zero. OUT then goes
‘high and remains high until a new count or a new Mode
0 Control Word is written into the Counter.

GATE=1 enables counting; GATE=0 disables count-
ing. GATE has no effect on'OUT.

After the Control Word and initial count are written to a
Counter, the initial count will be loaded on the next CLK
pulse. This CLK puise does not decrement the count, so
for an initial count of N, OUT does not go high until N+ 1
CLK pulses after the initial couht is written.

If a new count is written to the Counter, it will t;e loaded
on the next CLK pulse and counting will continue from
the new count. If a two-byte count is written, the follow-
ing happens: i .

*
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1) Writing the first byte disables counting. OUT is set
low immediately (no clock pulse required),

2) Writing the second byte allows the new count to be
!oaded on the next CLK pulse.

This allows the counting sequence to be synchronized
by software. Again, OUT does not go high until N+1
CLK pulses after the new count of N is written.

If an initial count is written while GATE=0, it wlll‘stlll be
loaded on the next CLK pulse. When GATE goes high,

‘'OUT will go high N CLK pulses later; no CLK pulse Is

needed to load the Counter as this has already been
done.

| 2 THE COUNTER IS ALWAYS SELECTED (TS ALWAYS LOW).

CW=10 LSB=4

—

Iolo 0 | FF | FF
2

1 0 | FF| F

[lulnln]els

CW=10  LSB=3
Wh

GATE \ ’
OU‘__\ ’
Iviwlwlwlslelelelslolml

CW=10 LSB=3 LSB=2

w L L

nn
mm

[wfwlnlnls

|2I EARAN

NOTE: THE FOLLOWING CONVENTIONS APPLY TO ALL MODE TIMING DIAGRAMS:

1. COUNTERS ARE PROGRAMMED FOR BINARY (NOT BCD) COUNTING AND FOR
READING/WRITING LEAST SIGNIFICANT BYTE (LSB) ONLY.

3. CW STANDS FOR “CONTROL WORD”; CW = 10 MEANS A CONTROL VIORD OF 10,
HEX IS WRITTEN TO THE COUNTER.

4. LSB STANDS FOR “LEAST SIGNIFICANT BYTE" OF COUNT. -

5. NUMBERS BELOW DIAGRAMS ARE COUNT VALUES.
THE LOWER NUMBER IS THE LEAST SIGNIFICANT BYTE.
THE UPPER NUMBER IS THE MOST SIGNIFICANT BYTE. SINCE THE COUNTER
1S PROGRAMMED TO READ/WRITE LS8 ONLY, THE MOST SIGNIFICANT BYTE
‘CANNOT BE READ.
N STANDS FOR AN UNDEFINED COUNT.
VERTICAL LINES SHOW TRANSITIONS BETWEEN COUNT VALUES.

Figure 15. Mode 0
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MODE 1: HARDWARE RETRIGGERABLE ONE-SHOT

OUT will be initially high."OUT will go low on the CLK
pulse following & trigger to begin the one-shot pulse,

' MODE 2: RATE GENERATOR.

and will remain low until the Countér reaches zéro. OUT -

will then go high and remain high until the CLK pulse
after the next trigger. Y

After writing the Control Word and initial count, the
Counter s -armed. A trigger results in loading the
Counter and setting OUT jow opn the next CLK pulse,
thus startmg the one-shot pulse. An initial count of N
will resylt in a one-shot pulse N CLK cycles in duration.
The one-shot is retriggerable, hence OUT will remain
low for N CLK pulses after any trigger. The one-shot

. pulse can be repeated without rewriting the same count
into the counter. GATE has no effect on OUT.

If a new count is written to the Counter during a one-
shot pulse, the current one-shot is not affected unless
the Counter is retriggered. In that case, the Counter is
loaded with thé new count and the one-shot pulse con-
tinues until the new count expires.

This Mode functions like a divide-by-N counter. 1t is
typiclaly used to generate a'Real Time Clock Interrupt

OUT will initially be high, When the initial count has
‘decrémented to 1, OUT goes low forone CLK pulse-OUT
then goes high again, the Counter reloads the initial
count and the process is repeated. Mode 2 is periodic;
the same sequence is repeated indefinitely. For an in-
itial count of N, the sequence repeats every N CLK-
cycles.

GATE=1 enables counting; GATE =0 .disables count-
ing. If GATE goes low during an output pulse, OUT is set
high immediately. A trigger reloads the Counter with the
initial count on the next CLK pulse; OUT goes low N
CLK pulses after the trigger. Thus the GATE input can
be used to synchronize the Counter.

Aftér writing 'a’ Control Word and initial count, the
Counter will be loaded on the next CLK pulse. OUT goes
low N CLK Pulses after the initial count is written. This
allows the Counter to be synchronized by software also.

CW=12 LSB=3

out ‘ ] \

3 [] 0 [ 0 |FF | O []
In{wlwwin]slafololm]ls]s]
CW=12 LSB=3
L
GATE TN
Y
out . ' \ ‘
X 0 ] 0"0 [] [] 0
»}"I“l‘"kl"'"lflz,lila 2l Is]]

CW=12 LSB=2 "

LsB=4

\___J l_,._ |

4

.|~|n.|~s|-¢»~xz‘|e|z'|ﬁ |

CW=14 LSB=3

CW=14 LSB=3
WR

——

GATE

our |

‘ - “l'e oo ]o]o
I"]"I"hl"lsiglzliaiz

. CW=14 LSB=4

.wﬁ ‘ | \Li?_:jy‘
‘—J‘—‘,j‘_ e

w2 L
Pelelalele el leieieisy

NOTE: A GATE ":mltkm should not occur ohe clock prior to terminai ~
count.

| CLK

,FEJ“'i‘ 3
Figure 16. Mode 1
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Figure i7. Mode 2
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‘Writing a new count while counting does not affect the
current counting sequence. if a trigger is received after
writing a new count but before the end of the current
period, the Counter will be loaded with the new count on
the next CLK pulse and counting will continue from the
new count. Otherwise, the new count will be loaded at
the end of the current counting cycle. In mode 2, a
COUNT of 1 is illegal.

MODE 3: SQUARE WAVE MODE

Mode 3 is typically used for Baud rate generation. Mode
3 is similar to Mode 2 except for the duty cycle of OUT.
OUT will initially be high. When half the initial count has
expired, OUT goes low for the remainder of the count.
Mode 3 is periodic; the sequence above is repeated in-

-definitely. An initial count of N results in a square wave

with a period of N CLK cycles.

GATE=1 enables counting; GATE=0 disables coun-
ting. If GATE goes low while OUT is low, OUT is set high
immediately; no CLK pulse is required. A trigger reloalis
the Counter with the initial count on the next CLK pulse.
Thus the GATE input can be used to synchronize the
Counter.

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. This
allows the Counter to be synchronized by software also.

Writing a new count while counting does not affect the
current counting sequence. If a trigger is received after
writing a new count but before the end of the current
half-cycle of the square wave, the Counter will be loaded
with the new count on the next CLK puise and counting
will continue from the new count. Otherwise, the new
count will be loaded at the end of the current half-cycle.

Mode 3 is implemented as follows:

CW=16 LEBud

wR
h

Pwlwlwlnfelsfels

CW=18 LSBmS ¢

GATE

our

L

our | |\ [ |
Lelwlwinlslsleleleleleales]

GATE ‘ '

an 27 L T

Lolwlwlmlslelalelalelelelsl el

NOTE: A GATE transition should not occur one clock prior to terminal
count.

Figure 18. Mode 3

MODE 4: SOFTWARE TRIGGERED STROBE

OUT will be initially high. When the initial count expires,
OUT will go low for one CLK pulse and then go high
again. The counting sequence is “triggéred” by writing
the initial count.

GATE=1 enables counting; GATE =0 disables count-

‘ing. GATE has no effect on OUT.

Even counts: OUT is initially high. The initial count is "

loaded on one CLK pulse and then is decremented hy
two on succeeding CLK pulses. When the count expires
OUT changes value and the Counter is reloaded with the
initial count. The above process is repeated indefinitely.

Odd counts: OUT is initially high. The initial count
minus one (an even number) is loaded on one CLK pulse
and then is decremented by two on succeeding CLK

‘pulses. One CLK pulse after the count expires, OUT

goes low and the Counter is reloaded with the initial
count minus one. Succeeding CLK pulses decrement
‘the count by two. When the count expires, OUT goes
high again and the Counter is reloaded with the initial
count minus one. The above process is repeated in-
definitely. So for odd counts, OUT will be high for
(N + 1)/2 counts ‘and low for (N — 1)/2 counts.

6-351

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. This CLK
pulse does not decrement the count, so for an initial
count of N OUT does not strobe low until N+ 1 CLK
pulses after the initial count is written.

If a new count is written during counting, it will be Ioad-
ed on the next CLK pulse and counting will continue
from the new count. If a two-byte count is written, the
following happens:

1) Writing the first byte has no effect on counting.
2) Writing the second byte allows the new count to be
loaded on the next CLK pulse.

This allows the sequence to be “retriggered” by soft-
ware. 'OUT strobes low N+ 1 CLK pulses after the new
count.of N is written.
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' " Lo
CW=18 LsB=3 CW=1A_Lsb=3
wR WR UU . o
GATE GATE.. -\ﬂ 1|n

out

L

L

0 | FF | FF
0

|“|“I"|"l FF | FE | FD

[] [ 0
3 2 1

CW=18
WR

LSB=3

CLK

GATE

AUAVAVAUANAVAUAWRUAY D
—

—1

. out

on 7]

CW=1A LSB=3

I"I"INI'*I"I"I”I“I"I“I REEY

s s CW=1A Lsaas LSB=5
CW=18 LSB=3 LSB=2
WL L L[ LI W L U B Y
S AVANANAVAUAVANRUANAYE ' ' »
; ~ LUy e N —————— 1n-----
GATE : — GATE |n - \n
outr __—’ ‘__[— our --_’ \ l
[wfwlwwlslelsbslelel IwliwlwlwpwpslelelslelElslsl
Figure 19. Mode 4 Figure 20. Mode 5
MODE 5: HARDWARE TRIGGERED STROBE Signal Low ) K
(RETRIGGERABLE) Status ' Or Going Rising " High
c Modes < Low
OUT will initially be high. Counting is tnggered by a ris- - -
ing edge of GATE. When the initial count has expired, 0 3;3:’:::: - 52:::?:#
OUT wiil go low for one CLK pulse and then go high
agam o 1 - 1) Initiates ' —
i . counting
After wrmng the Control Word and initial ¢ount the 2) Resets output
counter will not be loaded until the CLK pulse after a ' after next clock
trigger. This CLK pulse does not decrement the count, 2 .1) Disables '
so for an initial count of N, OUT does not strobe low un- g ;f:":zzg ot Initiates Enables
til N+ 1 CLK pulses after a trigger. i ed‘a';ly : 9 9
A trigger reaults in the Counter belng joaded with the in- high
itial count on the next CLK puise. The countmg se- 3 1) Disables o
quence is retriggerable. OUT will not strobe low for . __ counting Initiates . Enables
N +1 CLK pulses after any tngger GATE has’ no eﬁ'ect © | 2 Setsoutput counting counting *
OUT. ‘immediately .
on high ‘
If a new count is writteh during countlng, the curent 4 Disables- — Enables
counting sequence will not be affécted. If & trigger oc- - counting counting
curs after the new count is written but before the cur- 5 —— 17 Initiates | -
rent count expires; the Counter will be loaded with the . counting ' .

new count on the next CLK pulse and counting will con-
tinue from there.
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Figure 21. Gate Pin Operations Summary
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Min
Count

Max

Mode Count

olbdjlOIN|=]|O
PN RTR U I VY Y
ojojojojojoOo

NOTE: 018 EQUIVALENT 70 2'® FOR BINARY COUNTING AND 10* FOR
: BCD COUNTING.

Flg'uro 22, Minimum and Maximum Initial Counts

Operation 00mm6n to All Modes

PROGRAMMING

When a Control Word is written to a Counter, all Control
Logic is immediately reset and OUT goes to a known
initial state; no CLK pulses are required for this.

GATE

The GATE input is always sampled on the rising edge of
CLK. In Modes 0, 2, 3, and 4 the GATE input is level
sensitive, and the logic level is sampled on the rising
edge of CLK. In Modes 1, 2, 3, and 5 the GATE input is
rising-edge sensitive. In these Modes, a rising edge of
GATE (trigger) sets an edge-sensitive flip-flop in the
Counter, This flip-flop is then sampled on the next rising
edge of CLK; the flip-flop is reset immediately after it is
sampled. In this way, a trigger will be detected no matter
when it occurs—a high logic level does not have to be
maintained until the next rising edge of CLK. Note that
in Modes 2 and 3, the GATE input is both edge- and level-
sensitive. In Modes 2 and 3, if a CLK source other than the
system clock is used, GATE should be pulsed immediately
following WR of a new count value.

COUNTER

New counts are loaded and Counters are decremented
on the falling edge of CLK.

The largest possible initial count is 0; this is equivalent
to 26 for binary counting and 10 for BCD counting.

The Counter does not stop when it reaches zero. in
Modes 0, 1, 4, and 5 the Counter “‘wraps around” to the
highest count, either FFFF hex for binary counting or
9999 for BCD counting, and continues counting. Modes
2 and 3 are periodic; the Counter reloads itself with the
initial count and continues counting from there.

6-353
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ABSOLUTE MAXIMUM RATINGS*

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings"’ may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above.
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to Absolute Maximum

Ambuent Temperature UnderBias ......... 0°C to 70°C
Storage Temperature ............... —65‘0 to +150°C
Voltage on Any Pin with ' [
RespecttoGround ....... e -05Vto+7V
Power Dissipation ............. s 1 Watt

Rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTlcs (TA=0 °c t0 70°C, Voo =5V + 10%)

Symbol Parameter - Min. Max. Units Test Conditions
Vi Input Low Voltage -05 0.8 v X
Vin Input High Voltage 20 Veo+ 0.5V v ,
VoL Output Low Voltage \ 0.45 v 10L=‘2.o mA
Vo - Output High Voltage 24 v lon= —400uA
h Input Load Current +10 “ uA Vin=Vec to OV
lorL _ Output,Float Leakage +10 uA Vour=Vcc 100.45V
lcc Vce Supply Current 170 mA -
CAPACITANCE (T,=25°C, Vco=GND=0V)
Symbol Parameter Min. Max. Units Test Conditions
CN - Input Capacitance 10 pF fo=1MHz
Cio - /O Capacitance 20 > ) pF :Jer:umrzzzu{:(:/zisns
~A.C. CHARACTERISTICS (T,=0°C to 70°C, Vcc =5V + 10%, GND =0V)
Bus Parameters (Note 1)
R/EAD CYCLE ’
8254 8254-2
Symbol Parameter Min. Max. Min. Max. Unit
" tAR Address Stable Before RD| 45 30 ns
tsr CS Stable Before RD] 0 ns
tRA Address Hold Time After RD} 0 ns
tRR RD Pulse Width 150 95’ ns
trD Data Delay from RD, 120 85 ns
taD Data Delay from Addrass 220 185 ns
tor RD? to Data Floating 5 90 5 65 ns’
Ry Command Recovery Time 200 165 ns
Note 1: AC timings measured at Vo = 2.QV, VoL =0.8V.
\5.3‘54“ AFN-00217D
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8254 PRELIMINARY
A.C. CHARACTERISTICS (Continued)
WRITE CYCLE
8254 8254-2
Symbol Parameter Min. Max. Min. Max. Unit
taw Address Stable Before WR/, (] (] ns ’
tsw CS Stable Before WR| 0 0 ns
twa Address Hold Time WR? -0 0 ns
tww WR Pulse Width 150 95 ns
tow Data Setup Time Before WR? 120 95 ns
twp Data Hold Time After WR? 0 0 ns
trv Command Recovery Time 200 165 ns
CLOCK AND GATE (T,=0°C to 70°C, Vgc =5V + 10%, GND = 0V)
8254 8254-2
Symbol Parameter Min. Max. Min. Max. Unit
tok Clock Period 125 DC 100 DC ns
tPWH High Pulse Width sol3! 303 ns
tpwL Low Pulse Width 603! 50!31 ns
tr Clock Rise Time 25 25 ns
te Clock Fall Time 25 25 ns
tew Gate Width High 50 50 ns
taL Gate Width Low 50 - 50 ns
| tgs Gate Setup Time to CLK? - 50 40 ns
tgH Gate Hold Time After CLK? 50t 50l2! ns
too Output Delay from CLK| 150 100 ns
tong Output Delay from Gate| 120 100 ns
twe CLK Delay for Loading 0 55 0 55 ns
twa Gate Delay for Sampling -5 50 -5 40 ns
two ‘ouT Delay from Mode Write . 260 B 240 ns
tcL CLK Set Up for Count Latch —40 45 —40 40 ns

Note 2: In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the 8254-2) of the
rising clock edge may not be detected.

Note 3: Low-going glitches that violate tpwy, tpw may cadse errors requiring counter reprogramming.
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A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

A.C. TESTING LOAD CIRCUIT

24 .
20 2.0
> TEST POINTS <
0.8 0.8
0.45
A.C. TESTING- INPUTS ARE DRIVEN AT 24VFORA LOGIC "1

" AND 0.45V FOR
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1"
AND 0.8V FORA LOGIC 0" 3

DEVICE
UNDER
TEST

C, = 150 pF

'll—‘h—l

G, = 150 pF
C,_ INCLUDES JIG CAPACITANCE
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WAVEFORMS
WRITE
Aoy X T
taw — — twa |
cs . )ST .
' : tsw
DATA BUS - )Z_ VALID jK,
1oy twp—>
- s
' — iy [e—
READ
Ag-1 Xr
tAR — |t——1thaA
cs \L [ .
—>‘ tsp [
—tRR
m N\ 7
. —| tRD <—,—J top [@—
«——— tAD
DATA BUS == e e snf e e e e s s s o VALID —— e ——
RECOVERY .
mm o N/ N/
CLOCK AND GATE
| «———teLk——]  tas—» Hl{
A -— tr . -«:jt‘en -
| 'Gw-—$
| taH: le——1gL <-—>'— top
L OUTPUT O ] - i x .
two fore *LAST BYTE OF COUNT BEING WRITTEN
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8255AI8255A 5
PROGRAMMABLE PERIPHERAL INTERFACE

» MCS-85™ Compatible 8255A-5 = Direct Bit Set/Reset Capability Easing
= 24 Programmable /O Pins | Control Application Interface

= Reduces System Package Count

"= Improved DC Driving Capability

m Available in EXPRESS
—Standard Temperature Range
= Improved Timing Characteristics —Extended Temperature Range

= Completely TTL Compatible

a Fully Compatible with Intel® Micro-
processor Families

The Intel® 8255A is a general purpose programmable 1/O device designed for use with Intel® microprocessors. It has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in3 major modes of operation. In the first
mode (MODE 0), each group of 12 /0 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

{————-m o vo . = ] e 40T pae
e | [ f) emm— wes wfIms
¢ ei]s [ re
I eao [ 4 a7 ] ear
l . m]s 36 [] WA
ws]e 95 [ neser:
AN mfw Al o ano []7 34[Joo
— e — o oo
BI-DIRECTIONAL DATA BUS o . LB pay s []e 32{}0,
A SN
°"°°<: surren ’C:——————u—:v . :E:" 8255A :g:
INTERNAL ) GROUP ¥
T . DATA BUS E‘ rorre E :> nclslgco . ZE : : g:
w |
? peo [ 1 2] or
| pc1[]1s 26 [ vee
RS —————0f ec2 [} e 25[7) o7
[ —— et anowe | 4 anowp rcs [ 17 247 ees
8 [
s ekl R el M | e Bl et ~g- “b~
[ l L ) pez2 [ 20 21[7] rea
a1
Figure 1. 8255A Block Diagram = Figure 2. Pin Configuration
SINTEL CORPORATION, 1962. ) : AFN-00744C
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8255A FUNCTIONAL DESCRIPTION

General

.

The 8255A is a programmable peripheral interface (PPI)
device designed for use in Intel® microcomputer
systems. Its function is that of a general purpose /O
component to interface peripheral equipment to the
microcomputer system bus. The functional configura-
tion of the 8255A is programmed by the system software
so that normally no external logic is necessary to inter-
face peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmitted or
received by the buffer upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are also transferred through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the CPU Address and Con-
trol busses and in turn, issues commands to both of the
Control Groups.

(©9)
Chip Select. A “low” on this input pin enables the com-
muniction between the 8255A and the CPU.

(RD)

Read. A “low” on this input pin enables the 8255A to
send the data or status information to the CPU on the
data bus. In essence, it allows the CPU to “read from”
the 8255A.

(WR)
Write. A “low” on this input pin enables the CPU to write
data or control words into the 8255A.

(Ao and A,)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Ag and A+).

8255A BASIC OPERATION

A Ag D | WR INPUT OPERATION (READ)
0 PORT A= DATA BUS

1 PORT B = DATA BUS

0 PORT C = DATA BUS
OUTPUT OPERATION
(WRITE)

DATA BUS = PORT A
DATA BUS = PORT B
DATA BUS = PORT C
DATA BUS = CONTROL
DISABLE FUNCTION
DATA BUS = 3-STATE
ILLEGAL CONDITION

DATA BUS = 3-STATE

-
3

=lole
ole|e
ololo |8

1
1
1

=|=tole
=lo|=le
alalala
ololo|o
ololoje

=%
—=|x
o|x
-{x

-
+5V
—————=GND ORT 110
GROUP <: w PA; PAg
A
CONTROL @
s
GROUP
A
E &ﬁ 10
. PORT C
\ UPPER PC7 PCq
4 |y
B! DIRECTIONAL DATA BUS
0,0, : )

sair
INTERNAL GROuP
B

DATABUS o
K : M rorTc f >
LOWER PC3 PCo

WR —————=0 GROUP

CONTROL

GROUP .
P 110
a — °8, PBo

Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions
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(RESET) ’ . Ports A, B, and:C . ' .- coTtE
Reset. A “high” on this input clears the control register The 8255A contains three 8-bit ports (A, B, and C). All.
and all ports (A, B C) are set'to the; mput mode. « can be configured in a wide variety of functional charac-

; teristics by. the system software but each has.its own
special features or “personality” to further enhanceuthe .

‘ Group A and Group B Controls power and flex:bility of the 8255A.

The functional configuration of each port is program-
med by the systems software. In essence, the CPU “out-
puts” a control word to the 8255A. The control word con-
tains information such as “mode”, “bit set”, "bit reset”,
etc., that initializes the functional conﬂguratlon of the Port B. One 8-bit data lnput/output |a(ch/buffer and ‘one
8255,  8bit data input buffer.

Each of the Control blocks (Graup A and Group B) s6cepts | oyt ¢, One g-bit data output latoMvbuffer and one 8-bit
““commands” from the Read/Write Control Logic, receives data input buffer (no latch for input). This port can be

Port A. One 8-bit’ data output latch/buffer and one a-blt X
data input latch

‘‘control words’’ fror.n the in_ternal data bus and issues the divided into two 4-bit ports under the mode control.
proper commands to its associated ports. Each 4-bit port contains a 4-bit latch and it can be used -
Control Group A — Port A and Port C upper {C7-C4) for the control signal outputs and status signal inputs in

Control Group B — Port B anduPort C lower (C3-C0) conjunctnon with ports A and B. '

The Control Word Regaster can Only be written. into. No
Read operatvon of the Control Word Register is allowed.

'

PIN CONFIGURATION
. \
’ n:d 1 NS 40 Pas
' < Paz2 (]2 . 39 Jras '
rPa1(]3 38 (7] Pas
- pao[Je N 37{Jea?
J ‘ RO[s 36 [ WR
+sv i &se 357 ReseT
soorics - . R Gnp[]7 u[Jo,
oo GRoup. PORT > oAl o .
N Bt S~ \r 4 A \a v/ PAT-PAO ar(s 1[]o,
contRoL [N ® ) - ) nol]s 2hoy
= ec? 10 . 3]0,
L sl 8285A  yfp
! 1 pes []12 20[7) b,
aROUP . pca[]13 28
ary - serrca pCco A 1 27 0o
NV e [T g o
8 DIRECTIONAL DATA BUS W by pc1 s 26071 Voo
DATA A N -
Il : : g e
nTemmaL aour
oatasus | A Nf 8 Vo pao {18 237 res
Ne———] Lowen E PC3-PCo pe1 (]9 22[] pea
3’ P82 20 217 pe3
[
B ) . . .
L LT — onoue ‘ PIN NAMES
epe—— o B controL | A N oot Kt ‘) 0
P o . . e ] e D; Dp * | DATA BUS (BI DIRECTIONAL)
L | RESET RESET INPUT
o t ) = ‘ i o & CHIP SELECT
RD READ INPUT
o WR WRITE INPUT
, . ' A0, A1 PORT ADDRESS
. . PA7-PAD PORT A (BIT)
' . PB7 PBO PORT B (BIT)
! PC7 PCO PORT C (BIT)
Vee +5 VOLTS
GND avoLTs

Figure 4. 8225A Block Diagram Showing Group A and
Group B Control Functions
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be éelect-
ed by the system software:

Mode 0 — Basic Input/Output
Mode 1 — Strobed Input/Output
Mode 2 — Bi-Directional Bus

When the reset input goes “high” all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain in the input mode with no additional initialization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
a variety of peripheral devices with a simple software
maintenance routine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be ‘“‘tailored”” to almost any 1/0
structure. For instance; Group B can be programmed in
Made 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

{ ADDRESS BUS !
11

{ CONTROL BUS . 1

( DATA BUS L )

LY
e Fl

e A]

Jde 3B oo

I

S

PB;PBy  PCyPCy  PC;PC,  PAjPA,
mopE 1 —]__8 R, S— AT
5 1]

PR CoRie-  Commo- e

ope2 —L_8 AT

e

'

Figure 5. -Basic Mode Definitions
and Bus Interface
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CONTROL WORD

Dy | D | Dg | Dy | D3 | Dy | Dy | D

GROUP B

PORT C (LOWER)
1=INPUT
0=OUTPUT

PORT B
1=INPUT
0=0UTPUT

MODE SELECTION
0=MODE 0
1= MODE 1

GROUP A

PORT C (UPPER)
1= INPUT
0=0UTPUT

PORT A
1=INPUT
0=0UTPUT

MODE SELECTION
00 = MODE 0
01=MODE 1
1X = MODE 2

MODE SET FLAG
1= ACTIVE

Figure 6. Mode Definition Format

The mode definitions and possible mode combinations
may seem confusing at first but after a cursory review of
the complete device operation a simple, logical /0 ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

Ary of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.

AFN-00744C



intel 8255A/8255A-5

When Port C is being used as status/control for Port A or B,
CONTROL WORD these bits can be set or reset by using the Bit Set/Reset op-
- eration just as if they were data output ports u
D; | Dg | Dg | Dy [ Dy | D [ Dy | Dy
‘ Interrupt Control Functions g 8
—[ 1 When the 8255A is programmed. to operate in mode 1 or
« x x ) f':ssg/“?s“ . mode 2, control signals are provided that can be used as
- 0=RESET interrupt request inputs to the CPU. The interrupt re-
CARE ' quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE flip-
BIT SELECT N . p N 3,
SEREEE flop, u§|ng the bit setlresgt function of port C.
u ; ’1’“ g ; ‘1’ : :ﬂl This function allows the Programmer to disallow or allow a
slelololiii]e, specific .1/O device to interrupt the CPU without affecting
any other device in the'interrupt structure.
INTE flip-flop definition:
omactive LA © (BITSET) = INTE'is SET — Interfupt enable ‘
(BIT-RESET) — INTE is RESET — Interrupt disable
Note: All Mask flip-flops are automatically reset during
Figure 7. Bit Set/Reset Format mode selection and device Reset.
Operating Modes Mode 0 Basic. Functional Definitions:

® . Two 8:-bit ports and two 4-bit ports.

. . ® Any port can be input or output.
MODE 0 (Basic Input/Output). This functional configura- ® Outputs are latched.
tion provides simple input and output operations for ® Inputs are not latched.
each of the three ports. No “handshaking” is required, ® 16 different Input/Output conflguratlons are possnble
data is simply written to or read from a specified port. in this. Mode
= \ /-
AD
: N 7

tig — - [—tr—>
INPUT ‘ ><
/
. : tAR———— S
€,A1,A0 ‘

°"°°"_"—._‘—‘—"""_‘_‘< N ) }_.__

MODE 0 (Basic Input)

N

)

&5,A1,A0 K : o _ . x

OuUTPUT

MODE 0 (Basic Output)
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MODE 0 Port Definition
A B GROUP A GROUP B
PORT C PORT C
D, D P PORT
4| D3| D1 | Do | PORTA | \opem) | * | PORTB | (Lower)
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT ”
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
-0 0 1 0 OUTPUT OUTPUT 2 INPUT. OUTPUT
4] 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
1] 1 0 1] OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 "0 1 OUTPUT INPUT . 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT *
1 0 0 1 INPUT QUTPUT 9 OUTPUT INPUT
1 1] 1 V] INPUT OUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 1 INPUT INPUT
1 1 0 1] INPUT INPUT 12 OUTPUT OUTPUT
1 1 1] 1 INPUT INPUT 13 OUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 Configurations
CONTROL WORD %0 CONTROL WORD #2
D, Dy Dg Dy D3 D, Dy Dy D, Dg D Dy Dy D, Dy Dy
Llefelofofelefe] Llelofoleofol ]e]
A2 eag Af——2 b,
8255A B8255A .
) L /% . pc,pc, L /%~ ec, e,
D,-D, c { D, Dy +———>] c {
bt . PCy-PC, VLN PC4-PC,
gf—+2 v, 08, 8 [«—2— ra, P8,
A
CONTROL WORD #1 CONTROL WORD #3
D, Dy D; D, D D, D, D, D, Dg Dy Dy Dy D, D, D,
Llefelelolefe]"] Llelelofelof ] ]
A paypay A A payeng
8255A 8255A
L S /% pc,ec,
D, Dy «——| ! c«[ D, Dy +—————>] c {
A peyee A poyrg
L ) 8 A re 8,
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CONTROL WORD #4
D, Dy Dy D, Dy D, D, D,

nooDnnnn

CONTROL WORD =8
D Dg D; D, D3 D, D, Dy

» Ab—#% —ra,ra, At ba,ea,
8255A 8255A
4 4
et b, 00, e e oc,
D, Dy =] c D,-Dy «———>] c
4 4
—————> PCy-PC, -2 pe,pe,
sf—+2 825, Bf—#% =8, 8,
CONTROL WORD #5 ‘ CONTROL WORD #9

D, Dy Dy D, Dy D, D, D,

Llefefel [o]e]]

A v—;‘—s—v PA,-PA,

8255A
74— PC,-PC,

D;-Dy =——n| c
, A peyrg,
Bf—2—> r5, P8,

D, Dg Dy D Dy D Dy Dy
pOnnooon

P FRYT I,

/4 . PC,-PC,
D;-D, «—> 4

4—-—/—‘-— PC4-PC,

) VLI N

CONTROL WORD #6
D, Dg Dy D, Dy D, D,

[L-LLTT-T T

CONTROL WORD #10
D, Dg Dy D, Dy D, D, ‘D,

[LTLLELLL

8 8 .
A A" Pa,PA, A oA PAPA
8255A 8255A
4
e /% pc,pc, /%~ ec,ec,
D,-Dy +————> c D, D, = c
4 a
——#2— pcy-pe, = PCyPC,
. 8 8
B |[«————— p8B,.PB, B [«——F———— pB,PB,
CONTROL WORD #7 B CONTROL WORD #11
D, Dg Dy D, D3 D, D, Do D; Dg

[LTLTLTT]

8255A

D,-Dy +———>| c
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Dg D, Dy D, D, Dy

CLL-LLL[T]

Aot pa,ea,
8255A
__/‘_.. pC,-PC,
D;-Dy *+———> [+
X
B
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CONTROL WORD =12 CONTROL WORD #14 ¢
D, Dg Dy D, Dy D, D, D, D, Dy Dy D, Dy D, D, D,

Llefolefefefele]

Ale—r>t— PA, PA)

'
"_/L‘_ PC;-PCy
D,Dy +——|

LB e

] —ﬁ/a——o PB,-PB,

D, 0y ~————

CONTROL WORD #13
D, Dg Dy D, D; D, D, D,

Llefele[efele]]

Ale—rl b, en,

8255A
) {

8—r2 o ps, 8,

: 4
fe——F—— rc,p,
D7'D0 ]

4
< PC3PC,

CONTROL WORD #15

Dg Dg D, Dy D, D, D,

Dy:Dp = >

Opefatiﬁg Modes

MODE 1 (Strobed Input/Output). This functional con-
figuration provides a means for transferring /O data to
or from a specified port in conjunction with strobes or
“handshaking” signals. In mode 1, port A and Port B use
the lines on port C to generate or accept these “hand-
shaking” signals. :

6-365

Mode 1 Basic Functioﬁal Definitions:

® Two Groups (Group A and Group B)

‘® Each group contains one 8-bit data port and one 4-bit
control/data port. .

® The 8-bit data port can be either input or output.
Both inputs and outputs are latched.

® . The 4-bit port is used for control and status of the
8-bit data port.

' AFN-00744C
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Input Control Signal Definition

STB (Strobe Input). A “low” on this input loads data into
the input latch. . L

IBF (Input Buffer Full F/IF)

A “high” on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement.
IBF is set by STB input being low and is reset by the rising
edge of the RD input. ~

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
when an input device is requesfing service. INTR is set by
the STB is a ““one”, IBF is a “one” and INTE is a “‘one”.
It is reset by the falling edge of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its data into the port.

INTE A

Controlled by bit set/reset of PC,.
INTE B

Controlled by bit set/reset of PCo.

MODE 1 (PORT A)

P 7

PC, |«— 578,

CONTROL WORD
D, Dg Dg D, D; D, Dy Dy

PCq 5 ‘1 1 Pesf—18F,
1=INPUT
0=0UTPUT
PC, |——> INTR,
RD ———0f
2
PCq,7 [« 10
MODE 1 (PORT B)
CONTROL WORD
D, Dg Dg D, D D, D; D ==

BRI ED

- INTRg

Figure 8. MODE 1 Input

taiT

INTR

= tH —>i

INPUT FROM | o e
PERIPHERAL

Figure 9. MODE 1 (Strobed Input)
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Output Control Signal Definition

OBF (Output Buffer Full FIF). The OBF output will go
“low” to indicate that'the CPU has written data out to
the specified port. The OBF F/F will be set by the rising
edge of the WR input and reset by ACK Input being low.

ACK (Acknowledge Input). A “low” on this input informs
the 8255A that the data from port A or port B has been ac-
cepted. In essence, a response from the peripheral
device indicating that it has received the data output by
the CPU.

INTR (Interrupt Request). A “‘high” on this output can be
used to interrupt the CPU when an output device has ac-
cepted data transmitted by the CPU. INTR is set when
ACKis a“one”,OBF isa‘“one” and INTE is a “one”. Itis
reset by the falling edge of WR.

INTE A
Controlled by bit set/reset of PCg.
INTEB
Controlled by bit set/reset of PC».

MODE 1 (PORT A)

|
CONTROL WORD
D, Dg Dg D, Dy D, D, D,
1/0[1]0({10
L PCss
1=INPUT

0=0UTPUT

PA,-PA, I>

v,

PCq

PC4'5 _+_,

MODE 1 (PORT B)

CONTROL WORD
D, Dg Dy Dy Dy D, D D,

1 110

el

pC,

| PC; [+—— ACRg
1

—— INTRy

Figure 10. MODE 1 Output

=—twos

— A\

tair

OUTPUT

Figure 11. Mode 1 (Strobed Output)
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Combinations of MODE 1

Port A and Port B can be individually defined as input or

output in Mode 1 to support a-wide variety of strobed 1/0
applications.

\ PA;PAg

b —d PCq [« 578,

PCs ——— IBF,

CONTROL WORD
D, Dg Dy D, Dy D, D, D, PCy|—— INTR,
[TLI 1K ;
- PCq,7 |« —> 110
PCq,7
1= INPUT PB,PB,
0=0UTPUT 7P| 8
WR—>0 ©pe,|—— GBF,

PC, |[+—— ACK,

PCof—— INTRg

PORT A — (STROBED INPUT)
PORT B — (STROBED OUTPUT)

paPA, 8 >

PCq |«——— ACK,
CONTROL WORD |

D, Dy Dy D, Dy D, D, D, PC; ——» INTR,
[1To] 1 Tom[+ [ TX] - 2
PCy 5 f=—F— 10
PCas
;o 1= INPUT .
0=OUTPUT PB;PBo
[p— [N D—

PCi|—— 1BFy

PCy —— INTRg

PORT A — (STROBED OUTPUT)
PORT B — (STROBED INPUT)

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus 1/0). This functional
configuration provides a means for communicating with
a peripheral device or structure on a single 8-bit bus for
both transmitting and receiving data (bidirectional bus
1/0). “Handshaking” signals are provided to maintain
proper bus flow discipline in a similar manner to MODE
1. Interrupt generation and enable/disable functions are
also available.

MODE 2 Basic Functional Definitions:

® Used in Group A only.

® One 8-bit, bi-directional bus Port (Port A) and a 5-bit
cuntrol Port (Port C).

® Both inputs and outputs are latched.

® The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A).

Bidirectional Bus 1/0 Control Signal Definition
INTR (Interrupt Request). A high on this output can be

used to interrupt the CPU for both input or output opera-
tions.
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Output Operations

. OBF (Output Buffer Ful). The OBF output will go “low”

to indicate that the CPU has written data out to port A.

ACK (Acknowledge). A “low” on this input enables the
tri-state output buffer of port A to send out the data.
Otherwise, the output buffer will be in the high im-
pedance state..

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-
trolled by bit set/reset of PCg. '

Input Operations

STB (Strobe Input)

STB (Strobe Input). A “low” on this input loads data into
the input latch.

IBF (Input Buffer Full F/F). A “high” on this output in-
dicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associated with IBF). Con-
trolled by bit set/reset of PC,4.
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CONTROL WORD

Dg Dy D, Dy D, D,

D, Do
[T DO ‘

————> INTR,

= PCyy

1=INPUT
0=0UTPUT

. ———— PORT B
f 1=INPUT
0=0UTPUT

je——— S§TB,

1BF,

‘————————> GROUP B MODE
0=MODE 0
1=MODE 1

. . 3
. D ——-—61 PCy, [—F—= 110

Figure 13. MODE Control Word Figure 14. MODE 2

DATA FROM

/_cPu_'ro 8255

[«——"ta0s —|

"N AR
ACK 4
N

m \ /
y O\

[ tps —>{taple— —>| t&p |e—

Psmssgnu_____________{ ' }_.__._.( J‘>___..__ :
_.t,,,,l._ / . tRis

™ / /
DATA FROM DATA FROM
PERIPHERAL TO 8255A 8255A TO PERIPHERAL
' ; ) DATA FROM
8255A TO 8080

J

Figure 15. MODE 2 (Bidirectional)

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible.

P
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MODE 2 AND MODE 0 (INPUT)

CONTROL WORD
D, Dg Dg D, Dy D, D, 'Dy

DA

PCao
1= INPUT
0=OUTPUT

RD ————¢

MODE 2 AND MODE 0 (OUTPUT)

PCy |————— INTR,

PA,-PAy

PC, |——— OBF,

PCq |+ ACK, CONTROL WORD

D, Dg Dg D, Dy D, D, D,

DEX00n0|

PC, |+———— 578,

~

PCy |———— IBF, PGy <
1= INPUT
0=0UTPUT
3
PCyo [+—F—> 10

PB,-PB,

PCy f—— INTR,

rc, F——— OBF,

PCq |=——— ACK,

PC, |«— 578,

PCg f—— 1BF,

PCoy |—F— WO

PB,-PB, 8 >

MODE 2 AND MODE 1 (OUTPUT)

MODE 2 AND MODE 1 (INPUT)

CONTROL WORD

D; Dg Dy Dy Dy D, Dy Dy

[ DD e

PC; f—— INTR,

PA,-PA

PC; | OBF,
J— CONTROL WORD
PCg f+— ACK,

D; Dg Dg Dy D3 D, Dy Dy

L L DX X

PC, je———— STB,

PCg ———— IBF,
PB;-PBy 8 >
PCq f—————» OBFy

PCy [+ A, [F—

PCy |————— INTRg WR ————-q)

PC; f———— INTR,
Pareay
PC; f———> OBF,
PCg |«————— ACK,
PCy j+—r _S‘—I'EA

PCy |———> IBF,

Pe, 9%,

PC;

578,

PCy |——— IBFy

_PCo —————> INTRg

Figure 16. MODE % Combinations
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8255A/8255A-5
Mode Definition Summary
MODE 0 MODE 1 ' MODE 2
- IN out IN out GROUP A ONLY

PAgQ IN out IN ouTt -
PAq IN out IN ouT i e
PA2 IN out IN out -
PA3 IN out IN ouT -
PAq IN ouTt IN out D

/ PAg IN out B TN ouT -
PAg IN out IN out -
PA7 . IN out IN ouTt -
PBg IN ouT I out _—
PBq IN ouT IN out —_—
PBy IN ouT IN out _
PB3 IN out IN ouTt — MODE 0
PBg IN out IN ouT — [~ OR MODE 1
PBg IN out IN ouTt _ ONLY
PBg IN ouT IN out e
PB7 IN out IN ouT e
PCy IN ouT INTRg INTRg 1/0
PCy IN ouTt IBFg OBFg 110
PCy IN ouTt §TBg ACKp 1/0
PC3 IN ouT INTRp INTRA INTRA
PCy’ IN ouT §TBa 1/0 STBa
PCs IN ouT IBFp 110 1BFA
PCg IN ouT 110 ACKA ACKp
PCy IN out 1/0 OBF 5 OBFp

Special Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

If Programmed as Inputs —
All input lines can be accessed during a normal Port C
read. E

If Programmed as Outputs —
Bits in C upper (PC7-PC4) must be individually accessed
using the bit set/reset function.

Bits in C lower (PC3-PCg) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C. '

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly trom
Ports B and C can source 1mA at 1.5 volts. This feature
allows the 8255 to directly drive Darlington type drivers
. and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts ‘‘hand-shaking’’ signals
with the peripheral device. Reading the contents of Port C

6-371

allows the programmer to test or verify the “‘status’’ of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

INPUT CONFIGURATION
Dg Dy D, Dy D, D Dy N
o | n/oJ IBF, | INTE, [INTR, | INTE | 1BFg ]Lmns
- ] T
GROUP A GROUP B
OUTPUT CONFIGURATION
D Dg Dg D, Dy D D D,
OBF, INTEA[ 1o l 1/0 IIN‘I'RA INTE | OBFg |INTRg
— o T g T
GROUP A GROUP B
!

Figure 17. MODE 1 Status Word Format

D Dg, D D Dy D Dy Dy
|63‘FA INTE,] 1BF, | INTE, INTRAJ>Q><D<I
[ - [ B ————

GROUP A ___— GROUPB

—
(DEFINED BY MODE 0 OR MODE 1 SELECTION)

Figure 18. MODE 2 Status Word Format
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APPLICATIONS OF THE 8255A

The 8255A is a very powerful tool for interfacing
peripheral equipment to the microcomputer system. It
represents the optimum use of available pins and is flex-
ible enough to interface almost any I/0 device without
the need for additional external logic.

Each peripheral device in a microcomputer system
usually has a “service routine” associated with it. The
routine manages the software interface between the
device and the CPU. The functional definition of the
8255A is programmed by the I/O service routine and
becomes an extension of the system software. By ex-
amining the 1/0 devices interface characteristics for
both data transfer and timing, and matching this infor-
mation to the examples and tables in the detailed opera-
tional description, a control word can easily be devel-
oped to initialize the 8255A to exactly “fit” the applica-
tion. Figures 19 through 25 present a few examples of
typical applications of the 8255A.

INTERRUPT

REQUEST

PCy

HIGH-SPEED
PRINTER

MODE 1
outrum)  Phs

HAMMER
RELAYS

DATA READY
ACK

PAPER FEED
FORWARD/REV

DATA READY
ACK

PAPER FEED
FORWARD/REV
RIBBON
CARRIAGE SEN

MODE 1
(OUTPUT)

T PO

DATA READY
ACK

IR

PCy
CONTROL LOGIC AND DRIVERS
INTERRUPT o .
REQUEST

Figure 19. Printer Interface
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INTERRUPT

REQUEST

PC3 o

PAg

8255A | PA

PA,
PA3

|
! PA,
!

MODE 1

anpuT) 7| PAs

|
|
i
| PCy
| peg

=
| PB,

| P8y

‘ P8,
PB,

. PBs
MODET _ pg

©ouTPUT) "
e,

| PC,

PC,
PCE

PC, PG,

INTERRUPT
REQUEST

RO

Ry )

Ry FULLY
R DECODED
3 KEYBOARD
Ry

Rg

SHIFT
CONTROL
STROBE

ACK

8o

B,

g, BURROUGHS
2 SELF-SCAN
By DISPLAY
By .

Bg

BACKSPACE
CLEAR

DATA READY
ACK
BLANKING
CANCEL WORD

Figure 20. Keyboard and Display Interface

INTERRUPT
REQUEST
PCs ' pa, Ry
PA, R,
PA, Ry
FULLY
MODE 1 PA3 Rs  DECODED
UNPUT) A, R, KEVBOARD
PAg Ry
wssa P SHIFT
. PA CONTROL
7
pC, STROBE
- PCg EDGE
PCq +| BUSY LT .
| PS; TESTLT
SO —
P8, TERMINAL
8, ADDRESS
B, -
mMoDE O _ PB3 -
NPUT) T pp, .
- -
PBg
.
r8, ]
L

Figure 21. Keyboard and Terminal Address

Interface
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MoDE 0 _| PAs

(06TPUT) | Pag
PA,

PCy

PCs
PCs

8255A

e,

BIT |
SET/RESET

LsB

D-A
CONVERTER

ms8

STBDATA

QUTP

128IT

F—. ANALOG OUTPUT

(DAC)

UT EN

MODE 6 _| PB;

(INPUT) | pB,

SAMPLE EN

sT8

LS8

AD
CONVERTER
(ADC]

mse

8BIT

! j=—— ANALOG INPUT

INTERRUPT
REQUEST

PC3 [Tpa,

MODE 2 | PAg

8255A

%
Dl
0,

Dy FLOPPY DISK
o, CONTROLLER
4 AND DRIVE
D5
D
D,

DATA STB
ACK (IN)
DATA READY
ACK (OUT)

TRACK “0” SENSOR

SYNC READY
INDEX

ENGAGE HEAD

MODE 0

{OUTPUT) | PBa

READ ENABLE
WRITE ENABLE
DISC SELECT
ENABLE CRC
TEST

BUSY LT

Figure 22. Digital to Analog, Analog to Digital

Figure 23. Basic Floppy Disk Interface

INTERRUPT

REQUEST

PCy -’Ao

MODE 1 _| PAg
(OUTPUT) | pa,
\

\ moDE 0 _| PBy
(ouTPUT) | PB,

Ry

Rl

Ry

Rs

Rq

Rs

SH
col

BL.

col

CRT CONTROLLER

® CHARACTER GEN

® REFRESH BUFFER
© CURSOR CONTROL

IFT
INTROL

DATA READY
ACK

ANKED

BLACK/WHITE

ROW STB

LUMN STB

CURSOR H/V STB

CURSOR/ROW/COLUMN
DDRESS
H&V

INTERRUPT
REQUEST ~
Py [ea, Ry
PA, R,
A, | ] 8 LEVEL
Az i PAPER
PA, Ry TAPE
PA, R,  READER
[
MODE 1 _| Pﬁ‘ Rs
(INPUT) s €
PA, R, .
PC, §TB
PCs ACK
PCg STOP/GO
8255A MACHINE TOOL
MODE ;’ PCo START/STOP
tnpor o LIMIT SENSOR (H/V)
PC, - OUT OF FLUID
B, CHANGE TOOL
P8, LEFT/RIGHT .
B, UP/DOWN
 MODE 0 _|, PB3 HOR STEP STROBE
(outPuT) | Pg, VERT STEP STROBE
| PBy SLEW/STEP
B, FLUID ENABLE
B, sTop

Figure 24. Basic CRT Controller Interface
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Figure 25. Machine Tool Controller Interface
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ABSOLUTE MAXIMUM RATINGS* |

*NOTICE: Stresses above those listed under ‘‘Absolute
Maximum Ratings’’ may cause permanent damage to the
device. This is a stress rating only and functional opera-

Ambient Temperature Under Bias. . . ... . .. ; 0°Cto 70:(: tion of the device at these or any other conditions above
Storage Temperature . .. .. ......... —65Cto+150°C those indicated in the operational sections of this specifi-
Voltage on Any Pin cation is not implied. Exposure to absolute maximum
. With Respect to Ground . .. ......... —0.5V to +7V rating conditions for extended periods may affect device
Power Dissipation . .. ....................1Watt reliability. o
D.C. CHARACTERISTICS (Ta=0°Cto70°C,V¢cg = +5V +10%, GND = 0V) *
Symbol Parameter Min. | Max. | Unit Test Conditions
ViL Input Low Voltage -0.5 | 0.8 \
Vi Input High Voltage 20 | Vece \%
VoL (DB) | Output Low Voltage (Data Bus) 0.45*| V loL = 2.6mA
VoL (PER)| Output Low Voitage (Peripheral Port) 0.45*| V loL=17mA )
Vou (DB) | Output High Voltage (Data Bus) 24 Vv lon = -400uA
VoH (PER)| Output High Voltage (Peripheral Port) | 2.4 \% lon = -200uA
Ipar!1l | Darlington Drive Current -1.0 | -4.0 | mA RexT = 750Q; Vext= 1.5V
lec Power Supply Current 120 | mA
I”_' Input Load Current +10 | uMA VN = Vge to OV
loFL Output Float Leakage 10 | uA VouT = Ve to .45V
NOTE: 7
'1. ‘Available on any 8 pins from Port B and C.
CAPACITANCE (1, = 25°C, Voc = GND = 0V) '
Symbol . Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 © pF fc = 1IMHz
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to GND

A.C. CHARACTERISTICS (Ta=0°Cto70°C, Vce = +5V £10%, GND = 0V) *

Bus Parameters

READ
. 8255A 8255A-5

Symbol Parameter ‘Min. Max. Min. Max. , Unit
tAR Address Stable Before READ 0 - ‘ 0 - ns’
tRA Address Stable After READ 0 "0 ns
tRR READ-Pulse Width 300 300 o ns
tRD Data Valid From READI 250 200 ns
tpF Data Float After READ - 10 150 10 100 ns
tRv Time Between READs and/or WRITEs ) 850 80, | . .} ns

¢ \ 6-374 AFN-00744C
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A.C. CHARACTERISTICS (Continued)
WRITE

. ,8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Unit

taw | Address Stable Before WRITE 0 0 ns
twa Address Stable After WRITE 20 20 ns
tww WRITE Pulse Width 400 300 ns
tow Data Valid to WRITE (T.E.) 100 100 ns
twp Data Valid After WRITE 30 30 ns

OTHER TIMINGS

8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Unit
tws WR = 1 to Outputl] 350 350 ns
tir Peripheral Data Before RD 0 0 ns
tHR Peripheral Data After RD 0 0 ns
taK ACK Pulse Width 300 - 300 ns
tsT STB Pulse Width 500 600 ns
tps Per. Data Before T.E. of STB 0 0 ns
tpH Per. Data After T.E. of STB 180 180 ns
tAD ACK = 0 to Output!] 300 300 ns
tkp ACK = 1 to Output Float 20 250 20 250 ns
twos WR =1 to OBF =0l 650 650 ns
tAOB ACK =0to OBF =111 350 350 ns
tsiB STB=0to IBF = 1[1] 300 300 ns
tRiB - RD=1to IBF =0l 300 300 ns
tRIT RD =0to INTR =0l 400 400 ns
tsiT STB=1to INTR =111 : 300 " 300 ns
tarT ACK=1to INTR =11 350 350 ns

twiT WR =0to INTR = 0131 450 450 ns

NOTES:

1. Test Conditions: C_ = 150 pF.

2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 500 ns min.

3. INTR? may occur as early as WR|.

* For Extended Temperature EXPRESS, use M8255A electrical parameters.

A.C. fESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT
24 31?‘5\%%5 AN N—0 veur
€L = 150 pF

0.45

AC TESTING INPUTS ARE DRIVEN AT 24V FORALOGIC 1 AND 045V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1
AND 08V FOR A LOGIC 0O

2.0 2.0 .
:> TEST POINTS <: C_ = 150 pF
0.8 0.8

»

1

*Vgxt IS SET AT VARIOUS VOLTAGES DURING TESTING TC)/GUARANTEE THE
SPECIFICATION C; INCLUDES JIG CAPACITANCE
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WAVEFORMS

MODE 0 (BASIC INPUT)

. tig —>| fe— tyg —>
INPUT K
. 4

tar ———— tRa——|
— /
CS, A1, A0
\

D7~Do—-—-—————————<—< { >._—-
trp tor
'MODE-0 (BASIC OUTPUT)
W KT 7[
. tow 'wn.:—->
"\
X C
taw twa T i
€5, A1, A0 x .
ouTPUT i . ’ }
e twg -

6-376
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WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

Y \

. tTye " tris
|
INTR .
X -~ tRir #\ " 5

le—ton —.‘
===~ ) ittt
MODE 1 (STROBED OUTPUT)
WA ' \ )
[e—— taoB— _
OBF \ } 1
INTR e \ ﬁ/

OUTPUT

—twe
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

DATA FROM
/8080 TO 8255

- \ \  /
st ' 1 N

A !
m \ T

. |

tg <—~—>i ! H l . '
1BF j !
tos ——taple— —>‘ twp |e—
/ \
PER|BPS§gAL___________<\ ;>——_—-<\
—o toy e——

RD
ATA FROM . DATA FROM
PERIPHERAL TO 8255 8255 TO PERIPHERAL
DATA FROM
. 8255 TO 8080
NOTE: Any sequence where WR occurs before ACK and STB occursEforeR_D 1s permissible.
(INTR = IBF + MASK « STB * RD + OBF » MASK + ACK * WR )
WRITE TIMING READ TIMING
L | . :
ases X Aones X X
|4_f,, taw **’1 —=ltyale— - AR ’1“ | e—tga
- \ | thg |
DATA BUS i X B A R f
‘ . . .
‘ - I“uw ——‘0'4 two —> * tRor- - tophe —
WR M ! DATABUS 7/, MIGH IMPEDANCE _ % VALID IHIGH IMPEDANCE
oot tuw ' '
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'"ter ADVANCE INFORMATION

8256AH
‘ MULTIFUNCTION UNIVERSAL |
ASYNCHRONOUS RECEIVER-TRANSMITTER (MUART)

= Programmable Serlal Asynchronous s Two 8-Bit Programmable Parallel 1/0
Communications Interface for 5-, 6-, 7-, Ports; Port 1 Can Be Programmed for
or 8-Bit Characters, 1, 12, or 2 Stop Port 2 Handshake Controls and Event
Bits, and Parity Generation Counter Inputs

= On-Board Baud Rate Generator A
Programmable for 13 Common Baud m Eight-Level Priority Interrupt Controller
Rates up to 19.2K Bits/second, or an Programmable for 8085 or IAPX 86,
External Baud Clock Maximum of 1M iAPX 88 Systems and for Fully Nested
Bit/second Interrupt Capability

= Five 8-Bit Programmable Timer/ _

Counters; Four Can Be Cascaded to s Programmable System Clock to 1 x,

Two 16-Bit Timer/Counters 2x,3x,o0r5x1.024 MHz

The Intel® 8256AH Multifunction Universal Asynchronous Receiver-Transmitter (MUART) combines five com-
monly used functions into a single 40-pin device. It is designed to interface to the 8086/88, iAPX 186/188,.
and 8051 to perform serial communications, parallel /O, timing, event counting, and priority interrupt func-
tions. All of these functions are fully programmable through nine internal registers. In addition, the five
timer/countérs and two parallel /O ports can be accessed directly by the microprocessor. ‘

ApDo[]1 ~ 40[]vee

ADO-ADS <:> CONTROL TO ALL INTERNAL AD1[] 2 38 IP10

Aog:ﬁsst REGISTERS FUNCTIONS AD2[]3 3s[]P11

BUS ) AD3[] 4 37]P12

BUFFERS

DB5-DB7 ADA[]S 36 []P13

pB5[]6 3s5[]P14

2 oB6 (] 7 3 [IP1s

PORT1 SYSTEM O
PARALLEL CLOCK  fe—cLk
PORT2
:> PORTS PRESCALER o7} 8 sap1pte
ALE[] 9 2Pz
I COUNTER | I RD 1

PRESCALER| - 2 = 8256AH 1 P20

CS —»] BAUD wR[1 30 [ P21

[ pa—— c 5 . PORT 1 RATE RESET [] 12 29 ] P22

OUNTER/ COUNTER | GENERATOR
WR—> pys TIMERS INPUTS &g 28[]p23
ALE—>] cg:gtgL INTA [] 14 27 [ P2a
RESET ——>|
Je— 15 26

INTA —> RxD INT ] P25

INT : —> TxD EXTINT [] 16 25 P26

UART = RxC ck [ 17 24 P27

> TxC

INTERRUPT — RxC [] 18 23] TxD

__> CONTROLLER [ EXTINT crs RxD (] 19 20Te

GND ] 20 21[]TTS

/

Figure 1. MUART Block Diagram . Figure 2. MUART Pin Configuration
Intel C A No F for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied
© INTEL CORPORATION, 1983 AUGUST 1983
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intgl | 8256AH ADVANGE INEORMATION

. ‘ Table 1. Pin Description
Symbol | Pin |[Type : ' ‘Name and Function

ADO-AD4 .1-5 VO | ADDRESS/DATA: Three-state address/data lines which interface to the. lower
DBS5-DB7 68 8 bits of the microprocessor’'s multiplexed address/data bus. The 5-bit

address is latched on the falling edge of ALE. In the 8-bit mode, ADO-AD3

are used to select the proper register, while AD1-AD4 are used in the 16-bit

Vv mode. AD4 in the 8bit mode is ignored as an address, while ADO in the
. 16-bit mode is used as a second chip select, .active low.

-ALE . 9 | | ADDRESS LATCH ENABLE: Latches the 5 address lines on ADO-AD4 and&on the
) falling edge.

RO " 10 | | READ CONTROL When this signal is Iow the selected register is gated
‘onto the data bus.

WR 11 | | WRITE CONTROL: When this signal is low, the value on the data bus is
written into the selected register.

RESET 12 | RESET: An active high pulse on this pm forces the chip into its initial state

' ) The chip remarns in this state until control informiation is wrltten
s 13 I | CHIP SELECT: A low on this signal enables the MUART. It is latched with

-| the address on the falling edge of ALE, and AD and WR have no éffect
unless CS was latched low during the ALE cycle.

INTA 14 I | INTERRUPT ACKNOWLEDGE: If the MUART has been enabled to respond
to interrupts, this signal informs the MUART that its interrupt request is being
acknowledged by the microprocessor. During this acknowledgement the
MUART puts an RSTn instruction on the data bus for the 8-bit mode or
a vector for the 16-bit mode.

INT . 15 O | INTERRUPT REQUEST: A high slgnals the microprocessor that the MUART
needs service. )
_EXTINT 16 ,' EXTERNAL INTERRUPT: An external . device . can request interrupt service

through this input._The input is level sensitive '(high), therefore it must be
held high until an INTA occurs or the interrupt address register is read.

CLK 17 | SYSTEM CLOCK: The reference clock for the baud rate generator and the timers.

RxC 18 /O | RECEIVE CLOCK: If the baud rate bits in the Command Register 2 are all 0,
this pin is an input which clocks serial data into the RxD pin on the rising
edge of RxC. If baud rate bits in Command Register 2 are programmed from
1-0FH, this pin outputs a square wave whose rising edge indicates when
the data on RxD is being sampled. Th|s output remains hrgh during start,
stop, and parity bits.

RxD 19 | | RECEIVE DATA: Serial data input.
GND 20 PS | GROUND: Power supply and logic ground reference.
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Table 1. Pin Description (continued)

Symbol Pin_ |Type Name and Function
CTS 21 | CLEAR TO SEND: This_input enables the serial transmitter. If 1, 1.5, or 2
stop bits are selected is level sensitive. As long as TTS is low, any

character loaded.into the transmitter buffer register will be transmiitter serially.
A single negative going pulse causes the transmission of a single character previously
loaded into the transmitter buffer register. If a ‘baud rate from 1-OFH is
selected, CTS must be low for at least 1/32 of a bit, or it will be ignored. If
the transmitter buffer is empty, this pulse will be ignored. If this pulse
occurs during the transmission of a character up to the time where Y2 the first
(or only) stop bit is sent out, it will be ignored. If it occurs afterwards, but
before the end of the stop bits, the next character will be transmitted
nmmedlatsly following the current one. If CTS is still high when the transmitter
register is sending the last stop bit, the transmitter will enter its idle state -
until the next high-to-low transition on CTS occurs. If 0.75 stop bits is
chosen, the CTS input is edge sensitive. A negative edge on CTS results in the
immediate transmission of the next character. The length of the stop bits is
determined by the time interval between the beginning of the first stop bit and
the next negative edge on CTS. A high-to-low transition has no effect if the
transmitter buffer is empty or if the time interval between the beginning of the
stop bit and next negative edge is less than 0.75 bits. A high or a low level
or a low-to-high transition has no effect on the transmitter for the 0.75 stop bit mode.

TxC 22 /O | TRANSMIT CLOCK: if the baud rate bits in command register 2 are all set
to 0, this input clocks data out of the transmitter on the falling edge. If baud
rate bits are programmed for 1 or 2, this input permits the user to provide a
32x or 64x clock which is used for the receiver and transmittey. If the baud rate
bits are programmed for 3-OFH, the internal transmitter clock is output. As an
output it delivers the transmitter clock at the selected bit rate. If 12 or 0.75
stop bits are selected, the transmitter divider will be asynchronously reset at
the beginning of each start bit, immediately causing a high-to-low transition
on TxC. TxC makes a high-to-low transition at the beginning of each serial
bit, and a low-to-high transition at the center of each bit.

TxD 23 O | TRANSMIT DATA: Serial data output.

P27-P20 24-31 /0 | PARALLEL 1/0 PORT 2: Eight bit general purpose I/O port. Each nibble (4 bits)
of this port can be either an input or an output. The outputs are latched whereas
the input signals are not. Also, this port can be used as an 8-bit input or output
port when using the two-wire handshake. In the handshake mode both inputs
and outputs are latched.

P17-P10 32-39 | I/0 | PARALLEL I/O PORT 1: Each pin can be programmed as an input or an output
to "perform general purpose I/O. All .outputs are latched whereas inputs are
not. Alternatively these pins can serve as control pins which extend the
functional spectrum of the chip.

Vee 40 PS | POWER: +5V power supply. -
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FUNCTIONAL DESCRIPTION

The 8256AH Multi-Function Universal Asynchronous
Receiver-Transmitter (MUART) combines five com-
monly used functions into a single 40-pin device. The

MUART performs asynchronous serial communica-

tions, parallel I/O, timing, event counting, and inter-
rupt control. For detailed application information, see
Intel Ap Note #153, Designing with the 8256.

Serial Communications

‘The serial communications' portion-of the MUART
contains a full-duplex asynchronous receiver-

transmitter (UART). A programmable baud rate -

generator is included on the MUART to permit a varie-
ty of operating speeds without external components.
The UART can be programmed by the CPU for a
variety of character sizes, parity generation and detec-
tion, error detection, and start/stop bit handling. The
receiver checks the start and stop bits in the center
of the bit, and a break halts the reception of data. The
transmitter can send breaks and can be controlled
by an external enable pin.

Parallel I1/0 .

The MUART includes 16 bits of general purpose
parallel I/O. Eight bits (Port 1) can be individually
changed from input to output or used for special /0
functions. The other eight bits (Port 2) can be used
as nibbles (4 bits) or as bytes. These eight bits also
include a handshaking capability using two pins on
Port 1.,

Counter/Timers

“There are five 8-bit counter/timers on the MUART.
The timers can be programmed to use either a 1 kHz
or 16 kHz clock generated from the system clock.
Four of the 8-bit counter/timers can be cascadedto
two 16-bit counter/timers, and one of the 8-bit
counter/timers can be reset to its initial value by an
external signal.

Interrupts

An eight-level priority interrupt controller can be con-
figured for fully nested or normal interrupt priority.
Seven of the eight interrupts service functions on the
MUART (counter/timers, UART), and one external in-
terrupt is provided which can be used for a particular
function or for chaining interrupt controllers or more
MUARTSs. The MUART will support 8085 and 8086/88
systems with direct interrupt vectoring, or the MUART
can be polled to determine the cause of the interrupt.
If additional interrupt control capability is needed, the
MUART'’s interrupt controller can be cascaded into
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another MUART, into an Intel 8259A Programmable
Interrupt Controller, or into the interrupt controller of
the iAPX 186/188 High-Integration Microprocessor.

INITIALIZATION

In general the MUART’s functions are independent
of each other and only the registers and bits
associated with a particular function need to be in-
itialized, not the entire chip. The command sequence
is arbitrary since every register is directly addressable;
however, Command Byte 1 must be loaded first. To
put the device into a-fully operational condition, it is
necessary to write the following commands:

Command byte 1
Command byte 2
" Command byte 3
Mode byte
Port 1 control
Set Interrupts

The modification register may be loaded'if required
for special applications; normally this operation is not
necessary. The MUART should be reset before in-
itialization. (Either a hardware or a software reset will
do.)

INTERFACING

This section describes the hardware interface bet-
ween the 8256 MUART and the 80186
microprocessor. Figure 3 displays the block diagram
for this interface. The MUART can be interfaced to
many other microprocessors using these basic

_principles.

In all cases the 8256 will be connected directly to the
CPU’s multiplexed address/data bus. If latches or
data bus buffers are used in a system, the MUART
should be on the microprocessor side of the ad-
dress/data bus. The MUART latches the address in- ,
ternally on the falling edge of ALE. The address con-

"sists of Chip Select (CS) and four address lines. For
" 8-bit microprocessors, AD0O-AD3 are the address lines.

For 16-bit microprocessors, AD1-AD4 are the address
lines; ADO is used as a second chip select which is
active low. Since chip select is internally latched along
with the address, it does not have to remain active
during the entire instruction cycle. As long as the chip
select setup and hold times are met, it can be deriv-
ed from multiplexed address/data lines or multiplex-
ed address/status lines. When the 8256 is in the 16-bit
mode, AO serves as a second chip select. As a result -
the MUART’s internal registers will all have even ad-
dresses since AO must be zero to select the device.
Normally the MUART will be placed on the lower data

byte. If the MUART is placed on the upper data byte.
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. Figure 3. 80186/8256 Interface )

the internal registers will be 512 address locations
apart and the chip would occupy an 8 K word address
space. . .

DESCRIPTION OF THE REGISTERS

The following section will provide a description of the
registers and define the bits within the registers where
appropriate. Table 2 lists the registers and their
addresses.

Command Register 1

(L1 [ Lo | s1]so [BRK BITI | 8086 | FRQ |
(OR) (ow)

FRQ — Timer Frequency Select

This bit selects between two frequencies for the five
timers. If FRQ = 0, the timer input frequency is 16
kHz (62.5us). If FRQ = 1, the timer input frequency
is 1 KHz (1 ms). The selected clock frequency is
shared by all the counter/timers enabled for timing;
thus, all timers must run with the same time base.

6-383

8086 — 8086 Mode Enable

This bit selects between 8085 mode and 8086/8088
mode. In 8085 mode (8086 = 0), AO to A3 are used
to address the internal registers, and an RSTn instruc-
tion is generated in response to the first INTA. In
In 8086 mode (8086 = 1), A1 to A4 are used to ad-
dress the internal registers, and A0 is used as an ex-
tra chip select (AO_must equal zero to be enabled).
The response to INTA is for 8086 interrupts where
the first INTA is ignored, and an interrupt vector (40H
to 47H’is placed on the bus in response to the
second INTA.

BITI — Interrupt on Bit Change

This bit selects between one of two interrupt sources
on Priority Level 1, either Counter/Timer 2 or Port 1
P17 interrupt. When this bit equals 0, Counter/Timer
2 will be mapped into Priority Level 1. If BITI equals
0 and Level 1 interrupt is enabled, a transition from
1 to 0 in Counter/Timer 2 will generate an interrupt
request on Level 1. When BITI equals 1, Port 1 P17
external edge triggered interrupt source is mapped
into Priority Level 1. In this case if Level 1 is en-
abled, a low-to-high transition on P17 generates an
interrupt request on Level 1.

)
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Table 2. MUART Registers

Read Registers

8085 Mode: AD3 AD2 AD1 ADO

Write Registers

8086 Mode: AD4 AD3 AD2 AD1

el LO.I s1 | so | srki] Bii | 8086 | Fra|
Command 1

[ Pen] ep] c1] co| B3| B2 B1 | BO]
Commandz

[ o [rxe] AE] NIE] o |SBRK|TBRK|4I
Command 3

- | a5 T24| 15¢| CT3] CT2] P2c2|ch1lpzco|
. Mode

[P [ P16 Pis] Pra] pia] Pz [ P11 ] P10]

Port 1 Control

[fwfisjuluffufw]
Interrupt Enable

[07] Dsfos[ml Da| p2 | b1 | Do |
. Interrupt Address

{o7] ps| ps| 4] Dslnzlmjoo\]
Recelvgr Buffer

{o7 | o6 ps] pafos]o2]pi]oo]
Port 1
[D7|06|05[D4|03[02|D1|oo|

Portz -
{07 | o6 | D5 psosjozfoifoo]

Timer 1

[o7 ] o6 | ps]psa]p3]o2]o

EX

Timer 2
[p7 o6 ] ps[pa]os]o2]ot Jool]
. Timer3
| o7 | os | os | Dt IESERERER
Timer4 ' .
|D7|Ds]05|04]|33102 IERER
_ Tlmers )
[T TreF [T8e [TRE [ B0 | PE [OE

Status

[FE]

o

0

0
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o - o - o - o - o - o - =) - =)

-

[ | W] s1] so |BRK|] BITI | 8086 FRQ|
Command 1

[Pen] er] c1] co| B3| B2 31] 8o |
. Command-2

[ set] RxEl IAE | NIE | END]SBRK]TBRKj RST|
Command 3

[ T35 | 124 | 756 | 73] c12 [ P2c2|P2ci|P2co|
Mode

[ Pi7] Pi6] P15 ] pia] P1a] P2 [ P11 ] P1o]
‘ Port 1 Control

[rlw[wsfufwv]e]u]w]
Set Interrupts

[l ulw]]u]w]
Reset Interrupts

Tor]os]ps[osa]oa]o2]or]oo]

Transmitter Buffer

[o7]os]ps]os]psafp2]o1]no]
Port 1

[o7 ] os [051 04‘1‘03 [qun1 [ oo |

Port2

(D7 [ 06 | 05 | D4 [ D3 [ 02 |01 | 00 ]
Timer 1

[o7To6 ] os [oaos]o2]o1.]oo]
Timer 2

[o7 ] o6 [ps [ba Jos Jo2 [o1. | oo |
' Timer 3

[07106[05104103]02|D1|Do|
. Timer 4

‘Lp7[De]Ds]D4|DsIozlmloo]

Timer §

o |a’s4 [Rs3 [rs2 [Rs1 |F‘tSOUlTME Josc |

.. Modification
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BRKI — Break-In Detect Enable

If this bit equals 0, Port 1 P16 is a general purpose
1/0 port. When BRKI equals 1, the Break-In Detect
feature is enabled on Port 1 P16. A Break-In condi-
tion is present on the-transmission line when it is
forced to the start bit voltage level by the receiving
station. Port 1 P16 must be connected externally to
the transmission line in order to detect a Break-In.
A Break-In is polled by the MUART during the
transmission of the last or only stop bit of a character.

A Break-In Detect is OR-ed with Break Detect in Bit
3 of the Status Register. The distinction can be made
through the interrupt controller. If the transmit and
receive interrupts are enabled, a Break-In will
generate an interrupt on Level 5, the transmit inter-
rupt, while Break will generate an interrupt on Level
4, the receive interrupt.

$0, S1 — Stop Bit Length

S1 SO Stop Bit Length
0 0 1
0 1 1.5
1 0 2
1 1 0.75

The relationship of the number of stop bits and the
function of input CTS is discussed in the Pin Descrip-
tion section under “CTS"".

L0, L1 — Character Length

L1 LO Character Length
0 0 8
0 1 7
1 0 6
1 1 5

Command Register 2

[PEN] EP | C1 | col B3| B2 | B1 | BO |
(1R) (1W)

Programming bits 0. . .3 with values from 3H to FH
enables the internal baud rate generator as a com-
mon clock source for the transmitter and receiver and
determines its divider ratio.

Programming bits 0. . .3.with values of 1H or 2H
enables input TxC as a common clock source for the
transmitter and receiver. The external clock must pro-

vide a frequency of either 32x or 64x the baud rate.
The data transmission rates range from 0. . .32
Kbaud.

If bits 0. . .3 are set to 0, separate clocks must be
input to pin RxC for the receiver and pin TxC for the
transmitter. Thus, different baud rates can be used
for transmission and reception. In this case,
prescalers are disabled and the input serial clock fre-
quency must match the baud rate. The input serial
clock frequency can range from 0 to 1.024 MHz.

BO, Bi, B2, B3 — Baud Rate Select

These four bits select the bit clock’s source, ampl-
ing rate, and serial bit rate for the internal baud rate
generator.

Baud Sampling
B3 [ B2 | B1 | BO Rate Rate
0 o] o | o | TxC RxC 1
0lo o] 1 TxCl64 64
0lo] 1 0 TxCI32 32 .
0] o] 1 1 19200 32
ol1]0]0 9600 64
0l 1]0]1 4800 64
0|1 1 0 2400 64
0 |.1 1 1 1200 64
1 0Jojo 600 64
1 0]o ] 1 300 64
1 o|l1]o0 200 64
1 0] 1 1 150 64
1 1{o0ofo 110 64
1 1] 0|1 - 100 64
1 1 1 /0 75 64
1 1 1 1 50 64

The followmg table gives an overview of the function
of pins TxC and RxC:

Bits 3 to
0 (Hex.) TxC
0 Input: 1 x baud

rate clock for the
transmitter

RxC

Input: 1 x baud -
rate clock for the
receiver

1,2

Input: 32 x or 64 x
baud rate for trans-
mitter and receiver

Output: receiver blt
clock with- a low-to-
high transition at
data bit sampling
time. Otherwise:
high level

3toF

Output: baud rate
clock of the
transmitter

Output: as above

6-385
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As an output; RxC outputs a low-to-high transition'at
sampling time of every data bit of a character. Thus;
data can be loaded, e.g., into a shift register exter-
‘nally. The transition occurs only if data bits of; a
character are present. It does.not occur for start, pari-
ty, and stop bits (RxC = high)..

As an olitput, TxC outputs the'internal baud rate clock
of the transmitter. There will be'a high-to-low transi-
tion at every beginning of a bit.

C0, C1 — System Clock Prescaler
(Bits 4, 5)

Bits 4 and 5 define the system clock prescaler.divider
ratio: The internal operating frequency of 1.024 MHz
is derived from the system clock.

- ‘ Clock at Pin
C1 Co Divider Ratio CLK
0 | 0 - -5 | +5.12 MHz
0 1 3 3.072 MHz
1 0 2 2.048 MHz
1 1 1 +1.024 MHz

EP — Even Parity (Bit 6)

EP = 0: Odd parity
EP = 1: Even parity

PEN — Parity Enable (Bit 7)

Bit 7 enables parity generation and 6hecking.

PEN = 0: No parity bit
PEN = 1: Enable parity bit

The parity bit according to Command Register 2 bit
6 (see above) is inserted between the last data bit of
a character and the first or only stop bit. The parity
bit is checked during reception. A false parity bit
generates an error indication in the Status- Reglster
and an Interrupt Request on Level 4.

Command Register 3

{SET|RxE | IAE | NIW |END|SBRK | TBRK] RST |
(@R) e

Command- Register 3 is different from the first two
registers because it has a bit set/reset capability.
Writing a byte with Bit 7 high sets any bits which were
also high. Writing a byte with Bit 7 low resets any bits
which were high. If any bit 0-6 is low, no change oc-

curs to that bit. When Command Register 3 is read,
bits 0, 3, and 7 will always be zero.

RST — Réset

If RST is set, tvhe following events occur:

1. All bits in the Status Register except bits 4 and 5
are cleared, and bits 4 and 5 are set.

2. The Interrupt Enable; Interrupt Request, and' In-
terrupt Service Registers are cleared. Pending re-
quests and indications for interrupts in service will
be cancelled. Interrupt signal INT will go low.

3. The receiver and transmitter are reset. 'l"he
transmitter goes idle (TxD is high), and the receiver
enters start bit search mode.

4. If Port2 is programmed for handshake mode IBF
and OBF are reset high.

RST does not alter ports, data registers or command
reglsters but it halts any operation in progress. RST
is automatically cleared. ‘

RST = 0 has not effect. The reset gperation triggered
by Command Register 3 is a subset of the hardware
reset.

TBRK — Transmlt Break

The transmission data output TxD will be set low as
soon as the transmission of the previous character
has been finished. It stays low until TBRK is cleared.

The state of CTS is.of no significance for this

operation. As long as break is active, data transfer
from the Transmitter Buffer to the Transmitter
Register will be inhibited. As soon as TBRK is reset,
the break condition will be deactivated and the
transmitter will be re-enabled.

SBRK — S|ngle Character Break

This causes the transmltter data to be set low for one
character mcludmg start bit, data bits, parity bit, and
stop bits. SBRK is automatlcally cleared when time
for the last data bit has passed. It will start after the
character in progress completes, and will delay the
next data transfer from the Transmitter Buffer to the
Transmitter Register until TxD returns to an idle
(marking) state.  If both TBRK and "SBRK are set,
break will be set as long as TBRK is set, but SBRK
will be cleared after one character time of break. If
SBRK is set again, it remains set for another
character. The user can send a definite humber of
break characters ‘in this manner by clearing TBRK
after setting SBRK for the last character time. -
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END — End of Interrupt

If fully nested interrupt mode is selected, this bit reset
the currently served interrupt level in the Interrupt Ser-
vice Register. This command must occur at the end
of each interrupt service routine during fully nested
interrupt mode. END is automatically cleared when
the Interrupt Service Register (internal) is cleared.
END is ignored if nested interrupts are not enabled.

NIE — Nested Interrupt Enable

When NIE equals 1, the interrupt controller will
operate in the nested interrupt mode. When NIE
equals 0, the interrupt controller will operate in the
normal interrupt mode. Refer to the “Interrupt con-
troller’” section of AP-153 under ‘‘Normal Mode”
and ““Nested Mode’ for a detailed description of
these operations.

IAE — Interrupt Acknowledge Enable

This bit enables an automatic response to INTA. The
particular.response is determined by the 8086 bit in
Command Register 1. '

RxE — Receive Enable

This bit enables the serial receiver and its associated
status bits in the status register. If this bit is reset,
the serial receiver will be disabled and the receive
status bits will not be updated.

Note that the detection of break characters remains
enabled while the receiver is disabled; i.e., Status
Register Bit 3 (BD) will be set while the receiver is
disabled whenever a break character has been
recognized at the receive data input RxD.

SET — Bit Set/Reset

If this bit is high during a write to Command Register
3, then any bit marked by a high will set. If this bit
is low, then any bit marked by a high will be cleared.

Mode Register

{135 [T24 |15 | CT3 | CcT2 | P2C2 | P2C1 | P2CO |
(3R) (3W)

If test mode is selected, the output from the internal

baud rate generator is placed on bit 4 of Port 1 (pin
35).

To achieve this, it is necessary to program bit 4 of -

Port 1 as an output (Port 1 Control Register Bit P14
= 1), and to program Command Register 2 bits B3
- BO with a value > 3H.

~ 6-387

P2C2, P2C1, P2C0 — Port 2 Control

Direction
P2C2 | P2C1 [ P2CO Mode |Upper Lower
0 0 0 |Nibble Input | Input
0 0 1 |Nibble Input | Output
0 1 0 |Nibble Output | Input
0 1 1 |Nibble Output | Output
1 0 0 Byte |  Input
Handshake
1 0 1 I?}'te Output
Handshake
1 1. 0 | DO NOT USE
1 1 1 |Test

NOTE:

If Port 2 is operating in handshake mode, Interrupt Level 7
is not available for Timer 5. Instead it is assigned to Port 2
handshaking.

CT2, CT3 — Counter/Timer Mode

Bit 3 and 4 defines the mode of operation of event
counter/timers 2 and 3 regardless of its use as a single
unit or as a cascaded one.

If CT2 or CT3 are high, then counter/timer 2 or 3
respectively is configured as an event counter on bit
2 or 3 respectively of Port 1 (pins 37 or 36). The event
counter decrements the count by one on each low-
to-high transition of the external input. If CT2 or CT3
is low, then the respective counter/timer is configured
as a timer and the Port 1 pins are used for paraliel I/O.

T5C — Timer 5 Control

If T5C is set, then Timer 5 can be preset and started
by an external signal. Writing to the Timer 5 register
loads the Timer 5 save register and stops the timer.
A high-to-low transition on bit 5 of Port 1 (pin 34) loads
the timer with the saved value and starts the timer.
The next high-to-low transition on pin 34 retriggers
the timer by reloading it with the initial value and con-
tinues timing.

Following a hardware reset, the save register is reset
to O0OH and both clock and trigger inputs are dis-
abled. Transferring an instruction with T5C = 1
enables the trigger input; the save register can now
be loaded with an initial value. The first trigger pulse
causes the initial value to be loaded from the save
register and enables the counter to count down to
zero. °

When the timer reaches zero it issues an interrupt
request, disables its interrupt level and continues
counting. A subsequent high-to-low transition on pin
5 resets Timer 5 to its initial value. For another timer
interrupt, the Timer 5 interrupt enable bit must be set

. again.
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T35, T24 — Cascade Timers

These two bits cascade Timers 3 and 5 or 2 and 4.

Timers 2 and 3 are the lower bytes, while Timers 4
and 5 are the upper bytes. If T5C is set, then both
Timers 3 and 5 can be preset and started by an ex-
ternal pulse.

When a high-to-low transition occurs, Timer 5 is preset
to its saved value, But Timer 3 is always preset to all
ones. If either CT2 or CT3 is set, then the correspon-
ding timer pair is a 16-bit event counter.

A summary of the counter/timer control bits is given
in Table 3. .

NOTE:

Interrupt levels assigned to single counters are partly not oc-
cupied if event counters/timers are cascaded. Level 2 will be
vacated if event counters/timers 2 and 4 are cascaded.
Likewise, Level 7 will be vacated if event counters/timers 3
and 5 are cascaded.

Single event counters/timers generate an interrupt request
on the transition from 01H to 00H, while.cascaded ones
generate it on the transition from 0001H to 0000H.

Port 1 Control Register

[P17|P16| P15 | P1a|P13] P12 [ P11 | P10 |
(4w) 4w)

Each bit in the Port 1 Control Register configures the
direction of the corresponding pin. If the bit is high,
the pin is an output, and if it low the pin is an input.
Every Port 1 pin has another function which is con-
trolled by other registers. If that special function: is
disabled, the pin functions as a general /O pin as
specified by this register. The special functions for
each pin are described below.

Port 10, 11 — Handshake Control

If byte handshake control is enabled for Port 2 by
the Mode Register, then Port 10 is programmed as
STB/ACK handshake control input, and Port 11 is
programmed as IBFIOBF handshake control output.

If byte handshake mode is enabled for output on Port
2 OBF indicates that a character has been loaded

Table 3. Event Counters/Timers Mode of Operation

Event Counter/ . Programming
Timer Function (Mode Word) Clock Source
1 8-bit timer — Internal clock
2 8-bit timer - T24=0, CT2=0 Internal clock
’ 8-bit event counter T24=0, CT2=1 ‘P12 pin 37
2 8-bit timer T35=0, CT3=0 Intemal clock
8-bit event counter T35=0, CT3=1 P13 pin 36
4 8-bit timer T24=0 Internal clock
8-bit timer, T35=0, T5C=0 Internal clock
5 ’ normal mode . .
8-bit timer, T35=0, TSC=1 Interal clock -
retriggerable mode ]
2and 4 16-bit timer T24=1, CT2=0 Internal clock
cascaded 16-bit event counter T24=1, CT2=1 P12 pin 37
16-bit timer, T35=1, T6C=0, Internal clock
normal mode CT3=0 :
3and 5 16-bit event counter, T35=1, T5C=0, P13 pin 36
cascaded normal mode CT3=1
16-bit timer, T35=1, T5C=1, Intenal clock
retriggerable mode CT3=0
16-bit event counter, T35=1, T5C=1, . P13 pin 36
retriggerable mode CT3=1 )

6-388
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into the Port' 2 output buffer. When an external
device reads the data, it acknowledges this opera-
tion by dnvmg ACK low. OBF is set low by writing to
Port 2 and is reset by ACK.

If hyte handshake mode is enabled for input on Port
2, STB is an input. IBF is driven low after STB goes
low. On the rising edge of STB the data from Port 2
is latched.

1BF is reset high when Port 2 is read.
Port 12, 13 — Counter 2, 3 Input

If Timer 2 or Timer 3 is programmed as an event
counter by the Mode Register, then Port 12 or Port
13 is the counter input for Event Counter 2 or 3,
respectively.

Port 14 — Baud Rate Generator Output
Clock

If test mode is enabled by the Mode Register and
Command Register 2 baud rate select is greater than
2, then Port 14 is an output from the internal baud
rate generator.

P14 in Port 1 control register must be set to 1 for the
baud rate generator clock to be output. The baud rate
generator clock is 64 x the serial bit rate except at
19.2Kbps when it is 32 x the bit rate.

Port 15 — Timer 5 Trigger

If TSC is set in the Mode Register enabling a retrig-
gerable timer, then Port 15 is the input which starts
and reloads Timer 5.

A high-to-low transition on P15 (Pin 34) loads the timer
with the save register and starts the timer.

Port 16 '—— Break-ln Detect

If Break-In Detect is enabled by BRKI in Command

Register 1, then this input is used to sense a Break-

In. If Port 16 is low while the serial transmitter is sen-

ding the last stop bit, then a Break-In condition is
"signaled..

Port 17 — Port Interrupt Source

If BITI in Command Register 1 is set, then a low-to-
high transition onh Port 17 generates an.interrupt re-
quest on Priority Level 1.

Port 17 is édge triggered.
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Interrupt Enable Register

[t7le|slala| L2 | L1 | o]
(5R) . (SW=enable,
(6W=disable)

Interrupts are enabled by writing to the Set Interrupts
Register (5W). Interrupts are disabled by writing to
the Reset Interrupts Register (6W). Each bit set by
the Set Interrupts Register (W) will enable that level
interrupt, and each bit set in the Reset Interrupts
Register (6W) will disable that level interrupt. The user
can determine which interrupts are enabled by
reading the Interrupt enable Register (5R).

Priority Source

Highest LO Timer 1

L1 Timer 2 or Port Interrupt

L2 External Interrupt (EXTINT)

L3 Timer 3 or Timers 3 & 5

L4 Receiver Interrupt

L5 Transmitter Interrupt

L6 Timer 4 or Timers 2 & 4
Lowest L7 Timer 5 or Port 2 Handshaking

Interrupt Address Register

[o]ololpalpa[D2] 0o | 0|
Interrupt Level
(6R) Indication

Reading the interrupt address register transfers an
identifier for the currently requested interrupt level
on the system data bus. This identifier is the number
of the interrupt level multiplied by 4. It can be used
by the CPU as an offset address for interrupt handl-
ing. Reading the interrupt address register has the
same effect as a hardware interrupt acknowledge
INTA,; it clears the interrupt request pin (INT) and
indicates an interrupt acknowledgement to the mter-
rupt controller.

Receiver and Transmitter Buffer

D7 (D6 | D5 | D4 [ D3| D2 | D1 I‘D0‘|
(7R) (7W)

Both the receiver and transmitter in the MUART are
double buffered. This means that the transmitter and
receiver have a shift register and a buffer register.
The buffer registers are directly addressable by
reading or writing to register seven. After the receiver
buffer is full, the RBF bit in the status register is set.
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Reading the receive buffer clears the RBF status bit.
The transmit buffer should be written to only if the
TBE bit in the status register is set. Bytes written to

the transmit buffer are held there_until the transmit

shift register is empty, assuming CTS is low. If the
transmit buffer and shift register are empty, writing
to the transmit buffer immediately transfers the byte
to the transmit shift register. If a serial character
length is less than 8 bits; the unused most significant
bits are set to zero when reading the receive buffer,
and are ignored when writing to the transmit buffer.-

Port 1
{p7|pe|Ds|pa D3| b2 | p1 | Do |
(8R) . (8W)

Writing to Port 1 sets the data in the Port 1 output
latch. Writing to an input pin does not affect the pin,
but the data is stored and will be output if the direc-
tion of the pin is changed later. If the pin is used as
a control signal, the pin will not be affected, but the
data is stored. Reading Port 1 transfers the data in
Port 1 onto the data bus.

Port 2

(5756 (05 2 [ 0a ] 52 1 5 [ 00 ]
(9R) : sw)

Writing to Port 2 sets the data in the Port 2 output
latch. Writing to an input pin does not affect the pin,
but it does store the data in the latch. Reading Port
2 puts the input pins onto the bus or the contents of
the output latch for output pins.

Timer 1-5

o7 (D605 D4 D3] D2 | D1 | DO |
(A -0E_R) (0A_-0E W)

Reading Timer N puts the contents of the timer onto
the data bus. If the counter changes while RD is low,
the value on the data bus will not change. If two timers
are cascaded, reading the high-order byte will cause
the low-order byte to be latched. Reading the low-
order byte will unlatch them both. Writing to either
timer or decascading them also clears the latch con-
~ dition. Writing té a timer sets the starting value of that
* timer. If two timers are cascaded, writing to the high-

order byte presets the low-order byte to all ones.
* Loading only the high-order byte with a value of X
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leads to-a count of X *256 + 255. Timers count
down continuously. If the interrupt is enabled, it
occurs when the counter changes from 1 to 0.

The timer/counter interrupts are automatically disabl-
ed when the interrupt request is generated.

Status Register

[InT [ReF|TBE|TRE| BD | PE | OF | FE |
(OF R)

Reading the status register gates its contents onto
the data bus. It holds the operational status of the
serial interface as well as the status of the interrupt
pin INT. The status register can be read at any time.
The flags are stable and well defined at all instants.

FE — Framing Error, Transmission
Mode

Bit 0 can be used in two modes. Normally, FE in-
dicates framing error which can be changed to
transmission mode indication by setting the TME bit
in the modification register.

If transmission mode is disabled (in Modification
Register), then FE indicates a framing error. A fram-
ing error is detected during the first stop bit. The er-
ror is reset by reading the Status Register or by a chip
reset. A framing error does not inhibit the loading of
the Receiver Buffer. If RxD remains low, the receiver
will assemble the next character. The false stop bit
is treated as the next start bit, and no high-to-low tran-
sition on RxD is required to synchronize the receiver.

When the TME bit in the Modification Register is set,
FE is used to indicate that the transmitter was active
during the reception of a character, thus indicating
that the character received was transmitted by its own
transmitter. FE is reset when the transmitter is not
active during the reception of character. Reading the
status register will not reset the FE bit in the transmis-
sion mode. .

OE — Overrun Error

If the user does not read the character in the Receiver-
Buffer before the next character is received and
transferred to this register, then the OE bit is set. The
OE flag is set during the reception of the first stop
bit and is cleared when the Status'Register is read
or when a hardware or software reset occurs. The first
character received in this case will be lost.
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PE — Parity Error

This bit indicates that a parity error has occurred dur-
ing the reception of a character. A parity error is pre-
sent if value of the parity bit in the received character
is different from the one expected according to com-
mand word 2 bits 6 EP. The parity bit is expected and
checked only if it is enabled by command word 2 bit
7 PEN.

A parity error is set durir{g the first stop bit and is reset
by reading the Status Register or by a chip reset.

BD — Break/Break-In

The BD bit flags whether a break character has been
received, or a Break-In condition exists on the
transmission line. Command Register 1 Bit 3 (BRKI)
enables the Break-In Detect function.

Whenever a break character has been received,
Status Register Bit 3 will be set and in addition an
interrupt request on Level 4 is generated. The receiver
will be idled. It will be started again with the next high-
to-low transition at pin RxD.

The break character received will not be loaded into
the receiver buffer register.

If Break-In Detection is enabled and a Break-In con-
dition occurs, Status Register Bit 3 will be set and
in addition an interrupt request on Level 5 is
generated.

The BD status bit will be reset on reading the status
register or on a hardware or software reset. For
. more information on Break/Break-In, refer to the
“‘Serial Asynchronous Communication’ section of
AP-153 under ‘‘Receive Break Detect’’ and ‘‘Break-
In Detect.”

TRE — Transmit Register Empty

When TRE is set the transmit register is empty and
an interrupt request is generated on Level 5 if en-
abled. When TRE equals 0 the transmit register is
in the process of sending data. TRE is set by a chip
reset and when the last stop bit has left the transmit-
ter. It is reset when a character is loaded into the
Transmitter Register. If CTS is low, the Transmitter
Register will be loaded during the transmission of the
start bit. If CTS is high at the end of a character, TRE
will remain high and no character will be loaded into
the Transmitter Register until CTS goes low. If the
transmitter was inactive before a character is load-
ed into the Transmitter Buffer, the Transmitter
Register will be empty temporarily while the buffer
is full. However, the 8ata in the buffer will be transfer-
red to the transmitter reglster immediately and TRE
will be cleared while TBE is set.
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TBE — Transmitter Buffer Empty

TBE indicates the Transmitter Buffer is empty and
is ready to accept a character. TBE is set by a chip
reset or the transfer of data to the Transmitter
Register, and is cleared when a character is written
to the transmitter buffer. When TBE is set, an inter-
rupt request is generated on Level 5 if enabled.

RBF — Receiver Buffer Full

RBF is set when the Receiver Buffer has been load-
ed with a new character during the sampling of the
first stop bit. RBF is cleared by reading the receiver
buffer or by a chip reset.

INT — Interrupt Pending

The INT bit reflects the state of the INT Pin (Pin 15)
and indicates an interrupt is pending. It is reset by
INTA or by reading the Interrupt Address Register if
only one interrupt is pending and by a chip reset.

FE, OE, PE, RBF, and Break Detect all generate a
Level 4 interrupt when the receiver samples the first
stop bit. TRE, TBE, and Break-In Detect generate a
Level 5 interrupt. TRE generates an interrupt when
TBE is set and the Transmitter Register finished
transmitting. The Break-In Detect interrupt is issued
at the same time as TBE or TRE.

Modification Register

| o |Rs4|Rrs3|Rs2|Rs1] Rso | TME | Dsc |
(OF W)

DSC — Disable Start Bit Check

DSC disables the receiver’s start bit check. In this
state the receiver will not be reset if RxD is not low
at the center of the start bit.

TME — Transmission Mode Enable

TME enables transmission mode and disables fram-
ing error detection. For information on transmission
mode see the description of the framing error bit in *
the Status Register. '

RSO0, RS1, RS2, RS3, RS4 — Receiver
Sample Time

The number in RSn alters when the receiver samples
RxD. The receiver sample time can be modified only
if the receiver is not clocked by RxC.
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NOTE: .

The modification register cannot be read. Reading from ad-
dress OFH, 8086: 1EH gates the contents of the status
register onto the data bus.

A hardware reset (reset, Pin 12) resets all modifica-

tion register-bits to 0, i.e.:

¢ The start bit check is enabled.

* Status Register Bit 0 (FE) indicates framing error.

¢ The sampling time of the serial receiver is the bit
center.

A software reset (Command Word 3, RST) does not’
affect the modification register.

Hardware Reset

A reset signal on pin RESET (HIGH level) forces the
device 8256 into a well-defined initial state. This state
is characterized as follows:

1. Command registers 1, 2 and 3, mode register, Port

"1 control register, and modification register are
reset. Thus, all bits of the parallel interface are set
to be inputs and event counters/timers are con-
figured as independent 8-bit timers.

2. Status register bits are reset with the exception of
bits 4 and 5. Bits 4 and 5 are set indicating that
both transmitter register and transmitter buffer.
register are empty.

3. The interrupt mask, interrupt request, and inter-

' rupt service register bits are reset and disable all
requests. As a consequence, interrupt signal INT
IS INACTIVE (LOW). :

4. The transmit data output is set to the marking state
(HIGH) and the receiver section is disabled until
it is enabled by Command Register 3 Bit 6.

5. The start bit will be checked at sampling time. The
receiver will return to start bit search mode if in-
put RxD is not LOW at this time.

6. Stqtus F(égister Bit 0 implies framing error.

7. The receiver samples input RxD at bit center.
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\
Reset has no effect on the contents of receiver buf-
fer register, transmitter buffer register, the in-
termediate latches of parallel ports, and event
counters/timers, respectively.

[Rs4[Rs3|RS2|RS1|RS0| Point of time between
start of bit and end of
bit measured in steps
of 1/32 bit length

o1 1 1 1 1 (Start of Bit)
0 1 1 1 0. 2 .
0|1 1 01 3
o|1]1[(0]}]0 4

0|1 01 1 5
o|1]|]0(|[1]0O0 6
0j1]10(|0]1 7
of1j0]0}]0 8

oj|0 |1 |1]1 9
of{of|1|1]0 10

0|0 (|1]0]{|1 1

0|0} 1 0|0 12

0j{0 |01 1 13
0|00} 1 0 14
0|00 |O0{1 15
oj0jo0jo0]oO 16 (Bit center)
1 1 1 1 1 17
1{1]1]1]o0 18

1 1 1 0|1 19

1 1 1 00 20

1 1 0 1 1 21

1 1 0|1 0 22

1 k11001 23

1 1 0j0]|O 24
1101111 25
110711110 26

1 0|1 [ 27
1]1]0(1]01]0 28
1]10({0|1]|1 29
1]1]0(0]11]|0 30

1 0 0 0 1 31
1/]0|l0f0]O 32 (End of Bit)
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias 0°C to 70°C
Storage Temperature —-65°C to —150°C
Voltage On Any Pin :

With Respect to ground
Power Dissication

-0.5Vto -7V

D.C. CHARACTERISTICS

1 Watt

*NOTICE: Stresses above those listed under. “'Ab-
solute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and
functional operation of the device at these or any other
conditions above those indicated in the operational
sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended
periods may affect device reliability.

(Ta= 0°C to 70°C, Vgc= +5.0V + 10%)

Symbol Parameter Min. Max. Units Test Conditions
Vi Input Low Voltage -0.5 0.8 Vv
Vin Input High Voltage 2.0 Vec+ 0.5 \i
VoL Output Low Voltage . 0.45 \ loL= 2.5 mA
VoH - Output High Voltage 2.4 Vv lon= —400 pA
I Input Leakage _}8 ““2 x::: X\‘}C
10 HA Vour= Vcc
o 'Output Leakage —-10 WA Vour= 0.45V
lcc Vce Supg y Current 160 mA
CAPACITANCE (Ta= 25°C, Vgc= GND = 0V)
Symbol Parameter Min. Max. Units Test Conditions
CiN Input Capacitance - 10 . pF fe= 1 MHz
Cio 1/0- Capacitance 20 pF Unmeasured pins
) returned to Vss
230759-001
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A.‘C/. CHARACTERISTICS =~ (T A= 0°C to 70°C, VCc = +5.0V + 10%, GND = ov)
BUS PARAMETERS : ‘ : ‘ '
o C 8256AH ‘
"Symbol - - R Parameger Wi Max. U’nltg
tLL ALE Pulse Width i} 70 ‘ ns
tCSL CS to ALE Setup Time 0 ‘ ns
tAL Address to ALE Setup Time 20 ns
tLA Address Hold Time After ALE 30 ns
tLC ALE to RD/WR 20 ns
tCC RD, WR, INTA Pulse Width 200 ns .
tRD Data Valid from RD (1) , . 150 ns
tDF Data Float After RD (2) ~ - : 70 . ns
tDW Data Valid to WR . 200 ) ns
tWD Data Valid After WR 50 ns