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INTRODUCTION
This application note describes the hardware and software

required to implement a Binary Synchronous Communica-
tions (BISYNC) data link between two MC68000 based sys-

tems. Background information is included to introduce the
user to the BISYNC protocol and the transmission sequences
used. An MC6866l/MC2ffil Enhanced Programmable
Communications Interface (EPCI) controls the data link at
one end, and an MC68652/MC2652 Multi-Protocol Com-
munications controller (MPCC) controls the other. The
generation and checking of the cyclic redundancy character
(CRC) is done by an MC68653/MC2653 Polynomial
Generator/Checker (PGC) used at each end. A block
diagram of the data link system is shown in Figure l.

The hardware discussion includes schematic diagrams and
a description of the interface circuitry necessary to form the
data link. The hardware consists of the following circuitry:
MC68000 asynchronous bus interface, interrupt prioritizing
logic, interrupt vector generation logic, and ancillary support
circuitry required by the data communications devices.

Software listings are provided for the following routines:
initialization, interrupt service, and transmitter and receiver
UO drivers. The transmitter and receiver driver routines are

set up to run as tasks, with all I/O being interrupt driven.
Flowcharts and a description of the algorithm complete the
software documentation.

A final topic explores the interfacing exceptions which are
not readily discernible from the data sheets. Because
MC686rx devices were originally designed to operate on the
synchronous bus of the Signetics 2650, several minor inter-
facing differences exist when used with the MC68000 micro-
processor. In addition to the hardware exceptions, several
software irregularities are also discussed.

THE BISYNC PROTOCOL
The BISYNC protocol belongs to a group of character

oriented protocols known as byte controlled protocols
(BCPs). A BCP message consists of a header or control field,

a text field, and an error checking field. A typical message is
shown in Figure 2. Each message is transmitted as a block
consisting of both control and data characters. The special
control characters define the beginning of the block, the end
of the block, and delineate the various fields within a block.

Each message must be preceded by a minimum of two syn-
chronizing (SYN) characters, to allow the receiver to syn-
chronize itself with the transmitted data. Following the SYN
characters, a start of header (SOH) is sent, marking the
beginning of the header field. The header contains the con-
trol information necessary for the receiver to interpret the re-
mainder of the message. Information in the header includes:
the secondary station address, the block sequence number,
and control and message acknowledgement information. A
start of text (STX) character terminates the header field and
begins the text field.

The text field can be of any length, and may contain any
character not reserved for data link control. If unrestricted
data transmission is required (i,e., the data contains control
characters), it is possible to transmit in the transparent mode.
The transparent mode is entered by preceding the STX
character by a data link escape (DLE) character. Within the
remainder of the message, any control or fill characters must
be preceded by a DLE. Any control character not preceded
by a DLE will be interpreted as data. The text block must be
properly terminated by an end of text (ETX), an end of
transmission block (ETB), or an intermediate transmission
block (ITB) character. In the transparent mode, the block
termination character must be preceded by a DLE.

An error checking field follows the termination character.
This block check character (BCC) is calculated from one of
several polynomials. If the transmitted data were ASCII, the
error checking can be either a vertical redundancy check
(VRc/parity) on each character and a longitudinal redun-
dancy check (LRC) over the entire message; or a cyclic
redundancy check (CRC) over the entire message. Error
checking on transmitted EBCDIC data is normally restricted
to CRC, The BISYNC protocol requires that all SYN
characters and SOH control characters be excluded from the
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FIGURE 1 BISYNC Data Link Block Diagram

FIGURE 2 - BISYNC Message Block Format

error checking calculation. In the transparent mode, the
DLE contained in DLE/ control character pairs is excluded
from the error checking calculation as well.

When the receiver has completed the BCC calculation, an
acknowledgement must be sent to the transmitter, indicating
if the message was received without error. The BISYNC pro-
tocol does not allow transmission of a new block to begin
until an affirmative acknowledgement is received for all pre-
viously transmitted blocks. Because of this acknowledgement
requirement, the data link is forced to operate in the half
duplex mode; therefore, line utilization suffers. The receiver

signals the transmitter that it has received the message by
sending either an ACK or NAK control message. Providing
that the receiving station has a block of data ready to
transmit, the acknowledgement for the received block can be
embedded in the header field of the next transmitted
message. Otherwise, a control message with no data fidd,
should be sent (see Figure 3). Only the latter option is arail-
able under the software presented in this application note. If
the block sequence number for the received message Bas
even, an ACK 0 is sent; or if the sequence number was odd,
an ACK I is sent. In the case that the message wzu rcirrcd in
error, a NAK would be sent.
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FIGURE 3 - BISYNC Control Message

The data communications peripherals (the MC68652
MPCC, MC68653 PGC, and MC6866l EPCI) each support
BISYNC to some extent. The enhanced programmable com-
munications interface (EPCI) is a bus oriented, universal
synchronous/asynchronous communications controller. It
accepts parallel data from the microprocessor, via the data
bus, and converts it into transmit-serial data. Conversely, the
EPCI receiver can convert receive-serial data back into
character data to be read by the MPU.

When operating in the synchronous mode, the EPCI is
designed to handle byte controlled protocols. Internal
registers allow the user to program the number of SYN
characters, mode of operation (transparent or non-
transparent), and automatic DLE stuffing and detection
when in the transparent mode. In order to accommodate
various character codes, it is also possible to program the
values for the SYN and DLE characters. An internal baud
rate generator is available as the source of the Tx and Rx
clocks, generating frequencies up to 614 kHz (data rate up to
38.4 kilobaud). Alternately, the TxC and RxC pins can be
driven by an external oscillator with clock speeds up to one
megahertz. The EPCI fully supports BISYNC, with the ex-
ception of CRC error checking. If CRC generation and
checking is required in a particular application, an external
generator/checker, such as the MC68653/MC2653, must be
used.

The MC68652/MC2652 is a multi-protocol communica-
tions controller (MPCC). The MPCC supports both BCPs
and bit oriented protocols (BOPs) at data rates up to one
Mbps. A standard synchronous bus interface is provided,
allowing the MPCC to communicate with an MPU. Data bus
width is eight or 16 bits, selected via the BYTE control input.

The MPCC performs only a minimum number of the func-
tions required to fully support the BISYNC protocol. The
MPCC receiver is capable of detecting the initial SYN char-
acters in a message, but will not strip any SYN characters
used as line fill during the course of a message. Due to this
limitation, the CRC error checking facilities built into the
MPCC cannot be used under the BISYNC protocol. In the
transmit mode, the MPCC will generate leading SYN char-
acters and insert SYN characters as fill characters during
periods of transmitter underrun. The MPCC does not sup-
port the BISYNC transparent mode.

Neither the' MPCC nor EPCI will properly generate the
BCC (block check character), but by using the MC68653/
MC2653, both the MPCC and EPCI can fully support
BISYNC. The PGC is used for generating the block check se-

quences and performing parity checks on the parallel data
passed between a receiver/transmitter and an MPU. The
maximum character accumulation rate is 500,000 characters
per second. Three different polynomials can be selected:

CRC-16, CRC-12, and LRC-8. Independent of the poly-
nomial selected, four maskable conditions are available as
interrupts, via an open drain output. The four conditions
allow the flagging of CRC errors, vRC errors, Block Termi-
nation Character (BTC) detection, and second search char-
acter (SSC) detection.

The PGC can be dynamically progra.mmed to reco gnize
specific characters as belonging to one class or another.
There are four classes to which a character can be assigned:
normal, SYN/BISYNC not included, block termination
character (BTCJ/search character (SC), and second search
character (SSC). Characters belonging to the normal class
are any normal data characters not reserved for control of
the data link. The SYN/BISYNC not included characters are
those characters which are used to synchronize the receiver
hardware to the incoming bit stream. The SYN and SOM
characters are included in this class. The BTC characters are
those control characters which are used to indicate the end of
the data block. Examples of BTCs are ETX, ETB, ITB and
ENQ. The secondary search character (SSC) is the final class
and contains the second character of control procedures
represented by a sequence of two characters. The first char-
acter of these sequences must be a DLE. An example of a
member of this class is a DLE-STX pair, signaling the initia-
tion of the transparent mode.

The character classes are used to determine whether or not
a character, presented to the PGC, should be included under
a specific accumulation mode. Up to 128 characters can be
assigned in the character class array. Characters presented to
the PGC can be accumulated in one of four modes. The
modes are: BISYNC normal, BISYNC transparent, auto-
matic accumulate, and single accumulate. In the BISYNC
normal mode, all characters presented to the PGC are
accumulated except those in the SYN/BISYNC not included
class. In the BISYNC transparent mode, characters not in-
cluded in the calculation are the first DLE of a DLElnon-
SYN pair not preceded by an odd number of DLEs. All char-
acters presented to the PGC are accumulated in the auto-
matic accumulate mode. If the single accumulation mode is
selected, the start accumulation command must be issued for
every character which is to be included.

MC6tOOO ASYNCHRONOUS BUS INTERFACE
The asynchronous bus structure of the MC68000 maxi-

mizes throughput by matching the processor speed to that of
the memory or peripheral devices. By signaling the MC68000
when to complete a bus cycle, the peripheral device can vary
the length of the bus cycle to match its own access time.
Asynchronous control of the bus is accomplished through
the use of four control lines: address strobe ([S), lower data
strobe (tDS), upper data strobe (m) and data transfer
acknowledge tD.fffil. The timing for normal read and
write bus cycles is shown in Figure 4. The lF [ne is asserted
during 52, signaling that the address placed on the address
bus during the previous half cycle (Sl) is valid. The data
strobes (UDS and/ or Iffil are then asserted (during 52 for a
read or 54 for a write), indicating the length of the operand
for this bus cycle. The addressed peripheral device can now
be selected and DfneK returned such as to ensure that the
access time for the device is met. If the peripheral device does
not assert DfTt reK at least a setup time before the falling
edge of state 54, wait states are inserted for an integral
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number of clock periods. This continues until DTACK is
asserted. A slow read cycle is shown as the final bus cycle of
Figure 4. After DIFK is recognized, the MC68000 termi-
nates the bus cycle by negating AT, UD-S, and ilO-S" The
peripheral completes the cycle by negating Dffi.

An interrupt acknowledge cycle differs from a normal bus
cycle in several ways. Refer to the timing diagram of Figure
5. If an interrupt is pending at the end of an instruction cycle,
which is of a higher priority than the current value of the

interrupt mask, interrupt exception processing will begin.
Interrupt exception processing begins by entering the super-
visory state. The machine status, including the current pro-
gram counter and status register, is saved on the supervisor
stack, the interrupt mask is updated to reflect the current
interrupt level, and the function codes (FcG2) are changed
to indicate an interrupt acknowledge cycle. The interrupting
level is placed on the lowest three bits of the address bus
(Al-A3), the remainder of the address bus is driven high, and

FIGURE 4 - MC68000 Read and Write Bus Cycle Timing
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AT and DS are asserted. Either the vectored or auto-
vectored mode can be entered at this point.

If auto-vectoring is selected, the peripheral will respond by
asserting valid peripheral address (VI%.1. This causes the
MC68000 to internally generate an exception vector number
between 25 and 3l (see Table l), which corresponds to the
current interrupt level. At the starting address contained in
this vector, execution of the interrupt service routine begins.
If the vector number is to be supplied by the peripheral (vec-
tored mode), it must be placed on the low order data lines
and Dmm asserted. The bus timing for a vectored mode
(vectored number supplied by peripheral) interrupt acknowl-
edge cycle is shown in Figure 5.

HARDWARE
The datacommunications devices were designed to operate

on a synchronous bus similar to the M6800 bus structure;
therefore, no provisions were made for the asynchronous bus

of the MC68000. In the next few paragraphs, the hardware
comprising the asynchronous bus interface and interrupt vec-
tor generation circuitry is described.

The data link is comprised of two receiver/transmitters,
each under the control of an MC68000 microprocessing sys-
tem. One terminus contains an Mc6866l and an MC68653,
while the other contains an MC68652 and an MC68653. Each
station also contains the necessary Dtffi and interrupt ser-
vice hardware. The data link prototype was tested on a single
MC68000 microprocessor system operating on a VERSAbus.
The VERSAbus is an asynchronous bus, defined by
Motorola, to be used with the MC68000 and its peripherals.
Several signals of note on the bus are the Iffi and IRa
lines. The IACK signal is generated from the function code
outputs, and is asserted only during an interrupt acknowl-
edge cycle. The IRQI through IRQT are vectored interrupt
request lines. On the CPU board, these seven lines are en-
coded into IPLO thru IPL?. The final note concerning the

TABLE 1 MC68000 Exception Vectors

lgnored v7 v6 v5 v4 v3 v2 1 v0

D8 D7

Where:
v7 is the MSB of the Vector Number
v0 is the LSB of the Vector Number

A1O A9 A8 A7 46 A5 A4 43 A2 A1 AO

Exception Vector rAssignment

*Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are re.
served for future enhancements by Motorola. No user peripheral devices
should be assigned these numbers.

All Zeroes 7 v6 v5 v4 v3 v2 1 v0 0 0

Vector

Number(s)

Address
Assignment

Dec Hex Space

0 0 000 SP Reset: lnitial SSP

4 m4 SP Reset: lnitial PC

2 I ffi SD Bus Error

3 12 mc SD Address Error

4 16 010 SD lllegal lnstruction

5 n 014 SD Zero Divide

6 24 018 SD CHK lnstruction

7 28 01c SD TRAPV lnstruction

I 32 020 SD Privileqe Violation

I 36 024 SD Trace

10 40 028 SD Line 1010 Emulator
't1 M 02c SD Line 1111 Emulator

12* € 030 SD (Unassigned, Reserved)

13 52 034 SD (Unassigned, Reserved)

i4* 56 038 SD ( Unassigned, Reserved)

15 60 03c SD Uninitialized lnterruot Vector

16-23* 64 04c SD (Unassigned, Reserved)

95 05F

24 96 060 SD Spurious lnterrupt

25 100 064 SD Level 1 lnterrupt Autovector

26 r04 068 SD Level 2 lnterrupt Autovector

27 108 06c SD Level 3 lnterrupt Autovector

28 112 070 SD Level 4 lnterrupt Autovector

n 116 014 SD Level 5 lnterrupt Autovector

30 120 078 SD Level 6 lnterrupt Autovector

31 124 07c SD Level 7 lnterrupt Autovector

32-47 128 080 SD TRAP lnstruction Vectors

191 OBF

4g-63* 192 0c0 SD (Unassigned, Reserved)

255 OFF

64-255 zffi 100 SD User lnterrupt Vectors

1023 3FF
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VERSAbUs is that all address and data lines are inverted.
This accounts for the need to have both local and system,
data and address buses as shown in the schematic diagrams.

MC6t661 EPCI/MC6M53 PGC INTERFACE
In addition to merely supplying DmeK, the MC6866l/

MC68653 interface circuitry must also force the MPU to
meet the chip enable delay period, ICED, specified in the
data sheet. Figure 6 contains the circuitry required to meet
these requirements, The PGC has two chip enables, em and
eET. The em enable signal controls access to the character
register used in accumulating the CRC. This signal can also
be used to access the data registers of the EPCI, and thus
write to both the PGC and the EPCI at the same time. The
m enable signal is used to select the command and status
registers of the PGC and is decoded at a different address. A
number of the MC68000 instructions can access the same or
consecutive addresses on succesive bus cycles. In these cases,
a double read or write could reaccess the same location
within 2.5 clock cycles (187 nanoseconds at 8-megahertz
clock rate). This violates tCED and tCnC on the MC68653
and tCnO on the MC68661. The minimum tCED for the EP-
CI is 600 nanoseconds, whereas the minimum tCED for the
PGC is 1750 nanoseconds. In order to prevent the PGC from
being reaccessed too soon, the chip enable signals must be
delayed, os discussed below.

The CT and GI inputs are the unqualiried chip select
signals, generated as a function of the address lines and ad-
dress strobe. The state machine (SN74LSI93) shown in
Figure 6, guarantees that these chip selects are held off for
l4-clock cycles after the trailing edge of the previous chip
enable. The l4-cycle delay corresponds to a period of 1750

nanoseconds (PGC ICED), assuming an 8-MHz system
clock. For other system clock frequencies, the number of
delay cycles has been compiled in Table 2. Following the
trailing (rising) edge of the first chip select, INHIBIT is
asserted. As well as holding off subsequent chip enables, IN-
HIBIT also loads the SN74LSl93 counter with a binary value
of two (parallel load 0010). The state machine counts for
fourteen system clock cycles before negating INHIBIT (TCu
goes low) and halting. The falling edge of INHIBIT is syn-
chronized with the system clock, creating the ENABLE
rigr"l. Tlg ENABLE output is gated with D,s, allowing
em or eEi to be asserted. since the chip enables are gated
with the lower data strobe only, both byte and word instruc-
tions can be used. The high ENABLE disables the SN74LS74
(U5B) clear input and permits DflAG to be asserted on the
next rising edge of the system clock. A timing diagram of a
read bus cycle is shown in Figure 7. The first cycle of a dou-
ble read is shown with INHIBIT low, allowing a normal read
to occur. In the next cycle, eE is held off by INHIBIT until
the l4-cycle delay time is met.

TABLE 2 - Delay for Various Clock Rates

MPU Clock I Delay
Rate (MHz) I IMPU Clock Cycles)

4
6

8
10

12

14

16

7

11

14

18

21

25
28

S051525354 w S5 S7 SO wwwwSSSOSTS0
CLK

FS

iDs

R/w

Fo

lnhibit

Enable

DTACK

CT

DO-D7

200 ns---l

14-Clock Cycles

Valid

FIGURE 7 - MC68661/MC68653 Read Cycle Timing
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The remainder of the PGC interface is straightforward.
The MC68000 R/W and Rmm hnes must be inverted to
match the corresponding lines of the peripherals. The inter-
rupt request lines, shown in Figure 8, are connected to the
appropriate level of the vectored interrupt hardware. The
internal baud rate generator of the MC6866IA requires that
a frequency of 4.9152 MHzbe applied to the BRCLK input.
A simple crystal oscillator, shown in Figure 9, may be used to
generate the clock. The SYNCLK signal is the internally
generated transmit clock that is used as the synchronous
clock in the data link. The MCl488 and MC1489 provide the
necessary level shifting to conform to EIA RS-232-C stand-
ards. This level shifting is not required, but it does allow for
the data link to be used as a standard asynchronous serial
port. Only the software configuration of the EPCI needs to
be changed to switch to the asynchronous operating mode.

4.9152 MHz

U1: SN74LS04 U1C

FIGURE 9 - 4.9152 MHz Baud Rate Oscillator

MC6t652 MPCC/MC6t653 PGC SUPPORT CIRCUITRY

The MC68652/MC68653 bus interface is very similar to
the MC6866L/MC68653 interface, even though the chip
enable to the MPCC, during the second read of a double
read, need not be delayed. A PGC is being used in conjunc-
tion with the MPCC; therefore, the l4-cycle delay is still
necessary. Figure l0 depicts the chip select circuitry. The
data bus enable signal (DBE}$ is required by the MPCC and
is used as the reference for all internal activity (as opposed to
CE, which only controls power consumption). To simplify
the interface circuitry, CE is tied high and DBEN used as the
chip enable signal. In addition to the bus interface circuitry,
the MPCC requires additional hardware to minimize soft-
ware overhead.

The transmitter and receiver enables (TxE, RxE) are not
bits of a status register, but are external pins. An addressable

latch (SN74LS74) is required to permit enabling and disabl-

ing the R/T. By incorporating Um in the latch decoding,

the latch appears as the even byte in the same address space

as the PGC (which used the ffi). The R/W signal is also us-

ed in the decoding scheme, thus allowing the same location to
be used for a status buffer as well. The SN74LS2N buffer

allows the processor to read all of the status bits that appear
as external pins to the MC68652. The latch and buffer are
shown as part of Figure I l. Additional circuitry in the figure
includes a portion of an SN7 4L532 which is used to generate
the BYTE control signal. The BYTE signal indicates to the
MPCC the width of the data in a peripheral read or write.
Through BYTE and the address lines (Al and A3), the
MPCC registers are selected as shown in Table 3. The A0 in-
put is generated by the lower data strobe since the odd and
even bytes of the MPCC are reversed with respect to those of
the MC68000. In order that the PGC character register and
the MPCC data registers could be accessed simultaneously,
address lines Al and A2 of the MPCC, and A0 and Al of the
PGC are offset, as shown in Figure I l.

TABLE 3 - MC68652 Register Addressing

A3 A1 LDS Register

Byte-0: 16 Bit Data Bus

0

0
1

1

0

1

0

X

X

X

1 X

RDSR
TDS R

PCSAR
PCR *

Byte= 1: 8 Bit Data Bus

0

0

0

0

1

0

0

1

0

1

1

0

0

1

0

1

0

1

RDSR(L)
RDSR(H)
TDSR(L)
TDSR(H)
PCSAR(L)
PCSAR(H)
PCR(L)*
PCR( H)

* - PCR lower byte does not exist. lt will be all "0s" when read.

A common serial clock is used throughout the data link;
however, to properly interface the MPCC with another
MC68652 or an MC68661, it is necessary to invert the MPCC
transmit clock (TxC). The inversion is required because the
MPCC uses the same clock edge to strobe data into the
receiver and out of the transmitter. Using a common edge is a
problem, because transmission line effects, inherent in the
data channel, could result in a loss of data integrity.

The MC68652 does not have any signals which were meant
to be used directly as interrupts. Instead, several of the status
lines (TxBE, RXSA, and RXDA) were used. The TxBE status
line is inverted, passed through a open collector driver and
prioritized on level 3 (INT5). The RXDA and RXSA status
lines are NORed to produce a single logic low output signal,
which was passed through an open collector driver and vec-

tored onto level 4 (INfl+;.
The serial data was level shifted similar to the EPCI. As

stated earlier, if the EPCI is not intended to be used as an
asynchronous device, TTL levels could be used for the serial
data.
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INTERRUPT VECTORING HARDWARE
The vectored interrupt mode of operation was chosen for

the interface rather than the autovectored mode. In this
mode, the vector number must be supplied via the data bus
during the interrupt acknowledge cycle. The circuitry
described here provides seven levels of interrupts, each with
its own unique vector. The vector number is alterable, such
that the circuitry can be easily duplicated on additional
boards. This allows "daisy chaining" of interrupts on the
same level while maintaining unique interrupt vectors for
each device.

The interrupt prioritizing/vector generation circuitry is il-
lustrated in Figure 8 and functions as follows. A one-of-eight
priority decoder (SN74LSI38) determines which of the four
locally generated interrupts (INTI through TNT4) will assert

Dffi (and also negate m,@ during an interrupt
acknowledge cycle. One output line of the priority decoder is

asserted low by the Al-A3 inputs (assuming -El ,W, and E3

are enabled). The selected line is then compared to the cor-
responding interrupt line inputs (INTI, TNm, I-tlT3, or
INflO in one of the SN74LS32 OR gates. If both inputs to
one of the OR gates are low, FIFK is asserted (AeK-ffi
is negated) and the interrupt vector number is placed on the

data bus (bV three-state inverter/buffer SN74LS240). The

lower three bits of the vector number are selected from
within a given range by the Al-A3 inputs to the SN74LS240.
The upper five bits are hardwired during system design to
provide the correct range of vectors (as shown in Figure 8,

vector numbers $41 through $47 have been selected on this
board). Seven separate m-K outputs (IACKI through
IFCtcZ;, each corresponding to an interrupt level, are

generated by the one-of-eight priority decoder; however,

only four are used. If an interrupt currently requesting ser-

vice was generated on this board, the output of the

SN74LS20 (4-input NAND gate) goes high to assertDKK.
The interrupt requests, which are passed down the system

bus, are driven by SN74LS07 open collector drivers to allow
wire-ORing of multiple interrupts on the same level. The

" daisy chaining" of interrupts during the interrupt
acknowledge cycle is accomplished between boards by con-

trolling thJ propogation of ffi-tNZffi signal along
the bus. The AffiIN input of each board reflects the
Arere-m level of the previous board in the system (the first
board in the system receives its FKIN from the MPU).
When a low AGIN signal reaches a board, it indicates that
no devices of higher priority are currently interrupting the
procesSoronthesamelevel.Ifnointerruptispe@this
priority level during the interrupt cycle, the low ACKIN will
simply pass through as a low m'UT to the next board.
Once the board that requested the interrupt receives a low
ffiIlr, it assertsDlffi (ATrelm cannot go low) and

places its vector number on the data bus. This breaks the

''daisy chain" propogation path and the interrupt
acknowledge cycle is comPleted.

SOFTWARE
Three distinct subprograms exist within the data link soft-

ware. The three divisions are the initialization routines, the
VO drivers and the interrupt service routines. The initializa-
tion routines define the operating conditions of the data,

communications devices, define the interrupt vectors, and

move the header block from ROM into RAM. The transmit-
ter and receiver driver subroutines handle the non-real time
overhead required in supporting the data link. For the
transmitters, this involves little more than controlling the
transmitter and receiver enables. The receiver driver sub-
routines must check the BCC bytes and setup and monitor
acknowledgements. The interrupt service routines handle the
real time processing required by the EPCI and the MPCC. In
addition to handling the data transfers to an from the
MC68000s, the service routines must also maintain the data
pointers. In the following paragraphs, each section of the
software is described individually. The complete, annotated
listings are included at the end of this applications note.

The data link software was written to demonstrate the
ability of the data communications peripherals to support the
BISYNC protocol. As such, only a subset of the protocol is

fully supported by the routines presented in this applications
note. The limitations imposed are that the acknowledge-
ments must be a separate control messd5l, rather than part
of the data message header and the BISYNC transparent
mode is not supported. A few minor software chang€s, to
monitor the DLE characters, is the only requirement to sup-
port the transparent mode.

As has already been shown, the BISYNC protocol requires
the use of a number of control characters. The following
table matches the control character class as programmed in
the PGC, with the ASCII abbreviation and the hexadecimal
value of the code. Note that all characters not listed in the
table fall under the BISYNC Normal class.

TABLE 4 - ASCII Control Codes

SYSTEM INITIALIZATION
During the power up reset sequence, a portion of the data

link initialization takes place. After entering the supervisory
state and masking the interrupts, the power up reset initiali-
zation sequence depicted in Figure 12 is executed. The header

block, which is normally stored in ROM, is moved to RAM
to facilitate updating the station address and block sequence

count during each message. At this point, the interrupt and

trap vectors are also initialized to point to the proper service

routines. Each data communications device is then initialized
to the proper mode with the transmitters and receivers dis-

abled. The ASCII control codes are programmed into the
PGC character class array and the error checking polynomial
is set to CRC-16, completing the device initialization.

t,

L
Class

ASCII
Mnemonic

Hex
Value

SYN/BISYNC Not lncluded

Block Termination Character/
Search Character

Secondary Search Character

SYN
SOH

ETX

EOT

ENO

ETB

STX

16

01

03
04
05
17

02

t2



System lnitialization

Enter S upervisory State

Move Header Block to RAM

lnitialize lnterrupt
and Trap Vectors

Set R/T Operating
Modes

Set PGC Mode

Task Oueuing Procedure

Append Termination
Character to Data

Write Secondary Station
Address to Buffer

Write Block Sequence
Count to Buffer

Call lnitialization
S u broutine

Set Semaphore Flag

FIGURE 12 - Power Up Reset lnitialization Sequence Flowchart

The applications dependent initialization (which includes
the clearing of flags, setting the initial value of counters and
pointers, enabling interrupts, and enabling the transmitters
and receivers) is not done at this time. Those functions are
provided by the task initialization subroutines, which are
called as each task is placed in the queue. The task queuing
procedure flowchart is shown in Figure 13. Flowcharts for
the transmitter task and receiver task initialization subrou-
tines, are found in Figures 14 and 15, respectively.

In general, an Operating System will keep track of tasks
within the system through the use of a task queue. The queue
contains information on all current tasks, including the
priority of each. Quasi-real-time operations, such €ts I/O
drivers, are usually assigned the highest priority. Active tasks
in the system are denoted by a non-zero value in the
semaphore register for that task. Semaphore flags are used in
the data link software to indicate if a receiver or transmitter
is active; and if it is active, whether the message type is data
or control. Single byte locations are used for all semaphore
flags. The semaphore registers are also used as byte counters
in several instances, since only a non-zero value is required
for a device to be active.

To properly queue a transmitter task, a data block must be
prepared for transmission as follows: an ETX character must
be appended to the end of the data block, the starting
address of the block must be moved to the appropriate trans-
mitter data pointer (TC6IDATP or TC52DATP), the secon-
dary station address must be written into the header block,
and the block sequence count updated (see Figure l3). Set-
ting the transmitter semaphore flags (TX6ISMPH or
TX52SMPFI) indicates that the task has been queued and
transmission can commence. Receiver tasks should be con-
tinually enabled, anytime the corresponding transmitter is
disabled. The actual l/ O transfers are interrupt driven and
are handled by the interrupt service routines.

FIGURE 13 - Task Oueuing Procedure Flowchart

Transmitter Task
I nitialization S ubroutine

lnitialize BCC Byte
Count

Set Header Block
B uf fer Pointer

Start BCC Accumulation

Clear All Status Flags

Enable lnterrupts

Enable Transmitter

RETURN

13

FIGURE 14 - Transmitter Task lnitialization Flowchart



Receiver Task
I nitialization Subroutine

Start BCC Accumulation

Set Up Data Pointer

Clear All Flags and
lnitialize Cou nters

Enable Receiver

Enable lnterrupts

RETURN

FIGURE 15 - Receiver Task lnitialization Flowchart

INTERRUPT SERVICE ROUTINES
As the Receiver/Transmitter (R/T) completes the process-

ing of a character, the CPU is interrupted to signal the com-
pletion. The CPU acknowledges the interrupt and is vectored
off to a particular service routine. Each receiver and trans-
mitter requires a separate service subroutine. Flowcharts for
these subroutines are presented in Figures 16 and 17.

To service a transmitter interrupt, the work registers must
be saved and the data pointer restored. Using 'the restored
pointer, a byte of data is read from the buffer and written to
the transmitter. The pointer is then incremented and saved.
Depending on the type of message being sent, two paths are

available. For an acknowledgement control message, the
byte counter is incremented, the work registers restored, and
the routine exited. In the case of a standard data message,

checks are done to determine if the end of either the header
or data block has been reached. At the completion of the ser-

vice routine, the data pointer is updated as necessary, the
interrupt serviced flag set, and the work registers restored.
The receiver interrupt service routine also saves the work
registers and restores the data pointers upon entry. The data
is then read from the receiver. In the case of the MPCC, ttn
additional segment of code must be executed. The MPCC
does not strip SYN characters received after the initial two;
therefore, a short section of code is required to sense and
strip them. This is accentuated by the dotted lines in the
flowchart. Valid characters cause the interrupt serviced flag
to be set and the remaining functions performed. If this is
part of an acknowledgement control message, the byte
counter is incremented and a normal exit performed. For a

data message, the PGC status is read and saved before exit-
ing the routine. If an ETX was sensed by the PGC, a flag is
set before returning.

This completes the real time processing of information by
the data link software. The execution time of the remaining
software is not critical, as long as it is completely executed
before another interrupt (corresponding to the unexecuted
code) is serviced.

I/O DRIVERS SUBROUTINES

Each I/O driver contains two paths through the code, cor-
responding to acknowledgement and data messages. The
transmitter drivers (see Figure l8), clear the interrupt ser-
viced flag before branching to the appropriate path. Until the
fifth byte of an acknowledgement has been transmitted, no
special processing is required and a return is simply executed.
Following the fifth byte, the transmitter is turned off and the
reply semaphore flag is cleared. Data messages also return,
unless the BTC character has been transmitted. On subse-
quent passes after the BTC (ETX) transmission, a BCC byte
is moved to the buffer and the byte count incremented. After
the entire BCC has been transmitted, the transmitter is
disabled, the receiver enabled, and the acknowledgement
semaphore flag set.

A flowchart for the receiver l/ O drivers is presented in
Figure 19. Immediately after the interrupt serviced flag is
cleared, a check is done to see whether the current message is
data or an acknowledgement. If an acknowledgement,
nothing happens unless the entire block has been received. At
that point, a decision is made whether to retransmit the cur-
rent block, or queue the next block for transmission. The
decision is based upon the reception of a valid ACK. Data
messages also cause the routine to terminate, unless the entire
block check sequence has been received. When it has been
received, the receiver is disabled, and a check done to see

what the response should be. The proper response is loaded
into the transmit buffer, the transmitter enabled and the
reply semaphore flag is set.

ASYNCHRONOUS SUPPORT

As an asynchronous peripheral, the EPCI can be pro-
grammed for a variety of data formats. The number of stop
bits and the baud rate clock divisor are selectable through
software. Other software alterable control bits allow the user
to force a break level on the transmitter output, enable an
auto echo mode, and toggle modem control lines. The
receiver monitors the receiver-serial data for parity, overrun,
and framing errors, as well as detecting false start bits.

Either an external clock, or the built in baud rate generator
can be selected as the source of the receive and transmit
clocks. The internal baud rate generator allows the user to
select any of 16 baud rates under program control. Three ver-
sions of the EPCI are available. Each version contains a dif-
ferent set of 16 baud rates ranging from 50 to 38.4 K baud.

Features common to both the synchronous and asyn-

chronous modes of operation include a double buffered
receiver and transmitter, full or half-duplex operation, and
two maintenance loopback modes. Character length is soft-
ware programmable to be from five to eight bits plus parity,
and may be changed dynamically. All inputs and outputs are
TTL compatible, except for three open-drain MOS outputs
which are available for use in interrupt driven environments.
Also, the RxC and TxC pins are both protected against short
circuits.
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Transmitter lnterrupt
Service Routine

Save Work Registers

Restore Data Pointer

Output Data To
T ra nsmitter

lncrement Data Pointer

Acknowledge-
ment

7

lncrement Byte Counter

U pdate Pointer
to Point at Data

BTC Last
Cha racter

Tra nsmitted

Set Pointer to Point
at Trailer Field

Restore Work Registers

Set lnterrupt Serviced Flag

RETURN

FIGURE 16 - Transmitter lnterrupt Service Routine Flowchart
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Receiver lnterrupt
Service Routine

Save Work Registers

Restore Data Pointer

Read Receiver

r
I

./\/\
v./\:< t)t

--.. //

Set lnterrupt
Serviced Flag

Acknowledge-
ment

lncrement
Byte Counter

Read and Save PGC Status

BTC
Detected

7

Set ETX Received Flag

Restore Work Registers

RETURN

FIGURE 17 - Receiver lnterrupt Service Routine Flowchart
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FIGURE 18 - Transmitter l/O Driver Flowchart

The MC6E66I/MC26I can be progrnmmed to operate sheet. Intemrpts operate the same as in the synchronous
asynchronously simply by re-initializing the device. This is mode.
done by executing the code shown in Figure 20 in place of the
initialization routines presented earlier. Examples of typical BIT ORIENTED PROTOCOL (BOP) SUPPORT
intemrpt service routines are also included in Figure 20. The MC68652 is capable of supporting not only BCP, but
After executing the code, the EPCI will be programmed to several BOP protocols as well: SDLC, HDLC, and ADCCP.
operate asynchronously on 8-bit data characters without The features of the part, unique to the BOP mode of opera-
parity. The TxC and RxC are provided by the internal baud tion, include: secondary station address detection, zero inser-
rate generator, with 96fi) baud being the selected rate. If a tion and deletion, and short character detection at the end of
different baud rate is desired, bits 0 thru 3 of Mode Register a message. Automatic generation and detection of special
2 should be changed according to Table I in the EPCI data BOP control sequences such as FLAG, ABORT, and GA are

Transmitter Driver S ubroutine

Clear lnterrupt Serviced Flag

Acknowledge-
ment

7

ETX

Transmitted
7

5 Bytes
Transmitted

?

RETURN

Decrement BCC
Byte Count Disable Transmitter

BCC

Block Out
7

Move BCC Byte
Count To Buffer RETURN

Disable Transmitter
Enable Receiver

lnitialize Receiver
Buffer Pointer

Output
BCC Byte

Clear Transmitter
Semaphore Flag RETURN RETURN

Set Acknowledgement
Semaphore Flag

RETURN

17
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Receiver Driver S ubroutine

Clear lnterrupt Serviced Flag

Receiving
ACK?

Tx
Complete

7

ETX

Received
7

Set Flags

AII BCC

Received
?

RETURN

Check ACK Against
Outstanding B lock

Number

Disable Receiver

Re-Transmit
B lock

Clear Transmit
Semaphore Flag

Write NAK
to B uffer

Check Block No.
For Odd or Even

Add PAD CharacterWrite ACK0 or
ACK1 to Buffer

Append SYN and PAD
Characters to Message

Clear Receiver SemaPhore Flag

Enable Transmitter

Set Reply Semaphore Flag

RETURN

NAK

ACK

FIGURE 19 - Receiver llO Driver Flowchart
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FIGURE 20 - EPCI Asynchronous lnitialization Software

also included. As would be expected for a bit oriented pro-
tocol, character length can range from one to eight bits.
Error checking facilities, which are built into the MPCC,
enable the device to perform parity and CRC checks. The
available error checking polynomials include odd and even
parity (VRC), CRC-CCITT, and CRC-16.

As with the EPCI, only simple software changes are re-
quird to change the operating parameters of the peripheral.
No hardware changes are required. Depending on the pro-
tocol which is to be supported, the value written to the
MPCC during initialization will vary. Consult the MC2652/
MC68652 data sheet for the proper values. Additional infor-
mation on BOP applications is available from Motorola

Applications Note AN-839, "A Data Communications Sys-

tem Using an MC6809 MPU, MC68652 MPCC, andlor the
MC6866l EPCI."

POTENTIAL PROBLEM AREAS
Several potential problems exist if the data sheets are not

read closely before using the data communications
peripherals. The next few paragraphs cover several situations
in which problems could develop.

Problems can start to develop even as the EPCI is being
initialized. The SYNI, SYN2 and DLE character registers are
programmed by writing to the same memory location. Inter-
nally, the EPCI rotates from the SYNI register, to the SYN2

t9



register, to the DLE register, on subsequent writes. If more
than the required number of accesses are made, the internal
pointer sequences back to the first register. To ensure that
the pointer starts in the correct place, it is good practice to
read the command register before programming these char-
acters. A read of the command register resets the pointer to
the SYNI register. Mode registers I and 2 are accessed in a
similar manner.

The EPCI is double buffered on both the receiver input
and transmitter output. In the transmitting mode, one char-
acter is shifted out of the Transmit Shift Register (TSR) as
the next character is being held in the Transmit Holding
Register (THR). If the transmitter is disabled while both the
TSR and the THR are full, the contents of the TSR will con-
tinue to be shifted out until the register is empty; however,
the contents of the THR will not be transferred to the TSR
and will be lost. When disabling the transmitter after writing
the last character of a message to the EPCI, the user must
wait until TxRDY is asserted again, before disabling TxEN
(in Command Register).

During periods of transmitter underrun, while in the
BISYNC transparent mode, line fill characters will consist of
aDLE/SYN pair. The MC6866l receiver must be switched to
the transparent mode, for these character pairs to be pro-
perly detected and stripped. Entering the transparent mode
too early can cause problems if line fill is required during the
header block. To alleviate these problems, the receiver
should not be switched to the transparent mode until after
the DLEISTX pair has been received.

The MPCC is a powerful peripheral; however, several pre-
cautions should be observed when using it. Besides the hard-
ware anamolies which have been described previously, the
system programmer must be made aware of several software
exceptions. The MC68652 pins which have been designated
as possible interrupt sources are not truly interrupts, but
status signals. As a result, it is not sufficient to disable the
transmitter to disable the transmitter interrupts. Instead, a
dummy byte of data must be written to the transmitter, clear-
ing the TxRE status flag.

A final precaution when using the MPCC is that address
line A0 on the MC68652 is the logical inversion of the
MC68000 internal A0. This places MPCC odd addresses in
the high byte and even addresses in the low byte. In the data
link hardware, this problem was avoided by using the lower
data strobe instead of the upper data strobe, in generating A0
for the MPCC.

CONCLUSION
A Binary Synchronous Communications (BISYNC) data

link, requiring a minimal amount of hardware and software
overhead, was described in this application note. The hard-
ware consists of an MC68000 asynchronous bus interface,
interrupt prioriti zing and vector generation logic, and the
auxillary support circuitry required by the peripherals. The
V O drivers and interrupt service routines are provided as an
example of the software intervention that is actually required
to support the data link.

Using the hardware already described with different soft-
ware drivers, virtually any common serial protocol can be

supported. Using the MC6866l EPCI, asynchronous and
byte controlled synchronous protocols can be supported. In
the same light, the MC68652 MPcc can support either byte
controlled or bit oriented synchronous protocols. If the inter-
nal error checking facilities are insufficient for a given pro-
tocol, an Mc68653 PGc will, in most cases, provide the
necessary functions.

A scheme for vectoring interrupt requests was also describ
ed. This method of prioritizing the interrupts is in no way
limited to the peripherals employed in this application. Any
Motorola family peripheral can be provided with vectored
interrupts using this scheme. Multiple interrupts on the same
level are allowed, provided that each device is assigned a uni-
que vector number and interrupts are "daisy chained"
between boards.
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