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A remarkable characteristic of music is its
ability to evoke nostalgia. Nostalgia for the
time of its composition, for the composer, or
performer, or for the occasion we first heard
it played. But in his professional capacity, at
least, no nostalgia assails the designer of audio
reproduction equipment. His thoughts are
directed toward the future. Toward the
perhaps mythical lure of ideal audio repro-
duction. In this issue we have an article that
will bring the myth somewhatcloser to reality.
The article concerns a new semiconductor
laser for use with the video long player and its
audio counterpart the compact audio disc.
For audio, the introduction of the compact
disc will remove all the noise and distortion
currently associated with discs and styli. Myth
and reality are steadily merging, but where are
we heading? Nostalgia is a compelling force.
Will it drive the audio buff of the future to
demand circuits that restore the very imper-
fections we have striven so long to eradicate?
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Serial 1/0 with the MAB8400
series microcomputers

A.P. M. MOELANDS

A microcomputer with a mask-programmed memory is
a general purpose device with a dedicated function that
is specified by the contents of its ROM. The increasing
use of microcomputers in domestic and industrial appa-
ratus, where much of the task is control rather than
computation, has lead to the requirement for modifi-
cation of some of the hardware functions of these de-
vices.

The 8400 series* has been developed from the well-
known 8048/8021 devices, to provide microcomputers
with additional dedicated functions suited to control
applications. Architecture and pin layout of the 8400
series are similar to the 8021 microcomputer, while the
instruction set is based upon that of the 8048 micro-
computer. The 8400 series comprises a range of func-
tionally identical devices offering a variety of ROM and
RAM capacities to suit the application.

Serial input/output

Use of serial data communication between devices
greatly reduces the number of connections required,
leading to simpler circuit layout and economies in con-
nector size and printed circuit board area. One of the
special functions of the 8400 series, the Serial Input/
Output (SIO) interface has been designed to eliminate
the heavy processing load imposed upon a normal
microcomputer performing serial data transfer. The SIO
interface can be seen in the block diagram of the 8400
in Fig. 1.

* Detailed information on the MAB8400 series can be found in
a separate Technical Publication.

Whereas a normal microcomputer must regularly
monitor the serial data bus for the presence of data, the
8400’s SIO interface detects, receives and converts the
serial data stream to parallel format without interrupting
the execution of the current program. Only when the
complete byte has been received is an interrupt sent to
the microcomputer, which can then read the data byte
in a single instruction. Likewise, for transmission, the
SIO interface performs the parallel to serial conversion
and subsequent serial output of the data while the
microcomputer continues with execution of its pro-
grammed tasks.

The design of the 8400’s SIO system allows any
number of 8400 devices to be interconnected by the
two-line serial bus. Furthermore, the ability of any two
devices to communicate, without the slightest inter-
ruption of the operation of any other devices on the
bus, is an outstanding attribute of the system. This is
achieved by allocating a specific 7-bit address to each
device and providing a system whereby a device reacts
only to messages prefixed with its own address or the
‘general call’ address. The address recognition procedure
is performed by the interface hardware so that opera-
tion of the microcomputer need only be interrupted
when a valid address has been received. This results in
a significant saving of processing time and memory
space compared with a conventional microcomputer
employing a software serial interface. When the address-
ing facility is not required, for instance in a system with
only two microcomputers, direct data transfer without
addressing can be performed.

The 8400 serial input/output system also provides
simple mechanisms for implementation of master/
slave operation of devices, acknowledgement of data
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Fig.1 Block diagram of the MAB8400 microcomputer

reception and an asymmetrical clock signal for use with
conventional microcomputer systems. When multimaster
systems are used, an arbitration procedure is automati-
cally invoked, thus preventing two or more devices from
continuing simultaneous transmission.

Serial data bus

The 8400 serial interface has been designed to work
with a serial bus consisting of two bi-directional lines:
one for data signals and one for clock signals. A proto-
col has been defined to allow reliable and efficient
operation of this bus:

ELECTRONIC COMPONENTS AND APPLICATIONS, VOL. 3 NO.1, NOVEMBER 1980

e Data transfer may be initiated only when the bus is
not busy.
e During data transfer, the data line must remain

stable whenever the clock line is High. Changes in
the data line while the clock line is High will be inter-
preted as control signals.
Accordingly, the following bus conditions have been
defined:
Bus not busy: both data and clock lines remain High.
Start data transfer: a change in the state of the data
line, from High to Low, while the clock line is High de-
fines the start condition.
Stop data transfer: a change in the state of the data
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Fig.2 Data transfer sequence on the serial bus data valid
line, from Low to High, while the clock line is High, de- Serial I/O interface

fines the stop condition.

Data valid: the state of the data line represents valid
data when, after a start condition, the data line is stable
for the duration of the High period of the clock signal.
The data on the line may be changed during the Low
period of the clock signal. There is one clock pulse per
bit of data.

Figure 2 illustrates the sequence of events involved
in data transfer on the serial bus. Each data transfer is
initiated with a start condition and terminated with a
stop condition; the number of data bits transferred be-
tween the start and stop conditions is not limited.

A block diagram of the 8400 serial I/O interface is
shown in Fig. 3. The clock line of the serial bus has the
exclusive use of pin 3, while the data line shares pin 2
with 1/O signal P23 of port 2. Consequently, only three
I/O lines are available for port 2 when the SIO interface
is enabled.

Communication between the microcomputer and
the interface takes place via the internal bus of the micro-
computer and the Serial Interrupt Request line. Four
registers are used to store data and information con-
trolling the operation of the interface:
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Fig.3 Block diagram of the MAB8400 SIO interface
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— data shift register SO

— SIO interface status word S1
— clock control word S2

— address register.

Data shift register SO

SO is the shift register used to perform the conversion
between serial and parallel data format. Data to be trans-
mitted is loaded in SO by the microcomputer and shifted
out serially, most significant bit first. Data received on
the serial bus is shifted into SO, most significant bit first.
After transmission of a complete byte or reception of a
complete data byte, the specific address, or the general
address, a pending interrupt is generated.

Status word S1

S1 provides information for the microcomputer about
the state of the interface and stores interface control
information from the microcomputer. The bit allocation
of S1 is shown in Fig. 4. Note that bits 0-3 are dupli-
cated: the control bits in these positions can only be
written by the microcomputer, while the interface status
bits can only be read.

MST and TRX

MST (master) controls the operation of the interface as
a master or slave device:

MST = 1, master device

MST = 0, slave device.
TRX determines the direction of the data transfer:

TRX = 1, transmit data

TRX = 0, receive data.
Table 1 summarises the operating modes resulting from
the four combinations of MST and TRX. A slave receiver
is a device that receives both data and clock signals from
a master transmitter. A slave transmitter is a device that

internal
microcomputer bus

i} bits set or
> reset by software

bit 7 bit O

ESO|BC2|BC1(BCO

MST|TRX| BB | PIN

AL [AAS|ADO|LRB

=
bits read by software

7283730
[] bit can be set or reset by hardware

D bit can by reset by hardware

Fig.4 Bit allocation of the SIO status word, S1
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TABLE 1
Operating modes of the SIO interface

MST TRX MODE

slave receiver
master receiver
slave transmitter

—_ O = O
—_— O O

master transmitter

has been addressed by a master transmitter, with a re-
quest to transmit data. The slave transmitter then trans-
mits its data in accordance with the clock signal pro-
vided by the master receiver. (The master transmitter
enters the master receiver mode to receive the data from
the slave transmitter). A master transmitter is the only
mode of operation in which a data transfer sequence
can be initiated by the start conditions.

BB: Bus Busy

The Bus Busy flag indicates the status of the bus. When-
ever a start condition is detected on the bus, the Bus
Busy flag is set. It is reset by detection of a stop condi-
tion on the bus. In the master transmitter mode, the
Bus Busy flag is used for the generation of start and
stop conditions. Should a device attempt to generate
a start condition while the flag is set, the Arbitration
Lost (AL) flag will be set and a pending interrupt will
be generated. The start condition will not be generated.

PIN: Pending Interrupt Not

PIN = O indicates the presence of a pending interrupt,
which will cause a Serial Interrupt Request when the
serial interrupt mechanism is enabled. The pending inter-
rupt is cancelled whenever data is read from or, written
to, register SO. A pending interrupt is generated when-
ever a complete byte has been transmitted, the bus arbi-
tration procedure is lost, a complete data byte is re-
ceived or a valid device address is detected.

ESO: Enable Serial Output

The ESO flag enables/disables the SIO interface:
ESO =1, the SIO interface is enabled
pin 2 is assigned the function of the serial
data line.
ESO =0, the SIO interface is disabled
pin 2 is assigned the function of I/O signal
P23
the address register can be loaded by
writing to SO.
ESO is set or reset by software but cannot be read.
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BC0, BC1 and BC2

BCO, BC1 and BC2 form a counter for the number of
bits in the byte to be received or transmitted. The
counter can be set, but not read, by the microcomputer.
The content of the counter indicates the number of
bits/byte, with the exception that the value zero indi-
cates an eight-bit byte. To eliminate the risk of spurious
clock pulses affecting the counter while the bus is free,
generation or reception of a start condition causes the
counter to be reset. This has the result that the first
byte of a transfer will always consist of eight bits.

AL: Arbitration Lost

The Arbitration Lost flag is set by hardware when the
SIO interface, as a master transmitter, loses a bus arbi-
tration procedure. The interface then automatically
enters the receiver mode to check if it is being addressed
by the device that won the arbitration procedure. A
pending interrupt will always be generated after re-
ception of the byte during which arbitration was lost.

When the microcomputer reads the status word, the.

Arbitration Lost flag will indicate that the required
transmission did not take place. The Arbitration Lost
flag will be reset when the pending interrupt is cleared

(PIN = 1).

AAS: Addressed As Slave

The Addressed As Slave flag is set by hardware when the
interface detects either its own specific address or the
general call address as the first byte of a transfer and the
interface has been programmed to operate in the address
recognition mode. It is reset at the same time as the
pending interrupt is cleared.

ADOQ: Address Zero

The Address Zero flag is set by hardware after detection
of the general call address when the interface is opera-
ting in the address recognition mode. The general call
address consists of a byte of eight zeros. The ADO flag
is reset when the bus becomes free after a stop condi-
tion.

internal
microcomputer bus
bit 7 bit O

| I I
NOT
USED ACK | ASC {n) {m)

| 1 |

7283732

Fig.5 Bit allocation of the clock control register, S2

LRB: Last Recieved Bit

This will contain either the last data bit received or, for
a transmitting device in the acknowledgement mode, the
acknowledgement signal from the receiving device.

Clock control register S2
Clock counter control

The five least bits of S2 are used to program the serial
clock counter. The serial clock signal is derived from the
internal clock of the microcomputer, which is one third
of the frequency generated by the crystal clock circuit.
When a 4.43 MHz crystal is used, the frequency of the
serial clock may be programmed within the range 720 Hz
to 100kHz, using two dividing factors m and n. As can
be seen in Fig.5, bits 0 and 1 are used to specify the re-
quired value of m according to Table 2, while bits 2, 3
and 4 are used to specify the value of n according to
Table 3. The frequency of the serial clock signal can be
determined from the equation.

ferystal

T B —

ACK: Acknowledge

For operation in the acknowledgement mode, both
transmitter and receiver must have ACK = 1. The master
device will then generate an extra clock pulse after each
complete byte, as shown in Fig. 6. During the extra
clock pulse, the transmitting device holds the data line
High and the receiving device acknowledges by pulling
the data line Low. The transmitting device stores the re-
ceived acknowledgement signal in the LRB bit of S1.

TABLE 3
Specification of the
dividing factor n

TABLE 2
Specifications of the
dividing factor m

register S1
bit4 bit3 bit2 n

register S1
bit1 bit0 m

0 0 3 0 0 0 >
0 1 6 0 0 1 4
1 0 7 0 1 0 8
1 1 8 0 1 1 16
1 0 0 32
1 0 1 64
1 1 0 128
1 1 1 256
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l 1
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DATA OUTPUT
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ASC: Asymmetrical Clock

ASC=1 causes the clock generator to generate a serial
clock with a Low to High ratio of 1:3. In this case, the
dividing factor n must be 128, so that bits 4, 3 and 2 of
S2 must be set to 1, 1, O respectively. The clock fre-
quency is then given by the equation:

ferystal
SCLK = 34mm

Address register

The address register contains the 7-bit address back-up
latches and the ALS flag, as shown in Fig.7. The address
latches hold the specific address allocated to the device,
while the ALS (Always Selected) flag is used to enable/
disable the address recognition mode.

ALS =1, the SIO interface will respond to all mes-
sages, regardless of address.

ALS =0, the SIO interface will respond only to
messages containing its own address or the
general address. In this mode, the least
significant bit of the first byte received
performs the function of read/write com-
mand (write =0). When an interface de-
tects its own address or the general call
address, it automatically sets the TRX bit
of the status word to the value of the re-
ceived read/write command. The general
call address (eight zeros) is thus a seven-
zero address with the read/write command
always zero.

internal
microcomputer bus
bit 7 bit 0

I I I 1 1 I
7-BIT ADDRESS LATCHES ALS
| | ] | | 1

7283733

Fig.7 Address register in the SIO interface
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The address register can only be loaded from the inter-
nal bus of the microcomputer when the SIO interface is
disabled (ESO=0). Under this condition, a MOV SO,A
instruction will move the contents of the accumulator to
the address register instead of SO, as would normally be
the case.

Interrupt Logic

The interrupt logic can be enabled by an EN SI instruct-
ion, or disabled by a DIS SI instruction. When the logic
is enabled, generation of a pending interrupt will result
in a Serial I/O interrupt to the processor. An SIO inter-
rupt causes the processor to execute the instruction at
location 5 of its memory; the instruction is typically a
jump to the beginning of the routine that handles SIO
interrupts. When the logic is disabled, pending interrupts
can still be serviced, as the PIN signal can be read from
the SIO status word. However, the vectored interrupt
will not occur.

Pending interrupts

The first pending interrupt in a transfer sequence is gen-

erated when:

— a complete byte (data or address) has been transmitted

— the general call address is received

— the specific own address is received

— eight bits have been received and ALS=1

— an arbitration procedure is lost and a complete byte is
received.

Subsequent pending interrupts will be generated after

the completion of each byte.

Once a pending interrupt has been generated, the
clock line will be held Low until the interrupt is can-
celled. This means that there will be a delay between
bytes dependent on the interrupt processing time of the
devices taking part in the transfer. Only when the clock
line is released by all devices concerned, can transfer of
the next byte be started.
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Serial I/O operations

From the foregoing descriptions, it can be seen that once
a device has generated a start condition, all Bus Busy flags
in the system are set and no other device can initiate a
transfer until the first device leaves the bus free. How-
ever, it is possible that two or more devices give a start
condition almost simultaneously, so that none detects the
start condition of the other(s). An arbitration procedure
has therefore been designed into the interface so that
only one device gets control of the bus.

Arbitration procedure

" Figure 8 shows the open drain configuration of the serial
bus outputs of the 8400 which gives the bus lines the
wired AND property. This means that a Low level will
overrule a High level on the line. The arbitration proce-
dure uses the data presented on the serial data line by
the competing transmitters. When a transmitter senses
that a High signal it has presented on the line has been
overruled by a Low signal, it switches to the slave re-
ceiver mode, sets the AL flag and generates a pending
interrupt at the end of the byte. Figure 9 shows the arbi-
tration procedure between two devices. The arbitration
procedure will give priority to the device that transmits

1 DEVICE 2

the serial data stream with the lowest binary value. Should
two or more devices send identical first bytes, arbitration
will continue on the subsequent bytes. If the data streams
are identical, an arbitration result is not necessary.

Clock synchronisation

Under normal conditions, only one master device will
generate a clock signal. During the arbitration procedure,
however, there are two or more master devices and the
clocks must be synchronised so that the data outputs
can be compared. The wired AND property of the clock
line means that a device that first generates a low period
of the clock line will overrule the other devices. At this
High to Low transition, the clock generators of the other
devices will be forced to start generation of their own
Low period. The clock line will then be held Low by the
device with the longest Low period, while the other de-
vices that finish their low periods must wait for the
clock line to be released before starting their High
periods. A synchronised signal on the clock line is thus
obtained, where the slowest device determines the length
of the Low period and the fastest the length of the High
period. An illustration of clock synchronisation is given
in Fig. 10.

starts counting
high period

CLOCK 1 ™ enters

wait state

" "\ _counter reset
CLOCK 2 -

SCLK

TZ83734

SCLK
DATA 1 \ f I‘.‘_“ transmitter 1 looses arbitration
DATA 1 s SERIAL DATA LINE
DATA 2 _\ / \ /
SERIAL \ -
DATA LINE \—‘i
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Fig.10 Synchronisation of clocks during
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Fig.9 Arbitration procedure between two master transmitters
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Transfer modes

The 8400 SIO system has three basic transfer modes:
— transfer without address recognition

— transfer with address recognition

— transfer with asymmetrical clock.

Use of the acknowledgement procedure can be specified
(ACK = 1 in both devices) with each of these three
modes, giving a total of six options.

Transfer without address recognition

Transfer without address recognition is illustrated in
Fig. 11. After reception or transmission of a complete
byte, a pending interrupt will be generated, causing a
serial interrupt request to the microcomputer if the
interrupt logic is enabled. While the pending interrupt
has not been serviced, the slave receiver will hold the
clock line Low to indicate that it is not yet ready to
continue with the subsequent data bytes. The receiver
will service this interrupt by presetting the bit-counter
in S1 and reading the data from SO. The transmitter will
service the interrupt by presetting the bit-counter in S1
and writing data to SO. The pending interrupts are can-
celled by the action of reading or writing data to or
from SO. The transfer sequence is terminated by a stop
condition from the master device, immediately following
the last data byte.

Transfer with address recognition

In this mode, a master device can send a 7-bit slave ad-
dress and read/write command bit or the general address
of eight zeros as the first byte. The ALS flag of all de-
vices should be set to zero. When a slave address is sent,
only the device with that address will respond. The TRX
bit of S1 will be set to the value of the read/write com-
mand bit such that the device becomes a slave receiver
or a slave transmitter. The clock line will be held Low
until the interrupts have been serviced in both master

!
B /_X—)d:)(_)(_\ //

\)(Xjér_\/_\/_

acknowledgement
signal from receiver
7283738

acknowledgement
signal from receiver

and slave, after which data will be shifted into, or out of,
the slave’s shift register under control of the clock signal
from the master device. When the master has addressed a
slave with the command to transmit (least significant bit
of byte = 1), the TRX bit in the master device will be re-
set so that the device enters the master receiver mode.
After the first address byte any number of subsequent
bytes may be transferred in the same way as described
for transfer without address recognition.

When a general address is sent, all devices will enter
the slave receiver mode and wait for data bytes from the
master transmitter.

Transfer with asymmetrical clock

With a High to Low ratio of 3: 1, the asymmetrical clock
allows a microcomputer more time per clock period for
sampling the data line, making the timing of this action
less critical. Furthermore, because the clock line will
often be used to generate interrupts, the reduced Low
period will allow the microcomputer more processing
time, as the microcomputer will be forced into the inter-
rupt handling program all the time that the clock line is
Low. Otherwise, the asymmetrical clock mode is the
same as transfer without address recognition.

TABLE 4
8048 instructions not supported by the 8400 family

ANLD P, A =
CLR FO INI

CLR F1 MOVD A, P
CPL FO MOVD P, A
CPL F1 MOVP3 A, @ A
ENTO CLK MOVX A, @ R
JFO MOVX @R, A
JF1 ORLD P, A
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Instructions for serial I/O

The 8400 family uses the instruction set of the 8048
microcomputer, minus the instructions listed in Table 4.
Five new instructions have been defined for use with
serial I/O:

MOV A,Sn
MOV Sp,A

MOV Sy, # data
EN SI
DIS SI
Details of these instructions are given in Table 5.

Developments within the MAB 8400 series

The 8400 series has been designed for use in consumer
equipment, where the reduction in the total number of
connections has an important bearing on product cost.
Other ICs are being developed to provide a useful range
of peripheral functions, such as text-handling, display
drivers and serial-operated memories. An inter-IC bus
has been developed to simplify the use of these peri-
pheral circuits. Further articles in the series will describe
typical applications of the 8400 series and these peri-
pherals.

TABLE 5
New instructions for serial 1/O

op-code bytes/

function

mnemonic b c description of operation

MOV A, Sp 0C 1/2 Move contents of SIO register n to Accumulator (A) — (S0)
0D (A) — (S1)

MOV S,, A 3C 1/2 Move Accumulator contents to serial /IO registern  (S0) — (A)
3D (81) — (A)
3E (S2) — (A)

MOV §;, # data 9C 202 Move immediate data to serial I/O register n (S0) — data
9D (S1) — data
9E (S2) — data

EN SI 85 1/1 Enable serial I/O interrupt

DIS SI 95 1/1 Disable serial I/O interrupt
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