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PREFACE

This manual describes the hardware and instructions for the

MSM80C51RS,
MSM80C51GS,
MSM80C51JS,
MSMB0OC31RS,
MSMB0C31GS,
MSM80C31JS, and
MSM80C51VS

CMOS 8-bit microcontrollers.

RS ............ 40-pin plastic DIP package

GS ... ... 44-pin plastic flat package

JS ... 44-pin PLCC package

VS 40-pin ceramic DIP package (Piggy-back type)

These microcontrollers are represented in the manual by MSM80C31/
MSM80C5H1.
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1. INTRODUCTION

1.1 MSM80C31/MSM80CS51 Outline

MSM80C31/MSM80C51 are single-chip 8-bit microcontrollers featuring high perfor-
mance and low power consumption. 2 um silicon gate processing technology has been
used in the manufacture of these microcontrollers.

MSMB80C31 is the same as MSM80C51 but without the internal program memory
(ROM). MSM80C51VS is a device whose internal program memory is replaced by ex-
ternal EPROM which is piggy backed to the CPU.

While the MSM80C51 microcontroller features an additional 4096-word X 8-bit pro-
gram memory (ROM) mounted on a single chip, both the MSM80C31 and MSM80C51
include a 128-word X 8-bit data memory (RAM), 32 input/output ports, two 16-bit R/W
timer/counters, five interrupts, a serial 170, an 8-bit parallel processing circuit, and a
clock generator integrated on a single chip.

The internal operation in these CPUs is based on an instruction code address method
for greater efficiency. The operations are specified in the instruction code (OP)
section, and the objective registers are specified by part of the instruction code (OP)
and the second or third byte following the instruction code. A feature of this method is
the ability to enable several operations by only changing the operation register desig-
nation in a single instruction code.

The inclusion of 8-bit multiplication and division instructions further increases the pro-
cessing capacity of these CPUs.

In addition to expansion of the bit processing area, a comprehensive range of bit pro-
cessing instructions has also been included. Processing operations include logical
processing of carry flag and specified bit within each register, transfer between carry
flag and specified bit in certain register, setting, resetting, and complement of specified
bit in each register, and execution of various bit tests within a wide area.

To make a relative jump after the execution of a branch instruction (bit test
instruction), jumps can be made within a wide address range between —128 — +127
relative to the address of the instruction. There is no page field restriction as in previ-
ous systems. (Jumps are made within pages in other systems.)

The contents of specified registers can be saved in stack by using the PUSH
instruction, and the saved contents can be returned from stack to specified register by
the POP instruction. Allocation of absolute interrupt priority to any interrupt makes in-
terrupt processing all the easier.

Employing the low-power consumption feature of C-MOS devices, these CPUs are de-
signed to operate in “CPU power down modes. In idle mode (IDLE) the IDL bit in the
power control register (PCON) is set to “1” to halt CPU operations while continuing
XTAL1 and XTALZ2 operations. In the power down mode (PD) the PD bit in the power
control register (PCON) is set to “1” to halt CPU operations as well as the XTAL1 and
XTAL?2 operations. The CPU power down mode can be cancelled by a reset or an
interrupt.

Two built-in 16-bit timer/counters capable of a wide range of operational mode enable
the CPUs to be used in many different ways.

UART based serial interface can be executed at any baud rate by clock signals from
timer/counter 1.
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The comprehensive range of functions on this CPU gives a highly integrated high per-
formance solution in a very short time. I

1.2 MSM80C31/MSM80CS51 Features

® Sigate C-MOS
® Program memory (ROM)
4096 words X 8 bits (MSM80C51)
® Data memory (RAM)
128 words X 8 bits
® Stack
Freely usable 128-word X 8-bit data memory area
® Four sets of working registers (RO thru R7 x 4)
® Five types of interrupts (with priority)
(1) Two external interrupts
(2) Two timer interrupts
(3) Serial port interrupt
® External data memory (RAM)
Up to 64K bytes
® External program memory
Up to 64K bytes
® Four Input/Output ports (8-bitx4)
® CPU power down function
(1) Idle mode: CPU stopped while XTAL1 - 2 operations continued.
(Software setting)
(2) Power Down mode: CPU and XTAL1 - 2 all stopped. (Software setting)
® Two 16-bit timers/counters
Timer mode
1) 8-bit timer with 5-bit prescaler
2) 16-bit timer
3) 8-bit timer with 8-bit auto reloader
4) 8-bit separate timer
® Serial port (UART mode operation)
Multiple baud rates
® Direct initialization of input/output ports by RESET signal even if XTAL1 - 2 have
been stopped (“1” data set)
® |nstruction execution cycle 1 usec. @12 MHz
(Vee = +5 [V] + 20%)
® Wide-range of clock operation (DC to 12 MHz)
(XTAL1 - 2 operation frequency dependent on Vcc)
® Wide-range of operating power supply
(1) When operating: Vcc=+25t0 +6V
(2) CPU internal data hold voltage (XTAL1 - 2 both stopped)
Vece = +2to+6 YV
Wide-range of operating temperature (—40 — +85°C)
High noise margin (with Schmitt trigger input for each 1/0)
40-pin plastic DIP / 44-pin plastic flat package/44-pin PLCC
Software compatibility with Intel 80C31/80C51
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4.6.3.4.4 Mode 3 receive operation
The receive circuit timing is generated by a hexadecimal counter which employs the
halved timer/counter 1 overflow frequency when SMOD = 0 or the unchanged timer/
counter 1 overflow frequency when SMOD = 1 as the clock. The input data received
from the RXD is bit synchronized.That is, at the same time that reception is started fol-
lowing input of the start bit, the hexadecimal counter commences to count up, and with
one complete round of the hexadecimal counter corresponding to one bit of received
data, reception is continued by the receive circuit. Therefore, timer/counter 1 must be
set so that the period of a single round of the hexadecimal counter is equal to the re-
ception data baud rate.
The RXD change from “1” to “0” is regarded as the beginning of the start bit for
reception.
When this “1” to “0” change in RXD is detected, the hexadecimal counter which had
been in reset mode commences to count up. When the hexadecimal counter is in state
7, 8, and 9, the start bit is sampled, and is accepted as valid if at least two of the three
sampled values are “0”, thereby enabling data reception to continue. If two or three of
the sampled values are “1”, the start bit becomes invalid, and the receive circuit is re- 4
initialized when the hexadecimal counter reaches state 10.
The reception data is sampled when the hexadecimal counter is in state 7, 8, and 9,
and the more common value of the three sampled values is read sequentially as data
into the input shift register.
If the conditions stated below are satisfied when the hexadecimal counter is in state
10 during the period of the multi-purpose data bit, the input shift register data (the LSB
being read first) is loaded into SBUF, and the sampled multi-purpose data bit is read
into RB8.
And when the hexadecimal counter is in state 10 during the period of the stop bit, the
receive circuit is initialized.
Conditions: (1) Rl =“0"

(2) SM2 =“0", or

SM2 =“1"” and sampled multi-purpose data bit = “1”

The RI flag is set at the first M1 - S3 cycle after that.
If the above conditions are not satisfied when the hexadecimal counter is in state 10
during the multi-purpose data bit interval, the received data is disregarded, the SBUF,
RB8, and RI flags remain unchanged, and the receive circuit is initialized when the
hexadecimal counter is in state 10 during the stop bit interval.
Since the receive circuit is divided into two stages (input shift register and SBUF), pro-
cessing of the previous receive data may be completed within the interval up to the
multi-purpose data bit period of the next frame.

| 95
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4.6.4 Serial port application examples
4.6.4.1 1/0 extension

Figure 4-31. The parallel input is latched into 7415165 with the output of the latch
pulse PX.X. Then, this is followed by REN = 1 and Rl = 0 setting, and shift in of
74LS165 data.

—
MSM80C31
MSM80CS5 1
VCC {\ XD
QH -
SERIAL IN SHIFT LOAD PX. X

cLock
INHIBIT  74LS165

cK TXD
HGFEDCBA

INPUT —_— |

Figure 4-30 Input extension example

PXX—___

e B e O T T o Y o T e
[ —— s S G G G e——

Figure 4-31 Input extension example timing chart
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An output extension example is shown in Figure 4-32 and the corresponding timing
chart is shown in Figure 4-33. After output data has been written into SBUF and the
output sequence completed, the latch pulse output from PX.X is obtained and the
74L.5164 data is shifted to 74L.8S373.

OUTPUT
J ‘ MSM80C31
vCC MSM80C51
8Q 70 6Q 5Q40Q 3Q 20 1Q
— 7418373 Px X
+—0f OC G .
8D 7D 6D 5D 4D 30 20 1D
pQHOG aF OF apac as OAA RXD
164
L dcr 741816 oK XD
Figure 4-32 Output extension example
RXD
\ X X X XX X X_ /
B U I s I e Y s N e R o O e I
PX. X I 1

Figure 4-33 Output extension example timing chart

An input/output extension example is shown in Figure 4-34 and the corresponding
timing chart is shown in Figure 4-35. When input data is applied, INPUT CONTROL is
changed from "0 to “1", and the paralle! input is latched. This is then followed by REN
=1 and Rl = O settings, and shift in of 74LS165 data. INPUT CONTROL is returned to
“0” after the input has been completed. Since INPUT CONTROL is connected to the
74LS126 control pin, the MSM80C31/MSM80C51 switches the 74LS126 output to
high impedance when 74LS165 input data is not being applied, thereby preventing col-
lision between the 74L.S126 and MSM80C31/MSM80C51 outputs.

97
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When output data is generated, after the output data is written into 74L.S164, an
output latch pulse is generated from QUTPUT CONTROL, and the 74L.S164 data is
transferred to 741.8373. Although the 74LS164 data is changed to parallel input data
when 741.S165 data is passed to MSM80031/MSM8OCS1, an output latch pulse is
generated only when output data is obtained from MSM80031/MSM80051, thereby
preserving the integrity of the data in 74L.8373.

OUTPUT
VCC ( l (
8Q 7Q 6Q 5Q4Q 302Q 1Q
oc 7418373 OUTPUT
% B — (CONTROL
8D 7D 6D 5D 4D 3D 2D 1D
MSM80C31
g QHQGaF QE QD acoBaa, MSMB0C51
cLR  7ALsi64 K
7415126
RXD
VCC
aH —=
SHIFT'LOAD INPUT
SERIAL IN PX X (
CLOCK 741LS165 CONTROL
INHIBIT CK TXD
HGFEDCGEB A

INPUT

Figure 4-34 Input/output extension example
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In all examples, additional multiple bit 170 extension is made possible by multiple cas-
cade connections of 74LS164 or 74LS165.
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4.6.4.2 Multi-processor systems

Multi-processor systems can be configured with the MSM80C31/MSM80C51 using

the serial port in mode 2 or mode 3 for inter-processor communications.

If reception data bit 9 (multi-purpose bit) is “1” when SM2 is set in mode 2 or 3, recep-

tion data is received and an interrupt is generated. If the data bit is “0”, however,

the reception data is disregarded and no interrupt is generated. This function is em-

ployed in forming a multi-processor system when more than one MSM80C31/

MSMB80C51 device is coupled by a serial bus.

An example of a multi-processor system with one master processor and a number of

slave processors is shown in Figure 4-36. In this example, data is transmitted only

from master to slave processors. Operation proceeds in accordance with the following

protocol.

(1) Set SM2 = “1”. All slave processors wait in standby mode for address data from
the master processor specifying which slave is to be selected.

(2) With TB8 setto“1" to distinguish address data from other data, the master proces-
Sor generates address data.

{3) At this stage, all slave processors generate interrupts and check whether the re-
ceived address data was for them.

(4) The specified slave processor sets SM2 = “0” to prepare for reception of the sub-
sequent data to be sent by the master processor.
Slave processors which are not specified remain at SM2 = “17,

(5) With TB8 = “0”, the master processor next sends data following the address data.

(6) Since the specified slave processor is changed to SM2 = “0”, all of the data follow-
ing the address data is received and processed.

(7) The slave processors which are not specified (that is, where SM2 = “1") disregard
all data after the address data and wait in standby mode for the next address data.

(8) After transmitting all of the intended data the master processor generates a final
special code (predetermined in advance).

(9) When this special code is received by the previously specified slave processor,
SM2 = “1" is set and that slave processor is again put into standby mode awaiting
the address data.
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4.7 Interrupts

4.7.1 Outline
MSMB80C31/MSM80CS5 1 is equipped with five interrupts.

1. INTO : External interrupt O

2. TMO : Timer interrupt 0

3. INT1 : External interrupt 1

4. TM1 : Timer interrupt 1

5. SI/0 ¢ Serial port interrupt
These five interrupts are controlled by Interrupt Register (IE) and Priority Register (IP).
When the relevant interrupt conditions are met, the respective interrupt address is
called and the interrupt process is initiated.
The interrupt addresses are listed in Table 4-15, and the interrupt control equivalent
circuit is shown in Figure 4-37.

Table 4-15 Interrupt addresses

(e ]
External interrupt 0 3[0003H]

Timer interrupt 0
External interrupt 1 m
Timer interrupt 1

35[0023H]

Interrupt address

Serial port

102
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4.7.2 Interrupt enable register (IE)

The function of the interrupt enable register (IE, A8H) is to enable or disable interry
processing whenever an interrupt request is made.

To execute the intended interrupt processing, the interrupt is enabled by setting “1”
the corresponding bit in the interrupt enable register, and on requested, the interry
is processed.

Requested interrupts are disabled if the corresponding bit is “0”, and the interrupt pr
cessing is not executed.

The contents of the interrupt enable register (IE) are shown in Table 4-16.

Table 4-16 Interrupt enable register (IE, ABH)

EXO : External interrupt O control bit

Interrupt enabled when *1 ", disabled when “0"
ETO : Timer interrupt O control bit

Interrupt enabled when “1 ", disabled when “0""

EX1 : External interrupt 1 control bit

Interrupt enabled when ‘“1” disabled when “0”,
ET1  : Timer interrupt 1 control bit

Interrupt enabled when “1 ", disabled when “0”
ES . Serial port interrupt control bit

Interrupt enabled when “1 ", disabled when “0”".

- . Reserve bit for output of “1” when read.

- . Reserve bit for output of “1” when read.

EA : Interrupt control bit for all five interrupts (EX0, ETQ, EX1,ET1, and ES)
When EA s “1", interrupt processing is commenced if interrupt conditions
are met for any one of the five interrupts.

When EA is “0”, interrupt processing is not commenced even if interrupt
conditions are met for any one of the five interrupts.
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4.7.3 Interrupt priority register (IP)

The function of the interrupt priority register (IP, B8H) is to allocate rights to commence

processing of interrupts on a priority basis when an interrupt is requested.

Each interrupt source can be programmed to higher priority level by setting the bit
corresponding to the interrupt source in the interrupt priority register (IP). When the in-
terrupt conditions are satisfied for an interrupt with higher priority, even if another in-
terrupt with lower priority (priority bit being “0”) is already being processed, that pro-
cessing is suspended, and the higher priority interrupt is serviced first. Note that once
processing of a higher priority interrupt has been commenced, processing of the next
interrupt cannot start until the current interrupt is completed.

The contents of the interrupt priority register are given in Table 4-17.

Table 4-17 Interrupt priority register (IP, B8H)

Bit 7 6 5 4

Flag - - - PS

PT1

PX1

PTO

PX0

PXO0
PTO
PX1
PT1

PS

. External interrupt O priority bit
. Timer interrupt O priority bit
- External interrupt 1 priority bit
. Timer interrupt 1 priority bit
. Serial port interrupt priority bit

. Reserve bit for output of “1” when read.
- Reserve bit for output of “1” when read.
- Reserve bit for output of “1” when read.
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4.7.3.1 Priority interrupt process flow

The flow of interrupt process when a priority interrupt is generated after processing
has commenced on a non-priority interrupt generated during execution of a main rou-
tine program is outlined in Figure 4-38.

Start of non-priority interrupt
M> \ Start of priority interrupt

Main routine

Priority interrupt routine

Generation of

interrupt
Generation of
interrupt
NI
M
—=— RETI
Main routine Non-priority interrupt routine

RETI

Figure 4-38 Interrupt processing flow chart during priority circuit operation
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4.7.3.2 Interrupt priority when priority register (IP) contents are all “0”

The interrupt priority when the priority register (IP, B8H) contents are all “0” indicates
the priority in which a certain interrupt is processed in preference to other interrupts
when interrupt requests are generated simultaneously. As can be seen from Table
4-18, the external interrupt O has the highest priority while the serial port interrupt has
the lowest priority.

if all priority bits are “0” and a certain interrupt is in process, it will not be preempted
by another interrupt regardless of its priority.

The same operational preferences as described above also exist when all priority bits
are ‘1.

Table 4-18 Non-priority interrupt order of

preference
Order of interrupt source
preference

1 External interrupt O
2 Timer interrupt 0 ]
3 External interrupt 1
4 Timer interrupt 1
5 Serial port
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4.7.4 Detection of external interrupt signals INTO and INT1

4.7.4.1 Outline of INT signal detection

The external interrupt signals 0 and 1 can be set to level-detect or trigger-detect mode
by the ITO and IT1 data values of bits O and 2 in the timer contro! register (TCON 88H)
as indicated in Table 4-19.

Table 4-19 TCON [88H] register

Timer INT1 INTO
Bit 7 6 5 4 » 3 2 1 0
Flag TFA1 TR1 TFO TRO I1E1 IT1 IEO ITOi
Set . .

4.7.4.2 External interrupt signal O and 1 level detection

When the bit-0, ITO, in the timer control register (TCON 88H) is “0”, external interrupt O
is detected on the basis of the level of the signal. And when the bit 2, IT1,is “0”, exter-
nal interrupt 1 is also detected on the basis of the signal’s level.

In the level detection mode, external interrupts 0 and 1 are detected by the equivalent
circuit shown in Figure 4-39. When the level of the external interrupt pin is “0” at S5
timing, the level is latched and the Q output becomes “1”. The tatched external inter-
rupt signal sets the external interrupt flag in the timer control register (TCON) at the S3
timing. This interrupt flag set by external interrupt signal is always reset at S6 in the
last machine cycle of instruction execution, effectively being equivalent to a “level
sense” operation. The cycle width of the respective “0” and “1” levels of the external
interrupt signal applied to the external interrupt pin in this case must be at least 12
times (12T) XTAL1-2 oscillator clock cycle time T.
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s3 ID!EOOH
NTOorINT1 @—d[I> D a s Q

S5 L RESET R

1 T T

| |

! ! S6

I I I

[ ! [

1
o :12T: 2T:12T_: MEND
Figure 4-39 Interrupt level input equivalent circuit for IT bit “0”
INTO orINT1 @—dP>——b a D
S5 L L a
1 —r— T S3
I
I |
i t i |
P27 11271127 |
sS4
1EQor 1
BUS —{D
M2 WTCON —{L 4

RESET ‘]

Figure 4-40 interrupt edge input equivalent circuit for T bit “1”
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4.7.4.3 External interrupt signal 0 and 1 trigger detection

When the bit 0 or 2, ITO or IT1, in the timer control register (TCON 88H) is “1”, external
interrupt is transition-activated.

With the external interrupt signals in the transition activated mode, external interrupts
0 and 1 are detected by the equivalent circuit shown in Figure 4-40. When the level of
the external interrupt pin is “0” at S5, the level is latched at the first stage and the Q
output becomes “1”. The external interrupt signal stored in the first stage latch is
transfered to the second stage and is subject to digital differentiation until the S3
signal becomes active. The RS-F/F in the next stage is then set by the differentiated
output signal.

The external interrupt signal applied to the RS-F/F is synchronized with the M2-83
signal to be applied as a trigger for the external interrupt flag in the timer control regis-
ter (TCON). The RS-F/F is subsequently reset at M2:S4 and it waits for the next
interrupt. Note that the next interrupt signal cannot be detected until the first stage
latch detects a level “0” to level “1” transition on the external interrupt signal.

The cycle width of the respective “0” and “1” levels of the external interrupt signal ap-
plied to the external interrupt pin in this case must be at least 12 times (12T) XTAL1-2
oscillator clock cycle time T.
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4.7.5 MSM80C31/MSM80CS51 interrupt response time charts
4.7.5.1 Interrupt response time chart when interrupt conditions are satisfied during execution

of ordinary instruction
If interrupt conditions are satisfied during execution of a ordinary instruction (which
do not manipulate |IE or IP) in the main routine, the MSM80C31/MSM80C51 calls the
interrupt address in the next cycle following completion of the ordinary instruction.
The time chart is given in Figure 4-41.
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Figure 4-41
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Timer flag 1

11




MSMBOC31/MSMB0C51 USER'S MANUAL

4.7.5.2 Interrupt response time chart when interrupt conditions are satisfied during execution
of IE or IP register operation instruction

It interrupt conditions are satisfied during execution of an instruction used to manipu-
late the interrupt enable register (IE) or the interrupt priority register (IP) in the main
routine, the MSM80C31/MSM80C51 reactivates the interrupt mask circuit in the next
cycle following completion of the register manipulation instruction. If interrupt condi-
tions are met as a result of the re-interrupt mask, the interrupt address is called in the
next cycle. That is, if the interrupt conditions are satisfied during execution of the {E or
the IP manipulating instruction, the interrupt address is cailed after the next instruction
following the register manipulating instruction is executed. The time chart is given in
Figure 4-42.

* In the MOV data address 1, data address 2 instructions, transfer of data to another register
from IE or IP is an exception.

51

M1 --M4
M1 or M2 S . - e
I
3 54 £ 36 54 BN 36
1N e o [P L

{ ifgl J’ [ |
ol )

.

|

Timer 1 interrupt address cail

S ngg\

Execution of one instruction

s
)ﬁ B
I

S e - MiorMz -
56 ‘ St 32 33
R L LWL LS
|
I

Execution of IE and IP
manipulation instruction

-

1
)
1
1

execution of IE or IP register manipulating instruction in main routine

A o B o I e B

Figure 4-42 Interrupt response time chart when interrupt conditions are satisfied during

XTAL 1
ALE
Instruction
execution
Timerflag 1,
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4.7.5.3 Interrupt response time chart when an ordinary instruction is executed after temporarily

returning to the main routine from continuous interrupt processing
If an ordinary instruction (that is, not an IE or IP manipulating instruction) is executed
after returning to the main routine following execution of the interrupt processing end
instruction RETI, and if the next interrupt conditions were met during execution of an
interrupt processing routine, the MSM80C31/MSM80C51 calls the interrupt address
in the next cycle following execution of one main routine instruction. The same occurs
when interrupt conditions are satisfied during execution of the first main routine in-
struction after returning to that routine from the interrupt processing routine. The time
chart is shown in Figure 4-43.

M1 -M4
M1 or M2

M2

53

‘sa 2
e e

ISt
e
|

34 35 S8
el D e

h

FU LU L IO

)

XTAL 1

s

ALE

S — e M2 — -
sS4 55 S6 | sy sz S3 S4 S5 ss‘
S e — *4*—)«—%‘—‘_{—47(7
] d d d ] d
: ! ! . . !
h I h
. .
' I I
. )

T

Execution of one ordinary
main routine struction

Timer 1 interrupt address caH‘

RE 1l execution

“imer flag 1

Figure 4-43 Interrupt response time chart when ordinary instruction is executed after

returning to main routine during continuous interrupt processing
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4.7.5.4 Interrupt response time chart when an |E or IP manipulating instruction is executed

after temporarily returning to the main routine from continuous interrupt processing
If the “next” interrupt conditions are satisfied during execution of an interrupt process-
ing routine, and if the interrupt terminating instruction RET} is then executed followed
by a return to the main routine where an interrupt enable register (IE) or interrupt priori-
ty register (IP) manipulating instruction is éxecuted, the MSM80C31/MSM80C51 acti-
vates the interrupt mask circuit in the next cycle following execution of the register
manipulating instruction. And if interrupt conditions are met as a result of the re-
interrupt mask, the interrupt address is called in the next cycle. That is, if the instruc-
tion executed in the main routine manipulates either IE or IP, the interrupt address is
called after two instructions are executed. The time chart is shown in Figure 4-44.

* In the MOV data address 1, data address 2 instructions, transfer of data to another register
from IE or IP is an exception.

Timer 1 nterrupt

address call

M1 —M4a
M1 ormM2

ecution of one instruction

,,,,,,,,,,,

E

T

Execution of IE and IP
manipulation instruction '

after returning to main routine during continuous interrupt processing

Figure 4-44 Interrupt response time chart when IE or IP manipulating instruction is executed

<
=)
5
3
@
=
®

Instruction
Timer flag 1
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2. MSMB0C31/MSM80C51 SYSTEM CONFIGURATION

2.1 MSM80C31/MSM80C51 Logic Symbols

—
I

XTAL1 PO O
_L PO
L

PO.2

P0O.3
XTAL2 PO.4

P05
PO.6
PO.7

PORT O
(BUS PORT)

RESET —| RESET

P1.0
P1.1
P12
P13
P1.4
ADDRESS LATCH —=— ALE P15
ENABLE P16
PROGRAM STORE —=— sory P1.7
ENABLE

PORT 1

P20 fo—™
P21 [—m
CPU MEMORY —= A P22 [-—e
SEPARATE P23 f—m——
P24 e

P25 e

+5(V) —=1 vCC P26 fo——

P27 pp——

e

O

.

O

O

r PORT 2

P3.0

0 (V) VSS P31
P3.2
P33

P34
P3.5
P36
P37

RXD
TXD

INT O

INT1 L porT 3
0

T

WR

RD

Figure 2-1 MSMB80C31/MSM80C51 logic symbols
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4.8 CPU “Power Down”

4.8.1 Outline

The CPU power down function operates in two modes — idle mode and power down
mode. In the idle mode (IDLE) where “1” is set in bit O (IDL) of the power control regis-
ter (PCON) by software, XTAL1-2 operation is continued but the clock to the CPU con-
trol section is stopped, thereby halting CPU operations. In the power down mode (PD)
where “1” is set in bit 1 (PD) of the power controli register (PCON) by software, both the
XTAL1-2 operation and the CPU operation is stopped.

The device can be forced out of the power down mode by either a reset or an interrupt.

4.8.2 Idle mode (IDLE) setting

Idie mode is set when “1” is set in bit O (IDL) of the power control register (PCON 87H).
The circuit connection involved in this setting is shown in Figure 4-45.

In the idle mode, the clock to the CPU control section is stopped and the CPU opera-
tions are halted. But since XTAL1-2 operations are maintained, the serial port, interrupt
circuits, and timer/counters O and 1 remain operative. The CPU pin status during the
idle mode is outlined in Table 4-20, and the corresponding time charts for initiating the
idle mode are shown in Figures 4-46 and 4-47.

TIMER, S-/O &

XTAL2 @ {>O_{>O_' INTERRUPT

XTAL 1 —Do CPU CONTROL
CLOCK

CONTROL
Power control register (PCON 87H)
SMOD - - - GF1 GFO PD iDL
Bit 7 6 5 4 3 2 1 0
Set .

Figure 4-45 Idle mode equivalent circuit
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Table 4-20 CPU pin status in idle mode

Name Internal ROM External ROM
P1.0 Port data output Port data output ]
B P11 Port d;aia output Port data output
—PT 2 Port data output Port data output
%F‘H 3 7 Port data output Port data output
| P14 Port data output Port data output
P1.5 Port data output Port data output T
P1.6 Port data output Port data output ]
P1.7 Port data output Port data output
RESET “0" level input "0” level input N
P3.0/RXD Port data output Port data output
P3.1/TXD Port data output Port data output
P3.2/INTO Port data output Port data output
P3.3/INT1 Port data output Port data output
B P3.4/TO Port data output Port data output
[ P35/T Port data output Port data output
P3.6/WR Port data output Port data output
P3.7/RD Port data output Port data output
XTAL 2 Oscillator operation Oscillator operation
XTAL 1 Oscillator operation Oscillator operation
Vss 0[] 0[V]
P2.0 Port data output Address 8 output
P21 Port data output Address 9 output
pP2.2 Port data output Address 10 output
P23 Port data output Address 11 output
P2.4 Port data output Address 12 output
P25 Port data output Address 13 output
P2.6 Port data output Address 14 output
P2.7 Port data output Address 15 output
PSEN 1" level output “1" level output
ALE “1"" level output “1" level output
EA “1" level input “0" level input
PO.7 Port data output Floating
PO.6 Port data output Floating
P0O.5 Port data output Floating
PO.4 Port data output Floating
P0O.3 Port data output Floating
PO.2 Port data output Floating
PO.1 Port data output Floating
PO.0 Port data output Floating
Vce +2.5 ~ +6 [V] +2.5 ~ +6 [V]
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4.8.3 Power down mode (PD) setting

Power down mode is set when “1” is set in the PD bit of the power control register
(PCON, 87H). The circuit connection involved in this setting is shown in Figure 4-48.

In power down mode, both the XTAL1:2 and the CPU operations are halted.

The integrity of the CPU data memory (RAM) and 1/O port data, however, is preserved
during this mode

The CPU pin status during the power down mode is outlined in Table 4-21, and the cor-
responding time charts for initiating the power down mode are shown in Figures 4-49
and 4-50.

XTALZ2 @—

XTAL 1
3}———‘ CPU CLOCK

CONTROL

PCON87H
SMOD - - - GF1 GFO PD DL
Bit 7 6 5 4 3 2 1 (0]
Set 4

Figure 4-48 Power down mode equivalent circuit
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Table 4-21 CPU pin status in power down mode
Name Internal ROM External ROM
P1.0 B Port data output 7 ) Port data output
P11 Port dataioutput Port data output
Pl é Port data output Port data output
P13 Port data output Port data output o
P1.4 Port data output Port data output
P15 Port data output Port data output
P1.6 Port data outht' Port data output
P17 Port data ou{put Port data output ]
RESET “0" level input “0” level input o
| P3.0/RXD Port data output Port data outbht
P3.1/TXD Port data output N Port data oiuitput
7P3§/\W;TCV)7 Port data output Port déta output o
| P3.3/INTH Port data output Port data output T
| P3.4/TO Port data oﬁE)ut Port data output
B Pé.:‘:?ﬂ Port data odl‘put Port data output I
PS.é/W Port data output Port data output
P3.7/RD Port data output Poft data output
XTAL 2 Oséﬁiéto} stopped Oscillator stopped i
XTAL 1 Oscillator stopped Oscillator stopped
Vss 0 [Vl 0 V]
P2.0 Port data output Port data output
P21 Port data output Port data output
p2.2 Port data output Port data output
P23 Port data outputﬂ Port data output
P2.4 Port data output Port data output
P25 Port data output Port data output
P2.6 Port data output Port data output
pP2.7 Port data output Port data output
PSEN “0" level output “0" level output
ALE "0 level output S “0” level output
EA “1" level input “0" level input
P0O.7 Port data output Floating
P0O.6 Port data output Floating
PO.5 Port data output Floating
PO.4 Port data output - Floating
P0O.3 Port data output Floating
PO.2 Port data output Floating
PO.1 Port data output Floating
P0.O Port data output Floating
Vce +2.0 ~ +6 [V] +2.0 ~ +6 [V]
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4.9. CPU Power Down (IDLE and PD) Cancellation (CPU Activation)

4.9.1 Outline

CPU power down (IDLE and PD) can be cancelled (CPU activation) in two ways.

One way is to reset the CPU and execute from address O (common method for both
IDLE and PD modes), and the other is to generate a CPU interrupt and execute from
the interrupt address. This method can only be used if device is in the IDLE mode.

4.9.2 Cancellation by CPU resetting

The CPU is reset when a “1” is applied to the CPU RESET pin, and the CPU power
down state (IDLE or PD mode) is cancelled. Programs are subsequently executed by
the CPU from address 0. The reset time charts are outlined in Figures 4-51 thru 4-54.

L
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2.2 MSMB0OC31/MSM80C51 Pin Layout

MSM80C31RS/MSMB80C51RS MSM80C31GS/MSMB0OC51GS
(Top View) 40 Lead Plastic DIP (Top View) 44 Lead Plastic Flat Package
<t ™o o - O o [oEES S Bl
- - - - =~ 0 Y 0 O O O
o 4 o a o > Z2 a o o o
pro [1] M~ R vee
P11 [2] [39] Poo
P12 E é PO 44 43 42 41 40 39 38 37 36 35 34
4 37
P13 (4] 7] po2 S — A |
P14 [5] 1361 P03 P1e ]2 32
P1s E g 3=5 PO 4 P17 13 31
pie [7] - 34] POS
P17 L8] & 53] Pos RESET CJ4  MSMBOC31GS MSMBOCH1GS 30
2 = NC 5 29
ReseT [9] g 52] ro , —
P30 RxD [1g] 2 ERJ3 g; ° Tig :‘j 28
P31 1xp [ 9 30] aLe e — 27
P32 iWT0 [12] - 79] Psen P32 1o C——s 26
P33 INT1 13 S 28] po 7 P33 INTT ]9 25
P34 1o [14] 2 7] P26 P34 To =110 24
P35 T1 8 2 26] p2 s pas 11— 23
P36 Wk [16] 25] P24 SR Sl I Ui
p37RD [1/ 24] p2 3 T
xtaLz [s 23] p22
xtat [i9] 22] P21
vss (29} 77 p20 E=2z4za5323
© ~ & [N W N N
g g’ X

MSM80C31JS/MSM80C51JS
(Top View) 44 Lead Plastic Leaded Chip Carrier

o - - [ N ©
i i aaaz s § 88
4 ‘ d N ' RS 1R 4,7 A 1 \
P | o — Celrea
Pie| = Q Cse|ron
prg| o silpoe
RESET | W po7
P3O RXD| O
NC o MSMBUC3 1S MSMBUCH 1 JS MPNe
P31 axo | R
P32 INIG| o | PSIN
P33 INTT [ yr2y
P3a 1ol « P26
P35 1M Cenlees

‘Ii&(\*f’\)i"N(")ﬂ’
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Figure 2-2 MSM80C31/MSM80C51 pin layout
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4.9.3 Reactivation of CPU by an interrupt

An interrupt control bit in the interrupt enable register (IE, A8H) is set prior to setting
idle mode. And “1” is then set in bit O (IDL) of the power control register, PCON, to put
the device in the idle mode.

All five interrupts can thus be used to cancel the idie mode. When “1” is set in the in-
terrupt flag in TCON and SCON, clock signals are then passed to the CPU, the interrupt
address is called, and execution starts from the interrupt address.

However, if all interrupts have been disabled, the idle mode cannot be cancelled by
this method, the RESET pin has to be used. The idle mode canceliation equivalent cir-
cuit (cancellation by interrupt) is shown in Figure 4-55, and the time charts are shown
in Figures 4-56 and 4-57.

IEO{TCON.1]
TFO(TCONS5])
IE1[TCON 3]
IDLE MODE
TF1[TCON7] CANCELLATION
& INTERRUPT
SI/O[SCON.O.1]

Figure 4-55 Equivalent circuit for idle mode cancellation by interrupt signal
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5. INPUT/OUTPUT PORTS

5.1 Outline

MSMB80C31/MSM80C51 is equipped with four 8-bit input/output ports. The functions
of these four ports (port 0, 1, 2, and 3) are listed below.
1) Port O: Input/output bus port, address output port, and data input/output port.
2) Port1: Quasi-bidirectional input/output port.
3) Port 2: Quasi-bidirectional input/output port and address output port.
4) Port 3: Quasi-bidirectional input/output port and control input/output pin.

5.2 Port O

Port O is an 8-bit input/output port with circuit structure indicated in Figure 5-1. When
port O is used as an input/output port in internal ROM mode (MSM80C51), the equiva-
lent circuit of Port O is indicated in Figure 5-2. When operated as an output port, port 0
becomes an open drain output port, and when operated as an input port, “1” has to be
set in the port O latch to put the port O pin into floating status prior to using the port for
input purposes.

When port O is used in external ROM mode (MSM80C31) and external RAM mode, the
equivalent circuit is as shown in Figure 5-3 where addresses and data outputs are ob-
tained as “1” and “0” by totem pole output driver. When data from external ROM or ex-
ternal RAM is input, port O automatically becomes a tri-state input port.

When the CPU is reset or when an external ROM or external RAM is accessed, “1” is
set automatically in the port O latch. The port O pin table is shown in Table 5-1.

PD/DATA

vee
PCO~-7
RA Q-7 INTERNAL

ACCO~7 BUS

WPO L :t)—”}l

MODIFY -e—jp

READ —

FLOATING

Figure 5-1 Port O internal equivalent circuit
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INTERNAL BUS

INPUT/OUTPUT PORTS

READ —J

MODIFY

—@ PORTO

WPO

—L

Ay

Figure 5-2 Port O input/output port equivalent circuit in internal ROM mode

PCO—~7
RAO~7
ACCO~7

READ

INTERNAL BUS

Do

[>o

® PORTO

| sl

Figure 5-3 Port O equivalent circuit during address and data input/output when in external
ROM/RAM mode

Table 5-1 Port O pin table
PORT O Accumulator bit | Address
1 {Po.o ACC.0 Fe o
2 |Po.1 ACC.1 FC 1
3 |Po.2 ACC.2 PG-2
4 P03 ACC.3 e 3
5 |Po.4 ACC.4 e 4
6 |PO.5 ACC.5 s
7 P06 ACC.6 FS6
8 | P07 ACC.7 FC 7
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5.3 Port 1

Port 1 is a quasi-bidirectional port capable of handling input and output of 8-bit data in
the circuit configuration outlined in Figure 5-4.

A “guasi-bidirectional port” refers to a port which has internal pull-up resistance when
nisusedasaninputpon.ThehﬂenmlequWamntchcuHisshownth@ureS—S

If a quasi-bidirectional port is used exclusively as an output port, the port output driver
becomes a totem-pole type for driving “1”s and “0”s. The output impedance, when the
output is “1”, is approximately 9 kohm, while a sink current is 1.6 mA during the output
of “0"s.

When used as an output port, the “1” data accelerator circuit is activated for a period
equivalent to two XTAL1-2 oscillator clocks only when the output data is shifted from
“0” to “1”. During this data acceleration operation, the “1” output impedance is
changed to about 500 ohms, the IOH current is increased, and the output signal’s lead-
ingedgeisspeededup.Theaccebrﬂorcchtopaﬁﬁonthnechaﬂisshownhwqure
5-6.

If a quasi-bidirectional port is used exclusively as an input port, “1” is first set in the
port in advance. When the input signal applied to the input port is changed from leve
“1" to level “0”, the port 10 kohm pull-up resistance is disconnected from the Vecc
leaving only the 100 kohm pull-up resistance. And when the input signal is changed
from level “0” to level “1”, the 10 kohm resistance is reconnected to the Vce power
supply, thereby connecting the 10 kohm and 100 kohm resistances to the Vcc supply
in parallel. The quasi-bidirectional port input equivalent circuit is outlined in Figure
5-7.

The port 1 pin table is shown in Table 5-2.

INTERNAL
BUS vCC

CONTROL —

{ o %a P1 ! P2 H P3
MODIFY ~J F

——1& ‘ ® PORT1
READ

Figure 5-4 Port 1 internal equivalent circuit
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OFF

R =500 ON R=5000
VEE =g AN O Ve — g A o——
P1 - P1
R=10KQ ON IOH R=10KQ ON
p2 . P2 [o]Z}
R=100KQ ON R = 100K( ON
P3 P3
INTERNAL ® INTERNAL -——@
BUS BUS
READ o
READ OFF OFF
N N
(A} When accelerator circuit is activated {B) When 1" datais held
F
R =500 OFF
Vee —-———J\N\(——o{o—
1 P20 1
R=100k0 OFF
o
P3
INTERNAL ——@
BUS
READ
ON loL
N
(C) When 0" datais held
Figure 5-5 Quasi-bidirectional port equivalent circuit
M1 M1 S
S6 Sl S2 S3 54 55 56 S1 582 S3 5S4 S5 S6 | S| S2
i , ! - : ; ; ; i T I
- i , | ) , | ‘ ‘ | (
XTAL 1
0- ' i | | 1 | ' | | ' | |
ALE I- ﬂ ! r_t } r—l f [__l h‘
0 — l 1 '
| ! | | | | ' ' f | | i |
—_— 1 | | } 1 H 1 1 " " "
PSEN i | ) | ) I | i 1 | | \ :
B e R e B e
1- | | | | ! | | ' , 1 i i
W-PORT ' i ' ' | I
0 RN N I S S S by
] ! ! ! ! | h ; ! h ! . : )
T i | : T ) | [
CPU-BUS o | : ! ] “ . ' | ! | i |
T : | \ T . T ; T ; !
1 - ! ! ! ! i 1 I L L FE—
PORT-QUT X PORT DATA="0" i PORT DATA="1" . } .
{ ! | ' ) | ‘ ! ! | | | ' “
— | ' | '
¥P1-23TR-ON | 1 ! ‘, 1 f 1 S Lo L
0 ! ! . I 1 * . I L L i ; !
7 7 X | ! ' ‘ g 5 | ’ i
! | I i | ’ ! \ | | | . i

Figure 5-6 Quasi-bidirectional port accelerator circuit operation time chart
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2.2.1 External dimensions

MSM80C31RS/MSMS8OC51 RS MSM80C31GS/MSM80C5 1 GS
[40 Lead Plastic DIP) [44 Lead Plastic Flat Package]
Index nark iUnet mmm)
b o2 AMAX = iUnt mmi . T 1 oa
1 - ‘1 4 K:;“ ; as - “ E
ol .
5 3 : ' JHARARARARE 40
E £ ; I 1
;1 Y E b = ! .
" v o g ;_(; E # ol ‘51
Lv@ mark area L) ‘;:‘ == E 3 ;\
= 1
\ g St L
- L L] it 5
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MSM80C31JS/MSM80C51JS
(44 Lead Plastic Leaded Chip Carrier]

All dimensions are typical value
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VCC

R = 100K R = 10K

ON |P3 ON [P2

INTERNAL
BUS

READ

(A} "“1"" data writing equivalent circuit

VCC

INTERNAL
BUS

READ

(C) '0" datainput equivalent circuit

VCC
R= 10K

VCC

R = 100KQ

: ON
|
ON [P3 ON | P2 | 10KQ
< H |
INTERNAL
BUS fe)
off [y
READ OFF

(B) ''1° datainput equivalent circuit

10K

ON

Figure 5-7 Quasi-bidirectional port input equivalent circuit

Table 5-2 Port 1 pin table

PORT 1 ; Accumulator bit
1| P10 | ACC.0
2 P11 ACCA1 a
3 P1.2 ﬁ;CC.Z
74V_~P1 .3 ACC .3“_-—-
5 P1.4 ACC.4
6 P1.5 ACC.5
7| P16 R ACC.6
8| P17 } ACC.7
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5.4 Port 2

Port 2 can function as a quasi-bidirectional port capable of handling input and output
of 8-bit data in the circuit configuration outlined in Figure 5-8. It can also be used for
output of addresses 8 thru 15 in external ROM mode and external RAM mode using

the data pointer DPTR.
When port 2 is used as a quasi-bidirectional port, it functions in much the same way

as port 1. Note, however, that the port 2 “1” data accelerator circuit operates for a
period equivalent to four XTAL1-2 oscillator clocks.

QOutput of addresses 8 thru 15 obtained from port 2 makes use of the circuit outlined in
Figure 5-9. When the address output data is 1", the “1” data accelerator circuit is ac-
tivated during the output of the data, resulting in a larger drive capability.

The port 2 pin table is given in Table 5-3.

INTERNAL
BUS

PC/DATA -t vee
PC8--15 1 o—y—
RAB—15 E1 % P2 P3
(DPH) /7

1]0 1 @IO* . @ PORT2
READ B

MODIFY o] o
1o o c v
- 1
WP2 L a ]
CONTROL "

Figure 5-8 Port 2 internal equivalent circuit

vCcC

PC/DATA j)—“___‘ P1 __l p2 _~ pa
Pea 15 4@ PORT2

RA8--16
(DPH}

Figure 5-9 Port 2 ROM/RAM address output equivalent circuit
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Table 5-3 Port 2 pin table

P(ﬂi A(Ecumulatorbit Address
P2.0 ACC.0

P;i ACC A1

Po2 | acce

P2?¥ ACC.3

- L’EJ :

P25 | 7;30757
P26 | acce | PO 1a
P27 | aces 227157




INPUT/OUTPUT PORTS

5.5 Port 3

Port 3 can function as a quasi-bidirectional port capable of handling input and output
of 8-bit data in the circuit configuration outlined in Figure 5-10. It can also be used as
a CPU control pin.

When port 3 is used as a quasi-bidirectional port, all functions are identical to those
described for port 1. And when used as a CPU control pin, the port is used after first
setting “1” in the port. Note that if the port is used with “0” port data, the CPU control
signal is ANDed with the port “0” data, resulting in the CPU control signal remaining at
level “0O”.

The port 3 pin table is given in Table 5-5.

INTERNAL
BUS

CONTROL 1

wore 170 “of—lr Al
o T o I

WP3 -

DATA QUT 7J7'

Figure 5-10 Port 3 internal equivalent circuit
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Table 5-4 Port 3 alternate function table

PORT 3 PORT 3 PIN ALTERNATE FUNCTION
| pao RXD [SERIAL INPUT PORT] o
vP3_1 B TXD [SERIAL OUTPUT PORT] ]
P3.2 INTO [EXTERNALIN'EET?RUPT 0l
P3.3 INT1 [E;TERNAL INTERRUPT 1]
P34 TO [TIMER/COUNTEROCLOC;(V]i o
P35 4T71M7*I7TVI_MER/COUNTER1 CLéCAK»]” o
P3.6 WR [EXTERNAL DATAMEMORY
WRITE STROBE]
P37 RD [EXTERNAL DAT)\TAEM&RAY ]

READ STROBE]

Table 5-5 Port 3 pin table

PORT 3 Control | Accumulator bit
1]P30 | RXD | ACCO
2| P3.1 1D ACC.1
3| P32 INTO ACC.2
alpP3s INT1 ACC 3
51 P3.4 TO ACC 4
6| P35 T1 ACCS
7| P36 WR ACC 6
8lpP37 ‘ RD ACC7




5.6 Port Output Timing

1) One machine cycle instruction output timing

INPUT/QUTPUT PORTS

o JTUITUTTULUL

! | | | ) [ '
! 1 ! | ' i b i 1 ' |
| 1 1 | i | t ) ! ! |
1 1 ! I
' 1 '
1 [ t
AL N ]

: 0 | | 1 t t ) ! ! 1 I l\
| | ) ) l ) | : | i |
| ! | ! 1 ) ! , 1 ) }
I | 1 ! ! | " . | lI |

'
: TMCYCLEOP | 1 . ! ! . !
1 )
[ | : i : : | ! ! | |
! t
' ] 1 : 1 ! : ! ! : I
1 ! 1 ' ! ! l | ! ‘y ! !
! i 1 ' ' | !
W-PORT ] : | \ ! I " | : 5 !
' \ T ) T
| ! : ' : | ! : ! ! !
! ! ) ! 1 ! ! 1 ! | \
| ' I ' ! 1 t
1 i i ! h ! 1
1 i | |
| | ( \ | | B { , 1 !
' ) 1 | ! | l 1 | |
1 L
PORT OUT PORT OLD DATA PORT NEW DATA
0 7
1 | | 1 l i | : 3 : ' |
i i 1 1 ’ ! 1 ' 1 ' 1
| « ' ' ' v [ ' 1 | |
INC data address XCH A, data address

DEC data address
MOV data address, A
ORL data address, A
ANL data address, A

XRL data address, A

Figure 5-11

CPL bit address

CLR bit address

SETB bit address

One machine cycle instruction port output time chart
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2) Two machine cycle instruction output timing

1 X | ! | i . | ' |
¢}
1 I
ALE .
]

2MCYCLE OP

! 1
! !
1

i
' , q
)

1
! 1
i

I
!
|
I
!
|
| | |
i
|
f
|
I
A

W-PORT 0

|
1
'
!
'

1
PORT QUT PORT OLD DATA PORT NEW DATA
0

T
' '
'
f

1 | |
| ' !
i | i
MOV data address, # data MOV data address 1, aata address 2
ORL data address, # data MOV bit address, C

ANL data address, # data

XRL data address, # data

JBC bit address, Code address

POP data address

MOV data address, @Rr

MOV data address, Rr

Figure 5-12 Two machine cycle instruction port output time chart
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INPUT/OUTPUT PORTS

5.7 Port Data Manipulating Instructions

The MSM80C31/MSMB80C51 port operation instructions for ports 0, 1, 2, and 3 are
divided into two groups — one where external signals applied to the port pin are used
according to the instruction to be executed, and the other where port latch data unef-
fected by the applied external signals is used. Instructions which use port latch data
are listed below.

INC data address

DEC data address

ORL data address, # data

ANL data address, # data

XRL data address, # data

ORL data address, A

ANL data address, A

XRL data address, A

CPL bit address

JBC bit address, Code address
DJNZ data address, Code address
PUSH data address
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6. MSM80C31/MSM80C51 ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Supply voltage Vce Ta=25°C -05~ 7 \
Input voltage Vi Ta=25°C -05—~Vcc+05 A
Storage - °
temperature Tstg -55 ~+150 C

6.2 Operational Ranges
Parameter Symbol Condition Rating Unit
Operating voltage Vce *1 fosc=DC—~16 MHz 25~ 6 \
Memory hold .
voltage Vee 2 6 \
Ambient - o
temperature Ta —40 ~+85 ¢

*1 DC andAC characteristics intherangeof 12 MHz < f < 16 MHz and 2.5V < Vcc < 4V will be
specified elsewhere. T
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MSMB0C31/MSMB0C51 SYSTEM CONFIGURATION

2.3 MSM80C31 Internal Block Diagram
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Figure 2-3 MSMB80C31 internal block diagram




6.3 DC Characteristics

(Vcc =5V +20%,Vss =0V, Ta=

MSM80C31/MSMB0C51 ELECTRICAL CHARACTERISTICS

40°C to +85°C)

Parameter | Symbol Conditions MIN TYP MAX Unit M%ei‘f’C“Jii{‘g
'\;‘O‘?;’;gLeOW Vi ~05 02vee 0.1] v
) VIH Except
\nput High XTALT 0.2Vee +09 Vect+05 |V
9 and RESET
. XTALT and | N
U‘Op””;g';'gh Vi1 | RESET 0.7 Voc Voc+05 |V
Qutput Low :
Voltage VoL loL=1.6mA 0.45 \
[PORT 1,2, 3] |
Output Low ‘
Voltage _ |
[PORT O, ALE, VoLt loL = 3.2 mA 0.45 \ 1
PSEN]
loH=—-60 uA
_ , 24 v
Output High vo i Vce =5V + 10% L B
Voltage H - ]
[PORT 1.2, 3] loH = -30 pA 0.75Vcc \
lok = -10 uA 0.9 Vce \
loH = —400 pA
_ 2.4 Y
Output High Vee =5V + 10%
Voltage Vori I )
[PORT 0. ALE lon= 150 uA 0.75 Vee Y
PSEN — — -
foH = —40 uA 0.9 Vce \
Logical O
oeat m Vi—0.45V ~200 A
[PORT 1,2, 3]
C - I — 2
Logicalj to O ‘
Lransition ML | Vi=20V 500 A
[PORT 1,2, 3]
Input Leakage
[%gr;?to I Vss < Vi < Ve {10 A 3
floating, EA]
RESET
Pulldown RRsT 20 40 125 KQ 2
Resistor
Ta=25°C,
Pin f=1 MHz
Capacitance Cio 5V [except 10 pF
XTAL1]
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Parameter | Symbol Conditions MIN TYP MAX Unit Mg‘?rsC”Ji'pg

Power Down B
Current IPD Vee=2V 1 50 uA

Vce = 4 5 6 v
Maximum - - —
Power fosc = 12 MHz 12 16 20 mA
Supply — .
Current Icc fosc = 8 MHz 8.3 11 14 mA
Normal - —
Operation fosc = 3.5 MHz 4.3 57 7.5 mA 4

fosc = 0.5 MHz 1.6 2.2 3 mA

fosc =12 MHz 2.5 37 5 mA
Maximum - . |
Power fosc = 8 MHz 1.8 2.7 3.7 mA
Supply Iceh - -
Current fosc = 3.5 MHz 1.1 16 2.2 mA
Idle Mode -

fosc = 0.5 MHz 06 09 1.2 mA
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Measuring circuits

1 2
VCC Note 2 VCC L o
VIH o = 5 L o — 5 DN
Note; ; ,D_‘ a o
2
Vo] 2 |1 |5 3 = 3
“{ wvss VSS
3 4
it a RO
vVCC Note 2 vCC )
VHo = 5 Y ° [ 5 :g
Notef | 2 i Note ) a
P o 5l O® A 5
VIL o = o o e 3
.
VSS I VsS

Note 1. Repeated for specified input pins

2. Repeated for specified output pins

3. Input logic for specified status.
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6.4 External Program Memory Access AC Characteristics

Vee =5V +20%,Vss =0V, 12MHz, Ta= -40°C to 85°C
PORT O, ALE, and PSEN connected with 100 pF load, others connected with 80 pF load

Ratings
Variable clock )
Parameter Symbol 12 MHz clock from DC to 12 MHz Unit
MIN | MAX MIN MAX

XTAL 1.2 Oscillator tCLCL 833 ns
Period
ALE Pulse Width tLHLL 126 2iCLCL-40 ns
Address Valid to
Address Hold After
ALE Low tLLAX 48 1tCLCL -35 ns
ALE Low to Valid
Instr In L 183 41CLCL-100 | ns
ALE Low to
PSEN Low tLLPL 58 1tCLCL-25 ns
[ —
PSEN Puise Width tPLPH 215 3tCLCL-35 ns
PSEN Low to
valid Instr in tPLIV 100 3tCLCL-105 | ns
Input Instr Hold
After PSEN tPXIX 0 0 ns
Input Instr Float B
After PSEN tPX1z 63 1tCLCL-20 | ns
PSEN to Address ) {PXAV 75 1CLCL-8 ns
Valid : .
Address to
valid Instr In tAVIV 266 5{CLCL-105 | ns
PSEN Low to
Address Float tPLAZ 0 0 ns
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External program memory read cycle

tLHLL ——

ALE

\_

L tAVLL ~=tLLPL e —  {PLPH

Ly —

~— tPLIV =
PSEN \

tLLAX tPLAZ

PORT O AO~AT

¥

tAVIV

PORT 2 AB~A15 A8~A15 AB—A1S

5
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6.5 External Data Memory Access AC Characteristics

Vee =5V +20%, Vss =0V, 12 MHz, Ta= —-40°C to 85°C

PORT 0, ALE, and PSEN connected with 100 pF load, others connected with 80 pF load

Ratings
Variable clock
Parameter Symbol |12 MHz clock from DC to 12 MHz Unit
MIN | MAX MIN MAX

XTAL 1.2 Oscillator
Beriod tCLCL 83.3 ns
ALE Pulse Width tLHLL 126 2t{CLCL—-40 ns
Address Valid to
ALE Low tAVLL 43 1tCLCL—-40 ns
Address Hold After
ALE Low tLLAX 48 1tCLCL-35 ns
RD Pulse Width tRLRH 400 6tCLCL-100 ns
WR Pulse Width tWLWH | 400 6tCLCL-100 ns
RD Low to Valid ‘
Data In tRLDV 251 | 5tCLCL-165 ns
Data Hold After RD tRHDX 0 0 ns
Data Float After RD tRHDZ 96 2tCLCL-70 ns
ALE Low to Valid
Dataln tLLDV 516 8tCLCL—-150 ns
Address to Valid
Data In tAVDV 585 9tCLCL—165 | ns
ALE Low to
RD or WA Low tLLWL 200 | 300 | 3tCLCL-50 | 3tCLCL+50 ns
Address to B
2D or WR Low tAVWL 233 4tCLCL—130 ns
Data Valid to
WA Transition tQVWX 23 1tCLCL-60 ns
Data Valid to _
WR High tQVWH | 433 7tCLCL-150 ns
Data Hold After WR tWHQX 33 1tCLCL-50 ns
RD Low to Address
Float tRLAZ 0 0 ns
RD or WR High to
ALE High tWHLH 43 | 133 | 1tCLCL-40 | 1tCLCL+50 ns
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External data memory read cycle

tLHLL tWHLH

ALE __/__L _
T\ L

tLLDV

LWL

o

TAVLL [tLLAX
=~ ! tRLDV  —== (RH%J
‘ltRLAZ

INSTR A AT (0 AN\
PORTO IN PCL RrorDPL/ J \

- tAVWL

tRLRH el

tRHDZ

DATAIN

tAVDY ——

PORT 2 PCH x A8 -A15PCH P20 P2 7DATAOrA8 A15DPH XAS A15PCH
| S

External data memory write cycle

tLHLL tWHLH

r=tLLWL tWLWH ]
WR

tLAX

[ 1QVWH ———\wWHax
tAVLL fe
VWX
AO -AJ AD A7 AOQ - A7
PORTG  NSTR oL erDpL( DATA(ACC) PeL
= tAVWL —mmf

porT2  HE A0 X A8 A15PCH )L P20 P27DATAGrAB A15DPH X a8 1spCH
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6.5 Serial Port (1/0 Extension Mode) AC Characteristics

Vec =5V +20%,Vss=0V,Ta=

40°C to 85°C)

Parameter

Serial Port Clock Cycle Time

Output Data Setup to Clock
Rising Edge

Output Data Hold After Clock
Rising Edg

Input Data Hold After Clock
Rising Edge

Clock Rising Edge to Input
Data Valid

Symboi

tXLXL

tQVXH

tXHQX

tXHDX

tXHDV

12tCLCL

Min

10tCLCL~-133

2tCLCL-177

10tCLCL-133
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X anva X Xava X Xonwa) X anvaX X avaX

|

XaHX1 L T T>DIX~4

|

—X

7
X A\

o — -
. XOHX3 —HXAD

v1va LNdNI

vivaindino

NO0T0 L4IHS

ERN

370A0 3NIHOVIN
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6.7 AC Characteristics Measuring Conditions

1. Input/output signal

VOH

VOH
VIH VIH
TEST POINT

VIL ViIL
VoL

vou
* The input signals in AC test mode are either VoH (logic *1") or VoL (logic “0") input signals

where logic "1" corresponds to a CPU output signal waveform measuring point in excess of
Vin, and fogic “0" to a point below VIL.

2. Floating

Floating

VOH VOH

VoL Vol

* The port 0 floating interval is measured from the time the port O pin voltage drops below ViIH
after sinking to GND at 2.4 mA when switching to floating status from “1” output, and from the
time the port 0 pin voltage exceeds VL after connecting to a 400 uA source when switching
to floating status from "0" output.
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2.4 MSM80C51 Internal Block Diagram

«

0l vid3s

HIINNOD HAWIL

=

dAWvH

[4-%

HG 8 x
qdomsz L

WVYH

[ € 1b04 ]

rmm&

[~ 0'€td

rm_&

—~— 0'ld

Ll _LHOdj

L

ﬁ AHVE 4NV ISNIS 19d HOd
4300530 T10d THD
$SI8aQv 1a8 x QHOM YD
HI1SID3Y vd N aa
NOILONNS K=——H] woy
WID3dS
WNOIS My TYNDIS TOHLNOD :I Hda

ONIWIL ANV 250

Z 1H40d

1383y

~—— V3

N3Sd

— 3V

ZIVLX

LIv1IX
< r_' L0d
ol | i
Ty '
30 !
(@) I

[~ 0¢d

Figure 2-4 MSMB80CS51 internal block diagram
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1. DESCRIPTION OF INSTRUCTIONS

7.1 Outline

MSM80C31/MSM80C51 is a microcontrolier designed for paralle! processing in an
8-bit ALU. The instructions consist of 8-bit units of data, and are available as 1-word 1-
machine cycle, 2-machine cycle, and 4-machine cycle instructions as well as 2-word
1-machine cycle and 2-machine cycle instructions and 3-word 2-machine cycle
instructions. There is a total of 111 instructions classified into the following groups.

(1) Arithmetic and logic instructions (15)
(2) Accumulator operation instructions (7)
(3) Increment & decrement instructions (9)
(4) Logical operation instructions (18)

(5) Immediate data setting instructions (5)
(8) Carry flag operation instructions (9)
(7) Bit operation instructions (3)

(8) Data transfer instructions (11)

9 Constant value instructions (2)

(10) Data exchange instructions (4)

(11)  Subroutine instructions (6)

(12)  Jump instructions (4)

(13)  Branching instructions (13)

(14) External data memory instructions (4)
(15)  Other instruction (1)
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A
AB
AC
B
C

DPTR
PC

Rr

SP
AND
OR
XOR

+

IR

!

<

>

bit address
code address
data

relative offset
direct address

DESCRIPTION OF INSTRUCTIONS

7.2 Description of Instruction Symbols

A description of the instruction symbols is listed below:

Accumulator

Register pair

Auxiliary carry

Arithmetic operation register

Carry (the bit 7 carry represented by CY is changed to C in Chap-
ter 7))

Data pointer

Program counter

Register representation (r =0/1, or r = 0 thru 7)

Stack pointer

Logical AND

Logical OR

Exclusive OR

Addition

Subtraction

Multiplication

Division

Representation of the contents of X

Representation of the contents addressed by contents of X
Symbol denoting immediate data

Symbol denoting indirect address

Equal

Not equal

Substitution

Substitution

Negation (upper bar)

Smaller than

Larger than

RAM or special function register bit designated address
Absolute address (Ao thru Ais, Aothru A1)

Immediate data (lo thru I7)

Corrected relative jump address value

RAM or special function register data designated address (“direct
address” representation changed to “data address” during
detailed description of instructions)

7l
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2.5 Timing and Control
2.5.1 Outline of MSM80C31/MSM80CS51 timing

The MSM80C31/MSM80C51 is equipped with a built-in inverter (see Figure 2-5) for
use in the generation of clock pulses by external crystal or ceramic resonator. These
clock pulses are passed to the timing counter and control circuits where the basic
timing and control signals required for internal control are generated.

The basic timing consists of S1 thru S6 (see Figure 2-6) where each timing cycle is
based on the 2 XTAL1 - 2 fundamental clock pulses. The interval from S1 thru S6
forms a single machine cycle with a total of 12 clock pulses.

1-byte 1-machine cycle and 2-byte 1-machine cycle instructions are fetched by in-
struction register during M1 - S1 cycle, decoded during M1 - S2 cycle, and executed
during M1 - 83 thru M1 - S6 cycle. The second byte is fetched during M1 - S4 cycle.
1-byte 2-machine cycles, 2-byte 2-machine cycles, and 3-byte 2-machine cycles in-
structions are also fetched during M1 - S1, decoded during M1 - S2, and executed
during M1 - 83 thru M2 - S6. The second byte and third byte is fetched during M1 - S4,
M2 - S1, or M2 - S4. The number of clocks used is 24. 1-byte 4-machine cycles instruc-
tions are involved in multiplication and division operations where 48 clocks are used.

S1 s2  S3 s4 S5 $6
£
=
- S0
S S 10 & TIMER CONTROL FIMER
CPU CONTROL CPU
PLA
XTAL1 o B POWER DOWN
IDLE
XTAL2 T
)|
RESET @ -
iNT » L pLAOUT

Figure 2-5 Oscillator, timing counter, and control stage block diagram
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7.5 Detailed Description of MSM80C31/MSM80C51 Instructions

Note: “direct address” is represented as “data address” in this detailed description.
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1. ACALL code address (Absolute call within 2K byte page)

Instruction code

Call address

Operation

Number of bytes
Number of cycles
Flags

(PSW)

Description

174

7

Ao As As

Byte 1

7

A7 As As

Aa

As Az

An Ao

Byte 2

- (PC) —(PC) + 2

(SP) — (SP) + 1
(SP)) — (PCo-v)
(SP) —(SP) + 1
(SP)) — (PCs-15)
(PCo-10) — Ao-10

2
2

C AC FO

RS1

RSO OV

F1 P

T

|

: This instruction stores the program counter value

(return address) in the stack foliowing an increment

operation.

The program counter data PCo — PC o following PC+2
is replaced by 11-bit page address data Ao ~ Aio. The
destination address for this instruction must always
be within the 2K byte page, but if the instruction is
placed at address X7FEH or X7FFH, execution pro-
ceeds from the call address on the next page.
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2. ADD A, #data (Add immediate data)

7
Instruction code : 0 0 1 0 | 0 1 0 0 Byte 1
7 0

# data I7 ls Is la | Ia I I lo Byte 2
Operation o (A) — (A) + #data
Number of bytes C 2
Number of cycles 1
Flags : C AC FO RSt RSO OV F1 P

(PSW) . ° ° .
Description . An 8-bit immediate data value is added to the

accumulator. The result is placed in the accumulator
and the flags are updated.

Example ADD A, #07H

7 0
Instruction code 10 0 1 010 1 0 0 |Bytetl
7 0]
00000111 |Byte?2
[

Before execution After execution
Accumulator Accumulator
O11OIOO1O 0110|1001
7 0 7 0
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3. ADD A, “Rr (Add indirect address)

Instruction code

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ADD A, ©RO

Instruction code

176

(A) —{(A)+(Rr) r=0or1

1

;
C AC FO RSt RSO OV F1 P
'y s l ° °

Byte 1

. The data memory location contents addressed by the

register r are added to the accumulator. The result is
placed in the accumulator and the flags are updated.

7

001010110

Byte 1

Before execution

Accumulator

After execution

Accumulator

010 OI 1101 101 1 IO 110
7 0 7 0
Register 0 Register O
0101 l 1100 0101 | 1100
7 0 7 0
5CH 5CH

( 01101001 01101001
7 [ 0 7 l 0



4. ADD A, Rr (Add register)

Instruction code

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ADD A, R6

Instruction code

DESCRIPTION OF INSTRUCTIONS

0 0 1 0 1 rz ri ro Byte 1

C AC FO RS1 RSO OV Fi1 P

: The register r contents are added to the accumulator.

The result is placed in the accumulator and the flags
are updated.

7
00101110
l

Byte 1

Before execution After execution

Accumulator Accumulator

010110100

101110001

7 0 7 0
Register 6 Register 6

01011101 01011101
7 : 0 7 l 0

-
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5. ADD A, data address (Add memory)

7 0
Instruction code : 0 0 1 0 | 0 1 0 1 Byte 1
7 0
Data address ar as as as | as az at ao Byte 2
Operation . (A) — (A) + (data address)
Number of bytes 2
Number of cycles 1
Flags :  C AC FO RSt RSO OV F1
(PSW) ] . ° ™
Description . The specified data address contents are added to the

accumulator. The result is placed in the accumulator
and the flags are updated.

Example ADD A, P1

7 0
Instruction code 100 1 OIO 1 0 1 | Byte 1

7 0

1OO1IOOOO Byte 2

Before execution After execution
Accumulator Accumulator
011 110 010 001 1|1 000
7 0 7 0
Port 1 (30H) Port 1 {(30H)
110 OIO 110 110 O[ 0t10
7 0 7
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DESCRIPTION OF INSTRUCTIONS

6. ADDC A, #data (Add carry plus immediate data to accumulator)

7

Instruction code : 0 0 1 1 | 0 1 0 0 Byte 1
7 0

#data l7 le Is la l la |2 1 lo Byte 2

Operation . (A) — (A) + (C) + #data

Number of bytes D2

Number of cycles 1

Flags : G AC FO RSt RSO OV F1 P

(PSW) 'y ° . °
Description . The carry flag is added to the accumutator, and an

8-bit immediate data is added to that result. The result
is placed in the accumulator and the flags are updated.

Example ADDC A, #76H

Instruction code 10 0 1 1|0 1 0 O | Bytet

01110110 |Byte?2

Before execution After execution

Accumulator Accumulator
01011001 11010000 l7l
7 0 7 0
Carry flag Carry flag

1 0

179



e BRI Iitanr Uiy

MSM80C31/MSM8B0C51 SYSTEM CONFIGURATION

2.5.2 Major synchronizing signals

(1)

ALE (Address Latch Enable)

The ALE signal is used as clock signal where the output address signals O thru 7
from CPU port O can be latched externally when external program memory or ex-
ternal data memory (RAM) is used.

Although two ALE signal outputs are obtained in a single machine cycle during
normal operations, no output is obtained during output of the RD/WR signal when
an external memory instruction (MOVX ...... ) is executed.

PSEN (Program Store Enable)

The PSEN output signal is generated during execution of an external program.
This output is obtained during the fetch of instructions and data.

The PSENsignal is a low active signal, and external program data is enabled when
this signal is active.

Although two PSEN signal outputs are obtained in a single machine cycle during
normal operations, no output is obtained during output of the ‘RD/WR signal when
an external memory instruction (MOVX ...... ) is executed.

WR (Write Strobe)
The WR output signal is obtained when an external memory instruction (MOVX

@Rr, A or MOVX@DPTR, A) is executed.
CPU port O output data is written in the external RAM when the WR signal is low.

RD (Read Strobe)

The RD output signal is obtained when an external memory instruction (MOVX
A, @Rr or MOVX A, @DPTR) is executed.

The external RAM is enabled and output data is passed to CPU port O when the
RD signal is low.

i2|
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2.5.3 MSMB80C31 fundamental operation time chart

XTAL1
ALE
; i
PSEN |
0 \ |
P J S N R N
| .
1 | INSTIN | INST IN LINSTIN | INSTIN | INST IN
PCL ! PCL PCL PCL |
PORTO ‘ ouT ouT ouT [ ouT |
o ‘ ‘ : ,
! ‘ ‘ ; |

I

|

| | I ! ! J | ! ‘
1 | i | ! ! | ! | i 1

PORT2 PCH OUT PCH OUT ‘ PCH OUT } PCHOUT PCH QUT
0

Figure 2-7 MSMB80C31 external program memory read cycle timing chart

XTAL1

ALE

PORT O

|
PORT 2 PCH QUT
¢}

PCH QUT [ PORT 2 LATCH DATA OUT l PCH OUT

Figure 2-8 MSMS80C31 MOVX A, “Rr execution
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Figure 2-9 MSM80C31 MOVX «'Rr, A execution
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Figure 2-10 MSM80C31 MOVX A, « DPTR execution
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PORT 2 PCH QUT PCH OUT DPH OUT PCH OUT
0
Figure 2-11 MSM80C31 MOVX @DPTR, A execution
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Figure 2-12 MSM80C31 MOV direct, PORTIO0, 1, 2, 3] execution
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2.5.4 MSM80C51 fundamental operation time chart
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Figure 2-13 MSM80C51 MOVX A, @Rr execution
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Figure 2-14 MSMB80C51 MOVX Rr, A execution
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XTAL1
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XTAL1
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Figure 2-17 MSMB80C51 MOV direct, PORT[O, 1, 2, 3] execution
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2.6 Instruction Register (IR) and Instruction Decoder (PLA)

MSM80C31/MSM80C51 operations are based on an instruction code address method.
Hence, in addition to the instruction code instruction register (IR) and instruction
decoder (PLA), these devices also include an instruction register (AIR) and an instruc-
tion decoder (PLA) for data addresses and bit addresses.

Operation codes are passed to the IR, and data and bit addresses are passed to the
AIR. CPU control signals are formed at the respective PLA, thereby activating the CPU.
The block diagram is outlined in Figure 2-18.

et A
| . |
| Timing |
I I
|
| 1 A I
| Matrix N I Control signals
} | | D
[ |
I |
T I
A ! |
Data bus | | Decoder |
R l
—_— ] } -
' PLA I
L e e - - L d
WAIR J r-—-——-—"—"—-="=-"="—""=-—"—-=-=-- |
|
| Timing :
| |
! |
| ] |
| A
| Matrix N | Control signals
i D
| — t
| |
| !
—— | |
| | '
Data bus Decoder
R | |
| |
PLA t
L ____ ]

Figure 2-18 IR and PLA block diagram
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2.7 Arithmetic Operation Section

Qutline
The MSM80C31/MSM80C51 arithmetic operation section consists of
(1) an arithmetic operation instruction decoder, and
(2) an arithmetic and logic unit [ALU].

(1

Arithmetic operation instruction decoder: I 2 I
Arithmetic operation instructions are passed to the instruction register (IR) and

then to the PLA where they are converted into control signals.

The control signals from the PLA are used to control ALU peripheral circuits and

ALU internal arithmetic operation (AND, OR, ADD, EOR).

Arithmetic and logic unit [ALU]:
Upon reception of 8-bit data from one or two data sources the ALU processes that
data in accordance with control signals from the PLA. The ALU is capable of ex-
ecuting the following processes:

Additions and subtractions with and without carry
Increments (+1) and decrements (—1)

Bit complements

Rotations (either direction with and without garry)
BCD (decimal adjust)

Carry, auxiliary carry, and overflow signal output
Multiplications and divisions

Bit detection

Exchange of low and high order nibbles

Logical AND, OR, XOR

If a bit-3 auxiliary carry (AC), a bit-7 carry (CY), or an overflow (OV) is generated
as a result of the arithmetic operation executed by the ALU, that result is set in the
program status word (PSW).

PSW(DOH)

CY AC FO RS1 RSO OV F1 P

[ole | [ Jef | |

7 6 5 4 3

Figure 2-19 Program status word

2 1 0
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2.8 Program Counter

The MSM80C31/MSM80C51 program counter has a 16-bit configuration PCo thr.
as shown in Figure 2-20.

ENABLE ROM
—
<
=z
x v
LS MSMB8OCS 1 INTERNAL ROM
Z < 4KWORD ~ 8BIT
i
o <
[@Na]
EXTERNAL
ROM MODE -
Q15Q14Q13Q12 Q11 Q10 Q9 Q8 Q7 Q6 05 Q4 Q3 Q2 Q1 Qo
— —— PC +1
D15D14D13 D12 D11 D10 DY D8 D7 D6 D5 D4 D3 D2 D1 po

CPUINTERNAL DATA BUS

Figure 2-20 MSM80C31/MSM80C51 program counter

This program counter is a binary up-counter which is incremented by 1 each time one
byte of instruction code is fetched. When the program counter is counted by 1 after
counter contents have reached FFFFH, the counter is returned to 0000H. MSM80C51
is automatically switched to external ROM mode when the counter contents exceed
OFFFH, and executes external instructions.

22
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2.9 Program Memory and External Data Memory

2.9.1 MSM80C31/MSM80CS51 program area and external ROM connections
Since MSM80C31/MSM80C51 are equipped with a 16-bit program counter, these
devices can execute programs of up to 64K bytes (including both internal and external

programs).

Since the MSM80C31 is not equipped with an internal program ROM, only external in- 2
structions are executed. The MSMB80C51, on the other hand, is equipped with a 4K
byte program ROM which enables it to execute internal instructions from address O
thru to address 4095. When the address is greater than 4095, external instructions
are executed. The program area is outlined in Figure 2-21, and a diagram of ROM con-
nections made when external instructions are executed is shown in Figure 2-22.

2-22.
} 65535 | FFFFH
©
e
©
=
8 | S 1Ointerrupt start 35 0023H
£
8 |
3 !
é ! Timer interrupt 1 start 27 001BH
S i
«© /’\_/
s !
o w i
g =
s I’ External interrupt 1 start 19 0013H
t
2 ' 4096 | 1000H |
©
£ ’ 4095 | OFFFH ! @
% i
° I
b 8 | T
9 5 Timer interrupt O start 11 1 000BH
® s ! |
b3 o {
2 ]
E ! /_\
£ 36 | 0024H
- T
3 35 0023H External interrupt O start 3 | 0003H
2 ]
2 2 1 0002H
s |
!
1 | 0001H
+
* 0O}17 6 54 3 210 CPU reset start O | 0000H
o !
Figure 2-21 MSM80C31/MSMB80CS51 program area
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Figure 2-22 MSMB80C31/MSMB80CS51 external ROM connection diagram
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2.9.2 Procedures and circuit connections used when external data memory (RAM) is

read/written by data pointer
The MSM80C31/MSM80C51 can be connected to an external 64K wordx 8-bit data

memory (RAM) when accessing the memory by data pointer (DPTR).

The data pointer (DPTR) consists of DPL and DPH registers. The DPL register contents
serves as addresses O thru 7 of the external data memory, the DPH register contents
serves as addresses 8 thru 15.

The MOVX @DPTR, A instruction is used when accumulator contents are transferred
to an external data memory, and the MOVX A, @DPTR instruction is used when externatl
data memory contents are transferred to the accumulator. The external data memory
connection diagram is shown in Figure 2-23 and the external data memory access
time chart is shown in Figure 2-24.

When the data pointer indirect external memory instruction is executed, the CPU
passes the DPL register contents to port 0, and the port O contents are then latched
externally by the ALE signal. Data stored in the latch serves as the lower order ad-
dresses O thru 7 of the external data memory (RAM), while the DPH register contents
output from port 2 serves as the higher order addresses 8 thru 15 for direct addressing

of the external data memory.
The WR or RD external data memory control signal is subsequently generated by the

CPU to enable transfer of data between port 0 and the external data memory.
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2.9.3 Procedures and circuit connections used when external data memory (RAM) is
read/written by registers RO and R1
The MSM80C31/MSM80CS51 can be connected to an external 256 wordx 8-bit data
memory (RAM) when addressing the memory by the contents of registers RO and R1 in
the internal data memory (RAM).
The MOVX @Rr, A instruction is used when accumulator contents are transferred to
an external data memory, and the MOVX A, @Rr instruction is used when external data
memory contents are transferred to the accumulator. The external data memory con-
nection diagram is shown in Figure 2-25 and the external data memory access time
chart is shown in Figure 2-26.
When the register indirect external memory instruction is executed, the CPU passes
the RO or R1 register contents to port 0, and the port O contents are then latched exter-
nally by the ALE signal. Data stored in the latch serves as the addresses O thru 7 of
the external data memory. The WR or RD external data memory control signal is subse-
quently generated by the CPU to enable transfer of data between port 0 and the exter-
nal data memory.
However, if the port 2 latched data is used in addresses 8 thru 15 of the external data
memory, the circuit connections are the same as when the data pointer (DPTR) is
used, thereby enabling a 64K word X 8-bit data memory to be accessed.
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3. MSM80C31/MSM80C51 CONTROL

3.1 Oscillators: XTAL 1
XTAL 2

An oscillator is formed by connecting a crystal or ceramic resonator between the
XTAL1 and XTAL?2 pins of the MSM80C31/MSM80C51 devices.

If an external clock is applied to XTAL1 - 2, the input should be at 50% duty and
C-MOS level.

XTAL ' ™MQ

CLOCK CONTROL
*  F=DC--12MHz XTAL1
—= + CPU CLOCK
C

|
o AL

|

777 :
L _ _MSMBOC31'MSMBOCS 1

* The capacity of the compensating capacitor depends
on the crystal resonator.

* The XTAL1 - 2 frequency depends on Vce.,

Figure 3-1 Crystal resonator connection diagram
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CLOCK CONTROL
*
—Dbe- XTAL1
|| =DC" 12MHz PR II; J@ CPU £LOCK

¢ L I
O I MQ

* |
en the L ’ XTAL2

¢ |
ty and 4 i

L _ _ wswsocsimsmeocst _ _ _ _ _ _ __ _
= The capacity of the compensating capacitor depends 3
on the ceramic resonator.

* The XTAL1 - 2 frequency depends on Vcc.

Figure 3-2 Ceramic resonator connection diagram

74HCO4 74HCO4 MO

|
: CLOCK CONTROL
#=DC~12MMz L xTAL1 NG
' T CPU CLOCK

=D 4 {; >
i
{
|

XTAL2

-

|
|
|
l
!
t
L MSM80C31/MSM80C5 1

* The external clock frequency depends on Vcc.
* Supply of 50% duty clock

Figure 3-3 External clock supply circuit
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3.2 CPU Resetting

3.2.1 Outline

If a reset signal (kept at “1” level for at least 1 usec) is applied to the RESET pin when
the correct voltage (in terms of the various specifications) is applied to the
MSM80C31/MSM80C51 Vcc pin, a reset signal is stored in the CPU even if the XTAL1
- 2 oscillators have been stopped.

The internally stored reset signal is used in direct initialization (setting to “1”) of ports
0, 1, 2, and 3. All of the special function registers are then initialized (set to “0”) two
machine cycles after the XTAL1 - 2 oscillator commences regular operation.

When the reset is released, instruction execution is started in the third machine cycle
if the reset signal is changed from “1”level to “0” level before the M1 - S1 signal leading
edge, and in the fifth machine cycle if the reset signal is changed from “1” to “0” after
the leading edge.

The reset circuit block diagram is shown in Figure 3-4, the reset start time charts in
Figures 3-5 and 3-6, and the reset release time charts in Figures 3-7 and 3-8.

I
|
|
!
|
|
!
[

RESET
P , {b_ N CPU RESET CONTROL
|

: R =40KQ

|

i

i

|

Figure 3-4 MSMB80C31/MSM80C51 reset circuit block diagram
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3.2.2 Reset schmitt trigger circuit

The Schmitt trigger circuit connected to the RESET pin shown in Figure 3-4 operates
in the following way when the Vcc power supply voltage is +5 V.

if the voltage of the input reset signal applied to the RESET pin exceeds 3 V when the
level of that signal is changed from “0” to “1”, the Schmitt trigger output level is
changed from “0” to “1”, and the reset signal is set in the CPU reset control circuit, re-
sulting in the reset operation being started by the CPU.

The CPU reset state is released when the “1” level on the RESET pin is changed to
“0”. An input signal level below 1.5 V is regarded as “0” level, and the Schmitt trigger
output level is changed from “1” to “0”. When the reset signal is changed to “0” level,
the CPU reset control circuit is ready for reset release. The Schmitt trigger circuit oper-
ation time chart for changes in the reset input voltage is outlined in Figure 3-9.

5 [V]
Vee

0O V] —m—————e— e —— e — ——— ——— — = ===

5 (V] VIH=3.0 [VI] * VIL=15 [V]
[RAN N

0 v | VTH=1.5 [V] !

5 V] | |

Schmitt trigger output
0 IVl

CPU reset
! control input

Figure 3-9 Reset schmitt trigger gate detector time chart
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3.2.3 CPU reset internal status |
When a reset signal is applied to the CPU with normal voltage applied to the
MSMB80C31/MSMB0C51 Vee power supply pin, the 1/0 port is set to “1” (input mode)
directly even if XTAL1 - 2 has stopped. The CPU is then reset after normal XTAL1 - 2
osciliation has been resumed. The internal CPU status when the CPU is reset is shown

in Table 3-1.
Table 3-1 MSM80C31/MSM80C51 reset internal status
Register name Register reset status
PC OO000H
SP 07H
P EOH (X X x00000)
IE 60H (0 X X00000)
PCON 70H {0 X X X 0000)

PSW, DPH, DPL, A, B

SCON, TCON, TMOD OCH

THO, TH1, TLO, TL1

P1,P2,P3 *FFH (input port)
PO *FFH (floating)
SBUF

F— Undefined
INTERNAL RAM T

* denotes direct resetting even if XTAL1 - 2 has stopped.
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3.3 EA (CPU Memory Separate)

3.3.1 Outline
The function of the EA pin is to determine whether a CPU internal program memory
(ROM) instruction is to be executed, or an external program instruction is to be
executed.
(1) Internal ROM mode
If the EA pin is connected to Vcc and a “1” reset signal is applied to the RESET
pin to reset the CPU, an internal program memory (ROM) is executed from address
0. (MSMBOC51 only)
(2) External ROM mode
If the EA pin is connected to Vss and a “1” reset signal is applied to the RESET pin
to reset the CPU, an external program memory is executed from address 0.
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4. MSM80C31/MSMB0OCS51 INTERNAL SPECIFICATIONS

4.1 Internal Data Memory (RAM) and Special Function Registers (SFR)

4.1.1 Outline

MSMB80C31/MSMB0C51 operation is based on an instruction code address method
where operations are specified in an instruction code (OP) section, and the data
memory (RAM) and special function registers (ACC, B, TCON, PO, ... ) are specified
directly by part of the instruction code and the second or third byte of data following
that instruction code.

According to this instruction code address method, all eight bits of data in the data
memory and the special function register may be specified, or one bit of data memory
and one bit of data in the special function register may be specified. Direct designation
of all eight bits of data is called data addressing, and direct designation of one bit of
data is called bit addressing.

Since these CPU devices specify data memory (RAM) and special function register
contents by the above method, specific addresses are assigned to the respective CPU
data memory (RAM) and special function registers (ACC, B, TCON, PO, ....). Data ad-
dresses consist of eight bits, and range from 00 to FFH in binary (which correspond to
O thru 255 in decimal). All data memory (RAM) and special function registers (ACC, B,
TCON, PQ, ....) exist in these 256 locations.

The data memory contains 128 bytes in data addresses 00 thru 7FH, and can be speci-
fied directly by data address.

Special function registers are located between addresses 80 thru FFH, and can also
be spegified directly by data address. Bit addresses consist of eight bits, the operation
bits being specified by the three lower order bits and the data memory (RAM) or special
function register (ACC, B, TCON, PO, ....) by the five higher order bits.

The bit addresses which can be specified in data memory (RAM) are addresses 20
thru 2FH. Other areas cannot be specified by bit designation.

Special function registers which can be specified by bit address include PO, P1, P2,
P3, TCON, SCON, IE, IP, PSW, ACC, and B, a total of eleven registers. The data memory
{RAM) and special function register address space layout is shown in Figure 4-1.
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B F7H~FOH 240 (OFOH)
ACC E7H~EOH 224 (OEOH)
PSW D7H--DOH 208 (ODOH)
P BFH~—B8H 184 (0OB8H)
P3 B7H--BOH 176 (OBOH)
IE AFH~—A8H 168 (OA8H)
P2 A7H—AOH 160 (OAOH)
w
= SBUF 153 (99H)
o .
g SCON 9FH-~98H 152 (98H)
& P1 97H~—90H 144 (90H)
=z JU—
2 TH1 141 (8DH)
Q
z THO 140 {8CH)
5 L1 139 (8BH)
<
2 TLO 138 (8AH)
[N
® TMOD 137 (89H)
TCON 8FH--88H 136 {88H)
PCON 135 (87H)
DPH 131 (83H)
DPL 130 (82H)
SP 129 (81H)
80 PO 87H-~80H 128 (80H)
7F A
_J
DATA RAM —
g 30
2 oF 7F 78
"]
w BIT RAM
8 7 0
g 2 | BIT ADDRESSING
~ 1F R7
e BANK3
2o
o 18 RO
Z 17 R7 I §
o BANK2
E 10 RO
o OF R7
= BANK1
os8 | RO DATA ADDRESSING
07 R7
BANKO
00 RO W,
Figure 4-1 Data memory and special function register layout
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4.2 Internal Data Memory (RAM)

4.2.1 Internal data memory (RAM)

The storage capacity of the MSM80C31/MSM80C51 data memory is 128 words X8
bits. The layout diagram is shown in Figure 4-2.

The data memory can be accessed (R/W) in four different ways - direct register
designation, indirect register designation, data addressing, and bit addressing.
Registers RO thru R7 consist of four banks within the data memory address range from
00 to 1FH. Banks are specified by RSO and RS1 data combinations within the PSW.

the PSW.

The data memory address range from 20 to 2FH is an area where bit addressing is
possible. Data operations can be executed directly one bit by bit operation
instructions.

The data memory address ranges from 00 to 7FH is an area where data addressing is
possible. 8-bit data operations within the data memory can be executed directly by
data address operation instructions.

In addition to data storage in the CPU, the data memory is used as the place for saving
stack data. This stack data storage area is addressed by a stack pointer (SP). Since
any desired data can be set in the stack pointer (SP) by software, the stack can be
used from any data memory address. Note that O7H data is set automatically in the
stack pointer when the CPU is reset.
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7FH

30H

2FH

2EH

2DH

2CH

2BH

2AH

29H

28H

27H

25H

24H

23H

22H

21H

20H
1FH

18H
17H

10H
OFH

08H
O7H

OOH
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127
USER DATA RAM
48
7F| 7€ | 7D} 7¢c | 78| 7A | 79| 78 47
77 {76 75|74 73] 72| 71| 70 46
6F | 6E | 6D | 6C | 6B | 6A | 69 | 68 45
67 | 66| 65 | 64| 63| 62 | 61| 60 44
5F | 5E | 5D | 5C | 5B | 5A | 59 | 58 43
| 57 | 56| 55| 54 | 53 | 52 | 51| 50 42
2
4F | 4E | 4D | 4C | 4B | 4A | 49| 48 a1 | 2| &
ol 8
47 | 46| 45 | 44 | 43| 42 | 41 40 a0 | @l &
a
o]
3F | 3E| 3D | 3C | 3B | 3A | 39 38 39 | Q :
i
o«
37| 36| 35| 34| 33| 32|31} 30 38 | B| a
2F | 2E| 2D | 2C | 2B | 2A | 29| 28 37
27|26 25| 24| 23| 22| 21| 20 36
1F|1E| D[ 1C| 1B| 1A | 19| 18 35
17 16| 15| 14| 13| 12 | 11| 10 34
OF | OE| OD | OC| OB | OA | 09| 08 33 |
- pd
07| 06| 05| 04| 03| 02|01]| 00 32 )8
37 §
Bank 3 <O(
24 | 2
23 §
Bank 2 5
16 r[\
15 [ 4
Bank 1 E
8 |
718
Bank O o
0

Figure 4-2 RAM layout diagram

REGISTER O, 1 INDIRECT ADDRESSING
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4.2.2 Internal data memory registers RO thru R7

Registers RO thru R7 in the data memory consist of four banks between memory ad-
dresses 00 thru 1FH. Banks are specified by RSO and RS1 bit combinations within the
program status word (PSW). Note that the register area RO thru R7 can also be used as
normal data memory. The PSW table is shown in Table 4-2, and the data memory regis-
ter bank layout in Figure 4-3.

Table 4-2 Program status word (PSW)

USER DATA RAM
\\\E\ =

e

BIT ADDRESSING

07 [ o6 [ 05 | va | 03 | 0] o1 ] bg ]
D7 [ D6 | DS | 04 | 03 | b2 | D1 |

STACK & DATA RAM

RS1 RSO

k

BANK 3 1

Hl‘!

BANK 2 1

pos}
~l

a

BANK 1

‘ =l
(=]

[w)
o
o)
~

Figure 4-3 Internal data memory register bank layout
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The stack data save area is in the internal data memory (RAM), and is specified by

stack pointer (SP 81H).

Although 07H data is automatically set in the stack pointer when the CPU is reset, any
desired data can be set by software to enable the data memory from any address to be

used as the stack.

Two addresses of data memory are used when the stack is used by interrupt or CALL
instruction, and a single address is used when the PUSH instruction is used.
The status where an interrupt is generated and the program counter contents are
saved in the stack when the stack pointer contents are 5FH, and accumulator contents
are pushed during interrupt routine are shown in Table 4-3. The stack status up to
completion of interrupt processing upon execution of POP and RETI instructions is

also included.

Table 4-3 Stack storage data RAM layout
\ )
! RAM data bit
Stack processing St_a(t;k . — e
potnter 7 6 5 4 3 2 1 0
Before execution 5FH D7 D6 D5 D4 D3 D2 D1 DO
60H PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 PCO
Interrupt process - - — - —_— —
61H PC15 PC14 |PC13| PC12| PC11| PC10| PC9 | PC8
PUSH process (ACC) 62H A7 A6 A5 A4 A3 A2° Al AO
POP process (ACC) 62H A7 A6 A5 A4 A3 A2 Al AO
_——— E— - : | |
61H PC15|PC14:PC13 PC12| PC11|PC10| PCO9 | PC8
RETI process - ‘ ; ! - . -
60H PC7 ' PC6 | PC5° PC4 | PC3 | PC2 | PCH PCO
After execution 5FH D7 D6 D5 | D4 D3 D2 Dt DO
49
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4.3 Internal Data Memory (RAM) Operating Procedures

4.3.1 Internal data memory indirect addressing

Operation of the internal data memory indirect increment instruction is described here
as an example. This instruction (INC @Rr) is a 1-byte 1-machine cycle instruction (see
Figure 4-4), and the indirect address register is specified by instruction code bit O
data r where r denotes either register O or 1 in the register group specified by PSW
RS0 and RS1 bank data. Register 0 is specified when the r data is 0, and register 1 is
specified when the data is 1.

When this instruction is executed, register data is read from the specified register 0 or
1, and the read out register data is written into the data pointer of the data memory.

The data memory contents specified by the data pointer are read by the CPU into a
temporary register. Then a subsequent increment (+1) by the ALU is followed by a
return to the data memory at the address specified by the data pointer. In this way, the
contents of the data memory at the address specified by the contents of RO or R1 are
incremented.

Instruction (OP) Indirect address register
code portion designation portion
- ﬁ—/\——f——ff\ —_—
INC @Rr : 0 0 0 0 | 0 1 1 Tl Byte 1

7 6 5 4 3 2 1 0

Figure 4-4 INC @Rr bit arrangement
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4.3.2 Internal data memory register RO thru R7 designation

Operation of the internal data memory register direct decrement instruction is de-
scribed here as an example. This instruction (DEC Rr) is a 1-byte 1-machine cycle in-
struction (see Figure 4-5). Register RO thru R7 is specified by ro, r1, and r2 data of in-
struction code bit 0, 1, and 2. ro, r1, and rz are represented in binary code, ro being the
LSB, and r2 the MSB. The code is weighted 1, 2, and 4 from the LSB. Any one of the
eight registers can be specified by combinations of this code. See Table 4-4 for the
register designation combinations.

When this instruction is executed, one of the registers RO thru R7 from the register
group specified by the PSW RS0 and RS1 bank data is specified. The contents of the
specified register is read by the CPU into a temporary register. Then a subsequent
decrement (—1) by the ALU is followed by a return to the specified register. In this way,
the register contents specified by ro, r1, and r2 are decremented.

Instruction (OP) Register direct
code portion designation portion
DEC Rr : 0 0 0 1 1 ra r ro Byte 1
1
7 6 5 4 3 2 1 0

Figure 4-5 DEC Rr bit arrangement

Table 4-4 Register designation table

Register name re r ro
Register O 0 0 0
Register 1 0 0 1
Register 2 0 1 0
Register 3 : 0 1 1
'Register4 1 0 0
Register 5 1 0 1
T%ieiégter 6 1 1 70*
Register 7 1 1 1
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4.3.3 Internal data memory 1-bit data designation

In the MSM80C31/MSMB80C51, 1-bit data operations (test, reset, set, compiement,
transfer) can be executed directly by bit operation instruction only between internal
data memory addresses 20 thru 2FH.

The operation of a bit reset instruction is described below as an example.

This instruction (CLR bit address) is a 2-byte 2-machine cycle instruction (see Figure
4-6). The instruction code is indicated in byte 1. Byte 2 is the data memory address
and bit designation. The operation bits are specified by the bo, b1, and bz data in bits 0,
1, and 2 of byte 2. Combinations of this code enable any one of eight bits to be
specified. The bit designation combinations are listed in Table 4-5 below.

The data memory is addressed by bits bs, b4, bs, bs and b+ of byte 2. The data memory
address is specified by the bits bs thru be with b~ being “0”. The bits bs - bs can be ex-
pressed in binary numbers O thru OFH. A total of 16 designations are possible.

When data memory addresses are specified, the data memory bit operation start ad-
dress 20H is added to the bs, bs, bs, and bs binary data to obtain the data memory
address.

The data memory address contents specified by the above method are read by the
CPU into a temporary register, the bit specified data is reset to “0” by the ALU, and the
CPU returns the result to the data memory where the data were read. One bit of the
specified data memory is thus reset to “0”.

Instruction (OP) code

CLR bit address : 1 1 0] 0 0 0 1 0 Byte 1

Data memory
addressing portion  Bit designation portion

b7 be bs ba | bs be b bo Byte 2

7 6 5 4 3 2 1 0

Figure 4-6 CLR bit address bit arrangement
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Table 4-5 Bit designation table

Bit name be b1 bo
Bit 0 0 0 0
Bit 1 0 0 1
Bit 2 0 1 0
Bit 3 0 1 1
Bit 4 1 0 0
Bit 5 1 0 1

| Bite 1 1 o |
Bit 7 1 1 T

Table 4-6 Addressing combination table

b7 | be| bs| bs| bs | RAMaddress
¢} 0 0 0 0 0 20H 32
1 0 0 o] 0 1 21H 33
2 0 0 0 1 0 22H 34
3 0 0 0 1 1 23H 35
4 ¢} 0 1 0 0 24H 36
5 0 0 1 0 1 25H 37
6 0] 0 1 1 0 26H 38
7 0 0 1 1 1 27H 39
8 0 1 0 0 0 28H 40
9 0 1 0 0 1 29H 41
A 0 1 0 1 0 2AH 42
B 0 1 0 1 1 2BH 43
C 0 1 1 0 0 2CH 44
D 0 1 1 0 1 2DH 45
E 0 1 1 11 0 2EH 46
F 0 1 1 1 1 2FH 47
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Table 4-7 List of special function registers

Register Bit address Data
name T address
br be bs ba ba be b bo
B F7 F6 F5 Fa F3 F2 F1 FO OFOH (240)
ACC E7 E6 E5 E4 E3 E2 E1 EOi 0 OEOQH (224)
PSW D7 D6 D5 D4 D3 D2 D1 DO ODOH (208) ]
P BF | BE | BD | BC | BB | BA | B9 | B8 AOBBH (184)
P3 B7 | B6 | B5 | B4 | B3 | B2 | B1 BO OBOH (176)
IE AF | AE | AD | AC | AB | AA | A9 | A8 0A8H (168)
p2 A7 | A6 | A5 | A4 | AB | A2 | A1 AO 0AQH (160) o
SBUF 99H (153)
SCON 9F | 9E | 9D | 9C | 9B | 9A | 99 | 98 98H (152) o
P1 97 96 95 94 93 92 _TN E;E) 90H (144)
TH1 8DH (141)
THO 8CH (140) o
TLA T EBH (139)
TLO 8AH (158;7
B AT‘P;AOD 1 o 89H (137)
TCON 8F | 8BE | 8D | 8C | 8B | BA | 89 | 88 88H(T§63
PCON 7 87H (135) )
DPH 8‘3H (131)
DPL 82H (130)
sP 81H (129) o
PO 87 | 86 | 85| 84 | 83 | 82 | 81 78;) i 80H7(1727E;)7 -
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4.4.2 Special Function Registers
4.4.2.1 Timer mode register (TMOD)

MsB LSB
Name Address 7 ' 6 5 4 I 3 ’ 5 ’ 1 0
TMOD 89H GATE ' c/T M1 MOiGATE ‘ cIT r M1 MO
Bit location Flag Function
TMOD.O MO M1 MO | Timer/counter O mode setting
0| 0 8 b|tt|mer/counter W|th 5- bltprescalar
O] 1 16—b|t tlmer/counter
1 o] 8-bit timer/counter with 8-bit auto reloading
TMOD A M1 1 1 Tlmer/counter 0 separated |nto TLO (8-bit) timer/
counter and THO (8-bit) timer/counter. TFO is set by
r TLO Carry and TF1 is set by THO carry.
TMOD .2 c/T Tlmer/counter 0 count clock desugnatlon control bit.
XTAL1 - 2 divided by 12 ciocks is the input applied to timer/counter
O when C/T ="0".
The external clock applied to the TO pin is the input applied to
timer/counter O when C/T = 1",
TMOD .3 GATE When this bit is 0", the TRO signal is used to control the start and
stop of timer/counter 0 counting.
If this bit is tlmer/counter O starts counting when both the TRO
bit and INTO pinare “1"”, and stops counting when either is changed
to 0"
TMOD 4 MO M1|MO | Timer/counter 1 mode setting
0 } 8-bit timer/counter with 5-bit prescalar
01 16-bit timer/counter
TMOD 5 M1 110 8-bit timer/counter with 8-bit auto reloading
1 1 Timer/counter 1 operation stopped
TMOD.6 c/T Timer/counter 1 count clock designation control bit.
XTAL1 - 2 divided by 12 clocks is the input applied to timer/counter
1 when C/T = “Q".
The external clock applied to the T1 pin is the input applied to
timer/counter t when C/T =*1".
TMOD.7 GATE When this bitis “0", the TR1 signal is used to control the start and
stop of timer/counter 1 counting.
if this bw “17, timer/counter 1 starts counting when both the TR1
bitand INT1 pinare “1”, and stops counting when either is changed
to “0".
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4.4.2.2 Power control register (PCON)

MSB LSB
Name Address 7 6 5 4 3 2 1 0
PCON 87H SMOD - — — GF1 GFO PD IDL
Bit iocation Flag Function

PCON.O IDL IDLE mode set when this bit is set to “1”. CPU operations are
stopped when IDLE mode is set, but XTAL1 - 2, timer/counters O
and 1, the interrupt circuits, and serial ports remain active. IDLE
mode is cancelled when the CPU is reset or when an interrupt is
generated.

PCON.1 PD PD mode set when this bit is set to “1”". CPU operations and
XTAL1 - 2 are stopped when PD mode is set. PD mode is cancelled
only when the CPU is reset.

PCON.2 GFO Testing this flag when IDLE mode is cancelled by an interrupt
shows whether the interrupt is a normal interrupt or an IDLE mode
release interrupt.

PCON.3 GF1 This is a user’s flag which may be used at the user’s discretion.

PCON.4 - Reserved bit. If the bitis read, the outputisa “1".

PCON.5 - Reserved bit. If the bit is read, the outputis a “1".

PCON.6 - Reserved bit. If the bitis read, the outputisa 1.

PCON.7 SMOD This bit has the following functions when the serial port is in mode
1, 2, or 3. The serial port operation clock is reduced by 1/2 when
the bit is “0" for delayed processing. And when the bitis “1”, the
serial port operation clock is normal for faster processing.
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4.4.2.3 Timer control register (TCON)

Name Address MSB LSB
TCON TFH TFO IET IT1 IEO ITO

BI'[ Iocatlon Flag r Functnon
I
TCON.O External interrupt 0 signal used in level detect mode when bit is
“0”, and is used in trrgger detect mode when bit is *

TCON 1 nterrupt flag bit for external lnterrupt O
Bit is reset automatically when the interrupt is servrced
Bit can be set and reset by software when ITO =

TCON 2 i External interrupt 1 S|gnal used in level detect mode when b|t is
“0", and is used in trigger detect mode when bit is *

TCON.3 IE1 ‘ Interrupt flag bit for external 1nterrupt 1
Bit is reset automatically when the interrupt is servrced

Bit can be set and reset by software when IT1 =

‘ Countlng start and stop control bit for trmer/counter 0.
| Timer/counter O starts counting when this bit is “1”, and stops
| counting when 0"

Interrupt flag bit for timer interrupt 0.
Bit is reset automatically when the interrupt is serviced. Bit is set to
‘1 when carry sngnal is generated from timer/counter 0.

Countlng start and stop control bit for timer/counter 1.
Timer/counter 1 starts counting when this bit is “1” , and stops
counting when “0".

Interrupt flag bit for timer interrupt 1.
Bitis reset automatically when the interrupt is serviced.
Bitis setto “1” when carry signal is generated from timer/counter 1.
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4.4.2.4 Serial port control register (SCON)

MSB LSB
Name Address 7 6 ’ 5 4 3 > 1 0
SCON 98H SMO SM1 | SM2 REN TB8 RB8 TI RI
Bit location Flag Function
SCON.O RI “End of serial port reception” interrupt request flag. This flag must
be reset by software during interrupt processing.
This flag is set after the eighth bit of data has been received when
in mode O, or by the STOP bit when in any other mode. In mode 2 or
3, however, Rl is not set if the RB8 data is “0" with SM2 =“1" Rl is
set in mode 1 if STOP bitis received when SM2 = 1",
SCON.1 TI “End of serial port transmission” interrupt request flag. This flag
must be reset by software during interrupt processing.
This flag is set after the eighth bit of data has been sent when in
mode O, or after the last bit of data has been sent when in any other
mode.
SCON.2 RB8 The ninth bit of data received in mode 2 or 3 is passed to the RBS8.
The STOP bit is input to the RB8 if SM2 = ‘0" when in mode 1. RB8
is not used in mode O.
SCON.3 B8 The TB8 data is sent as the ninth data bit when in mode 2 or 3. Any
desired data can be set in TB8 by software.
SCON .4 REN Reception enable control bit.
No reception when REN = “0"".
Reception enabled when REN = 1",
SCON.5 SM2 If the ninth bit of data is “0” with SM2 = “1” in mode 2 or 3, the “end
of reception’ signal is not set into the RI bit.
Nor is the “end of reception” signal set into the RI bit if the STOP bit
is not 1" with SM2 = “1" in mode 1.
SMO SM1 | MODE
SCON.6 SM1 0 0 0 8-bit shift register 170
0 1 1 8-bit UART variable baud rate
SCON.7 SMO 1 0 2 9-bit UART 1/32 XTAL1, 1/64 XTAL1
baud rate
1 1 3 9-bit UART variable baud rate
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4.4.2.5 Interrupt enable register (IE)

MSB LSB
Name Address 7 l 6 I 5 4 3 2 Jr 1
IE ABH EA I T ES ET1 EX1 IETO EX0
Bit iocation Flag I Function

! I Interrupt control bit for external interrupt 0.
IE.O ‘ EXO I Interrupt disabled when bit is * O
I Interrupt enabled when bit is

—_—— g - —

Interrupt control bit for timer interrupt 0.
1 Interrupt disabled when bit is O
J Interrupt enabIed when bit is
I
I

ETO

—-

1 Interrupt control bit for external interrupt 1.
| EX1 | Interrupt disabled when bit is 0"
B

i Interrupt enabled when bit is “1”

I Interrupt control b|t for tlmer interrupt 1.
IE3 | ET1 | Interrupt disabled when bit is O
_I | Interrupt enabled when bit is *

: Interrupt control bit for serial port.
IE .4 ‘ ES interrupt disabled when bit is “0""
| Interrupt enabled when bit is *“1”

— ,7*7’;77,7‘,7,7 - = — ——

IES ( — ( Reserved bit. If the bit is read out, 1" ig read.
!

o I —— e —_—

‘ Overall interrupt control bit.
IE.7 | EA All interrupts disabled when bit is 0.
I Allinterrupts enabled when bit is 1
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4.4.2.6 Interrupt priority register (IP)

MSB LSB
Name Address 7 6 ‘ 5 } 4 3 5 1 0
IP B8H ‘ - l PS PT1 PX1 PTO PX0
Bit location Flag Function
IP.O PX0 Interrupt priority bit for axternal interrupt O.
Priority assigned when bit is “1".
1P PTO Interrupt priority bit for timer interrupt O.
Priority assigned when bit is “1".
P2 PXA Interrupt priority bit for external interrupt 1.
: Priority assigned when bit is “1"".
IP.3 PTA Interrupt priority bit for timer interrupt 1.
Priority assigned when bitis 1"
IP.4 PS - Interrupt priority bit for serial port.
" Priority assigned when bit is "1
IP.5 Reserved bit. If the bitis read out, “1" is read
IP.6 Reserved bit. If the bit is read out, "1" is read
IP.7 - Reserved bit. If the bit is read out, 1" is read
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4.4.2.7 Program status word register (PSW)

MSB LSB
7 6 5 4 3 2 1 0
CY AC FO RS1 RSO oV F1 P
Function Ai

Accumulator (ACC) parity indicator.
“1" when the number of “1” in the accumulator is an odd number,
and “0” when an even number.

User flag which may be set to “0”

or “1" as desired by the user.

Overflow flag which is set if the carry C6 from bt 6 of the ALU |
orCY is “1" as aresult of an arithmetic operation. The flagis

also setto “1” if the resultant product of a multiplication
instruction (MULA, B) is greater than OOFFH, and is set to 0" if the
product is equal or less than OOFFH.
RAM register bank switch
PSW.3 RAM ADDRESS
O0OH — 07H
08H — OFH
PSW 4 10H - 17H
18H -~ 1FH
PSW .5 User flag which may be set to “0” or “1” as desired by the user.
Auxiliary carry flag.
PSW.6 This flag is setto “1" if a carry Cais generated from bit 3 of the ALU

as aresult of executing an arithmetic operation instruction. In all
other cases, the flag is reset to “0"".

Main carry flag.

This flag is set to “1” if a carry C7 is generated from bit 7 of the ALU
as a result of execution of an arithmetic operation instruction.
In ail other cases, the flag is reset to 0"
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4.5 Timer/Counters O and 1

4.5.1 Outline

Timer/counters O and 1 are both capable of independent 16-bit binary counting.

All control of timer/counters O and 1 is handled by the timer control register (TCON)
and the timer mode register (TMOD). Both timer/counter O and 1 can be set indepen-
dently to modes O thru 3 for a diversity of applications.

4.5.2 Timer/counter O and 1 counting control

The start and stop of counting in timer/counters 0 and 1 is controlled by the bit-4, TRO,
and bit-6, TR1, in the timer control register (TCON 88H) as indicated in Table 4-8.

TRO controls timer/counter 0, and TR1 controls timer/counter 1. Timer/counter opera-
tion is stopped when the bit data is “0”, and enabled when “1”. The overall control cir-
cuit for timer/counters O and 1 is shown in Figure 4-7 (excluding timer mode 3).

Table 4-8 Timer control register (TCON 88H)

Timer 1 Timer O
Bit 7 77 67 | 5 4 3 2 1 0
Flag n TF1 TR1 TFb TRO IE1 7 1 IéO IT7077
Set e e ’
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4.5.3 Timer/counter O and 1 count clock designation

Designation of count clock inputs to timer/counters O and 1 is controlied by the bit 2
and 6, C/T, in the timer mode register (TMOD 89H).

Timer/counter O is controlled by the bit 2, C/T, and timer/counter 1 is controlled by the
bit 6, C/T.

The internal clock is applied to the timer/counter when the C/T bit is “0". This internal
clock is the result of dividing XTAL1 - 2 by 12. The S3 timing signal becomes the clock.
The external clock is applied to the timer/counter when the C/T bit is “1”. The external
clock applied to the TO pin serves as the timer/counter O input, while the external
clock applied to the T1 pin serves as the timer/counter 1input.

Table 4-9 Timer mode register (TMOD 89H)

Timer 1 Timer O
Bit 17 |6 | s 4 3 | 2 | 1 o
| Flag GATE | C/T | M1 | Mo | GATE | /T | M1 MO
7Enab|ecount ] L4 1 L4 .

4.5.3.1 External clock detector circuit for timer/counters 0 and 1

The detector circuit shown in Figure 4-8 is inserted between the timer/counters and
the external clock pin.

This detector circuit operates in the following way. When the external clock applied to
the TO and T1 pins is changed from “1” to the “0" level, that clock is fetched by F/F1,
and is then passed to F/F2 when the S5 timing signal appears. This F/F2 output is sub-
sequently ANDed (logical product) with the S3 timing signal to form the timer/counter
clock signal which then serves as the F/F1 reset signal. The reset F/F1 then waits for
the next external clock. The “0” and “1” signal cycle widths of the respective external
clocks applied to the TO and T1 pins must be minimal and a period 12 times (127) to
XTAL1 - 2 oscillator clock cycle T is required. The operational time chart for this detec-
tor circuit is outlined in Figure 4-9.
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F/F 1 F/F 2
v TIMER O
cc D Q D Q o or
TOorT1 .——{ @—@ R l— L TIMER 1
T
S5 S3
|
0—-———- |
| \ |
| | | RESET
127 ti2y
] | |
Figure 4-8 TO and T1 external clock detector circuit
e - == M *f*f*ﬁ‘”” - M1 or M2 S
S6 S1 S2 S3 S4 S5 S6 ;S1 82 S3 sS4 S5 S6 S1 82
e o — e < N, e = e we e 4o she oo e el
: ] i | ¢ | | N |
i ) , . |
e UYL I
O i
1 ! . | ‘ | .
ALE ‘ 1 ‘ |
0 — - T I l ! i
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COUNT IN | | [ | | | [ | | |
O-7- =i~ | T | \ | | i
1 l T t T ‘ | —
F/F1Q ‘ C Lo i
0 ! . ‘ : ' t : |
4 i it |
F/F2Q ! ‘ ! | l ‘ !
. I
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TIMER COUNT " ‘ S 1 | C
i T

<

Figure 4-9 Detector circuit operational time chart
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4.5.4 Counting control of timer/counters O and 1 byﬁ' pin

In addition to control by timer control register, TCON TRO and TR1, timer/counter 0
and 1 counting start and stop can also be controlled by the signal level applied to the
external interrupt pin. The GATE data values of bits 3 and 7 in the timer mode register
(TMOD 89H}) indicated in Table 4-10 are used to control this.

Timer/counter O is controlled by the bit 3 GATE bit. When the GATE bit is “0”, counting
of timer/counter 0 is started and stopped only by TRO.

When the GATE bit is “1”, counting timer/counter O is enabled if the TRO signal and
the signal applied to the INTO pin are both “1". Counting is subsequently stopped if
either of the signals is changed to “0” level.

Timer/counter 1 is controlled by the bit-7 GATE bit. The functional operation is the
same as for timer/counter 0. The GATE — INT timer/counter counting controf circuit is
outlined in Figure 4-10, and the control table is given in Table 4-11.

Table 4-10 Timer mode register (TMOD 89H)

Timer 1 Timer O
Bit 1 6 5 4 3 2 |1 0
Flag | Gate | o1 M1 MO | GATE | /T M1 MO |
Count Control/ [ . " ]
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XTAL 1-2 12 S3 SR
TIMER O
—— or
TIMER 1
TOor T1 y%% DETECTOR J — cLock
cT —-
r— - — - - - - - - - - - = = = - = = = = —
I I
‘I INTO or INT1 D al— |
| )
' S5 L {
| |
l |
| |
| i
| * GATE - - |
I I
! TRO or TRT —— -- :
! |
L o o e e e e e ol
Figure 4-10 INTO and INT1 timer/counter start/stop control circuit
Table 4-11 GATE-INT TR timer/counter control tables
TIMER O TIMER 1
T ]
GATE 0 Do \} 1 1 GATE 0 0 ‘ 1 1
TRO 0 1o . 1 TR1 o1 0 1
- ' I N
INTO x X 0 0 1 INT1 X X ‘ 0 1
L N U N |
RUN . ° RUN [} °
STOP [ [ L] STOP . O

Note: ® implies timer/counter state.
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4.5.5 Timer/counters 0/1 and timer modes

4.5.5.1 Outline

The timer/counter O and 1 timer modes are set by combinations of MO and M1 bit data
in the timer mode register (TMOD 89H). The timer modes which can be set are 0, 1, 2,
and 3.

Timer/counter O modes are specified by MO and M1 of bits O and 1, and timer/counter
1 modes are specified by MO and M1 of bits 4 and 5.

Table 4-12 Timer mode register (TMOD 89H)

TIMER COUNTER 1 TIMER COUNTER O
Bit 7 6 5 4 3 2 1 ¢}
Flag GATE c/T M1 MO GATE c/T M1 MO

Mode set e L4 | L L] l 4|

4.5.5.2 Mode O

In mode 0O, timer/counters O and 1 both become 13-bit timer/counters by the circuit
connection shown in Figures 4-11 and 4-12. TLO and TL1 in timer/counters 0 and 1
serve as the counter for the five lower bits, and THO and TH1 serve as the counter for
the eight upper bits.

Timer flag O is set by the timer/counter O carry signal, and timer flag 1 is set by the
timer/counter 1 carry signal. Timer/counter 1 carry signal can be used as the serial
port clock source.

Although the three upper bits of TLO and TL1 are operative, they are invalid as signals.

M1 MO

0 0
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XTAL1 | +12 s3 DETECTOR TFO
Qo-----Q4 | Q0 -----Q7
> TLO THO ¢
TOPIN > DETECTOR (5BITS) (8BITS)
(PORT3 4)

cT

TRO

GATE

INTOPIN DATA
(PORT3.2) s5 —| LATCH
Figure 4-11 Timer/counter O mode O
XTAL 1 +12 S3 DETECTOR TF1
D | Q0 ----Q4 | Q0 ---——-Q7
b TU1 TH1  Cl—
T1PIN DETECTOR (5BITS) (8BITS)
(PORT3.5)
c/T S 1/0 CLOCK
TR1
GATE

INT1PIN DATA R
(PORT3.3) g5 —LATCH
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4.5.5.3 Mode 1

In mode 1, timer/counters O and 1 both become 16-bit timer/counters by the circuit
connection shown in Figures 4-13 and 4-14.

TLO and TL1 in timer/counters O and 1 serve as the ccunter for the eight lower bits,
and THO and TH1 serve as the counter for the eight upper bits.

Timer flag O is set by the timer/counter O carry signal, and timer flag 1 is set by the
timer/counter 1 carry signal. Timer/counter 1 carry signal can be used as the serial
port clock source.

M1 MO

B

n
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—

XTAL 1 +12
A s3 DETECTOR b—a—{ TFO
Qo0---Q7( QO --Q7
P TLO THO C
TO PIN ®—P DETECTOR (8BITS) (8BITS)
(PORT3.4)
c/T “J
TRO
GATE
INTOPIN @&——— DATA
(PORT3.2) S5 LATCH
Figure 4-13 Timer/counter O mode 1
TAL 1 +
XTAL 12 S3 — DETECTOR TF1
Q0--:Q7 | Q0 -Q7
b T THT ¢
T1PIN DETECTOR (8BITS) (8BITS)
(PORT3.5)
/T ] S 1/0 CLOCK
TR1
GATE
INT1PIN DATA
(PORT3.3) S5 LATCH

12

Figure 4-14 Timer/counter 1 mode 1
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4.5.5.4 Mode 2

In mode 2, timer/counters 0 and 1 both become 8-bit timer/counters with 8-bit auto
reloader registers by the circuit connection shown in Figures 4-15 and 4-16.

THO and TH1 in timer/counters O and 1 serve as the 8-bit auto reloader section, and
TLO and TL1 serve as the timer/counter section.

If a carry signal is generated by the 8-bit timer/counter TLO and TL1, the respective
auto reloader register data is preset in the timer/counter, and counting proceeds from
the preset value.

Timer flag O is set by the timer/counter O carry signal, and timer flag 1 is set by the
timer/counter 1 carry signal. Timer/counter 1 carry signal can be used as the serial
port clock source.

M1 MO

13
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XTAL 1 =12 s3
DETECTOR TFO
°{> Qo---Q7
TLO ¢ |
TOPIN [ DETECTOR (8BITS)
(PORT3.4)
/T
Qo - - Q7
TRO
THO RELOAD
DATA
GATE (8BITS)
INTO PIN DATA
{PORT3.2) s5—1 LaTen Q
Figure 4-15 Timer/counter O mode 2
S /O CLOCK
XTAL 1 =12 s3
DETECTOR TF1
CD F Qo - - -Q7
> TL1 C
BIT
TIPN @ DETECTOR BITS)
{PORT3 5)
)
e Qo0---a7
TR1
TH1 RELOAD
GATE (8BITS) | PATA
INT1 PIN DATA a
(PORT3.3) S5 LATCH

Figure 4-16 Timer/counter 1 mode 2
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4.5.5.5 Mode 3

In mode 3, timer/counter O TLO and THO become independent 8-bit timer/counters by
the circuit connection shown in Figure 4-17. Timer/counter 1 does not operate when
mode 3 is set. The TLO 8-bit timer/counter is controlled in the same way as the regular
timer/counter O, timer flag O being set if a carry signal is generated from TLO.

The THO 8-bit timer/counter is controlled only by TR1, and the control covers only the
start and stop of the counting.

Timer flag 1 is set by a carry signal generated from THO.

When timer/counter O is set to mode 3, timer/counter 1 can operate in modes O, 1, or
2, and be used as the serial port clock source. Control of timer/counter 1 counting
start and stop in this case is handled between the operating mode and mode 3. If mode
3 is set, the timer/counter 1 counting operation is stopped.

M1 MO

12 S3 DETECTOR TFO
D>— Qo - -Q7 J

> TLo ¢

10 PIN .{% DETECTOR I i 1BBITS)
{PORT3 4) {

INTO PIN

{PORT3.2) DETECTOR TF1

Qo- - -O7J
> THO C

(8BITS)

Figure 4-17 Timer/counter O mode 3
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4.5.6 Timer/counter carry signal detector circuit

The detector circuit shown in Figure 4-18 is inserted between the MSM80C31/
MSMB80C51 timer/counter carry output and the timer flag. The purpose of this detector
is to prevent loss of the timer flag by operation data when execution of the OR, AND,
EOR, RESET bit, or MOV bit instruction which destination operand is the timer control
register is completed. If a timer carry is generated during execution of one of these in-
structions on the timer control register (TCON), the timer flag may be lost. Hence, even
if a timer carry signal is generated during execution of an instruction, that flag will not
be set while the instruction is still being executed. The flag is set at M2 - S1 during exe-
cution of the next instruction. If a timer carry is generated during M1 thru M3 when ex-
ecuting a 4-machine cycles instruction, the timer flag is set during M3 or M4. See
Figure 4-19 for the time chart.

DETECTOR OQUT

TIMER FLAG

S /0 CLOCK
——————— — q (TIMER 1)
Timer/counter carry : |
| |
s2 !
| |
| Timer flag
M2 > |
51 [
| DETECTOR |
___________ _
Figure 4-18 Timer/counter detector circuit
MACHINE CYCLE END M1 — >}
S6 | S1 S2 S3 S4 S5 S6| S1 S2 S3 S4 S5 SGJ S1  S2
e e g N e e L =t
! | |
I
XTAL 1 1 i
0
ALE v
0
TIMER COUNT (')
1
TIMER CARRY o
1
0
1
0

]

Figure 4-19 Timer flag setting time chart
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4.6 Serial Port

4.6.1 Outline

MSM80C31/MSMB80C51 is equipped with a serial port which can be used in 170 exten-
sion and UART (Universal Asynchronous Receiver/Transmitter) applications.

In 1/0 extension mode, 8-bit serial data input/output is synchronized with the
MSM80C31/MSMB80C51 output clock.

In UART mode, 10-bit and 11-bit frame lengths can be selected, and baud rate settings
up to a maximum of 375K baud are enabled during 12 MHz (XTAL1 - 2) operations. In
11-bit frame mode, ninth bit of data is used to form a multi-processor communication
system based on the serial bus.

A block diagram of the serial port is shown in Figure 4-20.

INTERNAL BUS [

SBUF (T) ' TXD
P3 1)
TIMER/COUNTER 1 ] SHIET cLOCK I

OVERFLOW TX CONTROL MULTIPLEXER
1/2XTAL1-2

INTERRUPT 1 scoN SMOD
(PCON.7)

L_
RX CONTROL

i

INPUT SHIFT

REGISTER
Note: 0> = Bus connection RI(PD3 o
- Serial data flow
and shift clock
——  Control connection
— ]
Figure 4-20 Serial port
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4.6.2 Special function registers for serial port
4.6.2.1 SCON (Serial Port Control Register)

SCON is an 8-bit special function register consisting of control bits for specifying
serial port operation modes and enabling/disabling data reception, storage bits for the
9th bit of data sent and received during 11-bit frame UART mode, and the serial port
status flag.
In addition to specifying SCON by data address 98H, each bit can be specified
individually.
The functions of each SCON bit are listed in Table 4-13, and the functions of each
operational mode specified by SCON are indicated in Table 4-14.

Table 4-13 SCON

Bit

Symbol

Function

Rl

“End of reception” flag. This is the interrupt request flag set by
hardware when reception of one frame has been completed. The
interrupt is generated by ORing with the Tl flag. Since the flag cannot
be cleared by hardware, it must be cleared by software.

Tl

“End of transmission” flag. This is the interrupt request flag set by
hardware when transmission of one frame has been completed. The
interrupt is generated by ORing with the R! flag.

Since the flag cannot be cleared by hardware, it must be cleared by
software.

RB8

Storage of the 9th bit of the data received during 11 -bit frame UART
mode (mode 2 or 3). When in 10-bit frame UART mode (mode 1), the
stop bit is stored, instead.

B8

Storage of the 9th bit of the data to be sent during 11-bit frame UART
mode (mode 2 or 3}.

REN

Receive enable bit. Reception is not activated if REN is not set.

SM2

If SM2 is set when in 11-bit frame UART mode (mode 2 or 3), and the
9th bit of the received data is ‘17, the received data is accepted and
loaded into SBUF and RB8, and the Rl flag is set. If the 9th bit of the
received data is ‘0", the received data is disregarded and the SBUF,
RBS8, and R! flags remain unchanged. This function is used to enable
communication between processors in multi-processor systems.

If SM2 is set when in 10-bit frame UART mode {mode 1) and the stop
bit “1" cannot be received, the received data is disregarded, and the
SBUF, RB8, and RI flags remain unchanged. When SM2 = “0",
however, data is received irrespective of the “0"/”1" status of the stop
bit.

SM2 must be cleared when in 170 extension mode (mode 0).

SM1

Used in setting serial port operation mode. See Table 4-14.

SMO

Used in setting serial port operation mode. 8ee Table 4-14.

18
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Table 4-14 Serial port operation modes

SMO SM1 Mode Function Baud rate
0 0 0 170 extension 1/12 Fosc
0 1 1 10-bit frame UART Variable )
1 ¢} 2 11-bit frame UART 1/32 Fosc or 1/64 Fosc
1 —1 3 11-bit frame UART Variable

Note: Fosc denotes frequency of fundamental oscillator (XTAL1 - 2)

4.6.2.2 SBUF (serial port buffer register)

SBUF is an 8-bit special function register used to store sending and receiving data.
Although the SBUF is specified by the same data address 99H for both writing and
reading, physically separate registers are specified. That is, the sending circuit SBUF
is specified by instructions where SBUF is used as a destination operand, and the re-
ceiving circuit SBUF is specified by instructions where SBUF is used as a source
operand.

4.6.2.3 SMOD (double baud rate bit)

SMOD controls the division of the baud rate clock source when the serial port is in
UART mode (mode 1, 2, or 3).

If SMOD is cleared to “O” when in mode 1 or 3, the timer/ counter 1 overflow frequency
divided by 2 becomes the baud rate clock source. And if SMOD is set to “1”, the
timer/counter 1 overflow frequency becomes the baud rate clock source.

if SMOD is cleared to “0” when in mode 2, 1/2XTAL1 - 2 divided by 2 becomes the
baud rate clock source. And if SMOD is set to “1”, 1/2XTAL1 - 2 becomes the baud
rate clock source.

SMOD corresponds to bit 7 of PCON (Power Control Register) specified by data ad-
dress 87H. Designation by bit address is not possible.

19
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4.6.3 Operating modes

4.6.3.1 Mode 0

4.6.3.1.1 Outline

Mode 0 is the I/0 extension mode where input and output of 8-bit data via RXD (P3.0)
is enabled synchronized with the output clock from RXD (P3.1).

The baud rate in mode O is fixed to 1/12 of the fundamental oscillator (XTAL1 - 2)
frequency to enable the serial port to operate synchronized with the basic
MSM80C31/MSM80C51 timing.

A block diagram of the mode O serial port is shown in Figure 4-21, the operational
timing chart is shown in Figure 4-22, and the serial port operation timing in relation to
the basic MSM80C31/MSMB80C51 timing is shown in Figure 4-23.

4.6.3.1.2 Mode O baud rate
in mode O, the baud rate is determined by the following equation to synchronize opera-
tions with the basic MSM80C31 /MSM80C51 timing.
1
= X —
B = Fosc T2
where B is baud rate, and Fosc is the fundamental (XTAL1-2) frequency.

4.6.3.1.3 Mode O output operation

Data output is commenced by writing data in SBUF.

The SBUF data is obtained sequentially from RXD one machine cycle after completion
of the SBUF data write instruction, the LSB appearing first.

Two states after starting the LSB output, output of the TXD synchronizing clock is
commenced. This synchronized clock is at level “0” from the latter half of S3 thru to
the first half of S6, and at 1" level from the latter half of S6 thru to the first half of S3.
The transmit circuit is initialized immediately following completion of output of the
MSB, and the Tl flag is set at the first M1 - S3 cycle after that.

4.6.3.1.4 Mode O input operation

Data input is initiated when REN = “1" and Rl = “0”. This is achieved by an instruction
used to set REN or by an instruction used to clear the RBI flag or by an instruction
which does both simultaneously.

Output of the TXD synchronizing clock is initiated nine states after REN = “1” and Rl =
“0". The synchronized clock is at level “0” from the latter half of S3 thru to the first half
of $6, and at level “1" from the latter half of S6 thru to the first half of S3.

The RXD data is read sequentially into an input shift register in the serial port just
before the synchronized clock is changed from “0” to “1"".

When input of the 8-bit data is completed, loading of the input shift register data into
SBUF (with the LSB at the beginning of the input data) occurs at the same time that the
receiving circuit is initialized. The Rl flag is then set at the first M1 - S3 cycle after com-
pletion of input of the 8-bit data.
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4.6.3.2 Mode 1

4.6.3.2.1 Outline

Mode 1 is the 10-bit frame UART mode (with one start bit, eight data bits, and one stop
bit) where the baud rate may be set to any value depending on the timer/counter 1
setting.

A block diagram of the serial port in mode 1 is shown in Figure 4-24, and the operation-
al timing chart is given in Figure 4-25.

4.6.3.2.2 Mode 1 baud rate

Since the timer/counter 1 overflow becomes the baud rate clock source in mode 1, the
baud rate is determined by the timer/counter 1 overflow frequency and SMOD value
according to the following equations.

1

. 1
=Ftim X — X =
B =Ftim X > 16 (SMOD = 0)
— Fti 1 _
B = Ftim X 16 (SMOD = 1)

where B is the baud rate and Ftim is the timer/counter 1 overflow frequency.

When timer/counter 1 is used as a timer in auto reload mode (mode 2), the baud rate is
determined by the following equations.

B =Fosc X -1—>< 1 X

1
12 256-DTH1 2

1 _
6 (SMOD =0)
1 1

1
- —_x —— — =
B =Fosc X —5 256 DT X 6 (SMOD = 1)

where B is the baud rate, Fosc the fundamental (XTAL1 - 2) frequency, and DTH1 the
TH1 contents (expressed in decimal).

4.6.3.2.3 Mode 1 transmit operation

The basic clock, TXCLOCK in Figure 4-25, for transmitting purposes is obtained from a
hexadecimal counter overflow which uses half of the timer/counter 1 overflow frequen-
cy when SMOD =0 or the unchanged timer/counter 1 overflow frequency when SMOD
=1 as the clock.

Transmission is initiated when transmission data is written in SBUF.

The start bit, the eight SBUF data bits (with the L SB first), and the stop bit are transmit-
ted sequentially from the TXD synchronized with the basic clock.

As soon as output of the eight data bits has been completed, the transmit circuit is
initialized, and the TI flag is set at the first M1 - 53 cycle after the completion of that
output.
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4.6.3.2.4 Mode 1 receive operation
The receive circuit timing is generated by a hexadecimal counter which employs the
halved timer/counter 1 overflow frequency (when SMOD = 0) or the unchanged timer/
counter 1 overflow frequency (when SMOD = 1) as the clock, and the input data re-
ceived from the RXD is bit synchronized.That is, at the same time that reception is
started, following input of the start bit, the hexadecimal counter commences to count
up, and with one complete round of the hexadecimal counter corresponding to one bit
of received data, reception is continued by the receive circuit. Therefore,
timer/counter 1 must be set so that the period of a single round of the hexadecimal
counter is equal to the reception data baud rate.
The RXD change from “1” to “0” is regarded as the beginning of the start bit for
reception.
When this “1” to “0” change in RXD is detected, the hexadecimal counter which had
been reset starts to count up. When the hexadecimal counter is in state 7, 8, and 9,
the start bit is sampled, and is accepted as valid if at least two of the three sampled
values are “0”, thereby enabling data reception to continue. If two or three of the
sampled values are “1”, the start bit becomes invalid, and the receive circuit is initial-
ized when the hexadecimal counter reaches state 10.
The reception data is sampled when the hexadecimal counter is in state 7, 8, and 9,
and the more common value of the three sampled values is read sequentially as data
into the input shift register.
If the conditions stated below are satisfied when the hexadecimal counter is in state
10 during the period of the stop bit, the input shift register data (the LSB being read
first) is loaded into SBUF, and the sampled stop bit is read into RB8, thereby initializing
the receive circuit.
Conditions: (1) Rl =*0"

(2) SM2 ="0", or

SM2 = “1" and sampled stop bit = “1”

The Ri flag is set at the first M1 - S3 cycle after the initialization.
If the above conditions are not satisfied, the received data is disregarded, and the re-
ceive circuit is initialized without change to the SBUF, RB8, and Rl flags.
Since the receive circuit is divided into two stages (input shift register and SBUF), pro-
cessing of the previous receive data may be completed within the interval up to the
stop bit period of the next frame.
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4.6.3.3 Mode 2

4.6.3.3.1 Outline

Mode 2 is an 11-bit frame UART mode (with one start bit, eight data bits, one multi-
purpose bit, and one stop bit} where the baud rate is 1/64th or 1/32nd of the funda-
mental oscillator (XTAL1 - 2} frequency. A block diagram of the serial port in mode 2 is
shown in Figure 4-26, and the operational timing chart is given in Figure 4-27.

4.6.3.3.2 Mode 2 baud rate

Since the fundamental oscillator frequency divided by two serves as the baud rate
clock source in mode 2, the baud rate is determined by the SMOD value according to
the following equations.

_ 1 1 i =

B = Fosc X 5 X 5 X 6 (SMOD =0)
_ 1 1 =

B =Fosc X > X 5 (SMOD = 1)

where B is the baud rate and Fosc is the fundamental oscillator (XTALT - 2) frequency.

4.6.3.3.3 Mode 2 transmit operation

The basic clock, TXCLOCK in Figure 4-27, for transmitting purposes is obtained from a
hexadecimal counter overflow which employs the frequency of 1/2XTAL1 - 2 divided
by 2 when SMOD = O or the unchanged 1/2XTAL1 - 2 frequency when SMOD =1 as
the clock.

Transmission is started when transmission data is written in SBUF. The start bit, the
eight SBUF data bits (with the LSB first), TB8, and the stop bit are thus transmitted
sequentially from the TXD synchronized with the basic clock.

As soon as the TB8 output has been completed, the transmit circuit is initialized, and
the Tl flag is set at the first M1 - 83 cycle after the completion of that output.

4.6.3.3.4 Mode 2 receive operation

The receive circuit timing is generated by a hexadecimal counter which employs the
clock frequency of 1/2XTAL1 - 2 divided by 2 when SMOD = O or the unchanged
1/2XTAL1 - 2 frequency when SMOD = 1 as the clock. The input data received from
the RXD is bit synchronized. That is, at the same time that reception is started following
input of the start bit, the hexadecimal counter commences to count up, and with one
complete round of the hexadecimal counter corresponding to one bit of received data,
reception is continued by the receive circuit. Therefore, the reception data baud rate
must be equal to the period of a single round of the hexadecimal counter.

The change in RXD from level “1” to “0” is regarded as the trigger to commence
reception.

When this “1” to “0” change in RXD is detected, the hexadecimal counter which had
been in reset mode commences to count up. When the hexadecimal counter is in state
7, 8, and 9, the start bit is sampled, and is accepted as valid if at least two of the three
sampled values are “0", thereby enabling data reception to continue. If two or three of
the sampled values are “1”, the start bit becomes invalid, and the receive circuit is ini-
tialized when the hexadecimal counter reaches state 10.

The reception data is sampled when the hexadecimal counter is in state 7, 8, and 9.
The most common value of the three sampled values is read sequentially as data into
the input shift register.
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If the conditions stated below are satisfied when the hexadecimal counter is in state
10 during the period of the multi-purpose data bit, the input shift register data (the LSB
being read first) is loaded into SBUF and the sampled multi-purpose data bit is read
into RB8.
And when the hexadecimal counter is in state 10 during the period of the stop bit, the
receive circuit is initialized.
Conditions: (1) Rl =*“0"

(2) SM2 ="0", or

SM2 = “1" and sampled multi-purpose data bit =“1"

The Rl flag is set at the first M1 - S3 cycle after the initialization.
If the above conditions are not satisfied when the hexadecimal counter is in state 10
during the multi-purpose data bit interval, the received data is disregarded, the SBUF,
RB8, and RI flags remain unchanged, and the receive circuit is initialized when the
hexadecimal counter is in state 10 during the stop bit interval.
Since the receive circuit is divided into two stages, input shift register and SBUF, pro-
cessing of the previous receive data may be completed within the interval up to the
multi-purpose data bit period of the next frame.
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4.6.3.4 Mode 3

4.6.3.4.1 Outline

Mode 3 is another 11-bit frame UART mode (with one start bit, eight data bits, one
multi-purpose bit, and one stop bit). Whereas the baud rate is 1/64th or 1/32nd of the
fundamental oscillator frequency in mode 2, the mode 3 baud rate can be freely select-
ed depending on the timer/counter 1 setting. Apart from the ability to vary the baud
rate, mode 3 is identical to mode 2.

A block diagram of the serial port in mode 3 is shown in Figure 4-28, and the operation-
altiming chart is given in Figure 4-29

4.6.3.4.2 Mode 3 baud rate
Since the timer/counter 1 overflow frequency serves as the baud rate clock source in
mode 3, the baud rate is determined by the same equations as in mode 1.
B=Ftim x - x -1 (smop = o)
B 2 16
B = Ftim x % (SMOD = 1)

where B is the baud rate and Ftim is the timer/counter 1 overflow frequency.

And when timer/counter 1 is used as a timer in auto reload mode (mode 2), the baud
rate is determined by the following equations.

1 1 1 1
= T X e X — x =
B =Fosc x 5 256 D173 > 6 (SMOD =)

1 1 1
= Xgo X e 1
B =Fosc x - 256-DThy 16

(SMOD = 1)
where B is the baud rate, Fosc the fundamental (XTAL1 - 2) frequency, and DTH1 the
TH1 contents (expressed in decimal).

hexadecimal counter overflow which employs the halved timer/counter 1 overflow fre-
guency when SMOD = 0 or the unchanged timer/counter 1 overflow frequency when
SMOD = 1 as the clock.

Transmission js commenced when transmission data is written in SBUF.

The start bit, the eight SBUF data bits {with the LSB first), TB8, and the stop bit are
thus transmitted sequentially from the TXD synchronized with the basic clock.

As soon as the TB8 output has been completed, the transmit circuit is initialized, and
the Tl flag is set at the first M1 - 83 cycle after the completion of that output.
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