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DESCRIPTION
The M5M82C51AP is a universal synchronous/asynchronous PIN CONFIGURATION (TOP VIEW)
receiver/transmitter (USART) IC chip designed for data iy
communications use‘, It isv produce§ using .the. silicon-gatfe somecnon. | DQQE E"D' { somecToNAL
CMOS process and is mainly used in combination with 8-bit oaTaBUS | “(z E” o. | DATA BUS
microprocessors. It is housed in a 28-pin plastic molded i ¢
DIP. nsczwen;g:‘vﬁ ﬁxD"E E Vee (5V)
And preparatory for surface equipment M5M82C51AFP (0V) Vss E E*— RxC CLock mpur
(SOP) and M5M82C51AJ(PLCC) D‘“E i E_* DTR SATATERMINAL
to-
FEATURES a«omfﬁvx::c; Ds “E 2 ; E“ RTS ié%%fg:vzr
® Single 5V supply voltage D+ [7] :n% o B 22] - DSR S8 E eur
@® TTL compatible D,ﬂE A - 8 E‘— RESET RESET NPT
@ Synchronous and asynchronous operation vcwgulmﬁ: f‘x_é_.E i _-)é 20}« CLK cLock inpuT
S et e S e WA 10 5] 10 gansre
Internal or external synchronization cHP-sELECT TS ~[1] 8] — Tyempry Jaansuren.
Automatic SYNC character insertion S TRoL/DATA C/D —»E [17] s Giearros
o enaracirs B, f0-[T] DR s
~B-bit character ouTPUT
Clockbrate ? , 1650r 64 times the baud rate &Sy SereurxRDY 1] Ek‘ TXRDY NSV oUTeun
1,12, or 2 stop bits
False-start-bit detection Outline 28P4 (M5M82C51AP)
Automatic break-state detection 28P2W (M5M82051AFP)
@ Baud rate: DC~64K-baud 29 o & - o 8
@ Full duplex, double-butfered transmitter/receiver > T ? ? ? ? >
® Error detection: parity, overrun, and framing ﬁm 3] [71 []1 [8] [77] [
APPLICATION D+ [5] O el + ARG
Modem control of data communications using microcompu- s+ [€] B4 — DTR
ters De + 7] 23—+ ATS
Control of CRT, TTY and other terminal equipment 0, +[8] M5MB82C51AJ 22 -+ DSR
¢ —[3] [21] — RESET
FUNCTION WR — [ 0] + CLK
The M5MB82C51AP is used in the peripheral circuits of a &5 [ 5] — 7,0
CPU. It permits assignments, by means of software, of op-
erations in all the currently used serial-data transfer sys- 2 T3] ] Tos] o 1] g]
| LhLiii
The M5MB2CS51AP receives parallel-format data from the 3 2 g g 5 &
CPU, converts it into a serial format, and then transmits via € oW i
the TxD pin. It also receives data sent in via the RyD pin Z =
from the external circuit, and converts it into a parallel for- . 2
mat for sending to the CPU. On receipt of parallel-format Outline  28P0
data for transmission from the CPU or serial data for the
CPU from external devices, the MbMB2C51AP informs the
CPU using the TxRDY or RxRDY pin. In addition, the CPU
can read the M5M82C51AP status at any time. The
M5MB2C51 AP can detect the data received for errors and
inform the CPU of the presence of errors as status informa-
tion. Errors include parity, overrun and frame errors.
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OPERATION

The M5M82C51AP interfaces with the system bus as shown
in Fig.1, positioned between the CPU and the modem or
terminal equipment, and offers all the functions required for
data communication.

16 ADDRESS BUS

Tt 1

« &

CONTROL BUS
i7or Tiow s T oLk

~

=

|
| : i |
S N
C/D CS Dy~D; RD WR RESET CLK

MSEMB82CS51AP

Fig. 1 M5M82C51AP interface to CPU system bus

When using the M5MB82CS51AP, it is necessary to program,
as the initial setting, assignments for synchronous/asyn-
chronous mode selection, baud rate, character length, par-
ity check, and even/odd parity selection in accordance with
the communication system used. Once programming is
compteted, functions appropriate to the communication sys-
tem can be carried out continuously.

When initial setting of the USART is completed, data com-
munication becomes possible. Though the receiver is al-
ways in the enable state, the transmitter is placed in the
transmitter-enable state (T,EN) by a command instruction,
and the application of a low-level signal to the CTS pin
prompts data-transter start-up. Untit this condition is satis-
fied, transmission is not executed. On receiving data, the
receiver informs the CPU that reading for the receiver data
in the USART by the CPU has become possible (the
RxRDY terminal has turned to high-level). Since data re-
ception and the entry of the CPU into the data-readable
state are output as status information, the CPU can access
USART status without accessing the RxRDY terminal.
During receiving operation, the USART checks errors and
gives out status information. There are three types of errors:
parity, overrun, and frame. Even though an error occurs, the
USART continues its operations, and the error state is re-
tained until error reset (ER) is effected by a command in-
struction. The M5MB2C51AP access methods are listed in
Table 1.

M5MB2CS1AP Access Methods

Table 1
T
3/-S|ale + Data bus

Function
" Dala bus — Data in USART
"~ USART~Databus |
_ Data bus - Status

Control + Data bus

c/D ﬁj WR CS
AR — s -1
| L

I B 3-State + Dala bus

X|x|T|T|rm |
xTixlrlx|F
T

Read/Write Control Logic

This logic consists of a control word register and command
word register. It receives signals from the CPU control bus
and generates internal-control signals for the elements.
Modem Control Circuit

This is a general-purpose control-signal circuit designed to
simplify the interface to the modem. Four types of control
signal are available: output signals DTR and RTS are con-
trolled by command instructions, input signal DSR is given
to the CPU as status information and input signat CTS con-
trols direct transmission.

Data-Bus Buffer

This is an 8-bit 3-state bidirectional bus through which con-
trol words, command words, status information, and transter
data are transferred. Fig. 2 shows the structure of the data-
bus buffer.

TO INTERNAL
DATA BUS

STATUS BUFFER

RECEIVE—DATA
CONTROL BUFFER
l TRANSMIT—DATA |

BUFFER

Fig. 2 Data-bus buffer structure

Transmit Buffer

This buffer converts parallel-format data given to the data-
bus buffer in to serial data with addition of a start bit, stop
bits and a parity bit, and sends out the converted data
through the TxD pin based on the control signal.
Transmit-Control Circuit

This circuit carries out all the controls required for serial
data transmission. It controls transmitter data and outputs
the signals required by external devices in accordance with
the instructions of the read/write control logic.
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Receive Control Circuit
This circuit offers all the controls required for normal recep-
tion of the input serial data. It controls receiver data and
outputs signais for the external devices in accordace with
the instructions of the read/write control logic.
Receive Buffer
This buffer converts serial data given via the RxD pin into a
parallel format, checks the bits and characters in accord-
ance with the communication format designated by mode
setting, and transfers the assembled characters to the CPU
via the data-bus buffer.
Receiver-Data Input (RxD)
Serial characters sent from another device are input to this
pin and converted to a parallel-character format to serve as
data for the CPU. Uniess the high-level state is detected
after a chip-master reset procedure (this resetting is car-
ried out to prevent spurious operation such as that due to
faulty connection of the RxD to the line in a break state) ,
the serial characters are not received. This applies to only
the asynchronous mode. When the RxD line enters the low-
level state instantaneously because of noise, etc, the mis-
start prevention function starts working. That is, the start bit
is detected by its falling edge but in order to make sure
that it is the correct start bit, the RyD line is strobed at the
middle of the start bit to reconfirm the low-level state. it it
is found to be high-levetl a faulty-start judgment is made.
Transmitter-Clock Input (TxC)
This clock controls the baud rate for character transmission
from the TxD pin. Serial data is shifted by the falling edge
of the TxC signal. In the synchronous mode, the T,C fre-
quency is equal to the actual baud rate. In the asynchro-
nous mode, the frequency is specified as 1,16, or 64 times
the baud rate by the mode setting.
Example When the baud rate is 110 bauds:

TxC=110Hz(1X)

TxC=1.76kHz(16X)

TxC=7. 04kHz(64X)
Write-Data Control Input (WR)
Data and control words output from the CPU by the low-
level input are written in the M5MB2C51AP. This terminal is
usually used in a form connected with the control bus I/OW
of the CPU.
Chip-Select Input (CS)
This is a device-select signal that enables the USART by a
low-level input. Usually, it is connected to the address bus
directly or via the decoder. When this signal is in the high-
level state, the M5MB2CH1AP is disabled.
Control/Data Control Input (C/D)
This signal shows whether the information on the USART
data bus is in the form of data characters or control words,
or in the form of status information, in accordance with the
RD and WR inputs while the CPU is accessing the
M5MB2C51AP. The high-level identifies control words or
status information, and the low-level, data characters.

Read-Data Control input (RD)

Receiver data and status information are output from the
CPU by a low-level input for the CPU data bus.
Receiver-Ready Output (RxRDY)

This signal indicates that the received characters have en-
tered the receiver buffer, and further, the receiver-data
buffer in the data-bus buffer shown in Fig.2. It is possible
to confirm the RxRDY status by using this signal as an inter-
ruption signal for the CPU or by allowing the CPU to read
the D, bit of the status information by polling. The RxRDY is
automatically reset when a character is read by the CPU.
Even in the break state in which the RyD line is held at
low-level, the RyRDY remains active. It can be masked by
making the RxE(D;) of the command instruction 0.
Transmitter-Ready Output (T RDY)

This signal shows that the data is ready for transmission. It
is possible to confirm the status of serial-data transmission
by using it as an interruption signal for the CPU or by allow-
ing the CPU to read the Dy bit of the status information by
polling. Since the TxRDY signal shows that the data buffer
is empty, it is automatically reset when a transmission char-
acter is loaded by the CPU. The TxRDY bit of the status in-
formation means that the transmit-data buffer shown in Fig.
2 has become empty, while the TxRDY pin enters the high-
level state only when the transmit-data buffer is empty,
T4EN equals 1, and a low-leve! input has been applied to
the CTS pin.

Status (Do): When transmit-data buffer (TDB) is empty,

it becomes 1.

T,RDY terminal: When (TDB is empty) - (TxEN=1) -
(CTS="L")=“H" or resetting, it be-
comes active.

Sync Detect Input-Output/Break Detect Output
{SYNDET/BD)

In the synchronous mode this pin is used for input and out-
put operations. When it is specified for the internal synchro-
nous mode by mode sefting, this pin works as an output
terminal. It enters the high-level state when a SYNC char-
acter is received through the RxD pin. If the M5M82C51AP
has been programmed for double SYNC characters (bi-
sync), a high-level is entered in the middle of the last bit of
the second SYNC character. This signal is automaticaily re-
set by reading the status information.

On designation of the M5MB2C51AP to the external syn-
chronous mode, this pin begins to serve for input opera-
tions. Applying a high-level signal to this pin prompts the
MS5MB2C51AP to begin assembling data characters at the
next rising edge of the RC. For the width of a high-leve!
signal to be input, a minimum RxC period is required.
Designation of the asynchronous mode causes this pin to
function as a BD (output) pin. When the start, data, and
parity bits and stop bits are all O for two characters period,
a high-level is entered. The BD (break detect) signal can
also be read as the Dg bit of the status information. This
signal is reset by resetting the chip master or by the RyxD
line’s recovering the high-level state.
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Clear-To-Send Input (CTS)
When the TxEN bit (Dy) of the command instruction has
been set to 1 and the CTS input is low-level serial data is
sent out from the T,D pin. Usually this is used as a clear-
to-send signal for the modem.
Note: CTS indicates the modem status as follows:
ON means data transmission is possible;
OFF means data transmission is impossible.

Transmitter-Empty Output (TxEMPTY)
When no transmisison characters are left in the transmit
butter, this pin enters the high-level state. In the asynchro-
nous mode, the following transmission character is shifted
to the transmit buffer when it is loaded from the CPU. Thus,
it is automatically reset. In the synchronous mode, a SYNC
character is loaded automatically on the transmit buffer
when no transfer-data characters are left. In this case,
however, the T,EMPTY does not enter the low-level state
when a SYNC character has been sent out, since TxEMPTY
="H" denotes the state in which there is no transfer char-
acter and one or two SYNC characters are being transfer-
red or the state in which a SYNC character is being trans-
ferred as a filler. TxEMPTY is unretated to the TxEN bit of
the command instruction.
Transmission-Data Output (TxD)
Parallel-format transmission characters loaded on the
M5MB2C51AP by the CPU are assembled into the format
designated by the mode instruction and sent in serial-data
form via the T«D pin. Data is output, however, only in cases
where the Dy bit (TxEN) of the command instruction is 1
and the CTS terminal is in the low-level state. Once reset,
this pin is kept at the mark status (high-level) until the first
character is sent.
Clock Input (CLK)
This system-clock input is required for internal-timing gen-
eration and is usuaily connected to the clock-output (CLK)
pin of the M5LBOB5AP. Although there is no direct relation
with the data-transfer baud rate, the clock-input (CLK) fre-
quency is more than 30 times the TxC or RyC input fre-
quency in the case of the synchronous system and more
than 4.5 times in the case of the asynchronous system.
Reset Input (RESET)
Once the USART is shifted to the idle mode by a high-leve!
input, this state continues until a new control word is set.
Since this is a master reset, it is always necessary to ioad a
control word following the reset process. The reset input
requires a minimum 6-clock pulse width.
Data-Set Ready Input (DSR)
This is a general-purpose input signal, but is usually used
as a data-set ready signal to test modem status. lts status
can be known from the status reading process. The D; bit
of the status information equals 1 when the DSR pin is in
the low-level state, and 0 when in the high-level state.

DSR="L"—D; bit of status information=1

DSR="H"—D; bit of status information=0
Note: DSR indicates modem status as follows:

ON means the modem can transmit and receive;
OFF means it cannot.
Request-To-Send Output (RTS)
This is a general-purpose output signal but is used as a re-
quest-to-send signa! for the modem. The RTS terminal is
controlled by the Ds bit of the command instruction. When
Ds Is equal to 1, RTS="L", and when D; is 0, RTS="H".
Command register Ds=1—+RTS="L"
Command register Dg=0—+RTS="H"
Note: RTS controls the modem transmission carrier as fol-
lows:
ON means carrier dispatch;
OFF means carrier stop.
Data-Terminal Ready Output (DTR)
This is a general-purpose output signal, but is usually used
as a data-terminal ready or rate-select signal to the mod-
em. The DTR pin is controlled by the D, bit of the com-
mand instruction; if D;=1, DTR="L", and if D;=0, DTR=
“H".
D; of the command register=1—DTR="L"
D, of the command register=0—DTR="H"
Receiver-Clock Input (RxC)
This clock signal controls the baud rate for the sending in
of characters via the R,D pin. The data is shifted in by the
rising edge of the RxC signal. In the synchronous mode, the
m frequency is equal to the actual baud rate. In the asyn-
chronous mode, the frequency is specified as 1, 16, or 64
times the baud rate by mode setting. This relationship is
parallel to that of TxC, and in usual communication-line sys-
tems the transmission and reception baud rates are equal.
The TxC and RxC terminals are, therefore, used connected
to the same baud-rate generator.
PROGRAMMING
It is necessary for the M5MB2C51AP to have the controt
word loaded by the CPU prior to data transfer. This must al-
ways be done following any resetting operation (by exter-
nal RESET pin or command instruction IR). There are two
types of control words: mode instructions specifying gener-
al operations required for communications and command
instructions to control the M5M82C51AP actual operations.
Foliowing the resetting operation, a mode instruction must
be set first. This instruction sets the synchronous or asyn-
chronous system to be used. In the sysnchronous system, a
SYNC character is loaded from the CPU. In the case of the
bi-sync system, however, a second SYNC character must
be loaded in succession.
Loading a command instruction makes data transfer possi-
ble. This operation after resetting must be carried out for
initializing the M5M82C51AP. The USART command instruc-
tion contains an internal-reset IR instruction (Dgbit) that
makes it possible to return the M5MB2C51AP to its reset
state. The initialization flowchart is shown in Fig. 3 and the
mode-instruction and command-instruction formats are
shown in Figs. 4 and 5.
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LOAD MODE|
INSTRUCTIO!
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Fig. 3

Initiatization flow chart

Fig. 4 Mode-instruction format (C/D="H" WR="L")

ENTER HUNT MODE

TRANSMISSION— CARRIER
g

ERROR RESET
e

SEND BREAK

NTER HUNT MODE
1-ENABL ARCH FOR
YA B

INTERNAL RESET
1—+TO INITIALIZATION

EAROR RESET
1+CLEAR ALL ERROR FLAGS
(PE QF FE!

SEND BREAK CHARACTER
1 "TxD=0

RECEIVER ENABLE
1=ENABLE
0=DISABLE

Rx ENABLE

DAT
T

A
ERAMINAL
READY DATA—TERMINAL READY
1~BTR=*L"

TRANSMISSION ENABLE

T(ENABLE] |=ENABLE
0=DISABLE
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Fig. 5 Command-instruction format (C/D="H"

WR="L")
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Asynchronous Transmission Mode

When data characters are loaded on the M5M82C51AP af-
ter initial setting, the USART automatically adds a start bit
(0), an odd or even parity bit specified by the mode in-
struction during initialization,. and a specified number of
stop bits (1). After that, the assembled data characters are
transferred as serial data via the TxD pin, it transfer is en-
abled (TXxEN=1:CTS="L"). In this case, the transfer data
(baud rate) is shifted by the mode instruction at a rate of
1X, 1/16X, or 1/64X the T,C period.

If the data characters are not loaded on the M5MB82C51AP,
the TxD pin enters a mark state (“H"). When SBRK is prog-
rammed by the command instruction, break characters (0)
are output continuously through the TxD pin.
Asynchronous Reception Mode

The RyxD line usually starts operations in a mark state
(“H"), triggered by the falling edge of a low-level pulse
when it comes to this line. This signal is again strobe at the
middle of the bit to confirm that it is a perfect start bit. The
detection of a second low-level indicates the validity of the
start bit (again strobe is carried out only in the case of 16X
and 64X) After that, the bit counter inside the
M5MB2C51AP starts operating; each bit of the serial in-
formation on the RxD line is shifted in by the rising edge of
RyxC. and the data bit, parity bit (when necessary), and
stop bit are sampled at the middle position.

The occurrence of a parity error causes the setting of a
parity-error flag. if the stop bit is 0, a frame error flag is set.
Attention should be paid to the fact that the receiver re-
quires only one stop bit even though the program has de-
signated 1.5 or 2 stop bits.

Reception up to the stop bit means reception of a complete
character. This character is then transferred to the receiv-
er-data buffer shown in Fig.2, and the RxRDY becomes ac-
tive. In cases where this character is not read by the CPU
and where the next character is transferred to the receiver-

data buffer, the preceding character is destroyed and an
overrun-error flag is set.

These error flags can be read as the M5MB2CS51AP status
information. The occurrence of an error does not stop
USART operations. The error flags are cleared by the ER
(D4 bit) of the command instruction.

The asynchronous-system transfer formats are shown in
Figs. 6 and 7.

Synchronous Transmission Mode

In this mode the TxD pin remains in the high-teve! state un-
til initial setting by the CPU is completed. After initialization,
the state of CTS="L" and TxEN =1 enables serial trans-
mission of characters through the TxD pin. Then, data char-
acters are sent out and shifted by the falling edge of the
T«C signal. The transmission rate equals the T,C rate.

Thus, once data-character transfer starts, it must continue
through the TxD pin at the same rate as that of TxC. Unless
data characters are provided from the CPU before the
transmitter buffer becomes empty, one or two SYNC char-
acters are automatically output from the TyD pin. In this
case, it should be noted that the TXEMPTY pin enters the
high-level state when there are no data characters left in
the M5MB2C51AP to be transferred, and that the Jow-level
state is not entered until the USART is provided with the
next data character from the CPU. Care should also be
taken over the fact that merely setting a command instruc-
tion does not effect SYNC character insertion, because the
SYNC character insertion is enabled after sending out the
first data character.

In this mode, too, break characters are sent out in succes-
sion from the TxD pin when SBRK is designated (D;=1) by
a command instruction.

CPU—USART (5~8-BIT/CHARACTER)
l DATA CHARACTER I

ASSEMBLED DATA FORMAT
mATA CHARACTER (5~8)PARTY] STCP BT5)
TRANSMITTER DATA OUTPUT (TxD)

T,D MARK JSTART DATA'BITS [PARITY] sTOP
STATE LI_“TS’ m BITS I_

(1,1.5,2}

Fig. 8 Asynchronous transmission format |
(transmission)

RECEIVER (NPUT

(RxD)
START DATA BITS ARITY] STOP
g.’}DAT“EMRK BIT I (5~8) I BIT I Bn%

(1,1.5,2)

RECEIPTION FORMAT
smml DATA BITS PARITYJSTOP BIT
BIT (5~8) ar 10.1.52)
USART—CPU (5~8-BiT/CHARACTER)
IDATA CHARACTER (5~8)]

Note . When the data character is 5 6, or 7 bits/character
length, the unused bits (for USART — CPU) are set to
0.

Fig. 7 Asynchronous transmission format ll (reception)
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Synchronous Reception Mode

Character synchronization in this mode is carried out inter-
nally or externally by initial-setting designation.
Programming in the internal synchronous mode requires
that an EH instruction (D;=1, enter hunt mode) is included
in the first command instruction. Data on the RxD pin is
sampled by the rising R,C signal, and the receiver-buffer
contents are compared with the SYNC character each time
a bit is input. Comparison continues until an agreement is
reached. When the M5M82C51AP has been programmed in
the bi-sync mode, data received in further succession is
compared. The detection of two SYNC characters in suc-
cession makes the USART end the hunt mode, setting the
SYNDET pin to the high-level state. This reset operation is
prompted by the reading of the status information. When
the parity has been programmed, SYNDET is not set in the
middle of the last data bit but in the middie of the parity bit.
In the external synchronous mode, the M5MB2C51AP gets
out of the hunt mode when a high-level synchronization sig-
nal is given to the SYNDET pin. The high-level signal re-
quires a minimum duration of one RxC cycle. In the asyn-
chronous mode, however, the EH signal does not affect the
operation at all.

Parity and overrun errors are checked in the same way as
in the asynchronous system. During hunt-mode operations
the parity bit is not checked, but parity checking is carried
out even when the receiver is disabled.

The CPU can command the receiver to enter the hunt
mode, if synchronization is lost. This prevents the SYNC
character from erroneously becoming equal to the received
data when all the data in the receiver buffer is set to 1
Attention should be paid to the fact that the SYNDET F/F is
reset each time status information is read irrespective of
the synchronous mode’s being internal or external. This,

however, does not return the M5M82C51AP to the hunt
mode. Synchronism detection is carried out even though it
is not the hunt mode. The synchronous transfer formats are
shown in Figs. 8 and 9.
Command Instruction
This instruction defines actual operations in the com-
munication mode designated by mode setting. Command
instructions include transmitter/receiver enable error-reset,
internal-reset, modem-control, enter-hunt and break trans-
mission instructions.
The mode is set following the reset operation. A SYNC
character is set as required, and the writing of high-level
signals on the control/data pin (C/D) that follows it is re-
garded as a command instruction. When the mode is set all
over again from the beginning, the M5M82C51AP can be
reset by using inputting via the reset terminal or by internal
resetting based on the command instruction.

Note 1: The command error reset (ER), internal reset (IR)
and enter-hunt-mode (EH) operations are only
effective when the ccmmand instruction is loaded,
so that these bits need not be returned to 0.

2: When a break character is sent out by a command,
the TxD set to 0 immediately irrespective of
whether or not the USART has sent out data.

3: Operations of the USART's receiver section which
is always in the enable state cannot be inhibited.
The command instruction RyE =0 does not mean
that data reception via the RxD pin is inhibited; it
means that the RxRDY is masked and error flags
are inhibited.

CPU—USART (5~8-BIT/CHARACTER)
lDATA CHARACTER |

ASSEMBLED T,D OUTPUT

Y SYNC DATA .0 DATZ
CHARACTER!|CHARACTER2] CHARACTERYCEAEA {CHARACTER

Fig. 8 Synchronous transmission format |
(transmission)

SERIAL INPUT OATA (R,D)
YNC SYNG — DATA __J_DATAT DATA
CHARACTER!| CHARACTER2FCHARACTER]"C7en | CHARACTER

USART—+CPU (5~8-BIT/CHARACTER)
I DATA CHARACTER

Note : When the data character is 5 86, or 7 bits/character
length, the unused bits (tor USART — CPU) are set to
0.

Fig. 9 Synchronous transmission format il (reception)
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Status Information

The CPU can always read USART status by setting the C/D

to high-levei and RD to low-level.

The status information format is shown in Fig. 10. In this for-

mat RxRDY, TxEMPTY and SYNDET have the same defini-

tions as those of the pins. This means that these three

pieces of status information become high-level when each

pin is 1. The other status information is defined as follows:

DSR:  When the DSR pin is in the low-level state, status
information DSR becomes 1.

FE: The occurrence of a frame error in the receiver
section makes the status information FE=1.

OE: The occurrence of an overrun error in the receiver
section makes the status information OE=1.

PE: The occurrence of a parity error in the receiver

section makes this status information PE=1.

This information becomes 1 when the transmit
data buffer is empty. Be careful because this has
a different meaning from the TRDY pin that en-
ters the high-level state only when the transmitter
buffer is empty, when the CTS pin is in the low-
level state, and when TEN is 1.

[ -
I

oo o ~—————={ | FOR B§R="L"0 FOR DSA="H" |
- SAME DEFINITION AS SYNDET/BD PIN

FE | WHEN A P Bl NOT DET DA ND
] ACTEH (ASVNC ONLV) W 1S nESET sv THE €A BIT OF THE COMMAND IMSYRUCTlON
F 11 QPERATION

PE IS SET WHEN A PARITY ERROCR IS DETECTED IT IS RESET BY THE ER BIT OF THE
COMMAND INSTRUCTION PE DOES NOT INHIBIT OPERATION OF THE MSMB2CS1AP

—

‘ . . —— =] SAME DEFINITION AS T,EMPTY PIN |

OF THE_M5M82C5),
FORE THE NEXT ONE

—

' —— -1 SAME DEFINITION AS R,RDY PIN H|
! . ———— —=1 1 FOR TRANSMIT DATA BUFFER IS EMPTY B
L L

ose [ S [ re [ oe | pe | e | Bry | R

O; De O, D4 Dy D Dy Do

Fig. 10 Status information C/D="H", RD="L")

APPLICATION EXAMPLES

Fig. 11 shows an application example for the M5MB82C51AP
in the asynchronous mode. When the port addresses of the
M5MB2C51AP are assumed to be 00 # and 01 # in this fi-
gure, initial setting in the asynchronous mode is carried out
in the following manner:

MVI A, B6% Mode setting

ouT 01#

MVI A, 27# Command instruction
ouT 01s

In this case, the following are set by mode setting:
Asynchronous mode
6-bit/character
Parity enable (even)
1.5 stop bits
Baud rate: 16X

Command instructions set the following
RTS=1—+RTS pin="L"

RxE=1
DTR=1—~DTR pin="L"
TEN=1

When the initial setting is complete, transfer operations are
allowed. The RTS pin is initially set to the low-leve! by set-
ting RTS to 1, and this serves as a CTS input with TxEN

belng equal to 1. For this reason the same definition ap-
plies to the status and pin of T,RDY, and 1 is assigned
when the transmit-data buffer is empty. Actual transfer of
data is carried out in the foliowing way:

N o1 # Status read
The IN instruction prompts the CPU to read the USART's
status. The result is; if the TxRDY equals 1 transmitter data
is sent from the CPU and written on the M5MB2CS1AP.
Transmitter data is written in the M5MB2C51AP in the fol-
towing manner:

MVI A 2D8 2D,¢ is an example of trans-
mitter data.
ouT 00 # USART+(A)
Receiver data is read in the following manner:
IN oo# (A)+—USART

In the above example, the status information is read and as
a result, the transmitter data is written and read. Interrup-
tion processing by using the TyRDY and RyRDY pins is also
possible.

Fig. 12 shows the status of the TxD pin when data written in
the USART is transferred from the CPU. When the data
shown in Fig.12 enters the RxD pin, data sent from the
M5MB2C51 AP to the CPU becomes 2Dy and bits Dg and D7
are treated as 0.
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% Xz
BAUD RATE I : E CLK : < |—— CLK FROM
GENERATOR RxC RESET IN p~——EXTERNAL
(DIVIDER) RESET RESET OUT CIRCUIT
[———: RTS RO p~ —dRD
TTs WRp q4WR
USART CPU
MSEMB2CS1AP M5L8085AP
BTR —_—— 10/M
TO EXTERNAL cmcun{ R [ ADDRESS o
DSA DECODER 8
c/® Ais~Ag
s L)
TO TRANSMISSION LINE{ 8
—— =1RD D7;~Dq AD;~ADo
8 8 ALE
\ A
TO MEMORY AND OTHER PERIPHERAL DEVICES

Fig, 11 Example of circuit using the asynchronous mode

SAMPLING STOP BIT (1.5 BITS)
1f § I
START BIT L_L.‘ l.___l LSTART BIT
PARITY BIT

Fig. 12 Example of data transmission

MITSUBISHI
ELECTRIC 45



MITSUBISHI LSls
MSM82CS1AP/FP/)

CMOS PROGRAMMABLE COMMUNICATION INTERFACE

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Power-supply voltage —0.3~7 N
Vi input voltage With respect to Vsg —0.3~Vcc+0.3 \
Vo Output voltage —0.3~Vcc+0.3 v
MAX "H" All output and i/0 pins output
lormax " —500 uA
Output current H" level and force same current. N R
MAX “L" All output and /0O pins output
toLmax oy 2.5 mA
Output current L" levet and force same current.
Topr Operating free-air temperature range —20~75 T
b= —_— -
Tstg Storage temperature range —65~150 C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75TC unless otherwise noted)
Symbol P t Limits Unit
n
Ymbe arameter Min Nom Max
| Vec | Supply voltage 4.5 5 5.5 v
Vss Power-supply voltage (GND) 0 v
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V-£10%. Ves=0V unless otherwise noted)
Symbol Parameter Test conditions ‘LEL Unit
| o e o Min Typ_ | Max |
Vin High-levei input voltage 2.0 f\‘l;;+0.73 v |
| Vi | Low-level input voltage . o —0.3 0.8 v
Ion=—400, 0
Von High-leve! output voltage on A 2.4 v
I R B lon=—20uA - R 4.4
Voo ow-level output voltage loy=2.2mA I 0.45 \4
! igh- I a
cc Supply current from Ve All outputs are high-level ] I 5 | VmA
hn High-level input current Vi=Vce —10 10 wA
I Low-leve! input current V=0V —10 | | 0| ea
—— 4
loz Off-state input current Vo=0V~Vgc —10 10 nA
C input terminal capacitance Vec™Vgg, f=1MHZ, 26mVymg, Ta=25T J T "164 7 p?_:]
Cro Input/output terminai capacitance Vec=Vas, f=1MHz, 25mVemg, Ta=25C 20 pF
452 MITSUBISH)
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TIMING REQUIREMENTS (Ta=—20~75C, Vec=5V+10%, Vss=0V unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
o) Clock cycle time (Notesd, 5) 320 1350 ns
twiss Clock high pulse width 120 " tere—90 ns
tw(F) | Clock low pulse width B | o0 | 1 ns
tr Ciock rise time 7 S T 2 ns
tf Clock fall time ns
. 71)( baud rate ) : DC '
Transmitter input clock T EEEE— - -
frx 16X baud rate : DC kHz
frequency o
64X baud rat DC
fw( Ty Transmitter input clock low | 1X baud rate o 7 2 N o teos)
puise width 16X, 64X baud rate 1 R tois)
Yyt rowrs Transmitter input clock high IX baud rate 15 - 1 e
pulse width 16X, 64X baud rate 3 R N S P
Receiver input clock X baud rate De &4
fax frequency 16X baud rate DC o 310 kHz
64X baud rate DC B 1. &es ]
twarwn) Receiver inpui clock low 771)( baud rate ) 12 B R
pulse width 16X, 64X baud rate 1
twrt Rewres Receiver input clock high " Tixbaudrate 1% | ] e
pulse width 16X, 64X baud rate 3
tgu(a—n) Adar;ssswm;n;-p tinlé ?9!013}9&(1 (CS, C/D) (Ni{é)ﬁ: 0 7: i ; N ns
thir—a) | Address hoid time after read (GS, G/D) (Note6) 0 ns |
twr) Rea‘;pulse width 7 7 iﬂﬂo]r 7 1 ns
tsu(a—w) | Address setup time before write 0 L ns
thiw—a) | Address hold time after write 0 o B ns
twowy | Write pulse width - o 250(200) s
tguioa-w) Data Qé{up time before write _@ﬂmi ) 7 ns |
th(w—opa)| Data hold time after write - 2000) ‘ 1 s
Isuteso—rxc) | E-SYNDET setup !irrniewbeiore RxC T 13 7 B o . ;c( )
tsu(c—r) | Control setup time before read 20 o teis)
tay Write recovery time between wrﬁ;;(Nmaﬂ T 6 N tois)
tsuiro—18) | AxD setup time bé;;r;in;érrnrarl sampling pulsem ; ~2_ ol s
this—rxo) | RxD hold time after intern;al sampling pulse 2 us
Note 4 . The TxC and RxC frequencies have the following limitations with respect to CLK.

For 1X baud rate f1y, fax<1/(30t¢(4). For 16X, 64X baud rate fry, fax<1/(4.5tc(e)
5 ! Reset pulse width=6t;(,) minimum. System clock must be running during reset.
6 . CS, C/D are considered as address.
7 . This recovery time is for mode initialization only. Write data is allowed only when TxRDY==1. Recovery time between writes for asynchronous
mode is 8tciy). and that for synchronous mode is 16tg ).
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SWITCHING CHARACTERISTICS (Ta=—20~75TC, Vco=5V+10%, Vee=0V unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
o o Min Typ Max
[ tezvir—pa) | Output data enable time atter read (Note8) C=150pF B 200(170) ns
tevz(r—po; | Output data disable time atter read - 10 100 ns
tozvrsc=Ts0 | Txo enable time after falling edge of TxC 1 8
leLuccLe—xr) | Propagation time from center of last bit to TxROY (Noted) N ) 8 teis)
tewr(w—Txr: | Propagation time from write data 1o TxADY clear {Nate9) 400 ns
teunicLa—ram | Propagation time from center of fast bit to RADY (Note9) - 26 tcis)
teuiir—nsr) | Propagation time from read data to RROY cleer (NoteS) 400 ns
tpLrimsc~svo; | Propagation time from rising edge of RyC to intemal SYNDET (Noted) 26 teos)
€) | Propagation time Irom center of last bit to TAEMPTY (Note3) 20 teos)
tprL(W~C) Propagation time from rising edge of WR to contro! (Note9) B8 tes)
Note 8 . Assumes that address is vaild before falling edge of RD.
9 ! Status-up data can have a maximum delay of 28 clock periods from the event affecting the status. 2 4
10 : tnput pulse fevel 0.45~2.4V Reference lavel Input V, =2V, V, =0, 8V
nput pulse rise time 10ns Output Vou=2V, Vo =0.8V
Input pulse fait time  10ns 0.45
11 M5MB2C51AP is also invested with the extended specification showed in the brackets.
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TIMING DIAGRAMS
System Clock

teis

twis:

tw(¥)

CLK

Transmitter Clock & Data

1 2 3 4

) twitewn)

twiTewL

5 6 7 8 9 0 a2

13 14 15 186

J

'pzv{nc-nn)

(pzv(nc-nu],

0

Receiver Clock & Data

\. Rx-8IT COUNTER STARTS HERE
RyD START 8IT / DATA BIT XDATA BIT
8R.C PERIODS 16R,C PERIODS 1
1 2 3 4 56 7 8 10 1171213141516 1 2 3 4 5 6 7 B |9 10 N1213 141516 1 2 3
RxC(16X)
 bwirews twiRPWH!
ACUX) ey I \_
INTERNAL
SAMPLING ”
PULSE
!
tsuiaxD-I8! wie! thiis-Axp;
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Write Control Cycle (CPU—~USART)

—\ tsuia-wi thiw-a) [
[
c/D ’

tsuia-wi thiw.a?
twiw)
WR Z
A
tsuioa-w) | |thiw-pa),
4
D;~Dy
(DATA INPUT) X VALID
-
tenLiw.c)
OTR, RTS
Read Control Cycle (USART—~CPU)
tsu(c.r)

g
A

Xl
R
t8ula.r) th(a.a)
CSs \E l
_ - A
C/D
tsu(a-n) thin-a)

-\ twin) ’
RD \
tpvz(r.pa)
tpzv(r-00)
D;~Dy / :) \
(DATA OUTPUT) VALID )
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Write Data Cycle (CPU—USART)

cs

0,~Dp
(DATA INPUT)

TxRDY

tsuca-w)

thiw.a)

\ tsuia-w

thiw-a) /

Read Data Cycle (USART—CPU)

0;~Do
(DATA OUTPUT)

RxRDY

twiw) A

1su(po-w) thiw-pa)
4
VALID
teHL(w-TxR)
tsuia-A) thin-a)
suia-R) thia.a)
twin)
!\ Zl
tevz(n-oa)
tpzv(R-0Q) —

i \
\\\\\ VALID {

\

tenc(R-AXR)
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Transmitter Controi & Flag Timing (Async Mode)

c/D ; ‘ \ /—\ I \ I \

WR-T,EN

[ [\
WR-DATA1 WR-DATA?2

m Wﬂ-?jn v'vg.\om.,
N *\\' \\ N
w1 /Jb T \

L A \ A \\ — \L /

\
7.0 00000800 aEY000004 0530000000005

@ﬂegqa 6PSTP)
DATA! DATA2 DATA 3 DATA4  BREAK STATE

WR-SBRX

O
B
2]

Note 12 :
13
14

Example format= 7 bits/character with parity & 2 stop blts
TxRDY(pin)="H"~{Transmit-data buffer is empty) » (TyEN==1) « (CTS="L")
TxRDY(status)= 1 ~(Transmit-data buffer is empty)

Recelver Control & Flag Timing (Async Mode)

s |\ \ / i/ \ \ / /] U\

RD DATA1 RD DATA3

- ‘J \J RD AL{-U-IDATA

WR-H,E

WR-ER WR-R,E WR-RxE

8D
(PIN:

DATA 2
LOST
OE
(STATUS)
RxRDY }: \ [ ( -
1 }

\

L !
1 i S g
LI00R00E /10000000 WAMAAMRERS \so 2iserisoizsessny |
DATA1 P DATA2 P DATA3 P BREAK STATE
Note 15 Example format= 7 bits/character with parity & 2 stop bits
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Transmitter Control & Flag Timing (Sync mode)

- W W | \ 1 | T
WR WHR WR WR WR WR WR
DATA1 DATA?2 DATA3 DATA4 SBRK SBRK DATAS
WA \ H \J'_\H
A e %
e .
|

A
(STATUS) i —f \
TEMPTY | K \ 1 .' / '
L enennAe0anGeatoenmseoncationse—\ ¥

DERERCEEORENM

7«0
X K MARK
STATE DATA1 DATA2 SYNC SYNC DATA3 DATA4 grtarp BREAK STATE DATAS5 SYNC SYNC
CH1 CH2 STATE CH1 CH2
Note 16 . Example format= 5 bits/character with parity, bi-sync characters.
Receiver Control & Flag Timing (Sync Mode)
INTERNAL SYNC MODE EXTERNAL SYNC MODE
¢ T L \ [T N TV /7 \ T — T\
RD RD RD RD RD
DATA | STATUS DATA3 SYNC CH! STATUS RD STATUS RD DATA
RD ] _[ } J_
WR-EH-R,E WR-ER WR-EH-RLE
WR
INTERNAL EXTECRNAL tsu Eso A
SYNC - SYN
SYNDET TOUTPUT) teptmec-svo) T (INPUT) }E
(PIN)
SYNDET
(STATUS) DATA
DATA2 LDST
LDST
OE
(STATUS)
R<RDY r‘ \ { \-—l — |-

! .
RxD Lansanaeentinnetiniieattitde0n hestat 0080000 TN HT T AAARERD
SYNC SYNC|!DATA1 DATA2 DATA3 SYNC SYNC

M

DATA 2

— CHI1 CH2!1 CH1 CH2
e i

EXITS HUNT MODE | t_CHARACTER EXITS HUNT MODE CHSARACTERL SYNDET SET

SYNDET SET T L-ASSEMBLY < (STATUS!
N {
SYNDET SET ASSEMBLY BEGINS TSTATUS) BRGNS
Note 17 © Example tormat= 5 bits/character with parity, bi-sync characters.
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