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PROGRAMMABLE COMMUNICATION INTERFACE

M5L8251AP-5

DESCRIPTION

The MS5L8251AP-5 is a universal synchronous/asynchronous
receiver/transmitter (USART) IC chip designed for data
communications use. It Is produced using the N-chanpel sili-
con-gate ED-MOS process and is mainly used in combina-
tion with 8-bit mlcroprocessors.

FEATURES
® Single 5V supply voltage
& TTL compatible
& Synchronous and asynchronous operation
Synchronous:
5~8-hit characters
internal or external synchronization
Automatic SYNC character insertion
Asynchronous system:
5~8-bit characters
Clock rate—1, 16or 64 times the baud rate
1,1%, or 2 stop bits
False-start-bit detection
- Automatic break-state detection
® Baud rate; DC~64k-baud
@ Full duplex, double-buffered transmitter/receiver
- @ Error detection: parity, overrun, and framing

o=

APPLICATION
Modem control of data communications using microcompu-
ters. Control of CRT, TTY and other terminal equipment

FUNCTION

The MBLB251AP-5 is used in the peripheral circuits of a
CPU. It permits assighments, by means of software, of op-
erations in all the currently used serial-data transfer sys-
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tems. The M5L82561AP-5 receives parallel-format data from
the CPU, converts it into a serial format, and then transmits
via the TxD pin. It also receives data sent in via the RyD pin
from the external circuit, and converts it into a parallel format
for sending to the CPU. On receipt of parallel-format data for
transmission from the CPU or serial data for the CPU from:
external devices, the M5L8251AP-5 informs the CPU using
the TxyRDY or RgkRDY pin. In addition, the CPU can read the
M5LB251AP-5 status at any time, The M5LB251AP-5 can de-
tect the data received for errors and inform the CPU of the
presence of errors as status information. Errors include par-
ity, overrun and frame errors.
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OPERATION -

The MBL8251AP-5 interfaces with the system bus as shown
in Fig.1, positioned between the CPU and the modem or ter-
minal equipment, and aoffers. alt the functions required for
data communication.
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Flg. 1 MS5L82561AP-5 interface to CPU system bus

When using the- M5L8251AP-5, it is necessary to program, as
the initial setting, assignments for synchronous/asynchronous
maode selection, baud rate, character length, parity check,
and even/odd parity selection in accordance with the ¢om-
munication system used. Once programming is completed,
functions appropriate to the communication system can be
carried ot continuously.

Whenr initial selting of the USART is completed, data com-
munication becomes possible. Though the receiver is always
in the enable state, the transmitter is placed in the transmit-
ter-enable state (TxEN) by a command mstructmn and the
applicaﬂon of a low-level signal to the CTS pin prompts
data-transfer start-up. Until this condition Is satisfied, trans-
mission is not executed. On receiving data, the receiver in-
torms the CPU that reading for the recelver data in the
USART by the CPU has become possibie (the RRDY ter-
minal has turned to high-level) . Since data reception 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 errars:
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 MBL8251AP-5 access methods are listed in
Table 1.

Table 1 M5L8251AP-5 Access Methads

c/D Function

Data bus — Data in USART
USART « Data bus
Daté bus + Status

Control «+ Data bus

3-State «- Data bus
3-State + Data bus

x|x|T|T|e|r
x\z|x|r|z!r |
x|x|r|z|r|x|3
I'rl-l-l-r'gl

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 intarnal-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-
trolfed by command instructions, input signal DSR is given to
the CPU as status information and input signal CTS controls
direct transmission.

Data-Bus Buffer

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

Transmit Buffer -

This buffer converls 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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Recelve Control Circuit
This circuit offers all the controls required for normal recep-
tion of the input serial data. It controls receiver data and out-
puts signals for the external devices In accordace with the
instructions of the read/write contrel logic.
Recelve Buffer ,
This buffer converis 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 assembied characters to the CPU
via the data-bus buffer.
Recelver-Data Input (RyD) *
Serlal characters sent from another device are input to this
pin and converted to a parallel-character format to serve as
data for the GPU. Uniless the high-level state is detected at-
ter a chip-master reset procedure (this resetting is carried
out to prevent spurious operation such as that due to fauity
connection of the RxD to the line In a break state), the serial
characters are not recelved. This applies to only the asyn-
chronous mode. When the RyD line enters’ the low-level
state instantaneously because of noise, etc, the mis-start
prevention function starts working. That is, the start bit is de-
tected by its falling edge but in order to make sure that it is
the cotrect start bit, the RxD line is strobed at thé middle of
the start bit to reconfirm the low-level state. If it is found to
be high-level 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 TxC frequency
is equal to the actual baud rate. In the asynchronous 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:

TyC=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 MG5L8251 AP-5. 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 M5L8251AP-5 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,
of in the form of status informatlon, in accordance with the
RD and WR inputs while the CPU is accessing the
M5L8251 AP-5. The high-level identifies control words or sta-
tus 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-leve! 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 buf-
ter In the data-bus buffer shown in Fig.2. It is possible to
confirm the RxRDY status by using this signal as an interrup-
tion 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 RxRDY remains active. It can be masked by mak-
ing the RxE(D2) of the command Instruction 0
Transmitter-Ready Qutput (TxRDY)

This signal shows that the data is ready for transmission. 1t is
possible to confirm the status of serial-data transmission by
using it as an interruption signal for the CPU or by allowing
the CPU to read the Dg bit of the status information by poli-
ing. Since the TxRDY signal shows that the data buffer is
empty, It is automatically reset when a transmission charac-
ter 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 pir- enters the high-
level state only when the transmit-data buffer is empty, TxEN
equals 1, and a tow-level input has been applied to the CTS
pin.

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

becomes 1.

T«RDY terminal: When (TDB is empty)* (TxEN=1 )-(CTS
= “/*) = “H" or resetting, it becomes
active.

Sync Detect/Break Detect Qutput-input

(SYNDET/BD)

In the synchronous made this pin is used tor input and output
operations. When it is specified for the internal synchronous
mode by mode setting, this pin works as an output terminal.
It enters the high-leve! state when a SYNG character Is re-
celved through the RxD pin. If the M5L8251AP-5 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 automatically reset by read-
ing the status information.

On deslignation of the M5L8251AP-5 to the external synchro-
nous mode, this pin begins to serve for input operations. Ap-
plying a high-level signat to. this pin prompts the
M5L8251AP-5 to begin assembling data characters at the
next rising edge of the RC. For the width of a high-level
signal to be input, a minimum RxC périod is required.
Designation of the asynchronous mode causes this pin to
function as a BD (output) pin. When the start, data, and par-
ity bits and stop bits are all O for two characters pericd, a
high-tevel is entered. The BD (break detect) signal can also
be read as the Ds bit of the status information. This signal is
reset by resetting the chip master or by the RgD- line's re-
covering the high-level state.
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Clear-To-Send Input {CTS)
When the TxEN bit (Dg) of the command instruction has
been set to | and the CTS input is low-level serial data is
sent out from the TxD 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 impessible:
Transmitter-Empty Output (TxEMPTY)
When no transmisison characters are left in the transmit buf-
fer, this pin enters the high-level state. in the asynchronous
‘'maode, 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 char-
. acter is loaded automatically on the transmit buffer when no
transfer-data characters are left. In this case, howsever, the
TxEMPTY does not enter the low-level state when a SYNGC
character has been sen! out, since TxEMPTY="H" denotes
the state in which there is no transfer character and one or
two SYNC characters are being transferred or the state in
which a .SYNGC character is being transferred as a filler.
TxEMPTY is unrelated to the TxEN: bit of the command in-
_struction. '
Transmission-Data Output (TxD)
Parallel-format transmission characters- loaded on the
M5L8251AP-5 by the CPU are assembled into the format de-
signated by the mode instruction and sent in serial-data form
via the TxD pin. Data is output, however, only in cases
where the Dg bit (TxEN) of the command instruction is 1 and
the CTS termina!l is in the low-tevel state. Once reset, this
pin is kept at the mark status (high Ievel) until the first char-
acter Is sent.
Clock Input (CLK)
This system-clocK Input is required for Internal-timing gen-
eration and Is usually connected to the clock-output (CLK)
pin of the M5LBOBSAP, 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 RxC input frequen-
cy 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-level
input, this state continues until a new control word is set.
Since this is a master reset, it Is always necessary to load a
control word following the reset process. The reset input re-
quires a minimum 6-clock pulse width.
Data-Set Ready Input (DSR)
This s a general-purpose input signal, but is usually used as
a data-set ready signal to test modem status. its 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-Ta-Send Output (RTS)
This is a general-purpose output signat but is used as a re-
quést-to-send signal 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 Ds is 0, RTS="H".
Command register Ds==1—-RTS="L"
Command register Ds=0—+RTS="H"
Note: RTS. controls the modem transmission carrier as fol-
jows:
ON means carrier dispatch;
QOFF 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 modem.
The DTR pin is controlled by the D, bit of the command in-
struction; if Dy=1, DTR="L", and if D;=0, DTR="H".
Di of the command register=1—DTR="L"
D; of the command reglster—O—'D_'m=“H'-'

- Receiver-Clock Input (RC)

This clock signal controls the baud rate for the sendmg in of
characters via the RyD pin. The data is shifted in by the ris-
ing edge of the RxC signal. In the synchronous mode, the
R«C frequency is equal fo 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 pa-
rallel to that of TxC, and in usual communication-line sys-
tems the transmission and reception baud rates are equal,
The TxC and RyxC terminals are, therefore, used connected
to the same baud-rate generator.

PROGRAMMING

It Is necessary for the M5L.8251AP-5 to have the contrel word
loaded by the CPU prior to data transfer. This must always
be done following any resetting operation (by external RE-
SET pin or command instruction IR). There are two types of
control words: mode instructions specifying general opera-
tions required for communications and command insfructions
to control the M5L8251AP-5 actual operations,

Following the resetling 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
SYNG 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 in-
itializing the M5L8251AP-5, The USART command instruction
contains an internal-reset IR instruction (Dgbit) that makes it
possible to return the M5L8251AP-5 to Its reset state. The In-
itialization flowchart is shown in Fig. 3 and the mode-
instruction and command~mstructlon formats are shown in
Figs. 4 and 5.
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&

= LOAD MODE!
C/D="H"] INSTRUCTION

SYNCHRO—\ NO
\Nou

— ... JCOAD 2nd SYNC
G/D="H"| CHARACTER}

= ... JLOAD COMMAND
G/D="H"} INSTRUCTION

YES <R:E§ )E'_r

NO

o | TRANSFER
C/D="L"| ""DATA

NO ¢ GONE '
YES .

Fig. 3 Initlalization flow chart

SYNC__CHARAGTER
SINGLE CHARACTER SYNC - 1=SINGLE
i 0=DOUBLE

SYNC DETECTION

EXTERNAL SYNC DETECT }{=EXTERNAL}.
Q=INTERNAL

PARITY CHECK
EVEN PARITY | 1=EVEN -
0=0DD

PARITY¥
* PARITY ENABLE | 1=ENABLE
0=DISABLE

CHARACTER _LENGTH
ajoj1]1
0] 15011
5161718

SYNCHRONOUS[scsTesp] e |pen] L. Julofol
D; Dg D D¢ D: D2 Dy

STOP 8ITS
Qloj1]i

o]0}t
.92

PARITY GHECK

EVEN PARITY 1=EVEN
0=0DD

PARITY

PARITY ENABLE |=ENABLE
-Q=D!SABLE

GHARACTER LENGTH
i
0
718

1
6
BAUD RATE
- 0
1

1
1
1} ixj3

ASYNGHRONOUS[™s, T | ep[PeN] L | Li[8 ] B |
D Dg Ds Di D3 D D1 Do

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

FENTERHURT MOGE
ENTER HUNT MODE 1~ENABLE SEARCH FOR

SYNC CHARAGTERS

INTERNAL RESET INTEANAL RESET
1=+TO INIMALIZATION

A
{SSION—CARRIER

REQUEST TQ SEND CoNTROL

I=RTS="L"

ERROR REGET
ERROR RESET 1=CLEAR ALL ERROR FLAGS
PE_OE FE)

SEND BREAK SEND BREAK CWGTER
1-=TxO=0

sl | REGEIVER ENABLE
Ry ENA 1=ENABLE
0=DISABLE

DATA
TERMINAL
READY ] DATA—TERMINAL READY
1-DTR="L"

TRANSMISSION ENABLE
T.ENABLE| 1=ENABLE

(=DiSABLE
[en T = [rrs] en Jsaax] ace [otr]TeN|
Dy Ds O Dy D Dz T Do

Fig. 5 Command-instruction format {C/D="H", WR="L")
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Asynchronous Transmission Mode

When data characters are loaded on the M5L8251AP-5 after
initial setting, the USART automatically adds a start bit (0),
an odd or even parlty bit specified by the mcde instruction
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, if transfer is enabled (TxEN=
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 TxC period.

If the data characters are not loaded on the M5L8251AP-5,
the TxD pin enters a mark state ("H"). When SBRK s prog-
rammed by the command instruction, break characters (0)
are output continuously through the TxD pin.

Asynchronous Reception Mode

The RxD 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 detec-
tion of a second low-level indicates the validity of the start
bit (agaln strobe is carried out only in the ¢ase of 16X and
64X) . After that, the bit counter inside the M5L8251AP-5
starts operating; each bit of the serial information on the RxD
line is shifted in by the rising edge of RxC, 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 par-
ity-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 desig-
nated 1/1.5 or 2 stop bits.

Receptlon up to the stop bit means reception of a complete
character, This character is then transferred to the receiver-
data buffer shown in Fig.2, and the RyRDY becomes active.
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 M5L8251 AP-5 status In-
formation. The occurrence of an error does not stop USART
operations. The error flags are cleared by the ER{Dj4 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-level state untii
initial setting by the CPU is completed. After initialization,
the state of CTS="L" and TxEN =1 enables serial transmis-
sion of characters through the TxD pin. Then, data charac-
ters are sent out and shifted by the falling edge of the TxC
signal. The transmission rate equals the TyC 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 trans-
mitter buffer becomes empty, one or two SYNC characters
are automatically output from the TxD 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
M5LB251AP-5 to be transfetred, and that the low-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 sefting a command instruction does not
effect SYNC-character insertion, because the SYNG charac-
ter insertion is enabled after sending out the first data char-
acter.
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)
DATA CHARACTER :

ASSEMBLED DATA FORMAT

START
BiIT

PARI STQ’; BITS
DATA GHARACTER (5~8)PARITY| §TOF BT

TRANSMITTER DATA OUTPUT (TxD)
TART STOP

T«D MARK _ DATA ‘575 [PARTTY
STATE BIT {5~ r8) BT ]| misT
(h 1.5, 2)

RECEIVER INPUT {RyD)

RxD MARK|STARTI GATA &S FARTY] STOP |
STATE BIT 5~8) BITS
1, .5 2)

RECEIPTION FORMAT

DATA 8ITS PARI
(5~8) ABIT

TGP BIT
{1, 1.5 2)

TART]
BIT

USART—+GPU (5~8-BIT/CHARAGTER)
DATA CHARACTER (5~8)

Note : When the data character Is 5, 6, or 7 bits/character
length, the unused bils (for USART -+ GPU) are set to

0. -

Fig. 6 Asynchronous transmission format I -

(transmission)

Fig. 7 Asynchronous transmission format il (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 (Dy=1, enter hunt mode) is included in
the first command instruction. Data on the RxD pin Is sam-
pled by the rising RxC signal, and the receiver-buffer con-
tents are compared with the SYNC character each time a bit
is Input. Comparison continues until”an agreement Is
reached. When the M5L8251AP-8 has been programmed in
the bi-sync mode, data received in further succession is
compared. The detection of two SYNC characters in succes-
‘sion makes the USART end the hunt mode, setting the SYN-
DET pin to the high-level state. This reset operation is
prompted by the readirig of the status information. When the
parity. has been programmed, SYNDET is not set in the mid-
dle of the last data bit but in the middle of the parity bit. -

In the external synchronous mode, the MSL8251AP-5 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 s:gnal 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 chiecking is carried out
even when the recelver is disabled.

The CPU can command. the receiver to enter the hunt mode,
if synchronization is lost. This prevents the SYNG 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 M5L8251AP-5 to the hurit mode. Synchronism de-
tection 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 communica-
tion mode designated by mode setting. Command instruc-
tions include transmitter/receiver enable error-reset, inter-
nal-reset, modem-contral, enter-hunt and break transmission
instructions.

The mode is set following the reset operation. A SYNC char-
acter is set as required, and the writing of high-level signals
on the control/data pin (C/D) that follows it is regarded as a
command instruction. When the mode is set all over again
from the beginning, the M5L8251AP-5 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 command 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 O immediately irrespective ot
whether or not the USART has sent out data.
Operations of the USART's receiver section which is
always in the enable state cannot be inhibited. The
command instruction RxE =0 does not mean. that
data reception via the RxD pin is inhibited; it means
that the RxRDY is masked and error flags are inhi-
bited.

CPU~USART (5~8-BIT/CHARACTER)
DATA GHARAGTER

ASSEMBLED TxD QUTPUT

:svno i 5ATA - Loae]. DATA 1°
cHARACTER IcHARACTER2| CHARACTER|®¢1ER |CHARACTER

SERIAL INPUT DATA (RKD)
[ DATR
CHAHAGTERI[CHARACTEHZ CHARACTER CIER

DATA
CHARACTER

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

Note : When the data character is 5, 6, ¢r 7 bits/character

length, the unused bits (for USART — CPU} are set to

0.

Fig. 8 Synchronous transmission format |
(transmission) :

Fig. 9 VSynchronous transmission format Il (reception)
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STATUS INFORMATION L
The GPU can always read USART status by setting the G/D
to high-level 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 thres
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-leve! state, status
information DSR becomes 1.

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

FE:

[

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

PE: The occurrence of a parity error in the receiver
section makes this status information PE=1.

TxRDY. This information becomes 1 when the transmit data

buffer is empty. Be careful because this. has a
different meaning from the TxRDY pin that enters
the high-level state only when the transmitter buf-
fer is empty, when the GTS pin is in the low-level
state, and when TxEN is 1.

—{ 1 FOR DSR="L" 0 FOR DSR="H"

{ SAME DEFINITION AS SYNDET/8D PIN

FE IS SET WHEN A VALID STOP BIT IS NOT DETEGTED AT THE END OF EVERY CRAR- |

ACTER (ASYNC ONLY) IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION
FE DOES NOT INHIBIT OPEAATION OF THE M5LEZ51AP-5

e e ——————rE— -

OE 15 SET WHEN THE CPU DOES NOT READ A CHARACTER BEFORE THE NEXT ONE

BECOMES AVAILABLE IT IS RESET 8Y THE ER BIT OF THE COMMAND INSTRUCTI
LOE DOES NOT INHIBIT OPERATION CF THE M5L&XSIAP.5 N TN

- ———

PE IS SET WHEN A PARITY ERAOR IS DETECTED IT IS RESET BY THE ER BIT OF THE
COMMAND INSTRUCTION PE DOES NOT INHIBIT OPERATION OF THE M5LBZ51AP-5

[ SAME DEFINITION AS T:EMPTY FIN

| SAME DEFINITION AS RyADY PIN

,,—-1309 TRANSMIT DATA BUFFER IS EMPTY

UL

SYN
peEr | FE | OE PE ADY

Ds Ds D4 2] Do

T A
TE | Rpy
D2 Dy

DSR Tx

D

Fig. 10 Status infofmation {C/D="H", WR="L")

APPLICATION EXAMPLES

Fig. 11 shows an application example for the M5L8261AP-5
in the asynchronous mode. When the port addresses of the
M5LB251AP-5 are assumed to be 00# and 01 # in this figure,
initial setting in the asynchronous mode is carried out in the.
fo|lowing manner: -

. Mvi A, B6# Mode setting
' QuT otf : .
MVI A, 27TH Caommand instruction
ouT o1#

In this case, the following are set by mode setting:
Asynchronous mode - '
6 bits/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"
TxEN =]

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

being equal to 1. For this reason the same definition applies
to the status and pin of TxRDY, and 1 is assigned when the
transmit-data buffer is empty. Actual transfer of data is car-
ried out in the following way;
"IN (1} [ 4 Status read

The [N 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 M5L8251AP-5. Trans-
mitter data is written in the M5L8251AP-5 in the following:
manner: ’

MVI’ A 2D# 2Dy is an example of transmit-
' ‘ter data. '
ouTt 00 USART+(A)
Receiver data |Is read in the following manner:
IN 00 (A)~USART

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

Fig. 12 shows the status of the TxD pin when data written in
the USART is tfransferred from the CPU. When the data
shown in Fig.12 enters the RxD pin, data sent from the
M5L8251AP-5 to the CPU becomes 2D;5 and bits Dg and Dy
are treated as 0.



PROGRAMMABLE COMMUNICATION INTERFACE

fi—-l[lkﬂil

USART
M5L8251AP-5

BAUD RATE ! >4 TxC CLK q——
GENERATOR AxC
{DIVIDER) . RESET
l:__): RTS BDO b a
G753 WR = q

NTD T —
TO EXTERNAL CIHCUIT{ TR CS p~—apDReSS
——=455R B DECODER| 4
I a—— TxD
TO TRANSMISSION LINE{ 8
RxD Dy~Dg o
8 18

(-

X1 Xa
CLK

AESET IN

RESET OUT

3 3

3
c

5LS0S5AP
10/M

Ais~Ag

AD;~ADg

ALE

FROM
0=——EXTERNAL
CIRCUIT

_/

TO MEMORY AND OTHER PERIPHERAL DEVICES

Fig, 11 E)gample of circult using the asynchronous mode

SAMPLING STOP BIT (1.5 BITS)

F{4
M

START Bn'-l ) r[=

DATA

o

PARITY BIT

L—STAHT BIT

Fig. 12 Example of data transmission
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4
TERFACE

ABSOLUTE MAXIMUM RATINGS

Symbal Parameter Conditions Ratings Unit
- Voo Power-supply vollage —~0.5~7 v
Vi Input voltage With respect to Vg —0.5~7 v
Vo Output \fi_:dtage —0.5~7 V-
Pd ' Power dissipation Ta=25'C 1000 mw
Topr Operating {ree-air temperature range 7 —20~-75 - c
: TstL Storage temperature range —55~150 c
RECOMMENDED OPERATING CONDITIONS (1a=—20~786C, unless otherwise noted) -
: Limits
Symbol Parameter Vin Nom . Unit
- Vao Supply vollage 4.75 5 | B.25 v
Veg Power-supply voltage {GND) 0 \ 7
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vo=5V+5%, Vss=0V, unless otherwise noted)
- Limits
Symbol Parameter Test conditions Unit
] Min Typ Max
Vig High-level input voitage o 2.0 Voo v
Vi Low-level input valtage —0.5 7 0.8 \'
Vou High-level cutput voitage | loy==400uA 2.4 _ v
VoL . | Low-level cutput voltage Io.=2.2mA 0.45 \'4
lee ' Supply current frmn Veo All outputs are high-level N 100 m_A
hn High-level input current Vi=Veg ~10 - 10 HuA
he 7L0w-level input. current Vi=0. 45V —10 10 HA
loz Oit-state input current Vo=0.45V~Vgs —10 10 uA
(o _ | Input terminal capacitance Vee=Vgs, I=1MHz, 28mVymg, Ta=%TC 10 pF
Guo - Input/output terminal capacitance Veo=Vss, I=IMHz, BmVimg, Ta=25'C 20 pF
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TIMING REQUIREMENTS(Ta=—20~75C, Voc=5V1t5% . Vss=0V, unless otherwise noted)

Limits

Symbol Parameter Test conditions . Unit
7 . Min Typ Max
to(s) | Clock cycle time (Notesd, 5) | 320 1350 ns
twis) Glock high pulse width . 120 teos)—0 ns
twisy Clock low pulse width : €O ’ ns
' r Clock rise time 20 ns
t Clock fall time ) 20 ns
1X baud rate ' DC 64
frx Transmitter Input clock 16X baud rate . DG 30 | kHz
frequency -
64X baud rate DC 615
Teansmittar Input clock low 1X baud rate 12
twerewe) pulss width 16X, 64X baud rate 1 tacr
fvcrewi) Transmitter Input_clock high 1X baud rafe . 7 : 15 tocs)
pulse width 16X, 64X baud rate 3 .
1X baud rate DC B 64
: Recelver Input clock
fax 16X haud rate DC 310 kHz
frequency - *
64X baud rate DC 615
SR Raceiver Input clock low . 1)_( baud rats _ 12 totss
pulse width 16X, 64X baud rate 1
Recelver Input ¢leck high 1X baud rate - 15
WReWH | e width 16X, 64X baud rate 3 tos)
tguca—n) | Address setup time before read (CS, G/D) (Note$) 0 ns
th(r—a) | Address hold time after read (Gs. ¢/D) (Notes) 0 ns
tw(r) Read pulse width - 250 ns
tsuca—w) | Address setup time before write 0 ns
thiw—a) | Address hold time after write 0 ns
twiw) Write pulse width 250 ' ns
tsuoa-w) | Data setup time befare write 150 ns
Iow—-pa| Data hold time after write 20 ns
lasteso—mxe) | E-SYNDET sefup time before RxG 18 tocs)
tsuto—r) | Contral setup time before read 20 tecs)
tay | write recovery time between writes (Note?) 6 tecs)
tautrxo—15) | AxD setup time before internal sampling pulse 2 us
this-mp) | RxD hold time after Intamal sampling pulse 2 us

Note 4 . The TxC and RxC frequencias have the following limitations with respect to CLK.
For 1X baud rate fyx, fax=1/{30tcc#)). For 16X 64X baud rate frx, fax=1/(4.5tgt4))

5 : Reset pulse width=6tg( 4+ minimum. System clock must be running during reset.

6 : CS, C/D are considered as address.

7 : This recovery time is for mode initializalion only. Write data Is allowad only when TxRDY=1. Recovery lime between writes for asynchronous
mode Ig 8tg(4 ), and that for synchronous mode 1 T6tgcs).
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SWITCHING CHARACTERISTICS (Ta=—20~75C, Vec=5V£5%, Vss=0V, unless otherwise noted)

Symbol Parameter : Test conditions Limfs Unit
Min Typ Max

tpzy(r—na) | Oulput data enzble time after read (Note8) C=150pF ' 200 ns
tevz(a~oq) | Output data disable time after read - 10 100 ns
tozvitxo—T<0) | TxD @nable lime after falling edge of TxC ' _ 7 1 us
leunicia—-Tant | Propagation time from center of last bit to TxRDY (Note9) 7 . 8 tais)
teut(w—rx) | Propagation time trom write data to TxRDY clear (Note9) 400 ns
Hmcr.aﬂnm) Propagation time from center of fast bit to AxADY {Noted) ' 26 tocs)
tenLia-aary | Propagation time frorn read data to'RxRDY clear {Note9) - 400 ns
-tm_u(n,c-syﬁ) Prapagation time from rising edge of AxC to internal SYNDET (Nots3) 26 ter s
teuuicra—ag) | Propagation time from center of last bit to TYEMPTY (Note9) 20 teis)
teuL(w-o) - Propagation time from rising edge of WA to control (Note9) 8 ;tc( )

Note 8 . Assumes that address is vaild before falling edge of RD
9 | Status-up date can have a maximum delay of 28 clock periods from the event affecting the status.

10 . Input pulse lovel 0.45~2,4V Reference lavel Input Vig==2V, V;(=0,8V
Input pulse rise time 20ns Output Vou=2V, Vor=0.8V
Input pulse fall time 20ns
2.4

K :
0.45 0.8 0.4
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TIMING DIAGRAMS
System Clock

i

tr

tces)

tw(4) o

Ty

CLK

Transmitter Clock & Data

1 2 3

twitewH)

TxC(1x) —N

“—'ﬂ tpzv{Txc-T20)

<———>| tpzvirsc-TxD)

X

D

A

s

Recelver Clock & Data

Rx-BIT COUNTER STARTS HERE

x DATA BIT

RxD \ START BIT lr DATA BIT
— [r——
8RxC PERIODS 167,C PERIODS 7 )
2 34 56 7 819 1011121314 15161 2 3 4 6§ & 7 206 1011213141516 1 2 3
RxC(16X)
. twiapwl) twinpwhl
G1X) t f \
! §tc(f)
INTERNAL - %
SAMPLING \ J\
PULSE :
e twi$)
t5tit Ax0-18) _j:_ﬁ— t thiis-rxp)
-
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Write Control Cycle (CPU—USART)

- tsuta-w) thiw-a)
c/D ’ : . \
tsucawy thiw-a)

twiw)

\ -

_sutoo.w) | |thow-ng),

Dy~Do

{DATA INPUT) VALID,

teuLiw.c)

Read Control Cycle (USART—CPU)

. tsutc.n)

- - \ " tsuia-m) ' : ' thtn-a) /
CS Y 7 y

7 . y ] 3
c/o - . ) ] S !
_ tsuta-r) thig.a)

twim

tovz(r-na)

Ds~Dy
{DATA OUTPUT)
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Write Data Cycle {CPU—USART)

tsuta.w) thiw.a)

: tsuia-w) thiw-a)
G/D . q E k

m- ' 7 ) S twcw; Z,L

X 2
tsutoa-w) thiw.ca)
DDy | | | !
1~
(DATA INPUT) VALID p
TxADY / ) \
teHLiw-TaR)
Read Date Cycle (USART—CPU) :
7 ’ - - tsuta-r) . thir-ar
tsuta-m) - thep-a)
c/D
i
. 3 WiR) y
A g /
r
: tevzia-oq)
tpzv(r-pq)

=

o !
= — Y

[T \

teHLIR-RaR)




PROGRAMMABLE COMMUNICATION INTERFACE

Transmitter Control & Flag Timing (Async Mode)

oo T U\ [\ [\ [ T
WR-T,EN WR-DATA | WR-DATA 2  WR-DATA 3 " WR-DATA 4 WR-SBRK

m U W\ W | U
o T\ | — J\ \_ I
T ___r—\\ 1 \\ )‘E\ \
e U AW

. teusicLe-TsE)
o \ ‘
RY0000080050v009000063LE0020000 0 0

DATA 1 ] DATA 2 DATA 3 DATA 4 BREAK STATE

Note 11! Example format=7 bits/charactar with parity & 2 stop bits
12: TxRDY(pin) =“H" ~(Tranamit-data buffer is amply) - (TxEN= 1)+ (CTS = "L"}
13 TxRDY(stalus} = 1 «—(Transmit-data butfer is empty)

Recelver Control & Flag Timing (Async Mode)

o T \ S T A [T U\

. 7 AD DATA | ~ RD DATA 3 RD ALL 0 DATA
AD |} Y | -\

WR-RE WR-ER WR-AxE WR-RxE

m | U

BD
(PIN)

DATA 2

LOST]
OE

(STATUS) ,
teLnicLe-rxR)
RxRDY 7 U \ [~ [ \

RD 00200005 V00280006 V00200505 R CXTRERILLY FYIPEVELY.

DATA 1 P DATA 2 P DATA 3 P BREAK STATE

w

FU—lm—l-ﬁ

Note 14 . Example format = 7 bits/character with parity & 2 stop bits
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Transmitter Control & Flag Timing (Sync Mode).

s\ [\ [\ [T T v r
WR  WR . WR WR WA WR  WR
DATA | DATA'2 DATA3  DATA 4 SBRK SBRK DATA 5
WR. | | ' | LA ' ' |
Cts
ol o W Y \
TxADY r“[ \ k \
(STATUS) ; 4
TEMPTY |\ ' r
0 B0RA0A0AREN000EA0NB0CINAD0GR00600 RR0RRARGRAR0GG -

MARK MARK

siuiuinininiehas MARK
STATE DATA1 DATA2 SYNG SYNG DATA 3 DATA 4 STATE BREAK STATE DATAS5 SYNC SYNG
. CH1 CH2 : STATE CH1 GH2,

Note 15: Example format = 5 bils/character with parity, bi-sync characters.

Recelver Control & Flag Timing (Sync Mode)

INTERNAL. SYNG MODE EXTERNAL SYNC MODE
o  _J \ " | N A [ VO W / W VR [ VY R W W
RD _AD RD  RD RD
. DATA | STATUS DATA 3 SYNG CH 1 STATUS  RD STATUS RD DATA
RD ‘ ‘f ._[—\J - jj
WR-EH-R4E 7 . WR-ER WR-EH-RxE
WA ' I
INTERNAL \Eﬂ%ﬂNAL tsuteso-Ac)
SYNDET SYNGC ==
(PIN) (OUTPUT) truifec.sro) | (NPUD n
SYNDET ,
(STATUS) _ , \_
) . DATA
OE , DATA 2 LOST
(STATUS) ) LDST '
R,RDY f l I : [ \ / B \ -
Rxp AR aARARAco00000a00a0DRLA0aROAANTANA000 00000 ’MM
SYNG SYNC!!DATA | DATA 2 DATA 3 SYNC SYNG DATA 2
_— CH1 GCH2ii CH1 CH?2
RxC Iy U-E-l"

EXITS HUNT MODE M

EXITS HUNT MODE_” CHARAGTER , CHARAGTERT SYNDET SET
SYNDET SET ASSEMBLY — (STATUS)
SYNDET SET ASSEMBLY BEGINS CSTATUS) BRGNS

Note 16 ¢ Example format = 5 bits/character with parity, bi-sync characters.



