TOSHIBA TMP82C51A

TMP82C51AP-2/TMP82C51AP-10
TMP82C51AM-2/TMP82C51AM-10

PROGRAMMABLE COMMUNICATION INTERFACE

1. GENERAL DESCRIPTION

The TMP82C51A is the industry standard Universal Synchronous/Asynchronous
Receiver/Transmitter (USART) that is fabricated using C-MOS silicon gate technology.
The 82C51A is mainly used for 8-bit microcomputer extention system, which require
serial data communications.

The TMP82C51AP-2/TMP82C51AP-10 is packaged in the 28 pin standard Dual
Inline Package.

The TMP82C51AM-2/TMP82C51AM-10 is packaged in the 28 pin Small Out Line
Package.

FEATURES

® Synchronous:
5-8 Bit Characters
Internal or External Character Synchronization
Single or Double Character Synchronization (Inrternal)
Automatic Sync Character(s) Insertion

® Asynchronous:
5-8 Bit Characters
Clock Rate-1, 16 or 64 Times Transfer Rate
Break Character Generation
1, 1.5 or 2 stop Bits
False Start Bit Detection
Automatic Break Detect and Handling

¢ Transfer Rate TMP82C51A-2 TMPB82C51A-10
DC-104K bps DC-300K bps

e Full-Duplex, Double-Buffered, Transmitter and Receiver
® Error DetectionParity, Overrun and Framing.

e Single +5V Supply: 5V £10%
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TOSHIBA TMP82C51A
2. PIN CONNECTIONS
(DIP, SOP)
D, 01~ 280 b
D3 O2 273 Do
RxD 3 26 [J Vcc
GND 4 251 RxC
Dg O5 24 1 DTR
Ds 06 23 [J RTS
Dg 07 220 BSK
Dy O8 21 [0 RESET
TxC J9 20 (0 CLK
WR 010 19 0 TxD
cs Ot 18 [ TxEMPTY
c/D 012 173 CTS
RD 013 16 [0 SYNDET/BD
RxRDY []14 15 1 TxRDY 050489
3. BLOCK DIAGRAM
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TOSHIBA TMP82C51A

4. PIN NAMES AND PIN DESCRIPTIONS
4.1 INTERFACE SIGNALS TO CPU (MAIN SYSTEM)

DO0-D7 (Input/Output)

This 3-state, bidirectional, 8-bit buffer is used to interface with the system Data
Bus. Data is transmitted or received through the buffer upon execution of Input or
Output Instructions of the CPU. Control Words, Command Words and Status
Information are also transferred through the Data Bus Buffer.

WR (Input)

A “low” level signal on this input informs the 82C51A that the CPU is Writing
Data or Control Words to the 82C51A.

RD (Input)

A “low” level signal on this input informs the 82C51A that the CPU is Reading
Data or Status Information from the 82C51A.
CS (Input)

A “low” level signal on this input selects the 82C51A. No reading or writing
operation will occur unless the device is selected. When CS is “high” the Data Bus is
in the floating state and RD and WR have no effect on the chip.

C/D (Input)

This input signal, in conjuction with the WR and RD inputs, informs the 82C51A
that the word on the Data Bus is either a Data Bus Character, Control Word or Status
Information. A “high” level signal means Control or Status, a “low” level signal
means Data.

c¢/D  RD R [«
o] 0 1 0 82C51A Receive DATA Buffer — DATA Bus
0 1 0 ] 82CS51A Transmit DATA Buffer « DATA Bus
1 0 1 0 82C51A Status DATA Buffer — DATABus
X 1 1 0 DATA Bus isin floating state.
X X X 1 DATA Bus isin floating state.
CLK (Input)

The CLK input is used to generate internal device timing. No external input or
output referenced to CLK, but the frequency of CLK must be greater than 30 times
the Receiver or Transmitter Data Bit Rates (RxC or TxC) in Synchronous Operation,
and greater than 4.5 times the Receiver Data Bit Rates (RxC or Trransmiter, TxC) in
Asynchronous operation.
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TOSHIBA TMP82C51A

e RESET (Input)

A “high” level signal on this input forces the 82C51A into an “Idle” mode. The
device will remain “Idle” until a new set of Control Words is written into the 82C51A
to program its functional definition. Minimum RESET pulse width is 6 tcy.

4.2 MODEM CONTROL SIGNALS
¢ DSR (Input)

The DSR input signal is a general purpose, 1-bit inverting input port. Its condition
can be tested by the CPU using a Status Read Operation. The DSR input is normally
used to test MODEM conditions such as Data Set Ready signal.

® DTR (Output)

The DTR output signal is a general purpose, 1-bit inverting output port. It can be
set “low” by programming the appropriate bit in the Command Instruction Words.
The DTR output signal is normally used for MODEM control such as Data Terminal
Ready or Rate Select signal.

® RTS (Output)

The RTS output signal is a general purpose, 1-bit inverting output port. It can be
set “low” by pogramming the appropriate bit in the Command Instruction Word. The
RTS output signal is normally used for MODEM control such as Request to Send
signal.

o CTS (Input)

A “low” level signal on this input enables the 82C51A to transmit serial data, if the
Tx Enable Bit in the Command Byte is set to a “one” (TxEN=1). If either a Tx
Enable off (TxEN=0) or CTS off (CTS=1) condition occurs while the Tx is in
operaion, the Tx will transmit all the data in the USART, written prior to Tx Disable
Command before shutting down.

4.3 TRANSMIT CONTROL SIGNALS
o TxC (Input)

The transmitter Clock controls the rate at which the character is to be transmitted.
In the Synchronous Transmission Mode, the Transfer Rate (1x) is equal to the TxC
frequency. In Asynchronous Transmission Mode the transfer rate is a fraction of the
actual TxC ferquency. A portion of the Mode Instruction selects this factor; it can be
1, 1/16 or 1/64 the TxC.
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For Example:
If Transfer Rate equals 110 bps,
TxC = 110 Hz (1x)
TxC =176 kHz (16x%)
TxC = 7.04 Hz (64x)
The falling edge of TxC shifts the serial data out of the 82C51A.

¢ TxD (Cutput)

This line is used to transmit serial data. Serial output data on TxD is changed
from parallel data to serial data in accordance with the TxD line will be held in the
marking state (‘1’ level) immediately on one of the followings.

Master Reset - Tx Disable (TxEN=0)
CTS signal is high (CTS=1) - TxEMPTY signal is high (TxEMPTY =1)

® TxRDY (Output)

This output informs the CPU that the transmitter is ready to accept a Data
Character. The TxRDY output pin can be used as an interrupt to the system, since it
is masked by Tx Disable (TxEN=0), or, for polled Operation, the CPU can check
TxRDY using a Status Read Operation, TxRDY is automatically reset by the trailing
edge of WR when a Data Character is loaded from the CPU. The TxRDY pin output
status (TxRDY (pin)) is different from the TxRDY status bit status register (TxRDY
(status bit)) as follows.

TxRDY (status bit) = (Transmit Data Buffer Empty)
TxRDY (pin) = (Transmit Data Buffer Empty) AND (CTS=0) AND (TxEN =1)

& TxEMPTY (Output)

The TxEMPTY output will go “high” when the 82C51A has no characters to send.
It resets upon receiving a character from the CPU if the transmitter is enabled.

In Synchronous Mode, a “high” level signal on this output indicates that a
Character has not been loaded and the SYNC Character or Characters are about to be
or are being transmitted automatically as “fillers”. TxEMPTY does not go “low”
when the SYNC characters are being shifted out.
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4.4 RECEIVE CONTROL SIGNALS
& RxC (Input)

The Receiver Clock controls the rate at which the character is to be received. In
Synchronous Mode, the Transfer Rate (1x) is equal to the actual frequency of RxC. In
Asynchronous Mode, the Transfer Rate is a fraction of the actual RxC frequency. A
portion of the Mode Instruction selects this factor; 1, 1/16 or 1/64 the RxC.

For Example:

If Transfere Rate equals 2400 bps,

RxC = 2.4kHz {1x)
RxC = 388.4kHz (16x)
RxC = 153.6 kHz (64x)
Data is sampled into the 82C51A on the rising edge of RxC.

® RxD (Input)

This line is used to receive the serial data. Serial input data on this line is changed
to parallel data in accordance with the format specified by the Control Words, and
then transfered to the Receive Data Buffer.

® RxRDY (Output)

This output indicates that the 82C51A contains a Data Character that is ready to
be input to the CPU. RxRDY can be connected to the interrupt structure of the CPU,
or, for Polled Operation, the CPU can check the condition of RxRDY using Status
Read Operation.

Rx Enable off both masks and holds RxRDY in the Reset Condition.

e SYNDET/BD (Input/Output)

This pin is used for SYNDET in Synchronous Mode and may used as either input
or output, programmable through the Control Word. It is reset to output mode “low”
upon RESET. When used as an Output (Internal Sync Mode), the SYNDET pin will
go “high” to indicate that the 82C51A has located the SYNC Character in the Receive
Mode. If the 82C51A is programmed to use Double Sync Characters then SYDET will
go “high” in the middle of the last bit of the second SYNC Character. SYNDET is
automatically reset upon a Status Read Operation. When used as an Input (External
Sync Mode), a positive going signal will cause the 82C51A to start assembling Data
Characters on the rising edge of the next RxC.
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In Asynchronous Mode this pin is used BD.

This output will go "high” whenever the receiver remains “low” through two
consecutive Stop Bit Sequences (including the Start Bits, Data Bits, and parity bits).
Break Detect may also be read as a Status Bit.

It is reset only upon a Master Chip Reset or Rx Data returning to a “one” state.

4.5 POWER SUPPLY
o VCC (Power)

+ 5 Volt supply
& GND (Power)

0 Volt supply
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5. ELECTRICAL CHARACTERISTICS
5.1 MAXIMUM RATINGS

Symbol ftem Rating
Ve Power Supply Voltage {with respect to GND) -0.5Vto 7.0V
VIN Input Voltage (with respect to GND) -0.5VtoVcc+0.5
VouTt Output Voltage (with respect to GND) ~0.5VtoVec+0.5
Pp Power Dissipation 250mw
TSOLDER Soldering Temperature (10 sec) 260°C
TsT1G. Storage Temperature ~65°Cto 150°C
TopR. Operating Temperature -40°Cto 85°C

050489

52 D.CCHARACTERS
Topr= -40°Cto +85°C, VCC = +5V * 10%, GND =0V, Unless otherwise noted.

Symbol Parameter Test Conditions Min. Typ. Max. Units
VL Input Low Voltage -0.5 - 0.8 \
Vi Input High Voltage 2.2 - VCC+0.5 \
Vor Qutput Low Voltage IOL=2.2mA - - 0.45 \
VOH1 Output High Voltage IOH = - 400pA 2.4 - - \
VoH2 Output High Veoltage IOH = - 100pA Vcc-0.8 - - Y
IOFL Output Leak Current 0.45V=VOUT = vCC N N 10 BA
1L Input Leak Current 0.45V=VOUT = VvCC - - +10 BA

Power Supply Current  [tcyc=200ns - 1.2 5.0 mA
(AP-2/AM-2, 5MHz) Vin =4.8V/0.2V
1CC1 Power Supply Current teyc=125ns - 2.0 10.0 mA
(AP-8/AM-8, 8MHz) Vin =4.8Vv/0.2V
Power Supply Current tcyc = 100ns - 2.5 15 mA
{AP-10/AM-10, 10MHz)} |Vin =4.8V/0.2V
Power Supply Current STOP Ali Clocks
IcC2 PpRly VCC=5V,Co=1 - 0.5 10.0 HA
(Standby Mode)
Vin =4.8V/0.2V

050489
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5.3 ACCHARACTERISTICS
Topr= -40°Cto 85°C, VCC =5V + 10%, GND =0V, Unless otherwise noted.
5.3.1 Bus Read Cycle Timing Note 1)

Test AP-2/AM-2 | AP-10/AM-10 ‘
Symbol Parameter = Units
Conditions | Min. | Max. | Min. | Max.
CS, C/D Set-up
tar Time for RD ° 0 ns
CS, C/D Hold
A | Time for RD o - B - s
tRR RD Pulse Width 150 - 120 - ns
Data Delay Time CL=150pF
tho for RD Note 2) Note 3) 140 100 ns
tor Data Hold Time for RD 10 80 10 50 ns
230589
5.3.2 Bus Write Cycle Timing {(Note 1)
AP-2/AM-2 AP-10/AM-10
Symbol Parameter Te.sﬁ Units
Conditions | Min. | Max. | Min. | Max.
CS, C/D Set-up
taw Time for WR 0 0 - ns
CS, C/D Hold
twa Time for WR 0 - 0 - ns
tww | RD Pulse Width 150 - 120 - ns
Data Set-up Time
tow form 100 70 ns
Data Hold Time
WO for WR o O T
Recovery Time Between
tRv Write Note 4) 6 6 - teye

230589
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TOSHIBA TMP82C51A
5.3.3 Other Timings

Symbol Parameter Corlfisttions Nﬁ:_'Z/AI:\AA_:X_ ':AF;:.O/ATA';: Units

teyc Clock Period Note 5), 6) 200 - 100 - nsS

tH Clock High Level Wdith 80 - 40 - ns

tL Clock Low Level Wdith 50 - 30 - ns

tR, tF Clock Rise, Fall Time - 20 - 10 ns

DTx TxD Delay Time from Falling - 1 - 0.5 us
Edge of TxC
Transmitter input| 1xBaud Rate DC 104 DC 300

fTx Clock Frequency | 16xBaud Rate DC 528 DC 2000 kHz

64xBaud Rate DC 832 DC 2000

Transmitter Input| 71xBaud Rate 12 - 12 -

tTPH Clock Low Level | 16x, 64x, 1 ~ 1 - teyc
Width Baud Rate
Transmitter Input| txBaud Rate 15 - 15 -

tTPL Clock High Level |16x, 64x, - - teyc
Width Baud Rate
Receiver Input ixBaud Rate DC 104 DC 300

fRx Clock Frequency | 16xBaud Rate DC 528 DC 2000 kHz

64xBaud Rate DC 832 DC 2000

Receiver Input 1xBaud Rate 12 - 12 -

tRPH Clock High Level | 16x, 64x, 1 - 1 - teyc
Width Baud Rate
Receiver Input 1xBaud Rate 15 - 15 -

tRPH Clock Low Level |16x, 64x, 3 - 3 - teyc
Width Baud Rate

fTXRDY TxRDY Pin DelayTime from - 14 - 14 teyc
Center of Last Bit

tTxRDY |TxRDY Clear Delay Time from - 400 - 150 ns

CLEAR |Leading Edge of WR

RXRDY TxRDY Pin Delay Time from - 26 - 26 teyc
Center of Last Bit

tRxRDY |TxRDY Clear Delay Time from - 400 - 150 ns

CLEAR |Leading Edge of WR

s Internal SYNDET Delay Time - 26 - 26 teyc
from Rising Edge of RxC

€ES External SYNDELS_et-up Time for - 18 - 18 teyc
Falling Edge of RxC

+Tx TXEMPTY Delay Time from - 20 - 20 teyc

EMPTY | Center of Last Bit

we Control D_elay Timefr_om*R_ising - 8 - 8 teyc
Edge of WR (TXEN, DTR RTS)

tCR DSR, CTS Set-up Time for RD 20 - 20 - teyc

230589
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TOSHIBA TMP82C51A

Notes:
1) AC Test Condition: Output measuring points VOH=22V, VOL=0.8V
Input supply level VIH=2.4V,VIL=0.45V
2) Assumesthat Address is valid before the falling edge RD.
3) CLmeans load capacitance.
4) Thisrecovery time is defind only for Mode Intialization.
‘Write Data is allowed only when TxRDY =1. Recovery Time between Writes for Asynchronous
Mode is 8 tcyc and for Synchronous Mode is 16 tcye.
5) TheTxC and RxC frequencies have the following limitations with respect to CLK:
For 1x Transfer Rate, fTx or fRx<1 (30 teye)
For 16x and 64x Transfer Rate, fTx or fRx=1 (4.5 tcyc)
6) Minimum Reset Pulse Width is 6 tcye. System Clock must running during Reset.
7) Status up data can have a maximum delay of 28 clock periods from the event affecting the

status.
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6. TIMING WAVEFORMS
Heetr  tg
cLK k i N N
tH 1L
teye
o 050489
Figure 6.1 System Clock
tTPL trPH
TxC(1xMODE) N /T 1\
xc (ieavone) W\\NANNNNNANNNNNANNNNNNNNNNANNNNNVINY
totx toTx
TxD P D x
050489
Figure 6.2 Transmitter Clock and Data
Rx transfer counter starts here.
RxD _\g START BIT / DATABIT X
trRPL treH
RxC (1xMODE)
8RxC PERIODS 16RxC PERIODS
RxC (16xMQDE) {16xMQODE) {16xMODE)
3teye
-A
INTERNAL - [\
SAMPLING PULSE "
H

050489

Figure 6.3 Receiver Clock and Data
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TOSHIBA TMP82C51A
TxRDY / \r
tTxRDY CLEAR u-»l
tww
WR 1
N v
tow Wb
DATA BUS DON'T CARE DON'T CARE
(INPUT DATA) 4 DATA STABIE >
taw twa
c/D \ 4
taw twa
s \ 4
050489
Figure 6.4 Write Data Cycle (MPU — 82C51A)
RxRDY / \
tRxRDY CLEAR
— trRR
RD
N a
tRD toF
DATA FLOATING DATA FLOATING
DATA BUS — L DATAVALID B
(OUTPUT DATA)
tAR trA
C/D ™\ y/
tArR trA
[s \ /

Figure 6.5 Read Data Cycle (82C51A — MPU)

050489
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DTR, RTS P
tww _twe
WR
N
tow twb
DATA BUS DON'T CARE DON'T CARE
(INPUT DATA) — DRTASTABLE >
taw twa
c/D Z N
taw twa
cs N /

050489

Figure 6.6 Write Control or Output Port Cycle (MPU — 82C51A)

DSR, CT5 b
1cr tRR
RD
N 2
DATA FLOTING tRD toF
DATA BUS n DATA FLOATING
(OUTPUT DATA) DATAVALID B
taR trRA
C/D ¥ N
tar trRA
= \ /

050489

Figure 6.7 Read Control or Input Port Cycle (82C51A — MPU)
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TS l\
TXEMPTY l

|/
TXRDY
(STATUS BIT) J } Ji
TXRDY 4 \
. | {
\ i \ i

a5 VIV ] ]/

WR DATA 1 WR DATA2 Wi DATA 3 DATA 4 WRCCI\/}(\AANDWRCOMMAN WR DATA 5
WR
y * \\
% 1 PLO, 4 pLok 1021 344) | , 1 4] 1521 3] 4] P} O]
MARKING DATA DATA SYNC SYNC DATA DATA MARKING BREAK MARKING DATA SYNC  SYNC
STATE CHARA1 CHARAZ CHARA1 CHARA2 CHARA3 CHARA4 STATE STATE CHARAS CHA1 CHA2
EXAMPLE FORMAT : 5BIT CHARACTER WITH PARITY 2 SYNC CHARACTERS. 050489
Figure 6.8 Transmitter Control and Flag Timing (SYNC Mode)
_EXTERNAL
SYNC
SYNDET INTERNAL SYNC f Ji i ﬂ R
(PIN) s T
| o T ES
SYN DET d\ K
(STATUS BIT)
OE DATA2 foata2
(STATUS BIT) LOST LOST
RXRDY
(PIN) = i
v ]\ /T T T U TN
WERH.R X E WRER WREH
WR \ RD| | RD RD RO RD
DATA 1 STATUS RDSYNC CH1|STATUS STATUS DATA 1
RxD cototiofeetotetetct HB000C
SYNC SYNC DATA DATA DATA SYNC SYNC DATA PATA
| CHARA1 | CHARA2 | lcwmm | CHARA2 | CHARA3 | CHARA1 | CHARAZ CHARAT | CHARAZ |
CHARA ASSY BEOINS |
RxC E
EXIT MUNT MODE
SET SYNDET " 1
EXIT MUNT MODE SET SYNDET
SETSYNDET (STATUSBIT)  (STATUS BIT)

EXAMPLE FORMAT : 5BIT CHARACTERS WITH PARITY 2 SYNC CHARACTERS.

050489

Figure 6.9 Receiver Control and Flag Timimg (SYNC Mode)
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TOSHIBA

TMP82C51A
crs 1 tTxEMPTY  —
TXEMPTY \ /
T™XRDY T} (_j
(STATUS BIT) / IL /
-
TxRDY { (—$ tTxRDY, \ 3
(PIN) ———J_ X / \ \
WRDATA1 WRDATA2 WRDATA3 WRDATA4
/B [T\ iy i
WRTX/EN WRSBRK
WR \/
\ — \v
TxD A
o X
00ERAEFA @MW@W o e0as0an \ORRMe s o5
DATA DATA DATA DATA
CHARAI1 CHARA2 CHARA3 CHARA4 050489
EXAMPLE FORMAT : 7 BIT CHARACTER & 2 STOP BITS.
NOTE- TxRDY (PIN) = (Transmit Data Buffer is empty) . (TxEN=1) , (CTS=0)
" | TXRDY (STATUS BIT) = (Transmit Data Buffer is empty)
Figure 6.10 Transmitter Control and Flag Timimg (ASYNC Mode)
BD (BIT) / \
OF DATA 2)
(STATUS BIT) LOsT
tRxRDY /__1
RXRDY
R DDATA1 RDDATA3
a5 [\ / / ARV
WRRXE WRRXE WRRxXE
WR \ ’
"o / \/
RxD @oe@@@@ ;STP (0 1(2[3[afsfs (PR TA\s oY a)s Y| rs Te BREAK
DATA DATA DATA $0123456 PSTP
CHARA1 CHARA2

CHARA3

EXAMPLE FORMAT : 7 BIT CHARACTER WITH PARITY & 2 STOP BITS 050489

Figure 6.11 Receiver Control and Flag Timing (ASYNC Mode)
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7. OQOUTLINE DRAWING
7.1 DIP
DIP28-P-600
Unit: mm
28 15 _ "
el el =l el =l W i e O = &
o =
+ ~
s E 5o
+1
| D QWS [y I [ Sy WS S N SN [ SN0 Jy S iy S S Ry G S L m
1 14 o
| 37.0+0.2 | #
i | 50
H o
ot o
A -
B o
s "
1 He—  t—1$[F025yY]
1.99TYP

2.54

270289

Note : Lead pitch is 2.54mm and to lerance is £0.25mm against theoretical center of each lead that
is obtained on the basis of No.1 and No.28 leads.
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7.2 SO°P
SOP28-P-450

Unit : mm
18.5+0.2

‘Zﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁ —

8.8%0.2
11.8+£0.3

(450mi i)

| -

[iJIUUl’H’JUU I
L] !!0.4310.1 o0

1.27
" -a
S f?k
A
= o

1.0TYP

270289

Note: Package Width and Length do not include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.
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PROGRAMMABLE COMMUNICATION INTERFACE

TMP8251AP

1. GENERAL DESCRIPTION

The TMP8251AP is the industry standard Universal Synchronous/Asynchoronous
Receiver/Transmitter (USART) that is fabricated using N-channel silicon gate MOS
technology.

The TMP8251A is mainly used for 8-bit microcomputer extension systems, which
require serial data communications.

The TMP8251AP is packaged in the 28pin standard Dual Inline package.

FEATURES
L Synchoronous:
5-8 Bit Characters
Internal or External Character Synchronization
Single or Double Character Synchronization (Internal)
Automatic Sync Insertion
(] Asynchronous:

5-8 Bit Characters

Clock Rate - 1, 16 or 64 Times Transfer Rate
Break Character Generation

1, 1.5, or 2 Stop Bits

False Start Bit Detection

Automatic Break Detect and Handling

. Transfer Rate DC to 64K bps (Synchronous)
DC to 19.6K bps (Asynchronous)
] Full-Duplex, Double-Buffered, Transmitter and Receiver
(] Error DetectionParity, Overrun and Framing
[ Single +5V Supply
L Compatible with Intel’s 8251A/S2657
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2. PIN CONNECTIONS(TOP VIEW)
D2 1 -/ 28 D1
D3 O2 270 Dy
RxD O3 26 0 VvCC
GND 4 253 RxC
Ds O5 240 DTR
Ds 6 230 RTS
De 07 22 1 DSR
Dy 08 210 RESET
TxC 9 20 1 CLK
WR []10 190 TxD
cs 11 18 [ TXEMPTY
<D g2 170 CTS
RD 013 16 [ SYNDET/BD
RxRDY [ 14 15 [0 TxRDY
as0489
3. BLOCK DIAGRAM
] RECEIVE DATA TRANSMIT
BUFFER BUFFER TxD
Do (P—S)
D4 *
D2 1
D3 TRANSMIT TxRDY
Dy TXEMPTY
Ds TRANSMIT DATA CONTROL fo=e1— TxC
Ds BUFFER
D7
COMMAND DATA
BURRER RECEIVE BUFFER RxD
A (PeS)
tq
RESET
CLK RECEIVE RxRDY
READ /WRITE > SYNDET/BD
B CONTROL CONTROL p=7— RxC
RD —— .4 LOGIC
WR 9 o—> RTS
= | MODEM
o E—— oet— CTS
CONTROL
vee | S i
GND —+— INTERNAL
DATA BUS

050489
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4. PIN NAMES AND PIN DESCRIPTIONS
4.1 INTERFACE SIGNALS TO MPU (MAIN SYSTEM)

Dg~D7 (Input/Output)

This 3-state bidirectional, 8-bit buffer is used to interface the 8251A to the
system Data Bus. Data is transmitted or received through the buffer upon
execution of Input or Output Instructions of the MPU. Control Words, Command
Words and Status Information are also transffered through the Data Bus Buffer.

WR (Input)

A “low” level signal on this input informs the 8251A that the MPU is Writing
Data or Control Words to the 8251A.

RD (Input)

A “low” level signal on this input informs the 8251A that the MPU is Reading
Data or Status Information from the 8251A.
CS (Input)

A “low” level signal on this input selects the 8251A. No reading or writing
operation will occur unless the device is selected. When CS is “high” the Data Bus
is in the floating state and RD and WR have no effect on the chips.

C/D (Input)

This input signal, in conjunction with the WR and RD inputs, informs the
8251A that the word on the Data Bus is either a Data Character, Control Word or
Status Information. A “high” level signal means Control or Status, a “low” level
signal means Data.

<D  RD R s
0 0 1 ¢] 8251A Recieve DATA Buffer — Data Bus
0 1 0 [¢] 8251A Transmit DATA Buffer « Data Bus
1 o] 1 Q 8251A Status DATA Buffer — Data Bus
1 1 0 a 8251A Command DATA Buffer « Data Bus
X 1 1 Q DATA Bus is in floating state.
X X X 1 ke
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CLK (Input)

The CLK input is used to generate internal device timing. No external input or
output is referenced to CLK, but the frequency of CLK must be greater than 30
times the Receiver or Transmitter Data Bit Rates (RxC or TxC) in Synchronous
Operation, and greater than 4.5 times the Receiver Data Bit Rated (RxC) in
Asynchronous Operation.

RESET (Input)

A “high” level signal on this input forces the 8251A into an “Idle” mode. The
device will remain at “Idel” untill a new set of Control Words is written into the
8251A to program its functional definition. Minimum RESET pulse width is 6 tcy.

4.2 MODEM CONTROL SIGNALS

DSR (Input)

The DSR input signal is a general purpose, 1-bit inverting input port. Its
condition can be tested by the MPU using a Status Read Operation. The DSR
input is normlaly used to test MODEM conditions such as Data Set Ready signal.

DTR (Output)

The DTR output signal is a general purpose, 1-bit inverting output port. It can
be set “low” by programming the appropriate bit in the Command Instsruction
Word. The DTR output signal is normally used for MODEM control such as Data
Terminal Ready or Rate Select signal.

RTS (Output)

The RTS output signal is a general purpose, 1-bit inverting output port. It can
be set “low” by programming the appropriate bit in the Command Instruction
Word. The RTS output signal is normally used for MODEM control such as
Request to Send signal.

CTS (Input)

A “low” level signal on this input enables the 8251A to transmit serial data, if
the Tx Enable Bit in the Command Byte is set to a “one” (TxEN=1). If either a Tx
Enable off (TXxEN=0) or CTS off (CTS=1) condition occurs while the Tx is in
operation, the Tx will transmit all the data in the USART, written prior to Tx
Disable Command before shutting down.
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4.3 TRANSMIT CONTROL SIGNALS
[ TxC (Input)

The Transmitter Clock Controls the rate at which the character is to be
transmitted. In the Synchronous Transmission Mode, the transfer rate (1x) is
equal to the TxC frequency. In Asynchronous Transmission Mode, the transfer
rate is a fraction of the actual TxC frequency. A poriton of the Mode Instruction
selects this factor; it can be 1, 1/16 or 1/64 the TxC.

For Example:
If transfer rate equals 110 bps,
TxC=110Hz (1x)
TxC=1.76 KHz (16x)
TxC=17.04 KHz (64x)

The falling edge of TxC shifts the serial data out of the 8251A.
° TxD (Output)

This line is used to transmit the serial data. Serial output data on TxD is
changed from paralled data to serial data in accordancae with the format specified
by the Control Words.

TxD line will be held in the marking state (‘1 level) immediately on one of the
following.s

o Master Reset > Tx Disable (TxEN=0)

o CTS signalis high (CTS=1) o TxEMPTY signal is high (TxEMPTY =1)

. TxRDY (Output)

This output informs the MPU that the transmitter is ready to accept a Data
Character. The TxRDY output pin can be used as an interrupt to the system, since
it is masked by Tx Disable (TxEN =0), or, for polled Operation, the MPU can check
TxRDY using a Status Read Operaiton. TxRDY is automatically reset by the
trailing edge of WR when a Data Character is loaded from the MPU. The Tx RDY

pin output status (Tx RDY (pin)) is different from the TxRDY status bit status
(TxRDY (status bit)) as follows.

TXRDY (status bit )=(Transmit Data Buffer Empty)
TxRDY (pin) =(Transmit Data Buffer Empty) - (CTS=0) - (TxEN=1)
. TxEMPTY (Output)

The TxEMPTY output will go “high” when the 8251A has no characters to send.
It resets upon receiving as character from the MPU if the transmitter is enabled.
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In Synchronous Mode, a“high” level signal on this output indicates that a
Character has not been loaded and the SYNC Character or Characters are about to
be or are being transmitted automatically as “fillers”. Tx EMPTY does not go
“low” when the SYNC characters are being shifted out.

4.4 RECEIVE CONTROL SIGNLAS
. RxC (Input)

The Receiver Clock controls the rate at which the character is to be received. In
Synchronous Mode, the Transfer Rate (1x) is equal to the actual frequency of RxC.
In Asynchronous Mode, the Transfer Rate is a fraction of the actual RxC
frequency. A portion of the Mode Instruciton selects this factor; 1, 1/16 or 1/64 the
RxC.

For Example:
if Transfer Rate equals 2400 bps,
RxC=2.4 KHz (1x)
RxC=38.4 KHz (16x)
RxC=153.6 KHz (64x)

Data is sampled into the 8251A on the rising edge of RxC.
[ ] RxD (Input)

This line is used to receive the serial data. Serial input data on this line is
changed to parallel data in accordance with the format specified by the Control
Words, and then transfered to the Receive Data Buffer.

. RxRDY (Output)
This output indicates that the 8251 A contains a Data Character that is ready to
be input to the MPU. RxRDY can be connected to the interrupt structure of the

MPU, or, for Polled Operation, the MPU can check the condition of RxRDY using a
Status Ready Operaiton.

Rx Enable off both masks and holds RxRDY in the Reset Condition.
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L] SYNDET/BD (Input/Output)

This pin is used for SYNDET in Synchronous Mode and may be used as eigher
input or ourput, programmable through the Contorl Word. It is reset to output
mode “low” upon RESET. When used as an Output (Internal Sync Mode), the
SYNDET pin will go “high” to indicate that the 8251A is programmed to use
SYNC Character in the Receive Mode. If the 8251A is programmed to use Double
Sync Characters then SYNDET will go “high” in the middle of the last bit of the
second SYNC Character. SYNDET is automatically reset upon a Status Read
Operation. When used as an Input (External Sync Mode), a positive going signal
will cause the 8251A to start assembling Data Characters on the rising edge of the
next RxC.

In Asynchronous Mode this pin is used for BD. This output will go “high”
whenever the receiver remains “low” through two consecutive Stop Bit Sequences
(including the Start Bits, Data Bits, and Parity Bits). Break Detect may also be
read as a Status Bit. It is reset only upon a Master Chip Reset or Rx Data
returning to a “one” state. But, if the Rx data returns to a “one” State during the
last bit of the next character after the Break, Break detect does not always reset.

45 POWERSUPPLY

L Vg (Power)
+ 5 Volt supply

. GND (Power)
0 Volt supply

MPUB5-66

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP8251A

5. ELECTRICAL CHARACTERISTICS
5.1 MAXIMUM RATINGS

SYMBOL ITEM RATING
Vce Power Supply Voltage (with respect to GND) -0.5Vto 7.0V
VIN Input Voltage (with respect to GND) -0.5Vto 7.0V
Vout Output Voltage (with respect to GND) -0.5Vto 7.0V
Pp Pawer Dissipation {Ta = 70°C) w
Tsolder Soldering Temperature (10 sec) 260°C

Tstg Storage Temperature -55°Cto 150°C
Topr. Operating Temperature 0°C to 70°C

050489

5.2 D.C.CHARACTERISTICS

Topr=0°C10 70°C, Vce =5V £ 5%, GND =0V, Unless otherwise noted.

SYMBOL PARAMETER TEST CONDITIONS MIN. | TYP. | MAX.| UNIT
ViL Input Low Voltage -0.5 - 0.8 \%
ViH input High Voltage 2.2 - Vce \
Vour Output Low Voltage loL=2.2mA - - 0.45 \
VoH Output High Voltage lon = —400pA 2.4 - - vV
loFL Output Leak Current 0.45V=Voyur= Ve - - 10 pA
i Input Leak Current 0.45V=V|N=Vee - - 10 BA
lec Power Supply Current | All Outputs = “High" - - 100 mA

050489

5.3 A.CCHARACTERISTICS

Topr=0°Cto 70°C, Ve = 5V £ 5%, GND = 0V, Unless otherwise noted.

5.3.1 Bus Read Cycle Timing  Note 1)

SYMBOL PARAMETER TEST CONDITIONS MIN. | TYP. | MAX.| UNIT
taR CS, ¢/D Set-up Time for RD 50 - - ns
trRA CS, ¢/D Hold Time for RD 50 - - ns
tRR RD Pulse Width 250 - - ns
tRD Data Delay Time for RD Note 2) CL=150pF Note3) - - 250 ns
toF CS, C/D Set-up Time for RD 10 - 100 ns

50489
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5.3.2 Bus Write Cycle Timing Note 1)
SYMBOL PARAMETER TEST CONDITIONS MIN. | TYP. | MAX.| UNIT
taw CS, /D Set-up Time for WR 50 - - ns
twa CS, ¢/D Hold Time for WR 50 - - ns
tww WR Pulse Width 250 - - ns
tow Data Set Up Time for WR 150 - - ns
twp Data Hold Time for WR 50 - - ns
try Recovery Time between WRITES | Note 4) 6 - - teye

05048%
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5.3.3 Other Timing
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
teye Clock PeriodNote 5), 6) 320 - 1350 ns
tH Clock High Level Width 140 - teyc — 90 ns
tL Clock Low Level Width 90 - - ns
tR, te Clock Rise and Fall Time - - 20 ns
TxD Delay Time from Falling Edge of
toTx — - - 1 ps
TxC
1x, 64x Baud Rate DC - 64
Fry Transmitter Input 16x Baud Rate DC _ 310 kHz
Clock Frequency
64x Baud Rate DC - 615
TTanimittﬁr Input 1x Baud Rate 12 - - t
Clock High Level
treH Width 9 16, 64x Baud Rate 1 - _ e
Transmitter Input 1x Baud Rate 15 - - ¢
t Clock Low Level
TP W?c;:th owreve 64x Baud Rate 3 - - e
1x Baud Rate DC - 64
fax Transmitterinput g% Baud Rate | bC | 310 | kHz
Clock Frequency
64x Baud Rate DC - 615
Transmitter Input 1x Baud Rate 12 - -
tRPH Ciock High Level teye
Width 64x Baud Rate 1 - -
" Transmitter input 1x Baud Rate 15 - -
RPL Clock Low Level teye
Width 64x Baud Rate 3 - -
TxRDY Pin Delay Time from Center of 8 N Note 7
it - CyC
tTxROY Last Bit
TxRDY Clear Delay Time from Trailing 6 t Note 7
—_— - - CyC ote
tRxRDY CLEAR Edge of WR Y
RxRDY Pin Delay Time from Center of
tRxRDY . y - - 24 teye | Note 7
Last Bit
RxRDY Clear Delay Time from Leading " Note 7
_ - - CyC
tRxRDY CLEAR Edge of RD 6 ¥
Internal SYNDET Delaya Time from
tis L R - - 24 teye | Note 7
Rising Edge of RxC
External SYNDET Set-Up Time fore
tEs . 16 - - teye | Note7
Falling Edge of RxC
TxEMPTY Delay Time from Center of
20 - - teye | Note7
trREMPTY Last Bit Y
Control Delay Time from Rising Edge
twe o Y I ER 8 - - teye | Note 7
of WR (TxEN, DTR, RTS)
ter DSR, CTS Set-Up Time for RD 20 - - teye | Note 7
050489
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Note :
1) AC Test Conditions: Outputmeasuring Point Vop=2.0V, VoL=0.8V
Input supply level Vig=2.4V, ViL=045V
2) Assumes that Address is valid before the falling edge of RD.
3) Cpmeans load capacitance.
4) Thisrecovery time is defined only for Mode Intialization.
Write Data is allowed only when TxRDY =1. Recovery Time between Writes for Asynchronous
Mode is 8 tcy and for Synchronous Mode is 16 tcy.
5) TheTxC and RxC frequencies have the following limitations with respect to CLK:
For 1x Transfer Rate, frx or frx= 1/(30tcy)
For 16x and 64x Transfer Rate, frxor fRx= 1/(4.5tcy)
6) Minimum Reset Pulse Width is 6 tcy. System Clock must be running during Reset.
7) Status up data can have a maximum delay of 28 clock periods from the event affecting the

status.
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6. TIMING WAVEFORMS

e—1tr 1R
cLx : s e N
tH tL
teye

050489

Figure 6.1 System Clock

| trpL trpH ;

TC (1xMODmL___7 X / .
xc exmooe \NANNNANANNNNNNN ANV VUV

torx tpTX

TxD X B ‘X:

050489

Figure 6.2 Transmitter Clock and Data

Rx transfer counter starts here.

RxD —\L/ START BIT / DATA BIT

. X
trPL trPH
RxC (1xMODE)
S \

8RxC PERIODS 16RxC PERIODS !
RxC (16xMODE) (16xMODE) (16xMODE)

WANNNNANNNNANNNNNNNNNNNNNNNNNNN

3teye
INTERNAL i
AL\JMFELING - N

tH 050489

Figure 6.3 Receiver Clock and Data
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TxRDY

DATA BUS
(INPUT DATA)

RxRDY

DATA BUS
(OUTPUT DATA)

—»—l«— tTxRDY CLEAR
tww
N /
tow Wb
DON'T CARE DATA FLOATING
{ DATA STABLE [
taw twa
|8 4
taw twa
* :‘/ 050489

Figure 6.4 Write Data Cycle (MPU—8251A)

tRxRDY CLEAR
tRR
tRD toF
DATA FLOATING g N DATA FLOATING
{DATAVALID P
tar trA
) 4
tAR trRA
p 4
050489

Figure 6.5 Read Data Cycle (8251A—MPU)
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DTR, RTS X
tww twe
WR
N g
tow twb
DATA BUS DON'T CARE j DON'T CARE
(INPUT DATA) <_DATA STABLE
taw twa
C/D 7# K
taw twa
° \- / 0504893

Figure 6.6 Write Contorl or Qutput Port Cycle (MPU—82251A)

DSR, CTS p:
tcr tRR
RD
N 7
DATA FLOATING 180 1F  DATA FLOATING
DATA BUS A
VA 5
(OUTPUT DATA) DATAVALIDL B
tAR tra
c/D K N
tArR tra
cs
\ [ 050489

Figure 6.7 Read Control or Input Port Cycle (8251A—MPU)
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5

TXEMPTY m j ___1

TxRDY
(PIN} —.t

L \

srarosom U_JLI_ S W
1 1
I [

o\ N ] U7\

WR DATIAY WR DATA2 WR DATA3 WR DATA4 \ Zg(MM A 5

MuAND LVWR DATAS
m ]

b

TxD
1 Pl afpfof1f2)3fd j ’ NEe'
MARKING DATA  DATA SYNC SYNC DATA DATA MARKING ~ BREAK  MARKING DATA
STATE CHARA1 CHARAT CHARA1 CHARAZ CHARA3 CHARA4  STATE STATE  CHARAS

EXAMPLE FORMAT : 5 BIT CHARACTER WITH PARITY 2 SYNC CHARACTERS.

Figure 6.8 Transmitter Control and Flag Timing (SYNC Mode)

0f 1) 2{ 3( 41 P1 O

SYNC CHARA1
SYNCCHARA2

050489
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EXTERNA

SYNC
SYI\(IPD”E\IT) INTERNAL SYNC / i f‘i r‘ R

tis £S
e — 1
GTATUS '?'TEI DALTOAS% @
PPy R )
oo ]\ [T T N

WERH.R X E WRER WREH
WR \ RD| RD \JJ RD |\_/ RD RD
DATA1  STATUS RDSYNC CH1 kratus STATUS DATA 1
RD u \../

RxD CLLELOtOEELECEcEts
SYNC SYNC DATA DATA DATA SYNC SYNC
L CHARAT | CHARA2 ,kHARAl L CHARAZ | CHARA3 ) CHARA1 | CHARAZ

e JUUUIL l Jﬂﬂ U&%ﬂﬂﬂ

RCRARRAORRARNNC

DATA DATA
ICHARAT | CHARA2

T EXIT HUNT MCDE
SET SYNDET vl T
EXIT HUNT MODE SYNDET
SETSYNDET (STATUS BIT) (STATYS BIT)
EXAMPLE FORMAT:  5BIT CHARACTER WITH PARITY 2 SYNC CHARACTERS. 050489

Figure 6.9 Receiver Controla nd Flag Timing (SYNC Mode)
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cTsS \
tTXEMPTY
TXEMPTY / J

(:TxARTgSY) | e k (\/—‘ I
>

S e Vg VT Wy W /)

WR DATA 1 WRDATA2 | WRDATA3 WRDATA4

o5 NN T v 7\

WRTX EN

o ! D : ﬁ
- SRl sl L ORRE Sl s Pt

DATA 1 DATA 2 DATA 3 DATA4

EXAMPLE FORMAT : 7 BIT CHARACTER & 2 STOP BITS. 050
50483

Note: TxRDY (PIN) — (Transmit Data Buffer is empty) - (TxEN =1) - (CTS~0)
TxRDY (STATUS BIT) — (Transmit Data Buffer is empty)

Figure 6.10 Transmitter Control and Flag Timing (SYNC Mode)

BD (PINT) J, R

OE
(STATUS BIT) ’lngé'z
tRxRDY
RXRDY E i i d 1 \
RD DATA 1 RD DATA 3
o [\ / / /Y
WRRXE

WRRxE WRRxE

w5 L/ v/

RxD sioyaf2(afafsel s \s o 123 AEE o5 re\s ol )2 lAEE s T BREAK | |

DATA 1 DATA 2 DATA 3 S0123456 PSTP

EXAMPLE FORMAT : 7 BIT CHARACTER & 2 STOP BITS. 050489

Figure 6.11 Receiver Control and Flag Timing (ASYNC Mode)
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7. OUTLINE DRAWING (Dual Inline Package)
DIP28-P-600

Unit : mm

28 15

i S o e Y s o S e A e B T s S e e O s O s O s | =

0-~15°

14.0120.2

L0 QS s g s g e gy s g Sy v g e e gy e

1 14

| 37.00.2 |

051 MIN||4.00.2

270289

Note: Lead pitch is 2.54m and to lerance is £25mm against theoretical center of each lead that is obtained on the
basis of No.1 and No.28 leads.
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