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PROGRAMMABLE COMMUNICATIONS

INTERFACE (USART)

Description

The uPD8251A and uPD8251AF Universal Synchronous/
Asynchronous Receiver/Transmitter (USART) are de-
signed for microcomputer systems data communica-
tions. The USART is used as a peripheral and is
programmed by the 8085A or other processor to com-
municate in commonly used serial data transmission
techniques including IBM Bi-Sync. The USART receives
serial data streams and converts them into paralle! data
characters for the processor. While receiving serial
data, the USART will also accept data characters from
the processor in parallel format, convert them to serial
format, and transmit. The USART will signal the proces-
sor when it has completely received or transmitted a
character and requires service. Complete USART status
including data format errors and control signals such as
TXE and SYNDET, is available to the processor at any
time.

Features

O Asynchronous or synchronous operation
— Asynchronous:

-Five 8-bit characters

-Clock rate —1, 16, or 64 x baud rate

-Break character generation

-Select 1, 1%/, or 2 stop bits

-False start bit detector

-Automatic break detect and handling
— Synchronous:

-Five 8-bit characters

-Internal or external character synchronization

-Automatic sync insertion

-Single or doubie sync characters
Baud rate (1x mode) — DC to 64K baud
Fuli-duplex, double buffered transmitter and
receiver
Parity, overrun and framing flags
Fully compatible with 8085A /.PD780 (Z80°®), etc.
All inputs and outputs are TTL-compatible
Single +5V supply, =£10%
Separate device receive and transmit TTL clocks
NMOS technology

ooonooo oo

Ordering Information

Pin Configuration

.1 \_/J =pbo
0,2 270 Dy
RxD O 3 26 A vee
GND ] 4 25 A RxC
D} s " 24 [ DTR
Ds 6 < 23[RTS
s 7 é 22 [ D3R
D;s =2 21 | RESET
ixco % wpox
WR O 10 19 T=xD
s g 18 TxE
cidbd 12 17 CTs
RD [ 13 16 1 SYNDET/BD
R x RDY 14 15 [ T x RDY
83:003398A
Pin ldentification
No. Symbol Function
1,2,27,28,5-8 D7~Dg Data bus buffer
26 Vop Vpp supply voltage
4 GND Ground
b4l RESET Reset
20 CLK Clock pulse
10 WR Write data
13 RD Read data
12 c/D Control / data
1 CS Chip select
22 DSR Data set ready
24 DTR Data terminal ready
23 RTS Request to send
17 CTS Clear to send
15 TXRDY Transmitter ready
18 TxE Transmitter empty
9 ™C Transmitter clock
19 ™D Transmitter data
14 RxRDY Receiver ready
25 RxC Receiver clock
3 RxD Receiver data
16 SYNDET/BD Sync detect / break detect

Part Max Frequency
Number Package Type of Operation
uPD8251AC 28-Pin plastic DIP 3/5MHz
uPD8251AFC 28-Pin plastic DIP 3/5MHz

Z80is a registered trademark of Zilog, Inc.

Copyrighted By Its Respective Manufacturer

8-39



This Materi al

NEC

uPD8251AIAF
Pin Functions Read Data
Data Bus Buffer A “zero” on this input instructs the USART to place the

An 8-bit, 3-state bi-directional buffer used to interface
the USART to the processor data bus. Data is transmit-
ted or received by the buffer in response to input/output
or read/write instructions from the processor. The data
bus buffer also transfers control words, command
words, and status.

Vpp Supply Voltage
+5V supply

Ground
Ground

Read/Write Control Logic

This logic block accepts inputs from the processor con-
trol bus and generates control signals for overall USART
operation. The mode instruction and command instruc-
tion registers that store the control formats for device
functional definition are located in the read/write con-
trol logic.

Reset

A “one” on this input forces the USART into the “idle”
mode where it will remain until reinitialized with a new
set of control words. Minimum RESET puise width is
6tcy.

Clock Pulse

The CLK input provides for internal device timing andis
usually connected to the phase 2 (TTL) output of the
uPB8224 clock generator. External inputs and outputs
are not referenced to CLK, but the CLK frequency must
be at least 30 times the receiver or transmitter clocks in
the synchronous mode and 4.5 times for the asynchron-
ous mode.

Write Data

A “zero” on this input instructs the USART to accept the
data or control word which the processor is writing out
on the data bus.

8-40

data or status information onto the data bus for the
processor to read.

Control/Data

The control/data input, in conjunction with the WR and
RD inputs, informs the USART to accept or provide ei-
ther a data character, control word, or status informa-
tion via the data bus. 0 = Data; 1= Control.

Chip Select

A “zero” on this input enables the USART to read fromor
write to the processor.

Modem Control

The uPD8251A/51AF have a set of control inputs and
outputs which may be used to simplify the interfacetoa
modem.

Data Set Ready

The data set ready input can be tested by the processor
via status information. The DSR input is normally used
to test the modem data set ready condition.

Data Terminal Ready

The data terminal ready output can be controlled via the
command word. The DTR output is normally used to
drive modem data terminal ready or rate select lines.

Request to Send

The request to send output can be controlied via the
command word. The RTS output is normally used to
drive the modem request to send line.

Clear to Send

A “zero” on the clear to send input enables the USART
to transmit serial data if the TXEN bit in the command
instruction register is enabled (one).

Copyrighted By Its Respective Manufacturer
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Transmit Control Logic

The transmit control logic accepts and outputs all exter-
nal and internal signals necessary for serial data trans-
mission.

Transmitter Ready

Transmitter ready signals the processor that the trans-
mitter is ready to accept a data character. TXxRDY can be
used as an interrupt or may be tested through the status
information for polled operation. Loading a character
from the processor automatically resets TxRDY, on the
leading edge.

Transmitter Empty

The transmitter empty output signals the processor
that the USART has no further characters to transmit.
TXE is automatically reset upon receiving a data charac-
ter from the processor. In half-duplex, TXxE can be used to
signal the end of a transmission and request the proces-
sor to “turn the line around.” The TXEn bit in the com-
mand instruction does not effect TxE.

In the synchronous mode, a “one” on this output indi-
cates that a sync character or characters are about tobe
automatically transmitted as “fillers” because the next
data character has not been loaded.

Transmitter Clock

The transmitter clock controls the serial character
transmission rate. In the asynchronous mode, the TxC
frequency is a multiple of the actual baud rate. Two bits
of the mode instruction select the multiple to be 1x, 16x,
or 64x the baud rate. In the synchronous mode, the TxC
frequency is automatically selected to equal the actual
baud rate.

Note that for both synchronous and asynchronous
modes, serial data is shifted out of the USART by the
falling edge of TxC.

Transmitter Data

The transmit control logic outputs the composite serial
data stream on this pin.

Receiver Control Logic

This block manages all activities related to incoming
data.

Receiver Ready

The receiver ready output indicates that the receiver
buffer is ready with an “assembled” character for input
to the processor. For polled operation, the processor
can check RxRDY using a status read or RxRDY can be
connected to the processor interrupt structure. Note
that reading the character to the processor automati-
cally resets RxRDY.

Receiver Clock

The receiver clock determines the rate at which the in-
coming character is received. In the asynchronous
mode, the RxC frequency may be 1, 16 or 64 times the
actual baud rate, but in the synchronous mode the BxC
frequency must equal the baud rate. Two bits in the
mode instruction select asynchronous at 1x, 16x, or 64x
or synchronous operation at 1x the baud rate.

Unlike TxC, data is sampled by the PD8251A/51AF on
the rising edge of RxC. (Note 1)

Receiver Data

A composite serial data stream is received by the re-
ceiver control logic on this pin.

Sync Detect/Break Detect

The uPD8251A/51AF may be programmed through the
mode instruction to operate in either the internal or ex-
ternal sync mode; the SYNDET/BD pin then functions
as an output or input respectively. In the internal sync
mode, the SYNDET output will go to a “one” when the
uPDB251A/61AF has located the SYNC character in the
receive mode. If double SYNC character (bi-sync) opera-
tion has been programmed, SYNDET will go to “one” in
the middie of the last bit of the second SYNC character.
SYNDET is automaticaily reset to “zero” upon a status
read or RESET. In the external SYNC mode, a “zero” to
“one” transition on the SYNDET input will cause the
nPD8251A/51AF fo start assembling data character on
the next falling edge of RxC. The length of the SYNDET
input should be at least one RxC period, but may be re-
moved once the uPD8251A/51AF is in SYNC.
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In the asynchronous mode, the SYNDET/BD pin func-

tions as a break detect. The BD output will go high when

a word of all zeros is received. This word consists of:

start bit, data bits, parity bit, and one stop bit. Reset only

occurs when Rx data returns to a logic one state or upon

chip reset. The state of break detect can be read as a

status bit.

Note:

(1) Since the uPD8251A/51AF will frequently be handling both the recep-
tion and transmission for a given link, the receive and transmit baud
rates will be the same. RxC and TxC then require the same frequency
and may be tied together and connected to a single clock source or
baud rate generator.

Exampies:

{f the baud rate equals 110 (Async):
RXC or TxC equals 110 Hz (1x)

RXC or TxC equals 1.76 kHz (16x)

RXC or TxC equals 7.04 kHz (64x)

If the baud rate equals 300:
G or TxC equals 300 Hz (Ix) A or S
RxC or TkC equals 4800 Hz {16x) A only
BxC or TxC equals 19.2 kHz (64x) A only

Block Diagram

Absolute Maximum Ratings
Ta=25°C

Power supply voltage, Vpp —-0.5Vto +7V
Input voltage, V, -0.5Vto +7V
Output voitage, Vo —-05Vio +7V

Operating temperature, Topt —0°Cto +70°C

—65°Cto +150°C

Comment: Exposing the device to stresses above those listed in Abso-
Jute Maximum Ratings could cause permanent damage. The device is
not meant to be operated under conditions outside the limits de-
scribed in the operational sections of the specification. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

Storage temperature, Ts7g

Capacitance
Ta =25°C, Voo = GND =0V, f; = 1.0MHz

Limits Tost
Parameter Symbol Min Typ Max  Unit Conditions
Input Cin 10 pF  {Note 1)
capacitance
170 Cio 20 pF  (Note 1)

capacitance

Note:
(1} All unmeasured pins returned to GND.

Data Transmit
D7 Do Bus Buffer L » TxD
Bufter (P-5)
RESET ®
CLK—] Read Write — TxRDY
cib—»{ Control Transmit ThE
RD —»d Logic Control >
W «—— TxC
WR—9
s— 1
DSR
DTR*+— Modem Receive
— Control Buffer le—— RXD
cTs—= (SP)
RTS +—
— RxRDY
fnternal Receive o
Data Bus Control l«—— RxC
SYNDET/BD

83-0038628
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DC Characteristics
Ta=0°Cto +70°C,Vge = +5V +10%, GND =0V
Limits Test Limits
Parameter Symbol Min Typ Max Unit Conditions uPD8251A 1wPDB251AF Tost
(]
Input voltage V. -05 +08 Vv Parametor Symbol Min Max Min Max Unit Conditions
low Write
L‘T";‘“ voltage Vi 2 VooV Address stable  taw 50 0 ns
19 betore WR
IOulput voltage Vo +0.45 V rPD_B?S;: A Address hold twa 50 0 s
ow ;%D_Ezs 1;! time for WR
loL=2.2mA WRpulse width tyy 250 200 ns
Output voltage ~ Voy 2.4 V.  uPD8251: Data set-up time  tpw 150 100 ns
high loy=—100 A for WR
;‘Pofzf’ji% . Datahold time  typ 30 0 ns
oH=—400m for WR
lOutkpul float . forL =10 A Voyr=0.45V Recoverytime  tgy 6 6 toy (Note 2)
eakage curren between WR’s
0w i SC‘ZJE V<Vour< Other Timing
Input load I 0 wA  0.45V< V< Vee Clock period tey 032 135 020 135 s (Note3)
current Clock pulse tew 140 tgy—90 70 tgy—40 ns
A ¢ cY
Power supply  Iog 00 mA Alloutputs= width high
current logic 1 Clock pulse taw 20 40 ns
4
width low
AC Characteristics Clock rise and g, t¢ 5 20 5 20 ns
Tao=0°Cto +70°C, Voo =5V +10%; GND =0V fall time
TxD delay from  1pyy 1 1 us
Limits faliing edge of
WPD8251A  ,PDB251AF Tost ™C
Parameter Symbol Min Max Min Max Unit Conditions Rx data set-up  tgpy 2 us
Read time to sampling
pulse
Address stable g 50 0 ns (Note7)
before RD, (CS, Rx data hold tHRx 2 us
ﬁ)) time to sampling
pulse
Address hold tRa 50 0 ns {Note 7) e
time for D, Transmitter input fp 64 De 64  kHz 1x baud rate
(CS, D) clock frequency 310 DC 310 KHz 16 baud
RDpulse width tgg 250 200 ns rate
Data delay from _tgp 250 140 ns pPD825TA; 6% DG 615 KHz 5“;‘ baud
RD CL=150pF, rate
(Note 8) Transmitter input trpy 12 12 teoy X baud rate
RD to data e 10 100 10 80 ns ﬂl";‘; pulse 1 T toy 16x and 64x
floating baud rate
Transmitter input trpp 15 15 toy 1x baud rate
. l |
Testing Input, Output Waveform gef’lgk puise 3 3 oy 16x and BAx
Y baud rate
InputfOutput
24 2.0 20
0-8 :> Test Paints <: O.B
0.45 - .
A.C. Testing: Inputs Are Driven At 2.4 V For A Logic “1” And
0.45V For A Logic “0™. Timing Measurements Are Made At 2.0V
For A Logic “t” And 0.8 V For A Logic “0”.
83-003863A
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AC Characteristics (cont)

Limits Limits
uPD8251A  PDB251AF Test uPD8251A . PDB251AF Test
Parameter Symbol Min  Max Min Max Unit Conditions Parameter Symbhol Min ~ Max Min Max Unit Conditions
Other Timing (cont) Other Timing {cont)
Receiver input  frx 64 DC 64  kHz 1xbaudrate TXEMPTY delay  tye 20 20 tgy (Note9)
clock frequency 310 oC 310 KHz 16x baud from center of
rate data bit
615 oc 615 kHz 64x baud Control delay twe 8 8 tcy (Note 9)
rate from rising edge
of WR (BE,
Receiver input  tppwy 12 12 tgy 1x baud rate DTR, RTS)
clock puise =
St 1 1 tey 16x and 64x ControltoRD  tcg 20 20 tey (Note9)
baud rate set-up time
Receiverinput  tgpp 15 15 tcy 1x baud rate (DSR, CTS)
clock pulse 3 3 toy 16x and 64x Note:
delay baud rate (1) AC timing measured at Vop = 2.0V, Vo, = 0.8V, and with test load cir-
it below.
TRDY delay  t 8 8 toy (Note9) cult below
from center of (2) This recovery time is for initialization only, when MODE, SYNC1,
data bit SYNC2, COMMAND and first DATA BYTES are written into the
USART. Subsequent writing of both COMMAND and DATA are only
TRDY +from  trepy 300 ns (NoteS) allowed when TxRDY =1.
leadingedge of  CLEAR . o
WR (3) The TxC and RxC frequencies have the following limitations with
respect to CLK:
RXRDY delay tRx 24 20 fey For 1x baud rate, f1 or fry<1(30tcy)
from cgnter of For 16x and 64x baud rate, fy, or fry<1{4.5tcy)
data bit (4) Reset pulse width = 6tcy minimum.
Internal SYNDET t 24 Note 9
delay from 18 tev { ) (6) tixrovccR— 2tcy +ty +tg +200ns
center of data bit (6) trxrDYCCR— 2tcy + 1y +tp + T70ns
RxRDY ¢ from  tpxpoy 300 ns (Note9) (7) Chip Select {CS) and Command/Data (C/D) are considered as
leading edge of  CLEAR addresses.
RD (B) Assumes that address is valid before Rg 4.
External s 16 18 tcy (Note 9) (9) Status update can have a miximum delay of 28 clock periods from
SYNDET set-up the event affecting the status.
time before
falling edge of
RxC
Test Load Circuit Typical A Output Delay Versus A Capacitance
+20
I /
420Q
o >
£
z
a
put 5 °
3 Speo
o
]: cL 6KQ < w0 /
=+ = / 8
= = 8
83.003864A —20 2
~100 -50 0 +50 +100
A CAPACITANCE {pF}
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Timing Waveforms

System Clock input
W W
Clock Ut A L 4 \ /-
83-003866A
Transmitter Clock and Data
tTPw i trpp——————»

— J+— torx — | torx
Tx Data X )t X:
83-0038678B
Receiver Clock and Data
Rx Data Y~ (Rx BaudCounterStantsHers) o4 py Data Bit X Data Bt
g . "

AxC(ixMode) | y —

8 R x C Periods. - —
=" dexMode) — | 18 R x C Perlods (16x Mode)

(1
oo \ANNNANNNNNNNNNNNNNNNNNNNNNNVVVL
nt Sam';z"lne ;1_ 3tey *R 3tcy
tSRX = tHRX
83-003868B
Write Data Cycle (Processor — USART) Read Data Cycle (Processor +- USART)
Tx RDY Rx RDY _/__¥
tr « RDY Cloar |+=—+! ta x RO¥Y Clear
WR tww "5 j tRR
tRD tor

1pWw——1 twi

D —i
Dont C Don't Cal Data Float
Data In (D.B) picere Data Stable = Data Out (0.8.) ta Flo: Data Out Active Data Float

tAw -+ |- twA- tap-+] le-tRA:

ciD cio
taw = [+ twa tAR -+ jotRA

cs cs

83-003869A 83-003870A

8-45

This Material Copyrighted By Its Respective Manufacturer



This Materi al

uPD8251AIAF

NEC

Timing Waveforms {(cont)

Write Control or Output Port Cycle

Read Control or input Port Cycle

(Processor —~ USART) (Processor < USART)
{Note 1) (Note 1}
DTR, RTS D 3 ora.ATs _ )
. -—lwc-l ! tCR .
ww _ RR
WR { l RD K
tDw — two - tRD oF
Data In{D.B) Data Out(D.B.)
fo-taw] jo-twa | |- tar fo-tra
cib F i N cid a' h
taw->| twA tAR-»| tRA
cs cs L
Note 1. twc Includes the response timing of a control byte. Note 1.tgR includes the effect of CTS on the T x ENBL circuitry.
83-003871A 83.003872A
Transmitter Control and Flag Timing (Async Mode)
et T\ NN
7 x EMPTY l-—
—_— ,———}
Tx Empty N\ \
T ——ees
(S:;QE: ‘l’;% f A
17 x ROV —| |<—1
Tx Re(;% \_/—\ ﬂ f_\
WrDatat  WrData2 WrData3 Wr Data 4
o VN as ua\WasaN W 7\
Wr T xEn | l/ Wr SBRK
T\ VAN Vv \/
\ N
T x Data
Data Char 1 Data Char 2 Data Char 3 O it
Data Char 4
== =
1) m
52 8
Example Format = 7 Bit Character with Parity and 2 Stop Bits. &3 &
83.0038738
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Timing Waveforms (cont)

Receiver Control and Flag Timing (Async Mode)

{PD82S1A/AF)
Break Detect

Overrun Esror

(Status Bit} o Data \
—-I r— 1R x RDY Char 2
Lost
Rx RDY \
Rd Data
cdo_/  \ yA / / vV
WrRxEnt Wr ERR Rst WrRxEn 4 tWrRxEn
_ P
"M N\ N/
RD “/ \/
R x Data ;
Data Char1 Data Char 2 Data Char 3 O r N ® < u o
Exampte Format = 7 Bit Character with Parity and 2 Stop Bits. 55 Break 55
s >a
s ze
8 5a

83-0038748

Transmitter Control and Flag Timing (Sync Mode)

cTs \ /\ \
Tx Emply _—_I\ T /
Tx Ready __\_/_\_/_
(Status Bit) T I M_/ A
TxReady 4/ I/_—\ ]
Pin} \j—\_.
cib NIIVAN V4 NI / VA / N /]
WrData Wr Data Wr Data Wr Data Wr Command Wr Data
Chart  Char2 Char 3 Ch7r4 SBRK Char5
WR | | |
Marking State M
T Data v/ 000000000 ere.
Par Par Par Par Par Par Spacing Par Par
Data Data Sync Sync Data Data State
Chari Char 2 Char1 Char2 Char3 Char4 Marking Marking Data Sync
Example Format = 5 bit Character with Parity and 2 Sync Characters State State Chars c¥mr
830038758
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Timing Waveforms (cont)

Receiver Control and Flag Timing (Sync Mode)

SYNDET (1) -/ N A\ (Note 2) 4
_.1 |‘_ s tes
—
SYNDET (S,B)
Data Char 2
Overrun Lost
Error (S.B.) N,
R. RDY {Pin) / / -
Rd Status Rd Status
co_ / \ | i JV/ AN VA
Wr EH Rd Data d Data Rd SYNC Rd Data
— A xEn Char1 Char3 Char 1
" mEnY
RD
Don't Sync Sync Data \-/_\J Data Sync Sync -/ \-/D;la Dain\d/
Care Char 1 Char2 Chart_|Data Char2| Char3 Char1 Char2 Don’t Care Char1] Char2 ETC
Rx Data
PAR PAR_ PAR PAR PAR PAR PAR 1 l cm,‘}‘;ﬁ, 1 PAR
Ax Clock Char Assy Begins Begins:
Exit Hunt Mode Exit Hunt Mode Set SYNDET (Stat
Set SYNC DET Set SYNDET (Status sm_—-t (Status B
Notes: (1) Internal sync, 2 sync characters, 5 blts, with parity.
(2) External sync, 5 blts, with parity.
83-0038768

uPD8251AF Enhancements

.PDB251A

4PD8251AF

A previously loaded data character will be retransmitted if Tx was disabled
before XEMPTY by TxEnabie ¥ or TTS 1. and is re-enabled by TxEnable * or
TTS ¢ before a new data character is sent to xPD8251A by the CPU.

A previously loaded character will be flushed out and not transmitted on CTS ¢
or TxEnable 1.

Break detect does not always reset upon RxData returning 1o a ‘1" during the
last bit of the character following the break. Break detect will laich up, and the
device must be cleared by device reset.

Break detect will reset on RxData going to '1'.

On TxEnable + or CTS * during the first character of a double-character sync
output, the second sync character will not be output.

Will output both sync characters on T<Enable + o GTS 1.

If the status register is read during a status update, an erroneous status read
may result.

Some valid status (either new or old) will always be available.

In Rx mode, a hardware or software reset does not force asynchronous mode,
clear hunt condition, or require a proper line initialization (1to 0 transition)
before receiving. This may cause reception of garbage characters.

Reset wilt clear Rx hunt condition, force asynchronous operation (64x clock),
and require a proper line initialization before receiving anything.

Break detect will accur on the first complete (start bit to stop bit) break. This
situation could be confused with a null frame (all zeros) that also has a
framing error.

Will give a framing error at the end of the first complete or partial break and
will give a break detect at the stop bit position of the second contiguous break
character.

Sync detect does not reset on status read.

Sync detect will reset on status read.

RXRDY clears within 2tcy’s of RD leading edge.

RxRDY will clear on RD leading edge.

TXEMPTY oscillates with internal clock when TxEnable ¥ orCTS 1.

TXEMPTY will not oscillate this way.

TXRDY and TREMPTY clear on WR trailing edge (data}.

TRDY, TKEMPTY will clear on WR leading edge.

Enter hunt command affects asynchronous Rx by loss of data characters.

Enter hunt will not affect asynchronous operation.

Writing a command will sometimes clear TXRDY or TXEMPTY if c/ D set up or
hold is marginal. Reading status will sometimes clear RxRDY if C/ D set up or
hold is marginal.

/D set up and hold margin will be improved.

8-48
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uPD8251AF Enhancements (cont)

WPDB251A

uPD8251AF

Rx data overrun error will not eccur and garbage data may result it RD and CS.
are active during an internai data update.

Willindicate an overrun error properly.

In asynchrencus mode, after a reset, the first TxD bit may be shifted out on
either the first or second X ¥ edge.

The first T«D bit will be shifted out on the first TxC + edge.

RXRDY can glitch when CLK does not have a fixed phase relationship to RxC.

RxRDY will nat glitch.

The receiver occasionally gives an extra character following the end of break
condition.

No extra characters will occur.

Functional Description

The uPD8251A/51AF  Universal Synchronous/
Asynchronous Receiver/Transmitters are designed
specifically for B0O85A microcomputer systems but work
with most 8-bit processors. Operations of the
uPD8251A/51AF, like other 1/O devices in the 8085A
family, are programmed by system software for
maximum flexibility.

In the receive mode, the uPD8251A/51AF converts
incoming serial format data into parallel data and
makes certain format checks. In the transmit mode, it
formats parallel data into serial form. The device also
suppiies or removes characters or bits that are unique
to the communication format in use. By performing
conversion and formatting services automatically, the
USART appears to the processor as a simple or
“transparent” input or output of byte-oriented parallel
data.

Truth Table
ciD RD WR ts MODE
0 0 1 1] uPD8251A / 51AF —
Data bus
0 1 0 0 Data bus -
uPD8251A / 51AF
1 0 1 1] Status — Data bus
1 1 0 o] Data bus — Control
X X X 1 Data bus — 3-state
X 1 1 0 Data bus — 3-state

Transmit Buffer

The transmit buffer receives parallel data from the data
bus buffer via the internal data bus, converts parallel to
serial data, inserts the necessary characters or bits
needed for the programmed communication format and
outputs composite serial data on the TxD pin.

uPDB8251A/51AF Interface to 8085A Standard System
Bus

{ Address Bus
g

y Control Bus
[ =

¥ Unm Bus

ciD CcS D; Dy RD

9

ow

92
RESET| (TTL)

WR RESET CLK
8251A/AF

83-0038778

Receive Buffer

The receive buffer accepts serial data input at the RxD
pin and converts the data from serial to parallel format.
Bits or characters required for the specific com-
munication technique in use are checked and then an
eight-bit “assembled” character is readied for the
processor. For communication techniques which
require fewer than eight bits, the uPD8251A/51AF set
the extra bits to “zero”.

Operation

A set of control words must be sent to the
uPD8251A/51AF to define the desired mode and
communications format. The control words will specifiy
the baud rate factor (1x, 16x, 64x), character length (5 to
8), number of STOP bits (1, 12, 2) asynchronous or
synchronous mode, SYNDET (IN or OUT), parity, etc.

After receiving the control words, the uPD8251A/51AF
are ready to communicate. TXRDY is raised to signaf the
processor that the USART is ready to receive a
character for transmission. When the processor writes
a character to the USART, TxRDY is automatically reset.

Concurrently, the uPD8251A/51AF may receive serial
data; and after receiving an entire character, the RxRDY

8-49
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output is raised to indicate a completed character is
ready for the processor. The processor fetch will
automatically reset RxRDY.
Note:
The uPD8251A/51AF may provide faulty RxRDY for the first read after
power-on or for the first read after receive is re-enabled by a command
instruction (RxE). A dummy read is recommended to clear faulty
RAxRDY. But this is not the case for the first read after hardware or
software reset after the device operation has once been established.

The uPD8251A/51AF cannot transmit until the TXEN ({transmitter
enable) bit has been set by a command instruction and until the CTS
(clearto send) input is a “zera”. TxD is held in the “marking” state after
reset awaiting new control words.

USART Programming

The USART must be loaded with a group of two to four
control words provided by the processor before data
reception and transmission can begin. A RESET
{(internal or external) must immediately proceed the
control words which are used to program the complete
operational description of the communications
interface. If an external RESET is not available, three
successive 00 Hex or two successive 80 Hex command
instructions (C/D=1) followed by a software reset
command instruction (40 Hex) can be used 1o initialize
the uPD8251A/51AF.

There are two control word formats:

1. Mode Instruction
2. Command Instruction

Mode instruction

This control word specifies the general characteristics
of the interface regarding the synchronous or
asynchronous mode, baud rate factor, character length,
parity, and number of stop bits. Once the mode
instruction has been received, SYNC characters or
command instructions may be inserted depending on
the mode instruction content.

Command Instruction

This control word will be interpreted as a SYNC
character definition if immediately preceded by a mode
instruction which specified a synchronous format.
After the SYNC character(s) are specified or after an
asynchronous mode instruction, all subsequent control
words will be interpreted as an update to the command
instruction. Command instruction updates may occur
at any time during the data block. To modify the mode
instruction, a bit may be set in the command instruction
which causes an internal reset which allows a new
mode instruction to be accepted.
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Typical Data Block
ch=1 Mode Instruction
D= S
chD=1 ync Character 1 SYNC Mode
ch=1 Sync Character 2 Oniy(t)
Cch=1 Command Instruction
cb=o0 Data
cD=1 Command Instruction
cb=0 Data
cb=1 Command Instruction

83.003878A

Mode Instruction Definition

The uPD8251A/51AF can operate in either asynchron-
ous or synchronous communication modes. Under-
standing how the mode instruction controls the
functional operation of the USART is easiest when the
device is considered to be two separate components
(one asynchronous and the other synchronous) which
share the same support circuits and package. Although
the format definition can be changed at will or “on the
fly,” the two modes will be explained separately for clar-
ity.

Asynchronous Transmission

When a data character is written into uPD8251A/51AF,
the USART automatically adds a start bit (low level or
“space”) and the number of stop bits (high level or
“mark’”) specified by the mode instruction. If parity has
been enabled, an odd or even parity bit is inserted just
before the stop bit(s), as specified by the mode instruc-
tion. Then, depending on CTS and TxEN, the character
may be transmitted as a serial data stream at the TxD
output. Data is shifted out by the falling edge of TxC at
TxC, TxC/16 or T™XC/64, as defined by the mode instruc-
tion.

If no data characters have been loaded into the
uPDB8251A/51AF, or if all available characters have been
transmitted, the TxD output remains “high” (marking) in
preparation for sending the start bit of the next charac-
ter provided by the processor. TxD may be forced to send
a break (continuously low) by setting the correct bit in
the command instruction.
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Mode Instruction Format for Asynchronous Mode

uPD8251AJAF

D7 Dg Ds Dy D3 D2 [+}] Do

[T ool T o]

Baud Rate Factor

[} 1 0 1
o 0 1 1
SYNC
Mode ax (16 X) | (64 X)
Character Length
[ 1 [} 1
[} 0 1 1
5 6 7 8
Bits Bits Bits Bits

Parity Enable

1 Enable Q0 Disable
Even Parity heck
1 Even ] Odd

Number Of Stop Bits

0 1 ° 1
° 0 1 1
1 T 2

Invalid | gy Bits | Bits

Do Dy D2

Ao

X0 Marking | Sart I Data Bits ] Parity I Stop |

Bits

Transmitter Output

TS % e
| Start " Parity Stop l
RxD Bit I Data Bits [ Bit l Bits

Receiver Input

Processor Byte (5-8 Bits/Char)

l Data Character ]

Assembled Seriaf Data Output (TxD)

I Parit) Sto, l
s:;‘n ] Data Character I Bit ¥ ] Blt:

Transmission Format

Serial Data Input (RxD)

Start Parity Stop
| Bit | Data Character I Bit l Bits |

Processor Byte {5-8 BitsiChar) (3)

I Data Character I

Receive Format
Notes:

(1) Generated by uPD8251A/AF
{2) Does not appear on the Data Bus.
{3} If character length is defined as 5, 6, or 7 bifs, the unused bits are set to “zero”

83-003879C

8-51

This Material Copyrighted By Its Respective Manufacturer



This Materi al

uPD8251AIAF

NEC

Asynchronous Receive

The RxD input line is normally held “high” (marking) by
the transmitting device. A falling edge at RxD signals
the possible beginning of a start bit and a new charac-
ter. The start bit is checked by testing for a “low” at its
nominal center as specified by the baud rate. If a “low”
is detected again, it is considered valid, and the bit as-
sembling counter starts counting. The bit counter lo-
cates the approximate center of the data, parity (if
specified), and stop bits. The parity error flag (PE) is set,
if a parity error occurs. Input bits are sampled at the RxD
pin with the rising edge of RxC. If a high is not detected
for the stop bit, which normally signals the end of an in-
put character, a framing error (FE) will be set. After a
valid stop bit, the input character is loaded into the para-
llel data bus buffer of the uPD8251A/51AF and the
RxRDY signal is raised to indicate to the processor that
a character is ready to be fetched. If the processor has
failed to fetch the previous character, the new character
replaces the old and the overrun flag (OE) is set. All the
error flags can be reset by setting a bit in the command
instruction. Error flag conditions will not stop subse-
quent USART operation.

Synchronous Transmission

As in asynchronous transmission, the TxD output re-
mains “high” (marking) until the uPD8251A/51AF re-
ceive the first character (usually a SYNC character) from
the processor. After a command instruction has set
TXEN and after clear to send (CTS) goes low, the first
character is serially transmitted. Data is shifted out on
the falling edge of TXC and the same rate as TxC.

Once transmission has started, synchronous mode for-
mat requires that the serial data stream at TxD continue
at the TxC rate or SYNC will be lost. If a data character is
not provided by the processor before the uPD8251A/
51AF transmit buffer becomes empty, the SYNC charac-
ter(s) loaded directly following the mode instruction will
be automatically inserted in the TxD data stream. The
SYNC character(s) are inserted to fill the line and main-
tain synchronization until new data characters are avail-
able for transmission. If the uPD8251A/51AF become
empty, and must send the SYNC character(s), the Tx-
EMPTY output is raised to signal the processor that the
transmitter buffer is empty and SYNC characters are be-
gin transmitted. XEMPTY is automatically reset by the
next character from the processor.
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Synchronous Receive

In synchronous receive, character synchronization can
be either external or internal. If the internal SYNC mode
has been selected, and the enter hunt (EH) bit has been
set by acommand instruction, the receiver goes into the
HUNT mode.

Incoming data on the RxD inputis sampled on the rising
edge of RxC, and the receive buffer is compared with
the first SYNC character after each bit has been loaded
until a match is found. If two SYNC characters have
been programmed, the next received character is also
compared. When the SYNC character(s) programmed
have been detected, the uPD8251A/51AF leave the
HUNT mode and are in character synchronization. At
this time, the SYNDET (output) is set high. SYNDET is
automatically reset by a status read.

If external SYNC has been specified in the mode in-
struction, a “one” applied to the SYNDET (input) for at
least one RxC cycle will synchronize the USART.

Parity and overrun errors are treated the same in the syn-
chronous as in the asynchronous mode. If not in HUNT,
parity will continue to be checked even if the receiver is
not enabled. Framing errors do not apply in the synchro-
nous format.

The processor may command the receiver to enter the
HUNT mode with acommand instruction which sets en-
ter hunt (EH) if synchronization is lost.

Mode Instruction Format for Synchronous Mode

D; Dg Ds Dy D3 Dz Dy Do

LToTo]

[ o o

Character Length

1 o 1
L] 0 1 1
5 [ 7 8
Bits | Bits [ Bits | Bits
s

Parity Enable
l—————+ (1 Enable)
(0 Disable)

Even Parity Generation/Check
‘"1t Even

0 Odd

External SYNC Detect
1 SYNDET Is An Input
0 SYNDET Is An Qutput

Single Character SYNC
1 Single SYNC Character
0 Double SYNC Character
83-003880A
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Transmit/Receive Format Synchronous Mode

Processor Bytes (5-8 Bits Char)

I Data Characters

Assembled Serial Data Output (T x D}

SYNC

SYNC
Char 2

Char 1

Data Characters |

Tranemit Format

Serial Data Input (RxD)

Data Characters —l

Processor Bytes (5-8 Bits Char) (Note 1)

SYNC
Char 2

SYNC
Char 1

I Data Characters ]

Y
Receive Format

Note:

(1) M character length is defined as 5, 6 or 7 bits, the

unused bits are set to “zero™.
83.003881A

Command Instruction Format

After the functional definition of the uPD8251A/51AF
has been specified by the mode instruction and the
SYNC character(s) have been entered (if in SYNC mode),
the USART is ready to receive command instructions
and begin communication. A command instruction is
used to control the specific operation of the format
selected by the mode instruction. Enable transmit,
enable receive, error reset and modem controls are
controlled by the command instruction.

After the mode instruction and the SYNC character(s)
(as needed) are loaded, all subsequent “control writes”
(C/D = 1) will load or overwrite the command instruction
register. A reset operation (internal via CMD IR or
external via the RESET input) will cause the
uPDB251A/51AF to interpret the next “control write”,
which must immediately follow the reset, as a mode
instruction.

Status Read Format

it is frequently necessary for the processor to examine
the status of an active interface device to determine if
errors have occurred or if there are other conditions
which require a response from the processor. The
uPD8251AI51AF have features which allow the
processor to read the device status at any time. A data
fetch is issued by the processor while holding the C/D
input “high” to obtain device status information. Many
of the bits in the status register are copies of external
pins. This dual status arrangement allows the
uPD8251A/51AF to be used in both polled and interrupt
driven environments. Status update can have a
maximum delay of 28 clock periods in the
uPD8251A /51AF.

Parity Error

When a parity error is detected, the PE flag is set. It is
cleared by setting the ER bit in a subsequent command
instruction. PE begin set does not inhibit USART
operation.

Overrun Error

If the processor fails to read a data character before the
one following is available, the OE flag is set. It is cleared
by setting the ER bit in a subsequent command
instruction. Although OE being set does not inhibit
USART operation, the previously received character is
overwritten and lost.

Framing Error

If a valid STOP bit is not detected at the end of a
character, the FE flag is set (ASYUNC mode only). It is
cleared by setting the ER bit in a subsequent command
instruction. FE being set does not inhibit USART
operation.
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Command and Status Register Formats

Dz Dg Ds Ds 03 D2 Dy Do

Command Register [en] m | rrs| er [sen] rxe | oTR [1xen]
Transmit Enable
1 = enable
° 0 = disable

Data Terminal
Ready _
*‘high” will force DTR
output to zero

Receive Enable
1= enable
D = disabie

Send Break
Character

1= forces TxD “low”
0 = normal operation

Error Reset
1 = reset all error flags
PE, OE, FE

Request To Send
“high” will force RTS
output to zero

Snternal Reset
“high” returs USART to
Mode Instruction Format

Enter Hunt Mode
1 = enable search for
Sync Characters(!)

Dy Dg Ds Dy D3 D2 Dy Do
Status Register [ ose [VaecT] re | o= | e | me |mxrov]mmov|
— @

i Same Definitlons As I/O Pins
Parity Error

The PE flag is set when a parity
errar Is detected. it Is reset by
the ER bit of the Command
instruction. PE does not inhibit
operation of the .PD8251A/AF.

Overrun Error

The OE flag is set when the CPU
does not read a character before
the nexk one becomes available.
It Is reset by the ER bit of the
Command Instruction. OE does
not inhibit operation of the
4PDB251A1AF; but, the previously
overrun character is lost.

Framing Error (ASYNC only}
The FE flag is set when a valid
Stop bit is not detected at the
end of every character. It is
reset by the ER bil of the
Command instruction. FE does
not inhibit the operation of the

uPD8251A/ AF.

Notes:
(1) NO sffect in ASYNC mode.
(2) TxRDY status bit is not totally equivalent to the TxRDY output pin, the
relationship Is as follows:
TxRDY status bit = DB Bufter Empty
TxRDY (pin 15) = DB Butfer Empty » CTS « TxEp

83-003882C
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Asynchronous Serial Interface to CRT Terminal, DC to 9600 Baud

§ 1 I Address Bus y
\ Control Bus s
I [ L
\ Data Bus s
I
Uil |
et Y
RxDje—— ElAto TTL 1
ol 1 BiER ’
uPD8251A{AF —_————— !
AxC ¢ /
l Baud Rate
TxC ‘Generator
B3-003883B
Asynchronous Interface to Telephone Lines
/ j l Address Bus S
{ | i I Control Bus 3
? Data Bus 1
RxD
TxD
DSR o
o= = P
uPD8251A/AF CTS pre—
RTS Po—*
RxC Baud Rate Tolo?hone
TxC Line
83-0038B48
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Synchronous Interface to Terminal or Peripheral Device

Address Bus 1

| [
’7 Control Bus ]
Data Bus ]

50

R x D fo— -«

TxD
e i
uPDB251A/AF x rminal
Pe |
TxC o Davml,::': e
SYNDET
83-0038858
Synchronous Interface to Telephone Lines
, Address Bus
/ Control Bus
f Data Bus
RxD
TxD
RxC Phone Line
=<eC Interface
Sync
uPD8251ATAF  SYNDET Modem
CTS pe—of
RTS p—
DSR pre—T
DTR Tel
o p—] gz
83.0038868
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