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INS8251 Programmable Communication Interface

General Description

The INS8251 is a programmable Universal Synchronous/
Asynchronous Receiver/Transmitter (USART) chip
contained in a standard 28-pin dual-in-line package. The
chip, which is fabricated using N-channel silicon gate
technology, functions as a serial data input/output
interface in National Semiconductor’s N8080 micro-
computer family. The functional configuration of the
INS8251 is programmed by the system software for
maximum flexibility, thereby allowing the system to
receive and transmit virtu 'ly any serial data communica-
tion signal presently in use (including |BM Bisync).

The INS8251 can be programmed to receive and transmit
either synchronous or asynchronous serial data. The
INS8251 performs serial-to-parallel conversion on data
characters received from an input/output device or a
MODEM, and parallel-to-serial conversion on data
characters received from the CPU. The CPU can read the
complete status of the INS8251 at any time during the
functional operation. Status information reported
includes the type and the condition of the transfer
operations being performed by the INS8251, as well as
any transmission error conditions (parity, overrun, or
framing).

Features

e Synchronous and Asynchronous Full Duplex
Operations
e Synchronous Mode Capabilities
- Selectable 5- to 8-Bit Characters
- Internal or External Character Synchronization
- Automatic Sync Insertion
® Asynchronous Mode Capabilities
- Selectable 5- to 8-Bit Characters
- 3 Selectable Clock Rates (1x, 16x or 64x the
Baud Rate)
- Line Break Detection and Generation
- 1-, 1%-, or 2-Stop Bit Detection and Generation
- False Start Bit Detection
* Baud Rates
- DC to 56k Baud (Synchronous Mode)
- DC to 9.6k Baud (Asynchronous Mode)
® Transmission Error Detection Capabilities
- Parity
- Overrun
- Framing
Double Buffering of Data
TTL Compatible
Single TTL Clock
Reduces System Component Count
MICROBUS™* Compatible

INS8251 MICROBUS Configuration
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Absolute Maximum Ratings

Ambient Temperature Under Bias. . . ... ........ 0°C to +70°C
Storage TempPerature . . . . ... ....ovvoue.nn -65°C to +150°C
Voltage on Any Pin with Respect to Ground . . .. .. -05Vto+7V
Power Dissipation . . ... ..ottt 1 Watt

Note: Maximum ratings indicate limits beyond which permaneni
damage may occur. Continuous operation at these limits is not
intended and should be limited to those conditions specified under

dc electrical characteristics.

DC Electrical Charécteristics

Ta=0°C to+70°C; Ve = 5.0 V  5%; GND = 0V

Symbol Parameter Min Tyb Max Unit Test Conditions
ViL Input Low Voltage . -0.5 0.8
Vin Input High Voltage 2.0 Vcc oV
VoL Output Low Voltage 0.45 \ loL = 1.6mA
Vou Output High Voltage 2.4 v lon = -100pA
IpL Data Bus Leakage -50 HA Vour=045V
10 KA Vour = Vee
he Input Leakage 10 . MA Vin = Vee
lee Power Supply Current 45 80 mA
Capacitance
Ta=25°C;Vec=GND =0V
Symbol Parameter \ Min Typ Max Unit Test Conditions -
Cin Input Capacitance 10 pF fc=1MHz
Cio 1/O Capacitance 20 pF Unmeasured pins returned to GND.
Test Load Circuit
Typical A Output Delay vs. A Capacitance (pF)
+20 -
2v /
z +10 ve
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s
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AC Electrical Characteristics
Ta=0°Ct0+70°C; Ve =5.0V £5%;GND=0V
Symbol Parameter Min Max Unit Test Conditions
BUS PARAMETERS (Note 1)
Read Cycle
tAR Address Stable Before READ (T3, C/D) 50 ns
tRA Address Hold Time for READ (CS, C/D) 5 ns
tRR READ Pulse Width 430 ns
trRD Data Delay from READ 350 ns CL=100pF
toF READ to Data Floating 200 ns C_ = 100pF
25 ns C_=15pF
trv Recovery Time Between WRITES (Note 2) 6 tcy
Write Cycle
tAw Address Stable Before WRITE 20 . ns
twa Address Hold Time for WRITE ' 20 ns
tww WRITE Pulse Width 400 ns
tow Data Set-Up Time for WRITE 200 ns
twp Data Hold Time for WRITE 40 ns
OTHER TIMINGS
toy Clock Period (Note-3) 0.420 1.35 us
tow Clock Pulse Width 220 0.7 tcy ns
tr, tg | Clock Rise and Fall Time 0 50 ns I
tprx | TxD Delay from Falling Edge of TxC ' 1 us CL=100pF
tspx | Rx Data Set-Up Time to Sampling Pulse 2 s C_=100pF
turx | Rx Data Hold Time to Sampling Pulse |12 us CL=100pF
frx Transmitter Input Clock Frequency
Ix Baud Rate ) DC 56 kHz
“16x and 64x Baud Rate DC 520 kHz
trpw | Transmitter Input Clock Pulse Width
1x Baud Rate : 12 tey
16x and 64x Baud Rate 1 toy
trpp | Transmitter Input Clock Pulse Delay
1x Baud Rate ' 15 * .ty
16x and 64x Baud Rate 3 tey
frx Receiver Input Clock Frequency
1x Baud Rate . DC 56 kHz
16x and 64x Baud Rate DC 520 kHz
trpw | Receiver Input Clock Pulse Width *
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 toy
trpp | Receiver Input Clock Pulse Delay
1x Baud Rate 15 tcy
16x and 64x Baud Rate . 3 tcy
tTx TxRDY Delay from Center of Data Bit 16 toy C_=50pF
tRx RxRDY Delay from Center of Data Bit 20 tcy
tis Internal SYNDET Delay from Center of Data Bit 25 tey
tes Internal SYNDET Set-Up Time Before Falling Edge of RxC 16 tcy
tTxE TxEMPTY Delay from Center of Data Bit 16 tcy C_=50pF
twe Control Delay from Rising Edge of WRITE (TxE, DTR, RTS) 16 toy
tcR Control to READ Set-Up Time (DSR, CTS) 16 toy
NOTES:
1.” AC timings measured at VoH = 2.0V, Vo = 0.8V, and with test load circuit of page 2.
2. This recovery time is for initialization only, when MODE, SYNC1, SYNC2, COMMAND and first DATA BYTES are written into the USART.
Subsequent writing of both COMMAND and DATA are only allowed when TxRDY = 1.
3. The TxC and RxC frequencies have the following limitations with respect to CLK:
for 1x Baud Rate, fTx or frx < 1/30 tgy)
for 16x and 64x Baud Rate, f1, or fyx < 1/4.5 tcy)
4. Reset Pulse Width = 6 tcy minimum.
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- Timing Waveforms
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INS8251 Block Diagram
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INS8251 Functional Pin Definitions

The following describes the function of all the INS8251
input/output pins. Some of these descriptions reference
internal circuits.

INPUT SIGNALS

Chip Select (CS): When low (logic 0), the chip is selected.
This enables communication between the INS8251 and
the INS8080A microprocessor.

Read (RD): When low, allows the INS8080A to read
data or status information from the INS8251.

Write (WR): When low, allows the INS8080A to write
data or control words into the INS8251.

Control/Data (C/D): Used in conjunction with an active
RD or WR input (logic 0) to determine overall device
operation as indicated below.

CS|C/D|RD|WR Operation

0 | 0| 0| 1| Datacharacter read from INS8251

0| 0] 1| 0| Datacharacter written into INS8251
0| 1| 0] 1| Statusinformation read from INS8251
0| 1] 1] 0| Control word written into INS8251

1| x| x| x| Device not selected

Reset: When high (logic 1), places the INS8251 in the
idle mode. The device remains in this mode until a new
set of control words is written into the INS8251 to
program its functional definition. Minimum Reset pulse
width is 6 tgy.

Clock (CLK): TTL clock that is used to generate internal
timing signals for the INS8251. The minimum frequency
of the CLK input is 30 times the receiver/transmitter
clock frequency for the synchronous mode, and 4.5
times the receiver/transmitter clock frequency for the
asynchronous mode. The CLK input is normally connec-
ted to the ¢o (TTL) output of the INS8224 Clock
Generator and Driver device.

Transmitter Clock (TxC): This clock input controls the
rate at which a data character is to be transmitted. The
frequency_ of the TxC input is equal to the Baud Rate
for the synchronous mode, and is a multiple (1x, 16x or
64x) of the Baud Rate for the asynchronous mode. A
portion of the Mode Instruction Word (see figure) selects
the value of the Baud Rate Factor when in the asynch-
ronous mode. Transmitter Data are clocked out of the
INS8251 on the falling edge of the TxC input.

Data Set Ready (DSR): General-purpose input whose
condition can be tested by the INS8080A using a status
read operation. However, a low-level DSR input is
normally used to test data set ready conditions.
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Clear to Send (CTS): If low when the TxEN bit (Dg) of
the Command Instruction Control Word (see figure) is
set high, enables the IN88251: to transmit serial data.

_Receiver Data (RxD): Serial data input from a MODEM
or an input/output device.

Receiver Clock (RxC): This clock input controls the rate
at which a data character is to be received. The frequency
and selection of the RxC input is as described above for
the TxC input. Receiver data are clocked into the
INS8251 on the rising edge of the RxC input.

Vec: +5-volt supply.

Ground: O-volt reference:

OUTPUT SIGNALS

Data Terminal Ready (DTR): General-purpose output
which can be set to an active low by programming the
DTR bit (D4) of the Command Instruction Control
Word. However, a low-level DTR output is normally
used for data terminal ready or rate select control.

Request to Send (RTS): General-purpose ottput which'
can be set to an active low by programming the RTS bit
(Dg) of the Command Instruction Control Word.
However, the RTS output is normally used for request
to send control in the transmit mode.

Transmitter Data (TxD): Composite serial data output
to. a MODEM or input/output device. The TxD output

is held in the marking state {logic 1) upon a Reset

operation. )

Transmitter Ready (TxRDY): When high, alerts the
INS8080A that the transmitter is ready to accept a data
character. The TxRDY output, which is automatically
reset whenever a character is written into the INS8251,
can be used as an interrupt to the system. For polled
operation, the condition of the TxRDY signal can be
tested by the INS8080A using a status read operation.

Transmitter Empty (TxE): Goes high to indicate the end
of a transmit mode. The TxE output is automatically
reset whenever a character is written into the INS8251.
In the synchronous mode, a high-level TxE output
indicates that a character has not been loaded, the trans-

mitter buffer is empty, and the sync character(s) of.a’
data block are soon to be transmitted automatically as
fillers.

Receiver Ready (RXRDY): When high, alerts the
INSB080A that the receiver contains a data character

. that is-ready to be input to the CPU. The RxRDY

output, which is automatically reset whenever a char-
acter is read from the INS8251, can be used as an
interrupt to the system. For polled operation, the
condition of the RxRDY signal can be tested by the
INS8080A using a status read operation.

INPUT/OUTPUT SIGNALS

Data (D7 - Dg) Bus: This bus comprises eight TRI-STATE
input/output lines. The bus provides bidirectional
communications between the [INS8251 and the
INS8080A. Data are routed to or from the internal data
bus buffer upon execution of an INS8080A OUT or
IN instruction, respectively. In addition, control words,
command words and status information are transferred
through the data bus buffer.

Sync Detect (SYNDET): This pin may be used in the
synchronous mode only. System software can program
SYNDET as either an input or an output. When used as
an output (internal sync detect mode), a high-level
SYNDET indicates that the INS8251 has detected sync
character(s) in the received serial data. The SYNDET
output is automatically reset upon a status read opera-’
tion by the INS8080A. When used as an input (external
sync ‘detect mode), a high-level SYNDET causes the
INS8251 to start assembling data characters on the
falling edge of the next RxC’input.

INS8251 Programming

The system software uses a Mode Instruction Control
Word and a Command Instruction Control Word (see
figures) to establish the complete functional definition
of the INS8251. These control words must immediately
follow an internal or external reset operation.-Once the
Mode Instruction Control Word has been written into
the INS8251 by the CPU, sync characters (when applic-
able) or Command Instruction Control Words may be
inserted as shown in the typical data block transfer
diagram. . \

Pin Configuration

D7 =i q \J 28 p—D1

D3 =——i2 27 e D
RxD =3 26 Ve
GND =iy 25 fomeme AXC

Dy =5 24 DR
D5 =t § 23 | RTS
D =— 7 22 joem OSR

D7 ——i8 INS8251 21 fo RESET
TXC == g : 20 f—CLK
WR =] 10 18 fume TxD

CS == 11 18 = TXEMPTY
/D ——d 12 17 f CTS

AD =i 13 16 fommm SYNDET

RXRDY =i 14 15, f=—=TXRDY
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07 g D5 D4 03 D2 - om . Do
| N PARITY  \ /\ .
PARITY ENABLE: T
NO. OF STOP BITS: GENERATION/  _ pyapie CHARACTER BAUD RATE
00 = INVALID CHECK: g _ piSABLE LENGTH: FACTOR:
01 = 1BIT 1= EVEN 00 = 5BITS 00 = SYNC MODE
= 1%BITS 0= 00D 1= 6BITS o1 = X1
11 = 28ITS 10 = 78ITS 10 = X16
11 = BBITS 11 = X64
ASYNCHRONOUS MODE
D7 ] D5 D4 D3 D2 D1 Do
A
SINGLE EXTERNAL EVEN PARITY /\
CRETEN GHIC ol | AL ‘ '
: : 1 = ENABLE CHARACTER SYNC MODE: 00
1=SINGLE 1= synper  CHECK: o oo LENGTH:
SYNC 1S AN 1 = EVEN 00 = 5BITS
CHARACTER INPUT 0= 00D ol - §BITS
0= DOUBLE 0 = SYNDET
SYNC IS AN 10 = 78ITS
CHARACTER  OUTPUT 11 = 8BITS
SYNCHRONOUS MODE
mode instruction control word format
.

D7 Dg Ds Dg 03 D2 D1 Do
ENTER INTERNAL  REQUEST ERROR SEND RECEIVE DATA TRANSMIT
HUNT RESET - TOSEND RESET BREAK ENABLE  TERMINAL  ENABLE
MODE (IR): (RTS): (ER): CHARACTER (RxE): READY (TXEN):
(E”’; 1+ BETURNS 1 - FORCES 1= RESETS (s:?):);;es 1= ENABLE mrToRn)cEs 1 = ENABLE

= ENABLES 17 , = -
EARCH MODE Low &'FE T QUTRUT 0= DISABLE Jyp Qureut 0 = DISABLE
FORSYNC  INSTRUCTION ERROR ‘
CHARACTERS WORD FORMAT FLAGS o no
OPERATION-
command instruction control word format
MODE INSTRUCTION WORD
eff = SYNC CHARACTER 1 SYNCHRONOUS MODE
SYNC CHARACTER 2 ONLY (SEE NOTE) -
COMMAND INSTRUCTION WORD .
5 g DATA
¢/ ~ 0 CHARACTER(S) _ 1 NOTE:
S T s
/b= " COMMAND INSTRUCTION WORD T L T
: ) CHARACTER {BIT D7 = *1")
oD = "0 DATA AMTIED. BOTH SYAG
CHARACTERI(S) CHARACTERS ARE OMITTED
_ IN THE ASYNCHRONOUS MODE.
e/b = " COMMAND INSTRUCTION WORD
typical data block transfer
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INS8251 Programmable Communication Interface

INS8251 Status

The INS8251 has provisions for allowing the programmer to read the status of the device at any time during the '
functional operation. When the C/D input is a high-level, a normal read operation is executed to read ‘this status
information. The figure below shows the bits in the Status Read Word format. Since some of the status word bits
have identical meaning. to external output pms, the INS8251 can be used in a completely polled environment or in an
interrupt driven environment.

D7 B T 5 . D4 03 D2 D1 Do
R SYNDET FRAMING OVERRUN PARITY TxE RxRDY TxRDY
(SEEDﬁDTE) (SEE NOTE) E(RR?R E(F(!)Fg)]ﬂ E?R?R (SEE NOTE) (SEE NOTE) (SEE NOTE)
FE): H H
1 = VALID 1=CPU 1 = PARITY
STOP BIT DOESNOT .. ERROR
DETECTED READ A DETECTED

OF EVERY BEFORE 0 = WHEN
CHARACTER  NEXT ONE ERN%TAOE

BECOMES  COMMAN NOTE:
0=WHEN  avhilagle INSTRUCTION ITS Bo- D2 D6 & D7
ER BIT WORD IS HAVE DENTICAL
{DaOF 0~ WHEN A" MEANINGS TO EXTERNAL

COMMAND ER BIT.OF OUTPUT PIN
INSTRUGTION _ COMMAND .
’ WORD IS  INSTRUCTION
A“” WORD IS
ana.
T
FE, OE & PE FLAGS DO
NOT INHIBIT THE OPERATION
OF THE INS8251

status read word format
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