






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































National
Semiconductor

INS8259 Programmable Interrupt Controller

General Description

The INS8259 is a Programmable Interrupt Controller
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
versatile interrupt management device in a
microcomputer system.

Each INS8259 resolves interrupt requests from up to
eight different sources. These devices can be
cascaded to provide interrupt management of up to
64 levels with no other circuitry required.

The INS8259 minimizes software and real time
overhead when handling muitilevel priority
interrupts. Its four operating modes allow the device
to satisfy diverse system requirements.

Preliminary
JULY 1978
Features
e Performs Priority Control of up to Eight Interrupt
Levels

e Can be Expanded to Handle up to 64 Levels
Through Cascading

e Four Programmable Operating Modes

e Programmable Interrupt Vectors, Allowing Service
Routines to be Located Anywhere in Memory

¢ Interrupt Request Inputs Cén be Individually
Masked

e TRI-STATE® TTL Drive Capability for Bidirectional
Data and Control Buses

e Single +5 Volt Power Supply
e 28-Pin Dual-in-Line Package
¢ MICROBUS™* Compatible

INS8080 Family CPU Group to MICROBUS Configuration

RESET
‘ READY
N
PEYTI =
ook |fREsET
GENERATOR READY sa0
& INS8080A “
priver  |VAIT MICROPROCESSOR
HLDA
INTR
CPU
CONTROL DATA
_SIGNALS BUS (8)
(WR, DBIN) WEMR ":‘
e
HLDA DP8228/DP8238 | WEMW g
INTA SYSTEM /0 R o
—— rer——
o CONTROLLER Tow 8
s
l D7-D0 I
| 07-00
]
f e —
AD
——P ]
AD
; WR
INTR7-INTRO

*A trademark of National Semiconductor Corporation.

© 1978 National Semiconductor Corp.
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Absolute Maximum Ratings

‘Ambient Temperature UnderBias .............. 0°Cto +70°C
Storage Temperature .................... -65°Cto +150°C
Voltage on Any Pin with Respectto Ground . . ... -05Vto +7V

Power Dissipation.................. REEEE PR PP 1 Watt

Note: Absolute maximum ratings indicate limits beyond which
permanent 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 Characteristics
Ta = 0°Cto +70°C; Voo = +5V + 5%, GND = QV

“Tasl Conditions

Symbol Parameter Min Typ Max
ViL Input Low Voltage -05 0.8 v
Vin Input High Voltage ; 2.0 Ve +0.5V %
VoL Output Low Voltage 0.45 ' loL = 2mA
Vou Output High Voltage 24 ' v lon = —400uA
VOH-INT Interrupt Output High Voltage 2.4 v lon = —400uA

- ) 3.5 \Y loy = —50uA
liLro-7) Input Leakage Current for IRg.7 - 300 uA Viy = 0V '

) 10. pA Vin = Voo
e Input Leakage Current for Other Inputs 10 uA VN = Veg to OV
lorL Output Float Leakage +10 uA Vour = 0.45V to Ve
lcc Ve Supply Current 100 mA
Capacitance
Ta = +25°C; Voc = GND = 0V
Symbol Parameter Min” Typ Max Unit Test Conditions
Cin Input Capacitance i ' 20 pF fo = 1MHz
Cio I/0 Capacitance 20 pF gmggsured pins to
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AC Electrical Characteristics
Ta = 0°Cto +70°C; Vg = +5.0V = 5%, GND = 0V

Symbol l Parameter 1 Min l Max I Unit l Test Conditions
BUS PARAMETERS
READ
tar CSIA, Stable before RD or INTA 50 ns
tra CSIA, Stable after RD or INTA 5 ns
trR RD Pulse Width 420 ns
trD Data Valid from RD/INTA 300 ns C_ = 100pF
tor Data Float after RD/INTA A 200 C_ = 100pF
tDF 20 ns CL = 20pF
WRITE R
taw Aq Stable before WR 50 ns
twa Ag Stable after WR 20 . ns .
tww WR Pulse Width 400 ns
tow Data Valid to WR (T.E.) 300 ns
twp Data Valid after WR 40 ns
OTHER TIMINGS
tw Width of Interrupt Request Pulse 100 ns
HNT INT t after IR?* 400 ns
tic Cascade Line Stable after INTA 400 ns

Timing Waveforms

Read Timing
' EAIPSECECT \ . /4
.
«———TAR——> TRA
|
-
ADDRESS 8US X B
b O
- Tar l<——TnA
«—TRR—>|
1/0R 3
TRO—>| |« |«—ToF
DATA BUS Hi-Z HI-Z
. T
Write Timing Taw wa

ADDRESS BUS )g
-
Taw — <——TWA1
DATA BUS : )]

71T
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Timing Waveforms (cont’d.)

Other Timing

e

- TS\
T X X XX XX

|

co-2 . /
. . o —> tig |+ ) . .

NOTE: INTERRUPT REQUEST MUST REMAIN “HIGH" (AT LEAST) UNTIL LEADING EDGE OF FIRST INTA.

Initialization Sequence

N0 FT\ T\
D e e an D

STOREBYTE 1, STORE BYTE 2 STOREBYTE3

Read Status/Poll Mode

DATA BUS HI-Z X ocw3 X HI-Z x DATA X HI-Z
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INS8259 Block Diagram

@11)
DATA BUS DATA

BUS
07-00 BUFFER

INTERNAL
8UsS

m——

INTERRUPT | (1825

REQUEST | dhmmmmmm 1R0-IR7

REGISTER

INTERRUPT
MASK
REGISTER

-PRIORITY (17)
RESOLVER/ = INT
REGISTER

IREER

CS AD WR A0 SP INTA
(1) (3) (2) (21)(16) (26)

IN
SERVICE
REGISTER
(12) s
|~ CAS 0
CASCADE (13)
BUFFER/ <-(—s-> CAS1
1
COMPARATOR ) CAS2
1CW3-1Cw2/
INTERRUPT
ACKNOWLEDGE
CONTROL
LOGIC
1cw3

INS8259 Functional Pin
Description

The following describes the functions of all INS8259
input/output pins. Some of these descriptions refer
to internal circuits.

INPUT SIGNALS

Chip Select (CS): When low, the device is selected,
enabling communication between the INS8259 and
the microprocessor. .

v

Read (RD): When low, allows the microprocessor to
read contents of Interrupt Request Register (IRR), In
Service Register (ISR) or Interrupt Mask Register
(IMR) or the BCD value of the current interrupt level.

Write (Wﬁ): When low, aliows the microprocessor to
write control words (ICWs and OCWs) to the INS8259.

AO: This input is used in conjunction with the WR
signal to write command words into specific
command registers and with the RD signal to read
specific status registers. A0 can be controlied via
one of the microprocessor address lines.

Interrupt Acknowledge (INTA): This input is generally
provided by the CPU group’s System Controller
element (e.g., INS8228). Each INT is acknowledged by

a sequence of three INTA pulses, which causes the

INS8259 to output a three-byte CALL instruction onto
the Data Bus.
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Interrupt Request (IR7-1R0): These eight inputs are
used by external circuits to request servicing by the
CPU. A low-to-high transition on one.of these lines
represents a new interrupt request from the circuit _
controlling that line. Each positive transition on the .-
IR lines causes the INS8259 to issue a separate inter- °
rupt to the microprocessor. The IR line must remain
high through the first INTA pulse or the INT line will
go low. Concurrent ‘interrupt requests are resolved
according to their relative positions in the priority
scheme. Typically, an active (high) IR input is reset by
the interrupt service routine associated with that
line. ‘

Slave Program (ﬁ); This control input is used in -
systems having cascaded INS8259s, where one -
INS8259 operates as the master and all others
operate as slaves. A high level at.the SP input
appoints that INS8259 as master, while a low level
assigns the role of slave. i :

OUTPUT SIGNALS

Interrupt (INT): This output is applied to the micro-
processor’s interrupt input (e.g., pin 14 of INS8080A).

INPUT/OUTPUT SIGNALS

Data (D7 - D0) Bus: This bus, which comprises eight
TRI-STATE input/output lines, provides bidirectional
communication between the INS8259 and the CPU. -
Command words, status words and CALL instruc-
tions are transferred-over these lines. )

Cascade (CAS2-CASO): These three lines are used in

systems having cascaded INS8259s. The master .

INS8259 outputs the three-bit ID of a slave device on
CAS2-CASO in order to select that slave for interrupt
servicing.

Pin Configuration

s ~ 1 vee
wr[J2 2717 A0
"B []3 26[ INTA
74 2517 IR7
06 []5 2% s
o5 []6 2317 Irs
0AL7  insgse 22 1R
3]s 2117 1r3
029 207 IR2
o1 J10 1907 1R1
oo 187 1o
casod1z 17 g INT
cas1 13 161 57
GNo [ 14 157 cAs2

INS8259 Progrémming Information

Two types of command wordé are used to program
the INS8259. These are:

® Initialization- Command Words (ICWs) — A
sequence of two or three ICWs is required to -
prepare the INS8259 for operation. Two words are
used if a single INS8259 is being initialized. A
three-word sequence is used if a master/slave con-
figuration is being initialized. See figure 1 for an
illustration of this sequence. Each ICW is timed by
a separate WR pulse.

¢ Operation Command Words (OCWs) — These
command words are used to specify various oper-
ating characteristics of the INS8259 and to read
the status of certain registers.

Figure 1 summarizes the bus controls needed to
output command words to the INS8259 and to read
INS8259 status.

. |Ao| p4|p3]|RD|WR|CS | Operation |
READ
0 0] 1] 0 |(Note 1) IRR, ISR or
Interrupt Level to Data
Bus
1 0| 110 {IMRto Data Bus
WRITE ]
01| X| 1| 0| 0 |Data Bus to ICW1
0/0}0]| 1({0/{O0 |DataBustoOCW2
0/0]1]| 1] 0| 0 |Data Bus to OCW3
11 X[ X{ 1] 0|0 |(Note 2) Data Bus to
OCW1, ICW2, ICW3
DISABLE )
X1 X} X] 1] 1|0 |Data Bus to Hi-Z
X | X[ X} XX Data Bus to Hi-Z

Notes:

1. Selection of IRR, ISR or Interrupting Level controlled by
OCWS3 written prior to the Read operation.

2. Proper sequence set by on-chip sequencer.

Figure 1. Basic Control for INS8259 1/0 Operations

INITIALIZATION COMMAND WORDS (ICWs)

Figure 2 summarizes the command format for ICW1,
ICW2 and ICW3. There are two variations of the ICW3"
format, one for the master device and one for the
slaves. : ‘ ' :

Figure 3 describes the [NS8259 initialization ‘
sequence.
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A0 7 D6 D5 D4 D3 02 o1 00

A0 A7 A6 AS 1 0 F s 0 1cw1
DEFINED “——— LOWER ROUTINE ADDRESS BITS —— DEFINED DEFINED CALL 0-MORE THAN  DEFINED
AS (WHEN CALL ADDRESS INTERVAL AS AS ADDRESS  ONE INS8259 AS
0 1S 8 BYTES, A5 IS FIXED BY INS8259. 1 0 INTERVAL  IN SYSTEM 0
WHEN 4 BYTES, FIXED BY PROGRAM) 08BYTES  1-SINGLE
14BYTES  INSB259 IN
SYSTEM
A0 D7 D6 D5 . Da D3 p2 ° D1 Do
1 A15 A4 A13 A12 A1l A10 A9 A8 1cw2
DEFINED \— UPPER ROUTINE ADDRESS BITS
AS
1
A0 D7 D6 D5 D4 D3 D2 D1 Do
1cw3
1 s7 6 S5 sa s3 s2 s1 S0 (MASTER)
DEFINED SLAVE LOCATIONS /
AS 0- IR INPUT HAS NO SLAVE
1 : 1-1R INPUT HAS SLAVE
A0 7 D6 D5 Da D3 D2 D1 D0
’ 1cw3
1 X X X X X 1Dy 1Dy 1Dy SLAVEY
DEFINED  \ DON'T CARE 7\ SLAVE 1D /
AS . (MUST EQUAL THE REQUEST LINE OF MASTER
1 TO WHICH THE SLAVES INT OUTPUT IS TIED)
0 1 2 3 4 5 6 7
Do| o 1 0 1 0 1 0 1
D1 0 C 1 1 0 0 1 1
D2 | 0 0 0 0 1 1 1 1

Figure 2. Initialization Command Word Format
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When an ICW1 is received, the following functions
are performed in the INS8259.

* The edge sense circuit is reset, which prepares it
to detect a positive transition at an IR input.

* The Interrupt Mask Register (IMR) is cleared.

* The IR7 input is:assigned lowest priority (i.e.,
priority level 7).

¢ The special mask mode and status read flip-flops °
are reset. ICW1 also contains three types of pro-
gramming information.

— Single INS8259 or Master with Slave(s)
configuration, as set by D1 of ICW1.

— Four- or eight-byte CALL address interval, as
set by D2 of ICW1.

— If the four-byte CALL interval is used, bits
A5-A7 of the CALL address are specified by
D5-D7 of ICW1 and bits AO-A4 are provided by
the INS8259. If the eight-byte interval is used,
bits A6 and A7 are specified by bits D6 and D7
of ICW1, while bits AO-A5 are provided by the
INS8259. Refer to table 1.

The contents of ICW2 specify bits A8-A15 of the
CALL address.

ICW3 is used only if a master/slave configuration is
being initialized. The ICW3 issued to the master
INS8259 identifies which IR inputs have slaves
attached. Each bit position corresponds to a
separate IR input (DO = IR0 and D7 = IR7). For each
IR input that has a slave attached, the corresponding
ICW3 bit is set to 1. Those IR positions without a
slave are identified by Os in the corresponding ICW3
bit positions. The ICW3 is also used to assign three-
bit identifiers to the slave INS8259s. A separate ICW3
is sent to each slave with a unique ID contained in
bits DO-D2. The ID must correspond to which master
IR line the slave’s INT is connected to. Later, when a
slave’s interrupt request is selected for servicing, the
master INS8259 automatically issues byte 1 of the
CALL sequence and sets the ID assigned to that
slave on the CAS2-CASO lines. This enables the
specified slave to release bytes 2 and 3 of the CALL
sequence. ' h

D3 D2 D1 DO

A0 D7 D6 D5 D4
m [A7lA6lA5I1

D |A|5IA14|A13|A12

njEnoe

READY FOR OPERATION
IN FULLY NESTED MODE

Figure 3. Initialization Sequence
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Table 1.

Interval = 4 Interval = 8
Lower Memory Routine Address
D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
IR7 A7 A6 A5 1 1 1 0 0 A7 A6 1 1 1 0 0 0
IR6 A7 A6 A5 1 1 0 0 0 A7 A6 1 1 0 0 0 0
IR5 A7 A6 A5 1 0 1 0 0 A7. A6 1 0 1 0 0 0
IR4 A7 A6 A5 1 0 0 0 0 A7 A6 1 0 0 0 0 0
IR3 A7 A6 A5 O 1 1 0 0 A7 A6 O 11 0 0 0
1R2 A7 A6 A5 O 1 0 0 0 A7 A6 O 1 0 0 0 0
IR1 A7 A6 A5 0 0 1 0 0 A7 A6 O 0 1 0 0 0
IRO A7 A6 A5 O 0 0 0 0 . AT A6 O 0 0 0 0 0
A0 07 D6 D5 D4 [iX] D2’ D1 D0
1 M7 M6 13 M4 M3 M2 m Mo ocwi
DEFINED  \ INTERRUPT MASK /
AS 0 - MASK RESET
1 1- MASK SET
A0 7 D6 D5 D4 D3 D2 D1 DO
0 R SEOI EOl 0 0 Ly L4 Lg ocwz
DEFINED PRIORITY SPECIFIC END OF DEFINED DEFINED \—— PRIORITY LEVEL CODE —/
AS ROTATE END OF INTERRUPT AnS ADS
0 INTERRUPT  0- NO ACTION
0- NO ROTATE 0-NO ACTION 1- RESET o e e ey
1-ROTATE  1-USEBITS  HIGHEST PRI- ol i]213]a]5]6]7
La. L1 L ORITY BIT OF . wloli]ol1lol1]o]1
1SR wlolo a7 fo o |11
L2 0 0 0 0 1 1 1 1
Ag D7 D6 D5 D4 D3 D2 D1 Do
0 X ESMM | sMm 0 1 [ ERIS RIS ocw3
DEFINED DON'T  \— SPECIAL MASK MODE—/  DEFINED DEFINED POLLING
AS CARE ] A‘;s AIS 1-ENABLES  READ IN-SERVICE REGISTER
0 NEXT RD :
smm [ o [ 1 [ 1 ) PULSE TO ms [0 [ 3 S ]
eswm| o | o ! ! READTHE ems| o | o | 1 1
No Action |ereset | Set BCD CODE Read | Read
Mask | Mask OF HIGHEST ) IR Reg | IS Reg
LEVEL _No Action |on Next on_Next|
REQUESTING pase | Pulse
INTERRUPT

Figure 4. Operation Command Word Format

OPERATION COMMAND WORDS (OCWs)

issued to the INS8259 at any time after initialization

Figure 4 summarizes the bit functions for OCW1, | to alter the device’s operating mode or to read

OCW2 and OCW3. These command words can be specified registers.

A
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FULLY NESTED MODE

Immediately following the ICW sequence, the
INS8259 is ready to operate in the fully nested mode,
with the highest priority assigned to IR0 and the
lowest priority to IR7. In this mode, processing -of
lower “priority interrupts is nested within higher
priority interrupts. That is, a new ‘interrupt will be
sent to the microprocessor whenever an interrupt
request is received, if no higher priority interrupt is in
service. If any lower priority interrupt is in service at
this time, execution of its routine is suspended until
all higher level interrupts are serviced. Whenthe
microprocessor acknowledges the new interrupt, its
CALL address is released. No interrupt will be issued
for an interrupt request so long as a higher level
interrupt is in service.

As part of the completion of an interrupt service
routine, the microprocessor must issue an End of
Interrupt (EOI) command, which resets the highest
level ISR bit. After an ISR bit resets, the ISR or IRR bit
then having the highest priority is serviced. The EOI
is issued by means of an OCW2, in which bit D5 = 1.
To maintain the operating characteristics of the fully
nested mode, bit D7 must equal 0.

ROTATING PRIORITY MODE

In the rotating priority mode, an interrupt level is
automatically assigned lowest priority immediately
after it is serviced. Highest priority then passes to
the next lower interrupt level. For example, when
servicing of interrupt level 3 is completed (ISR bit 3 is
reset), interrupt level 3 is assigned lowest priority
and interrupt ievel 4 assumes highest priority.

To operate in rotating priority mode, the EOI issued
at the end of each serwce routine must have bit 7 and
bit 5 set to 1.

The lowest priority can be program-assigned by
means of an OCW2. The OCW2 used to make a
specific priority assignment would need to be in the
range (hex) CO-C7. For example, if the OCW2 value is
C3, interrupt level 3 is assigned lowest priority and
level 4 is given highest priority.

INTERRUPT MASKING AND SPECIAL MASKING

OCWT1 can be used to mask off individual interrupt
levels. This command is specified by A0 = 1. Each
data bit in OCW1 controls a separate bit in the
Interrupt Mask Register (IMR). When an IMR bit is set,
the corresponding bit position is masked at the IRR
and, when in special mask mode, at the ISR.

If an ISR bit is already set at the time it is masked,
the lower priority interrupts will femain inhibited by
the masked interrupt level. These lower priority levels
can be enabled by an EOl command that resets that
ISR bit or by issuing a special mask command.

The special mask command is issued by means of an
OCWS, in which bit D5 = 1and D6 = 1. This sets the
special mask mode flip-flop, which enables all
~unmasked interrupt levels. These remain enabled
until the special mask mode flip-ﬂop is reset by an
OCWS3 with bit D5 = 0 and bit D6 =

POLLED MODE

The polied mode is used when the program assumes
full control of device servicing and does not allow
processor interrupts.

In this mode, the microprocessor disables its inter-
rupt input and, when it wishes to: service a device
attached to the INS8259, it issues an OCW3 with bit
D2 = 1. This is followed by an RD pulse with'A0 = 0.
If any IRR bits are set when the RD pulse is received,
the INS8259 sets the ISR bit .corresponding to the
highest priority level requesting service. It also
identifies that priority level on the data bus in the
following manner:

D7 D6 D5 D4 . D3 D2 D1 Do
nEEEEDmn

W0-2 — BCD code of the highest priority level
requesting service.

I — Equal to a “1” if there is an interrupt.

This mode is useful if there is a routine command
common to several levels — so that the INTA
sequence is not needed (and this saves ROM space).
Another application is to use the poll mode to
expand the number of priority levels to more than 64.

END OF INTERRUPT (EOI).AND SPECIFIC END OF
INTERRUPT (SEOI)

The EOl command is used in the fully nested mode to
reset the appropriate ISR bit when that interrupt
level’s service routine is concluding. The non-
specific EOI' command always resets the highest
level ISR bit that is currently set. For this reason, it is:
reliabie only in a fixed priority scheme, such as the
fully nested mode. When priority assignments are
changed from the standard order (i.e., IR7 = lowest),
the specific EOl' command must be used. This
command contains the- BCD value of the interrupt
level that is to be reset.

Both specific and non-specific. EOIl are issued by
means of an OCW2. For the non-specific EOI version,
bit D5 of the command is set to 1 and bit D6 is 0. For
the specific EOl version, bit D5 of the command is set
to 1 and bit D6 is set to 1. In the specific EOI
command, the BCD value of the ISR bit to be reset is
contained in command bits DO-D2.

" READING INS8259 REGISTERS

Four types of status can be read from the INS8259:
the contents of IRR, the contents.of ISR, the contents
of IMR and the BCD value of the lnterrupt Ievel
requesting service.
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The microprocessor reads the contents of IRR by
issuing an OCW3, in which bit DO = 0 and bit D1 = 1.
This is followed by a RD puise, during which the
INS8259 places the IRR status on the data bus with
the IRR low order bit (0) present on DO and the IRR
high order bit (7) present on D7. The contents of ISR
are read in the same manner, except that OCWS3 bit
DO is set to 1 as well as bit D1. The contents of IMR
can be read by setting AO = 1 and issuing a RD
pulse.

The BCD value of the interrupt level requesting
service is placed on the data bus in response to a poll
command. This technique was described earlier
under Polled Mode.

CASCADE OPERATION

A typical cascading system is shown in figure 5.

Once a slave line is activated and later acknow-
ledged, the INS8080 CALL code is released by the
master during the first INTA pulse. The CAS lines will

contain the slave address code from the trailing edge
of this pulse until the trailing edge of the third INTA
pulse. This allows the corresponding slave to release
the two-byte service routine address during the
second and third INTA pulses.

Because the CAS lines default to 000, no slave
should be connected to IR0 on the master unless
master request inputs IR1 through IR7 are connected
to slaves.

Each INS8259 in the system must follow its own
initialization sequence and can be programmed to
operate in any mode. Two EOl commands must be
issued: one for the master and one for the slave.

The EOI! allows the respective request input to
generate a new interrupt. To ailow a slave to have
nested interrupts, the master should be sent an EQ!
as soon as possible in the service routine.

¢

MICROBUS

' 1 F'
- T0
4 ]--F-- L | cPu
U I R S R | | GROUP

¥ ¥ | o l ¥ [ v v t

T3 A0 DATA CONTROL INT TS A0 DATA CONTROL INT T3 AD DATA CONTROL INT
8US ) 8Y cASO ) BUS

INSB259 INS8259 INS8259

SLAVE 2 cas1 SLAVE 1 CAS1 CAS1 MASTER

cAs2 cAs2 cAS2
37 3P
GND 2120 19 18 17 16 15 14 GND 131211109 8 7 6 Voo 543210
\ - /
o (INTERRUPT REQUESTS)

Figure 5. Cascade Operation

Instruction A0 D7 D6 D5 D4 D3 D2 D1 DO Operation Description
1 ICW1A 0 A7 A6 A5 1 0 1 1 0 Byte 1 initialization, format = 4, single.
2 ICW1B 0 A7 A6 A5 1 [} 1 0 o Byte 1 initialization, format = 4, not single.
3 I1ICwicC 0 A7 A6 A5 1 [} 0 1 0 Byte 1 initialization, format = 8, single.
4 ICW1D 0 A7 A8 A5 1 0 0 0 ] Byte 1 initialization, format = 8, not single.
5 ICwW2 1 A15 A14 A13 A12 A1l A10 A9 A8 Byte 2 initialization (Address no. 2).
6 ICW3M 1 87 S6 S5 S4 S3 S2 S1 SO Byte 3 initialization — master.
7 ICW3S 1 0 0 0 0 0 S2 st s0O Byte 3 initialization — slave.
8 oCtwi 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask reg, read mask reg.
9 OCW2E 0 0 0 1 0 0 [ 0 0 Non-specific EOI.
10 OCWw2 SE [ [ 1 1 [} 0 L2 L1 L Specific EOI, L2, L1, LO code of ISFF to be
reset.
11 OCW2 RE 0 1 0 1 0 0 0 0 0 Rotate at EOI (Auto Mode).
12 OCW2RSE 0 1 1 1 0 0 2 L1 w Rotate at EOI (Specific Mode), L2, L1, LO,
. code of line to be reset and selected as
bottom priority.
13 OCW2RS 0 1 1 0 0 0 L2 U1 Lo L2, L1, LO code of bottom priority line.
14  OCw3P 0o — 0 0 0 1 1 0 0 Poll mode. .
15 OCW3 RIS 0o - 0 ] ] 1 0 1 1 Read IS register.
16 OCW3RR 0 — 0 0 0 1 0 1 0 Read requests register.
17 OCW3 SM 0 - 1 1 0 1 0 0 0 Set special mask mode.
18 OCW3RSM 0 — 1 0 (4] 1 0 [ 0 Reset special mask mode.

Notes:
1. In the master mode SP pin
2. (=) = don't care.

1; in slave mode SP = 0.

Figure 6. INS8259 Instruction Set
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INS8259 Programmable Interrupt Controller

Physical Dimensions
inches (milllmeters) C

o e L
“;ﬂ" - . : : |‘7 " SQUARE” *1 - ‘1'9:,“’ MAX
Tve 0.050 10010
p ) 7
0010
- (0.254) .
Ve - .
05 4z . o | om0 . 0125
o 0.00 -0.010 [ (25000250) 0018 0002 e
‘n.s:s 270 10.250) - 0457 0051 iy

(|5.ns 0.381

28-Lead Ceramic Dual-in-Line Package (D)
Order Number INS8259D
NS Package Number D28A

1470

p e e e [T 338 e

0.062

LN 0,550 :0.005
PINNO. 1 INDENT 13976 0127}
3 ~
0.030 )
{06z 0060 . 0.050
__0600-0820 MAX  {1624) v 0,130 :0.008)
{15:240-15.748) ” 1 . np.1 I‘ {3302 :0.127)
T o
0625 10028 o020
__7‘”% 0.100 _” 0,018 :0.003 ‘0125 {0508) 5:")
(15075 °05%%) s {0457 :0.076) (; i)
28 Load Plastic Dual-in-Line Package (N)
Order Number INS8259N
NS Package Number N28A
Nationa! Semiconductor National i GmbH NS i Inc., Japan NS Electronics (Hong Kong) Ltd. NS Electronics Do Brasil NS Electronics Pty. Ltd.
Corporation 8000 Munchen 21 Miyake Building 8th Floor, . . Avda Brigadeiro Faria Lima 844 Cnr. Stud Rd. & Mtn. Highway
2900 Semiconductor Drive 61/2 Eisenheimerstrasse 1—9 Yotsuya, Shinjuku-ku 160 Cheung Kong Electrcnic Bldg. 11 Andar Conjunto 1104 Bayswater, Victoria 3153
Santa Clara, California 95051 West Germany Tokyo, Japan 4 Hing Yip Street ' Jardim Paulistano Australia
Tel: (408) 737-5000 Tel: 089/9 15027 Tel: (03) 355-3711 Kwun Tong Sao Paulo, Brasil Tel: 03-729-6333
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INS8298/INS8298E 8080A LLL BASIC Interpreter
General Description Features

The INS8298/INS8298E is a 65k MAXI-ROM™*, = Reduces software effort in microcomputer applica-
organized into 8192 8-bit words, that is preprogrammed tions

with the 8080A Lawrence ore Laboratory (LLL)

BASIC Interpreter. Unp versions of the = Provides easy source code manipulation and instant
INS8298 and INS8298E are the | 8 pin, 800ns .  Program revision

access) and INS8364E/MM5216 access),
respectively. Both the INS8298 and ¢
complete TTL compatibility and single‘
supply. Three chip selects controlling TRI-S
outputs allow for memory expansion.

The 8080A LLL BASIC Interpreter operates with the
INS8080A microprocessor system to provide a high-level,
easy-to-use language for performing both control and
computation functions in the INS8080A. Designed for
use in data acquisition and control applications, the LLL
BASIC Interpreter enables the user to write and debug = Allows use of in
a program on-line. The interpreter executes source code package
statements directly, thus avoiding the need to translate i - .
into machine language. This approach has the advantage = Available as |N$8298 (28 pin, 800ns access) and
of easier source code manipulation (because the source INS8298E (24 pin, 450 s access)

is always available), and instant revision of the program = MICROBUS™* compatible

when errors are detected.

royide = Allows immediate-mode execution of program state-
A? ments to assist program checkout
. Includes floating-point arithmetic package to provide

Pull computational capability

aptable to user-supplied 1/0 routines

igh-speed, machine-language sub-
routines

structible hexadecimal debugging

*A trademark of National Semiconductor Corporation.
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The LLL BASIC Interpreter is used to translate, debug,
and execute user-written ASCII programs in read/write
memory (RAM). Each statement is interpreted from its
ASCI! BASIC format, and then executed line-by-line.
An LLL BASIC Compiler, written in FORTRAN, will
soon be available in the public 'domain.* (See figure 1.)

The BASIC Interpreter accepts both program statements
and control commands. Program statements describe
(to the BASIC Interpreter) operations to be performed
on program data. A program statement preceded by a
line number is inserted into the program for later exe-
cution at a spot determined by the line number. If no
line number precedes the statement, it is executed
immediately -and then' discarded. This latter mode,

known as “immediate’’ or “‘direct,” is especially valuable -

during program checkout. Control commands specify
actions that alter the status of the user’s program; for
example, they direct the execution, saving, and retrieval
of programs. Program. statements are summarized in
table 1; control commands are summarized in table 2.

The BASIC Interpreter is located in ROM from 100016
through 2FFF1g. BASIC assumes that its RAM starts
at location 3D001g. The memory map is shown in table
3. All 1/0 routines used by the INS8298 are located in
the upper 256 bytes of the address space so that a simple
address decoding circuit can allow the substitution of a
special user-supplied 1/O package, if necessary. As an
alternative scheme for allowing the user to tailor 1/0 to
his own needs, entry points to the interpreter are
provided that allow the page zero initialization program
to channel all BASIC. I/O through -its. own routines.

A hexadecimal debugging routine (HDT) is also-available
on the INS8298 ROM. HDT allows the.user to examine
internal registers and memory locations and modify their

USER'S INS8298

ASCll . BASIC
PROGRAM INTERPRETER

(RAM (ROM)

" INS8080A
ceu

»

contents, HDT is called from the BASIC Interpreter to -
help debug user-developed software. Input and output
data representation is in hexadecimal format. In addition
to the usual debugging capabilities, HDT also has
commands to perform the following functions:

= Test a specified range of memory locations

= Load programs in hexadecimal, NSC, and LLL binary
formats :

= Save the contents of a specified range of memory
locations ' )

In addition to the features summarized previously, LLL
BASIC has many .capabilities found in other standard
BASIC systems (see tables' 1 and 2). However, LLL
BASIC does not include built-in operations as intrinsic
functions, e.g., trigonometric or string-manipulation
functions. Also, LLL BASIC does not permit arbitrary
arithmetic expressions beyond those of the form:

variable op variable

where the first variable in the expression may be pre-
ceded by a minus (-); op'may be a plus (+), minus (-),
asterisk (*) for multiplication, or slash (/) for division;
and either variable can be an identifier, function, or
number. '

*For additional information, contact:
Argonne Code Center .
Argonne National Laboratory
9700 South Cass Avenue
Argonne, lllinois 60439

A

BASIC COMPILED -
. COMPILER > PRoMoR
(FORTRAN) ROM)

1
————
\

Figure 1. Operation of the LLL BASIC Interpreter and Compiler with the INS8080A
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Table 1. BASIC Statements

Statement Function

CALL Calls-user-written assembly-language routines.

DIM Declares a one-dimensional array. (Indexing is from zero.)

END Terminates a program and returns control to BASIC.

FOR Causes program to iterate through a loop a designated number of times.
GET expression Reads input data from a specified port.

GOSUB nn Transfers control to a subroutine beginning at line nn.

GOTO nn Transfers control to line nn.

|F expression THEN nn
INPUT list

LET identifier = expression
NEXT

PRINT

PUT expression

REM

RETURN

STOP

Transfers to line nn if the condition of the expression is met.
Allows the user to supply numeric data to a program directly from the terminal.

Assigns the value of an expression to the identifier on the left side of the equal sign.

Signals the end of a loop.

Allows numeric data and character strings to be printed on the terminal.
Writes output data to a specified port.

Allows comments to'be inserted in the program listing.

Returns control to the line after the last GOSUB.

Suspends program execution and returns.

Table 2. BASIC Commands

Command Function

CONTROL/H (backspace)  Deletes the previous character typed during input.

CONTROL/S Interrupts program during execution and returns to immediate mode.
DEBUG Transfers control to the Hexadecimal Debugger program (HDT).

LIST Prints out all or part of a program at the terminal.

PACK Frees memory locations in RAM to allow the user more working space.
PLIST Punches paper-tape copy of a program.

PTAPE - Reads in paper-tape copy of program using high-speed reader.

RUN Begins execution of the program currently in memory.

SCR Erases the program in memory

Table 3. Memory Map for BASIC Interpreter

ROM Address (hex)

Function

1000 - 1008
1009 - 27FF
2800 - 2EFF
2F00- 2FFF

BASIC entry points for initialization.

BASIC Interpreter.

Hexadecimal Debugger (HDT) and loaders.

System /O routines for INS8251 USART (ports EC and ED).

RAM Address (hex)

Function -

3D00 - 3DFF BASIC RAM scratch area (buffers, variables, etc.).
3E00 upward BASIC user program space.

Top of RAM downward BASIC stack area.

Chip Selects

csT Active low (0).

CS2 Active high (1).

CS3 Active low (0).
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. Block and Connection Diagrams

>
13

2

»
I3

ROW DECODE

2
2 & 2

g

3

81928
ROM

ARRAY .

OUTPUT BUFFER

C.S.

COLUMN DECODE DEC.

EREEEE

a1z TST cs2 TS3

NOTE: €S2 AND TS3 NOT

AVAILABLE IN INS8298E.

Absolute Maximum Ratings (note 1)

Voitage at Any Pin -0.5V to +6.5V
Operating Temperature Range 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Power Dissipation 1w
Lead Temperature (Soldering, 10 seconds) +300°C

DC Electrical Characteristics

(T A within operating temperature range, Vog = +5V % 5%, unless otherwise specified.) See AC test circuit and swntchmg time

m—t \/ af—ve
A0 —y2 27 f— NC
Tor—{3 26 e A2
02— 4 25 A3
03 =g & 24 b AL
04— 6 23 b A5
05 =7 22 b— A6
05 =] 8 NS f
07— 9 20 fm €S2
08 —f 10 Ty -
Coan—fn 1 p—ar -
A1l w4 12 17 o AB
Ne —] 13 16 = A9
‘onp —] 14 15 p— A10
A7 —] 1 ~ 24 P—vec
AG =t 2 23 f a8
a5 —t3 22 |- p9
A= 21 f—ar2
A3 —5 20 TS
A2~ § 19 = A10
mo—y —an
Al —8 17 f—108
D1 —i3 16 =07
02 = 10 15 =06
03 =t 11 14 p——D05
GNO =] 12 13 p— 04

Chip Selects

CS No. l Pin No. ] Active Level
INS8298
1 21 0
2 20 1
3 19 0
INS8298E
1 20 | o

waveforms. .

' P(a';?::;r Conditions Min. (szl:k) Max. Units
[IN] Input Current VIN=0Vto Vce ) 10 MA
VIH Logical ““1""-Input Voltage 2.2 Vcc+i.0
ViL Logical 0" Input Voltage -0.5 0.6
VOH  Logical 1 Output Voltage lOH = -200 uA 2.4
VoL  Logical “0” Output Voltage loL=3.2mA 0.4
ILOH Ou.tput Leakage Current Vouyt =4V, Chip Deselected 10 MA
ILoL Output Leakage Current VouT = 0.45V, Chip Deselected -20 MA
lcet Power Supply Current éll Inputs = 5.25V, Data Output 100 130 mA

. pen
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Capacitance

Parameter . . Typ. .
(Note 3) Conditions Min. (Note 4) Max. Units
CIN Input Capacitance (All Inputs) VIN=0V, Ta = 25°C, f = 1 MHz, 7.5 pF
(Note 2)
CouT Output Capacitance VouT =0V, Ta=25°C, f = 1 MHz, 15.0 pF
(Note 2) .

AC Electrical Characteristics

(TA within operating temperature range, VcC = +6V + 5%, unless otherwise specified.) See AC test circuit and switching time
waveforms.

Limits
INS8298 INS8298E
’ Typ Typ.
Parameter (Note 3) Conditions Min. (Note 4) Max. Min. (Note 4) Max. | Units

tA Address Access Time See AC Load Circuit. All times except 450 | 800 450 ns

: N tOFF measured to 1.5V level with t,
taCc Chip Select Access Time and tf of input < 20 ns (figures 2 & 3), 150 | 250 150 ns
toFF Output Turn OFF Delay | tgpg TRI-STATE output level 150 | 250 150 ns
tc Cycle Time measured to less than 20 uA output 800| 450 ns

ent.
tAS  Address Set-Up Time current 550 ns
Referenced to Chip
Select

Note 1: “Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot be guaranteed. Except for *'Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of ““Electrical Characteristics’’
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used: logical ‘*1"" = most positive voltage level, logical ’0"" = most negative voltage level.
Note 4: Typical values are for Tp = 25° C and nominal supply voltage.

AC Test Circuit and Switching Time Waveforms .

5V

*INCLUDES JIG CAPACITANCE.

24v 24V
ADDRESS *T!:V )(LFIV ADDRESS f
04v 04v
f A
24V 24V

CHIP SELECT 15V )(‘SV CHIP SELECT
D.3
E [

| 04V
l" tAS tOFF ~—-]
TRISTATE®

X TRISTATE®
OUTPUT DATA VALID . QUTPUT DATA INVALID DATA VALID
e =

Figure 2. Address Precedes Chip Select Figure 3. Address Follows Chip Select -
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INS8298 /INS8298E 8080A LLL BASIC Interpreter

Physical Dimensions inches (millimeters)

, 1400
| -~ 35.56) ; ~
MAX . !
0530
INS8298 (13.462)
MAX
OF G0 B To] T te] o) [T 1] rof
g s oy
——“;ﬁ"""_—"‘ “suane ] ] T wax
| v | 0.050 :0.010
(127 :0.250)
M S I B
0.010 , S
{0.250) [
) TYP ! I
4526 10025 | | | |- 01000010 “15
525 o015 | | | o0s0:0010 (2540 -0253) 0.018 :0.002
— e ] - }4.—“-— @175
(1sa7s msas) (1210-0250) . - 04570050 iy
28-Lead Cavity Dual-In-Line Package (D)
! Order Number INS8298D
NS Package Number D28A
1280
NENEA] :
(7] [3) [2] [1] [a] [1s] [rs] [is] [i8] [ia] [i3]) _
0530 0. 507
INS8298E (13.462) , (13.87)
MAX
PIN NO. 1
IDENT L
CT I GI G G T O G BT 6 o mf
. 0200
0.510 0.610 {5.080)
e MAX e MAX
i {15.498) ! T | Max 0.050 :0.010
{ {270 0258)

+0.025

i [ e \ R e 0
RPTY ! i
{575 0381 0.100 0010 00180002 {3.175)

MIN

(2,540 :0.254) (0.457 +0.051)

24-Lead Cavity Dual-In-Line Package (D)
Order Number INS8298ED
NS Package Number D24A

NS Electronics Do Brasil

Avda Brigadeiro Faria Lima 844

11 Andar Gonjunto 1104

Jardim Pauiistano

Sao Paulo, Brasii

Telex: 1121008 CABINE SAQ PAULO

NS inc., Japan NS Elulmnln (Hong Kong) Lid.
Miyake Building 8th Floor,

1—9 Yotsuya, Shinjuku-ku 160
Tokyo, Japan

Tel: (03) 355-3711

TWX: 232-2015 NSCJ-4

Cheung Kong Electronic Bldg.
4 Hing Yip Street

Kwun Tong

Kowloon, Hong Kong

Tel: 3-411241-8

Telex: 73866 NSEHK HX
Cable: NATSEMI

Mational Semiconductor National GmbH
Corporation 8000 Munchen 21

2900 i Drive 61/2

Santa Clara, California 95051 West Germany

Tel: (408) 737-5000 Tel: 089/9 15027
TWX: {910) 339-9240 Telex: 05-22772

NS Electronics Pty. Ltd.

Cor. Stud Rd. & Mtn. Highway
Bayswater, Victoria 3153
Australia

Tel: 03-729-6333

Telex: 32096

National does not assume any responsibility for use of any circuitry described; no circuit patent licenses are imphed; and National reserves the right,-at any time without notice. to change said circuitry.
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INS1671 Asynchronous/Synchronous Transmitter/Receiver

General Description

The INS1671 is a.programmable Asynchronous/Synch-
ronous Transmitter/Receiver (ASTRO) chip housed in
a standard, 40-pin dual-in-line package. The chip, which is
fabricated using N-channel silicon gate MOS technology,
provides a serial data input/output interface in a bus-
structured system. The chip is capable of full duplex
operation with synchronous or asynchronous data
communications systems.

The INS1671 is designed to operate on a multiplexed,
bidirectional bus with other bus-oriented devices. The
functional configuration of the INS1671 is programmed
by the system software via the bus and all parallel data
transfers within the system are accomplished over the
bus lines. In addition, the INS1671 contains a provision
for hardwiring a unique 5-bit identification code to a
chip, thereby allowing up to 32 INS1671 devices to be
addressed via the multiplexed bus.

— Two Contiguous SYN Characters Provide Synch-
ronization
— Programmable SYN and DLE Characters Stripping
— Programmable SYN and SYN-DLE Characters
Insertion
® Asynchronous Mode Capabilities
— Selectable 5- to 8-Bit Characters
— Line Break Detection
— 1-, 1%-, or 2-Stop Bit Detection
— False Start Bit Detection
— Automatic Serial Echo Mode
e DC to 1M Baud Rate
® 8 Selectable Clock Rates (4 Programmable)
e Transmission Error Detection Capabilities
— Parity
— Overrun
— Framing
® Double Buffering of Data

8-Bit Bidirectional Bus for Data, Status, arid Control
Words

Feathes e All Inputs and Outputs TTL Compatible
e Synchronous and Asynchronous Full Duplex Opera- ® On-Line Diagnostic Mode
tions . ® Reduces System Component Count
® Synchronous Mode Capabijlities e Direct Plug-In Replacement for Western Digital
— Selectable 5- to 8-Bit Characters FD1671
INS1671 General System Configuration
MG

SANSIETL i

DATA/ADDRESS BUS |

SYSTEM
PROCESSOR

J meceiven
% - SECTION |

SERIAL DATA OUT.
e

COMMUNICATIONS
LINK

(MGDEM OR
DATA SET)

SERIAL DATA IN

LOCAL 32X
CLOCKS (R1 - R4)

TIMING & CONTROL

¥ ¥

7

MEMORY

H/Jo1WISuRL] SNOUOIYIUAS/SNOUOIYDUASY |29 ISNI

© 1977 National Semiconductor Corp.
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Absolute Maximum Ratings

Vpp with Respectto Vgg (Ground) . . . ............ +20V to -0.3 V.
Maximum Voltage to Any Input with Respect to Vgg . . .+20V to -0.3V
Operating Temperature. . . . ........onnneneen .. 0°C to +70°C
Storage Temperature . .. . ... .. e, =55°C to +125°C
Power Dissipation . . . ................. e 1000 mW

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

acteristics.

DC Electrical Characteristics
Ta=0°Cto+70°C,Vpp=+120V 0.6V, Vgg=-5.0V +0.25V, Vg =0V, Voc=+5V £ 0.25V

Symbol Parameter Unit Min Typ Max Conditions

u Input Leakage HA 10 Vin=VDpDp
lLo Output Leakage uA 10 VouTt = Vbbb
Igg Vpgg Supply Current mA 1 Veg=-5V
lccave Ve Supply Current mA 80

IpDAVE Vpp Supply Current mA 10

Vin, Input High Voltage \ 2.4

ViL Input Low Voltage (Al Inputs) \Y 0.8

Vou Output High Voltage \ 2.8 lo =-100uA
VoL Output Low Voltage \ 0.4 Io=1.6mA

AC Electrical Characteristics

Ta=0°C10+70°C, Vpp=+12.0V £ 0.6V, Vgg=~5.0V £ 0.25V, Vcc = +5.0V 2 0.25V, Vgs = 0V, Cpyyax = 20pF

Symbol Parameter Unit Min Typ Max Conditions
tAS Address Setup Time ns 0

tAH Address Hold Time ns 150

tARL Address to RPLY Delay ns - 400

tes CS Width ns 250

tCSRLF CS to Reply Off Delay ns 0 250 R =2.7kQ
READ CYCLE

tARE Address to RE Spacing ‘ns 250

tRECSH RE and CS Overlap ns 20

tRECS RE to CS Spaci}mg ns 250

tRED RE to Data Out Delay ns 180 . CL=20pF
tRE RE Width_ ns 200 1000

WRITE CYCLE ’

tAWE ; Address to WE Spacing ns 250

tWECSH WE and CS Overlap ns 20

twe WE Width ns 200 1000

tps Data Setup Time ns 150

tDH Data Hold Time ns 100

twecs WE to CS Spacing ns 250
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Interrupt

Symbol Parameter Unit Min Typ Max Conditions

tesi CS to IACKI Delay ns 0

tcSRE CS to RE Delay ns 250

tCSREH CS and RE Overlap ns 20

tRECS RE to CS Spacing ns 250

tp) IACKI Pulse Width ns 200

tiAD TACKI to Valid ID Code Delay ns 250 (Note 1)
" trep RE Off to DAL Open Delay ns 180

tIARL IACKI to RPLY Delay ns 250

tesRLF CS to RPLY Off Delay . ns 0 250 R =2.7kQ

tiam TACKI On to INTR Off Delay ns 300

t IACKI to IACKO Delay ns ) 200

tRel RE Off to IACKO Off Delay ns 250

Note 1: If RE goes low after TACKI goes low, the delay will be from the falling edge of RE.

Timing Waveforms

@ = Vi (MIN) = 24V
@ = V) (MAX) = 0.8V
® = VgH (MIN) = 28V
@ = VgL (MAX)= 04V

ADDRESS DATA
DAL BUS % VALID % VALID

@ tAS @
[ ,.l
tRED—>|
t ’4——- RED

® o @

tRECS
tAnE———»‘@ )

= mscsu% -~ ®
RE / tRED /

@

tARL 4—lcsnu—»‘

AFLY \ /1@ /

@

READ TIMING (Note 1)
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Timing Waveforms (cont.)

ADDRESS DATA /
DAL BUS VALID VALID %
6 : \ Y/
tAS . E
: tAH->] ‘ .
. @ . @ -
. @ ‘@
TAWE : 4! tpH fe—v
4+ FUWECSH  —»| t0S [« WECS
WE ®
©]
‘ WE
[e———tARL———»{ <——'csmr——>l
_ \ /6
APLY
®

WRITE TIMING (Notes 1 & 2)

INVALID ADDRESS
DAL BUS CODE % 1D CODE

@
test . YUAD: —»| tRED L_— ’
_— : ® . @ :
B \___
[ .
)
| <—tcsALF
RPLY \ o
S v
. "—'CSRE—-I tCSREH @s—tnscs~>
— : ® /
RE -\
@
TR /@
TACKI . .

INTERRUPT TIMING (Note 3)

P NOTES:
B 1. ID DECODE is the major factor in tARE, tAWE. and tAR L timing. \
2. If changing Control Register 1 while processing data, the WE pulse width must be contained within the Data Valid envelope to insure
correct data processing.
3. DALO must be a logic high coincident with an active CS to form an invalid address during Daisy Chain Interrupt Response.
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INS1671 Functional Block Diagram

(8-15)
DALD- DALT | DAL BUS
‘ ] [ J | 1
y A L A L
'}ﬁ,""}’,fg CONTROL CONTROL STATUS DLE SYN TRANSIITIER
Tona REGISTER 1 REGISTER 2 REGISTER REGISTER REGISTER JoLamS
1 r | |
| x|
¥ =
npaTA (38) 2]  RECEIVER COMPARATOR TRANSWTTER |OT) 0 1rp (g
REGISTER REGISTER (BA)
| _—t ———-—}
3 2
ima 29, | DAL BUS > (L 1]
HE COMMUNICATION CLOCK
15 ) CONTROL CHANNEL CONTROL <> CONTROL
06 (Uvbn
7
I T(as) Iu) T(z) 1 1 1( Im) laa) 1(36) Tmn 1(15) I«m) I(za) 119) T(Jn) t(:m Pm T(aa) '(35) (3a)
TS RE TACKI TACKO RPLY INTR MR 3 F n_in ul_n RING CARR WMISC Rl Rz R3 R4 TXTC TXRC
(CA) (CB) (EC) (€D) (CE) (CF) (08) (DD)
Voo -g'-;» 2V
POWER | Veor=a +5V NOTES:
SUPPLIES T ygptiipe -5y : 2 LETTERS WITHIN PARENTHESES REFER
BB 20) 1. NUMBERS WITHIN PARENTHESES DENOTE TO CORRESPONDING RS-232 SIGNAL
vsg GND APPLICABLE CHIP PIN NUMBERS. DESIGNATIONS.

INS1671 Functional Pin Definitions

The following describes the function of all INS1671
input/output pins. Some of these descrlptnons reference
internal circuits.
NOTE
In the following descriptions, a low represents a
logic 0 and a high represents a logic 1 (refer to
dc characteristics).

INPUT SIGNALS

Chip Select (CS): When low, the chip is selected by a
valid address on the DAL Bus. This enables communica-
tion between thé INS1671 and the CPU (or controller).

Select Code (ID7 - 1D3): Five input pins that are used
for hardwiring a unique 5-bit identification code to the
chip. The unique code is used to select the chip when
addressing up to 32 INS1671 devices and to identify
the chip when responding to interrupts.

Read Enable (RE): When low coincident with an active
€S input, allows the CPU (or controller) to read either
of the following: data, control words, and status infor-
mation from associated registers of the chip; or interrupt
identification information. A Read operation is initiated
by the controller when it places an 8-bit address on the
Data Access Lines (DAL) Bus coincident with a low-level
[ input. When bits 3 through 7 of the 8-bit address
input match the unique 5-bit identification code of the
chip, the device is selected. Bits O through 2 of the 8-bit
address input are then used to select INS1671 reglsters
to read from as indjcated below.

Az Az Ag Selected Register

0 0 0 Control Register 1

0 1 ‘0 Control Register 2

1 0 0 Status Register

1 1 0 Receiver Holding Register

-

When the RE input is made active (low) by the control-
ler, the INS1671 gates the contents of the addressed
register onto the DAL Bus. When the RE and CS inputs
are both returned to a high level, the Read operation is
terminated and the chip is deselected.

Write Enable (WE): When low coincident with an active
CS input,-allows the CPU (or controller) to write data or
control words into associated registers of the chip. A
Write operation is initiated by the controller as described
above for a Read operation. However, bits O through 2
of the 8-bit address input are used to select INS1671
registers to be written into as indicated below.

Az Aq Ag Selected Register

0 0 0 Control Register 1

0 1 0 Control Register 2

1 0 0 SYN Register

1 0 0 DLE Register

1 1 0 Transmitter Holding Register

When the WE input is made active (low) by the control-
ler, the INS1671 gates the data from the DAL Bus.into
the addressed register. As indicated in the above table,
the same address (100) is used to write data into both
the SYN and DLE registers. The INS1671 is set up so
that data is written into the SYN Register and then into
the DLE Register by a succeeding WE input with address
100. Any intervening Write or Read operation with a
different register address causes the next address 100
input to select the SYN Register. When the WE and CS-
inputs are both returned to a high level, the Write
operation is terminated and the chip is deselected.

Master Reset (MR): When
Register, Status Register,
chip.

low, "clears the Control
and other controls of the
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Interrupt Acknowledge In (IACKI): Forced low by the
CPU (or controller) when it is polling to determine
which device is requesting an interrupt. When the device
requesting the interrupt receives a_low-level 1ACKI
input coincident with a low:level RE input,_the _ch_ip
places its’ unique 5-bit identification code (ID7-1D3)
on the DAL7 through DALS3 lines, respectively, and a
high (Receiver interrupt) or low (Transmitter interrupt)

on the DAL2 line of the DAL Bus. Also, at this time, the .

requesting device provides a low-level Reply (RPLY)
output and all other INS1671 .devices receiving a low-
level IACKI input force their Interrupt Acknow!ecﬁg
Output (IACKO) signal to a low level. When the RE
input returns to a high level, the interrupt identification
information is removed from the DAL Bus. -

Clock Rates (R1-R4): Four input pins that accept four
different local 32X baud rate clocks for the Transmitter
and Receiver sections of the chip. The clock input at the
R4 pin may be divided down into a 32X clock from
either a 32X, 64X, 128X, or 256X clock input. The
32X clock is only used in the Asynchronous mode.
Internal Control Register 2 selects the use of the local
_clocks.

Received Data (RDATA): Serial data input from the
communications link (MODEM or data set).

Clear to Send (€TS): When low, enables the Transmitter
section of the chip to transmit serial data to a MODEM
or data set.

Data Set Ready (DSR): If low (On) or high (Off) when
the internal Data Terminal Ready signal (bit 0 of Control
Register 1) is high (On), generates an interrupt. The Data
Set Ready input appears as bit 6 in the internal Status
Register.

Ring Indicator (RING): If low (On) when the internal
Data Terminal Ready signal (bit-0 of Control Register 1)
is low (Off), generates an interrupt.

Carrier Detector (CARR): If low (On) or high (Off)
when the internal Data Terminal Ready signal (bit 0 of
Control Register 1) is high (On), generates an interrupt.
The Carrier Detector input appears as bit 5 in the internal
Status Register.

Transmitter Timing.(1XTC): This input is the 1X baud
rate clock for the Transmitter section of the chip. The
1X clock is primarily used in the Synchronous mode.
Internal Control Register 2 selects the use of the 1X
clock. Transmitter data is clocked out of the INS1671
on the falling edge of this clock input.

Receiver Timing (TXRC): This input is the 1X baud
rate clock for the Receiver section of the chip. The 1X
clock is primarily used in the Synchronous mode.
Internal Control Register 2. selects the use of the 1X
clock. Receiver data is clocked into the INS1671 on the
rising edge of this clock input.

VBB? -5-volt supply.

Vee: +5-volt supply.

Vpp: +12-volt supp|vy.

Vss: Ground (0-volt) reference.

OUTPUT SIGNALS

Interrupt (INTR): Open-drain output that goes low
when any one of the communication interrupt condi-
tions indicated below occurs.

1. Data Received (Receiver Holding Register Full)
. Transmitter Holding F&aggt_er Empty
. Carrier Detector On (CARR input'low)
. Carrier Detector Off (CARR input high)
. Data Set Ready On (DSR input low)
. Data Set Ready Off (DSR input high)
7. Ring Indicator On (RTNG input low) -
Interrupt Acknowledge Out (TACKO): Goes low in, res-
ponse to a low-level IACKI input, when the chip is not

the interrupting device. (The IACKO output is mutually
exclusive with the RPLY output.)

oo As WN

Reply (RPLY): Open-drain output that goes low when
the chip is selected by a valid address on the DAL Bus
or when the chip identifies itself as the interrupting
deyice during interrupt polling.

Transmitted Data (TDATA): Composite serial data
output to a MODEM or data set. This output is held in
the Marking state {logic 1) when the Transmitter section
of the chip is disabled.

Data Terminal Ready (DTR): Set low when the CPU
(or controller) is ready to communicate with a MODEM
or data set.- This output is generated by bit 0 of Control
Register 1.-

Request to Send (RTS): Set low when the CPU (or
controller) is ready to transmit data to a MODEM or
data set. This output is enabled by bit 1 of Control
Register 1.

Miscellaneous (MISC): User-designated, programmable
low-level output. This output is controlled by bit 4 of
Control Register 1.

INPUT/OUTPUT SIGNALS

Data Access Lines (DAL) Bus: This bus comprises eight
input/output lines (DALO-DAL7). The bus provides
bidirectional communications between the CPU (or
controller) and the INS1671. Data, control words, status
information and address information are transferred via
the DAL Bus.

. Pin Configuration

Vpg =41 \J 40 p=— Vpp
TACKI —{ 2 39 p— RE

TS ——3 38 f— RATS
WE =14 37 p=—— TDATA
TATKO —{ 5 36 p=—CTS
RPLY =15 35 p=— TXTC
INTR =i 7 34 p—— TXRC
DALO —{ 8 33 b= R4
i F : 32 | R3
DALZ =] 10 31 p="R2
DAL3 =i 11 ““5"5,71 30 f—— R1
DALE =] 12 . 29 |— CARR
DALS =13 28 p— D3R’
DALE — 14 27 j==— RDATA
DAL7 =15 26 | D3
DTR =15 25 e 104
D7 ———f 17 24 e D5
RING —i 18 23 p—— MR
MiSC —{19 22 "0
Vss =i 20 21 = Ve
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INS1671 Programming

The system software determines the operative condi-
tions (mode selection, clock selection, interface signal
control, data format, et cetera) of the INS1671 via
internal Control Registers 1 and 2. Each of these 8-bit
registers can be loaded from the DAL Bus by a Write
Operation or read into the DAL Bus by a Read Opera-
tion. The contents of Control Register 1 can be changed
at any time, while the contents of Control Register 2
(usually loaded first) should be changed only when the
Receiver and Transmitter sections of the chip are both in
the idle mode. The contents of the two control registers
are shown in figures 1 and 2 and are described below.

CONTROL REGISTER 1 (CR1) CONTENTS

Bit 0: Controls the generation of the Data Terminal
Ready (DTR) output. When high (logic 1), enables the
Carrier Detector and Data Set Ready interrupts. When
low (logic 0), enables only the Ring Indicator On inter-
rupt.

Bit 1: Controls the enabling of the Request to Send
(RTS) output. When high in coincidence with a low-level
Clear to Send (CTS) input, -enables the Transmitter
section of the chip and allows the generation of Trans-
mitter Holding Register Empty (THRE) interrupts.
When low, disables the Transmitter section and disables
the Request to Send (RTS) output. Before the Trans-
mitter section is disabled, any character in. the Trans-
mitter Register is completely transferred to the MODEM
or data set.

Bit 2: When high, enables the INS1671 to perform the
following: (1) transfer a new character into the Receiver
Holding Register; (2) update Receiver status bits 1
through 4; and (3) generate Data Received interrupts.
When low, disables- the Receiver section and clears
Receiver status bits 1 through 4.

Bit 3: When high while in the Asynchronous mode,
enables a parity check on each received character and
the generation of a parity bit for each transmitted
character. When high while in the Synchronous mode,
enables a parity check on each received character.

Bit 4: When high while the Receiver section is enabled
(bit 2 of Control Register 1 is high) and_in the Asynch-
ronous mode, causes the INS1671 to enter the Echo
mode. In this mode, the Transmitted Data (TDATA)
output is obtained directly from the clocked regenerated
data (assembled received characters) instead of the
transmission characters from the Transmitter Register.

Echoing does not start until a character has been received

and the Transmitter section is idle. The Transmitter
section does not have to be enabled in the Echo mode.

NOTE
Only the first character of a break condition of all
zeros (null character) is echoed when a Line
Break condition is detected. For all subsequent
null characters with low-level Stop bits, a steady
Marking (high) "condition is transmitted until
normal character reception is resumed.

When high while the Receiver section is enabled and in
the Synchronous mode, causes stripping of received
characters that match the contents of the DLE Register.
In addition, parity checking is disabled at this time.

When high while the Receiver section is disabled and in
the Synchronous mode, causes the generation of a low-
level Miscellaneous (MISC) output from the chip. (This

output may be used as a New Sync signal on a Model 201
Data Set.) With a 32X clock selected, a high-level bit 4
causes the Receiver bit timing to be synchronized on
Mark-Space (high-low) transitions.

Bit 5: When high while the Transmitter section is enabled
and in the Asynchronous mode, causes a single Stop bit
to be transmitted.

When low while the Transmitter section is enabled and
in the Asynchronous mode, causes 2 Stop bits to be
transmitted for character lengths of 6, 7, or 8 bits and
1% Stop bits for a character length of 5 bits.

When high while the Transmitter section is disabled and
in the Asynchronous mode, causes the generation of a
low-level Miscellaneous (MISC) output from the chip.
(This output may be used for a Make Busy signal on a
Model 103 Data Set, a Secondary Transmit signal on a
Model 202 Data Set, and a Dialing Signal on a CBS Data
Coupler.)

When high in coincidence with a high-level bit 6 while in
the Synchronous mode, causes the contents of the DLE
Register to be transmitted before the loading of the next
character in the Transmitter Holding Register, as part of
the Transmit Transparent mode.

When high in coincidence with a low-level bit 6 of
Control Register 1 while in the Synchronous mode,
enables transmit parity. |f bit 6 is high or bit 5 is low, no
parity is generated.

Bit 6: When high while the Transmitter section is enabled
and in the Asynchronous mode, holds the Transmitted
Data (TDATA) output of the chip in a Spacing (low)
condition, starting at the end of any current transmitted
character. In this case, normal transmitter timing con-
tinues so that the Transmission Break condition is timed
out after the loading of new characters in the Trans-
mitter Holding Register.

When high while in the Synchronous mode, conditions
the Transmitter section to the Transmit Transparent
mode, which implies that the idle Transmitter time will
be filled by DLE-SYN character transmission and that
a DLE can be forced ahead of any character in the
Transmitter Holding Register by setting bit 5 of Controi
Register 1 high, prior to loading the THR.

Bit 7: When low, the INS1671 is configured to provide
an internal data and control loop (On-line Diagnostic
mode), and the Ring Indicator On interrupt is disabled.
When high, the chip is in the normal full duplex con-
figuration and the Ring Indicator On interrupt is
enabled.

In the On-line Diagnostic mode the following occur
(via internal logic):

1. The TDATA output (pin 37) is connected to
the RDATA input (pin 27). The TDATA
output is held in the Marking (high) condition
and the RDATA input from the MODEM or
data set is disregarded.

2. The Transmitter clock is also used as the
Receiver clock, when the 1X clock is selected
by bits 0 - 2 of Control Register 1.

3. Bit 0 (Data Terminal Ready) of Control Register
1 is connected to the DSR input (pin 28).
The DTR output (pin 16) is held in the Off
(high) condition and the DSR input from the
MODEM or data set is disregarded.

4. Bit 1 (Request to Send) of Control Register 1
is connected to both the CTS input (pin 36)
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and the CARR input (pin 29). The RTS output
{pin 38) is held in the Off {high) condition
“and ‘the ETS and" CARR inputs from the’
MODEM or data set are disregarded.

The MISC output (pin 19) is ‘held in the Off'
(high) condition. ’

CONTROL REGISTER 2 (CR2) CONTENTS
Bits 0~2: Select clocks for Receiver and Transmitter
~secitions of the chip as indicated below.

5.

"NOTE . ’ :
Bit 3 must be high (logic 1) for the 1X clock
selection by_ bits 0-2 of Control R_eg:ster 2.
When high while in' the Synchronous mode, causes
stripping of all DLE and.SYN characters in.the Transmit

- Transparent mode {selected by bit 6-of Control Register

1) or of all SYN characters: in the Transmit Non-
Transparent .mode.” In- addition, no Data Received
interrupt is generated and the SYN Detect status bit is
set - high - with. the. recept:on ~of -the next: assembled

B2 Bq B - - Clock Selected character. : . B
0 0o |0 © 1XTC and ¥XRC inputs for Bit4: When high while parity is enab]ed {bit 3 and/or
: 'l_"ransmutter and Receiver sec- bit 5 of Control Register 1 are high}, selects Odd parity.
: ‘ tions, respectively When low while parity is enabled, selects Even parity.
0 |0 [ 1 R1 (32X)input . . ‘ ‘ "
— { ) - p _Bit 5: When high, selects the Synchronous mode for the
0 1 0 ‘R2 (32X) input INS1671. When low, selects the Asynchronous mode for
0 1 1 R3 (32X) input the chip. . . '
1 0 0. R4 (32X) input Bits 6 and 7: Select the character Iength' as indicated
1 0 1 “ R4 (64X) input +2 below.
1] 1 0 R4 (128X) input +4
1 1 1 R4 (256X) input +8 B; | Bg ~ Character Length
Bit 3: When low while in the Asynchronous mode, .0 ] 8 bits
selects the R1 (32X) clock input for the Receiver section 011 7 bits
of the chxp When hngh selects the same 32X clock rate -
1 0 6 bits
for the Receiver section-as selected for the Transmitter - -
section. 1 1 5 bits
/ BIT NUMBERS \
7 6 5 4 3 2 1 0
SYNC/ASYNC ASYNC ~ ASYNC (TRANS. ENABLED) ASYNC ASYNC SYNC/ASYNC ~ SYNC/ASYNC . SYNC/ASYNC
0-LOOPMODE  0-NON-BREAKMODE 0 -1%OR 2STOPBIT 0-NON-ECHOMODE 0~ NO PARITY ENABLED 0-RECEIVER 0-RTSOUT=1 0-DTROUT=1
1- NORMAL MODE 1 - BREAK MODE SELECTION 1-AUTO ECHO MODE 1 - PARITY CHECK ENABLED SABLED y _RTSouT=0 1-DTROUT=0
1~ SINGLE STOP BIT SELECTION OoN A= RECENER
SYNC- . . SYNC (REC. ENABLED) PARITY GENERATION LED |
ASYNC (TRANS. DISABLED) N . ENABLED ON TRANSMITTER
0 - TRANSMIT NON- — 0 - DLE STRIPPING
TRANSPARENT MODE 0 -MISCOUT =1 NOT ENABLED . SYNE |
1= TRANSPARENT MODE ;;fi‘;::‘_ : o 1-DRESTRIPRING g glEsl:EIVEH PARITY CHECK IS
SYNC(BITE=0) SYNC (REC. DISABLED} 1 - RECEIVER PARITY CHECK IS
0 - NO PARITY GENERATED j— ENABLED
1~ TRANSMIT PARITY ENABLED O —MISCOUT =1
1-MSCouT=0
SYNC(BIT8=1)
0~ NO FORCE DLE
1~ FORCE DLE
‘ Fiéuro 1. Control Registef 1 Contents
: / - -BIT NUMBERS \
7 ] 5 4 3 2 1 0
" SYNC/ASYNT LECT SYNC/ASYNC ASYNC SYNC/ASYNC
CHARACTER LENGTH SELECT 0 - ASYNCHRONOUS MODE 1 — 0DD PARITY SELECf 1 = RECEIVER CLOCK CLOCK’ SELECT
, 008 BITS 1-SYNCHRONOUSMODE 0 - EVEN PARITY SELECT . DETERMINEDBY g9 _ 4x crock
T 01=78ITS 0 ~ RECEIVER CLK 001 - RATE 1 CLOCK
10=68ITS =RATE 1 © 010-RATE2CLOCK
1"=581TS SYNC(CRIBITG=0) 011 ~RATE3CLOCK

100 - RATE 4 CLOCK
O-NOSYNSTRIP . 49y _RATE4CLOCK=2
T i . 1-SYNSTRIP .- 110 - RATE 4 CLOCK+ 4
o SYNC(CRIBIT6=1) 111 -RATE4CLOCK=8
0~ NO DLESYN STRIP '
1- DLESYN STRIP

_Figure 2. Control Register 2 Contents
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INS1671 Status Register

The Status Register of the INS1671 holds information
that defines data conditions of the Receiver and Trans-
mitter-sections of the chip, and the status of the MODEM
or data set. This 8-bit register can be read onto the DAL
Bus by a Read operation. The contents of the Status
Register are shown in figure 3 and are described below.

Bit 0: When high, indicates that no character is con-
tained in the Transmitter Holding Register while the
Transmitter section is enabled. Bit O is set high when the
contents of the Transmitter Holding Register are trans-
ferred to the Transmitter Register. Bit O is reset low
when the Transmitter Holding Register is loaded from
the DAL Bus or when the Transmitter section is disabled
by forcing the CTS input to a high level.

Bit 1: When high, indicates that the Receiver Holding
Register has been loaded from the Receiver Register
while the Receiver section is enabled. Bit 1 is reset low
when the Receiver Holding Register is read onto the
DAL Bus or when the Receiver Section is disabled by
forcing bit 2 of Control Register 1 to a low level.

Bit 2: When high, indicates an overrun error that occurs,

if the previous character in the Receiver Holding Register
has not been read onto ‘the DAL Bus and Data Received
status bit 0 has not been reset low, at the time a new
character is to be transferred to the Receiver Holding
Register. Bit 2 is reset low when no overrun error is
detected or when the Receiver section is disabled.

Bit 3: When high while DLE stripping is enabled (bit 4
of Control Register 1 is high) and the Receiver section is
enabled, indicates that the character previous to the
presently assembled character matched the contents of
the DLE Register. Bit 3 is reset low when a no match
condition exists between the previous character and the
contents of the DLE Register.

When high while DLE stripping is disabled, parity
checking is enabled (bit 3 of Control Register 1 is high)

BIT NUMBERS

and. the Receiver section is enabled, -indicates that the
last received character has a parity error. Bit 3 is reset
low when a correct parity condition exists.

NOTE
Bit 3 is reset low during DLE stripping or parity
error checking when the Receiver section is
disabled.

Bit 4: When high while in the Asynchronous mode,
indicates that the Received Data (RDATA) input con-
tains a low-level Stop bit after the last bit of the char-
acter (framing error), while the Receiver section is
enabled. Bit 4 is reset low when the proper high-level
Stop bit is detected.

When high while in the Synchronous mode, indicates
that the contents of the Receiver Register matched the
contents of the SYN Register, while the Receiver section
is enabled. Bit 4 remains high for the duration of a full
character assembly.

NOTE
Bit 4 is reset low in both modes when the Receiver
section is disabled.

Bit 5: Complement of the active low-level Carrier

Detector (CARR) input.

Bit 6: Complement of the active low-level Data Set
Ready. (DSR) input. Bit 6 may be used for a Secondary
Receive signal on type 202 data sets.

Bit 7: When high, indicates that there is a change in the
state of the Data Set Ready (DSR) or Carrier Detector
(CARR) input to the INS1671, while the internal Data
Terminal Ready signal (bit O of Control Register 1) is
high (On); or that the Ring Indicator (RING) input is
low (On) while the internal Data Terminal Ready signal
(bit 0 of Control Register 1) is low (Off). Bit 7 is reset
low when the contents of the Status Register are read
onto the DAL Bus.

DATA SET CHANGE DATA SET READY CARRIER DETECTOR FRAMING ERROR/ DLE DETECT/

SYN DETECT

OVERRUN ERROR DATARECEIVED T
PARITY ERROR . R

Figure 3. Status Register Contents
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INS1671 Operation

The following describes the operation of the INS1671
chip. Use the functional block diagram on page 5 as
necessary to follow these descriptions.

ASYNCHRONOUS MODE

Framing of asynchronous characters is provided by a
_ low-level (logic 0) Start bit at the beginning of a charac-
ter and a high-level (logic 1) Stop bit at the end of a
character. Réception of a character is initiated on
recognition of the first Start bit after a preceding Stop
bit by a positive transition of the receiver clock. The
Start and Stop bits are stripped off while assembling the
serial input into a parallel character.

The character assembly is completed by the reception
-of the Stop bit after reception of the last character bit.
If this bit is high, the character is determined to have
correct framing and the INS1671 is prepared to receive
the next character. |f the Stop bit is low, the Framing
Error flag (bit 4 of Status Register) is set and the
Receiver section assumes this bit to be the Start bit of
the next character. Character assembly continues from
this point if the input is still low, when sampled at the
theoretical center of the assumed Start bit. As long as
the Receiver input is a Spacing (low) condition, all
zero characters are assembled and error flags and Data
Received interrupts ‘are generated so that Line Break
conditions can be detected. After a character of all
zeroes is assembled along with a zero in the Stop bit
location, the first received Marking (high) condition

is determined as a Stop bit and this resets the. Receiver

section to a Ready state for assembly of the next
character.

In the Asynchronous mode, the character transmission
“occurs when information contained in the Transmitter
Holding Register is 'transferred to the Transmitter
Register. Transmission is initiated by the insertion of a
Start bit, followed by the serial output of the character
least significant bit first with parity (if enabled) following
the most significant bit; then the insertion of a 1-, 1%-,
or 2-bit length Stop condition. If the Transmitter
Holding Register is full, the next character transmission
starts after the transmission of the Stop bit of the
present character in the Transmitter Register. Otherwise,
the Marking condition is continuously transmitted until
the Transmitter Holding Register is loaded.

In order to allow re-transmission of data received at a
slightly faster character rate, means are provided for
shortening the Stop bit length to allow transmission of
characters to occur at the same rate as the reception of
characters. The Stop bit is shortened by 1/16 of a bit
period for 1-Stop bit selection and 3/16 of a bit period
for 1%- or 2-Stop bit selection, if the next character is
ready in the Transmitter Holding Register.

SYNCHRONOUS MODE

Framing of characters is carried out by a special Synch-
ronization (SYN) Character Code transmitted at the
beginning of a block of characters. When the Receiver
section is enabled, it searches for two continuous charac-
ters matching the bit pattern contained in the SYN
Register. During the time the Receiver section is search-
ing, data is not transferred to the Receiver Holding

Register, status bits are not updated, and the Receiver
‘interrupt is not activated. After the detection of the first
SYN character, the Receiver section .assembles subse-
quent bits into characters whose length is determined by
the contents of Control Register 2. If, after the first
SYN character detection, a second SYN character is
present, the Receiver section enters the synchronized
state until the Receiver Enable Bit (bit 2 of Control
Register 1) is turned Off. If a second successive SYN
character is not detected, the Receiver reverts to the
Search mode.

In the Synchronous mode, ‘a continuous stream of
characters is transmitted once the Transmitter section is
enabled. If the Transmitter Holding Register is not
loaded at the time the Transmitter Register has completed
transmission of a character, this idle time will be filled
by a transmission of the character contained in the SYN
register in the Transmit Non-Transparent mode, or the
characters contained in the DLE and SYN registers
respectively while in the Transmit Transparent mode of

_operation.

DETAILED OPERATION

Receiver Section: The data input to the Receiver section
is clocked into the Receiver Register by a 1X Receiver
clock from a MODEM or data set, or by a local 32X bit
rate clock selected from one of four externally supplied
clock inputs. When using the 1X clock, the Received
Data (RDATA) input is sampled on the positive transi-
tion of the clock in both the Asynchronous and Synch-
ronous modes. When using a 32X clock in the Asynch-
ronous mode, the Receiver sampling clock is phased to
the Mark-To-Space transition of the Start bit of the data
input and defines, through clock counts, the center of
each received data bit within +0%, -3% at the positive
transition 16 clock periods later.

In the Synchronous mode, the Receiver sampling: clock
is phased to all Mark-To-Space transitions of the data
inputs when using a 32X clock. Each transition of the
data causes an incremental correction of the sampling
clock by 1/32 of a bit period. The sampling clock can be
immediately phased to every Mark-To-Space data
transition by setting bit 4 of Control Register 1 high,
while the Receiver section is disabled.

When the complete character has been shifted into the
Receiver Register, it is then transferred to the Receiver
Holding Register; the unused, higher number bits are
filled with zeroes. At this time, the Receiver status bits
(Framing Error/SYN Detect, Parity Error/DLE Detect,
Overrun Error, and Data Received) are updated in the
Status Register and the Data Received interrupt is
activated. Parity Error is set, if encountered while the
Receiver parity check is enabled in Control Register 1.
The Overrun Error flag (bit 2 of Status Register) is set
if the Data Received status bit (bit 1) is not cleared
through a Read operation by an external devnce, when
a new character is ready to be transferred to the Receiver
Holdlng Register. This error flag indicates that a charac-
ter has been lost, as new data is lost and the old data
and its status flags are saved.

The characters assembled in the Receiver Register that
match the contents of the SYN or DLE Register are not
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loaded into the Receiver Holding Register, and the
Data Received interrupt is not generated, if bit 3 (SYN
Strip) of Control Register 2 or bit 4 (DLE Strip) of
Control Register 1 are set respectively; the SYN-DET
and DLE-DET status bits are set with the next non-SYN
or non-DLE character. When both the SYN Strip and
DLE Strip bits are set (Transmit Transparent mode),
the DLE-SYN combination is stripped. The SYN com-
parison occurs only with the character received after the
DLE character. If two successive DLE characters are
received, only the first DLE character is stripped. No
parity check is made while in this mode.

Transmitter Section: Information is transferred to the
Transmitter Holding Register by a Write operation.
Information can be loaded into this register at any time,
even when the Transmitter section is not enabled.
Transmission of data ‘is initiated only when the Request
to Send (RTS) bit (bit 1 of Control Register 1) is set
high and the Clear to Send (CTS) input is low. Infor-
mation is normally transferred from the Transmitter
Holding Register to the Transmitter Register when the
latter has completed transmission of a character.
However, information in the DLE Register may be
transferred prior to the information contained in the
Transmitter Holding Register if the Force DLE signal
condition is enabled (bits 5 and 6 of Control Register
1 set high). The Force DLE control bit (bit 5 of Contro!
Register 1) must be set prior to loading of a new char-
acter in the Transmitter Holding Register to ensure
forcing the DLE character prior to transmission of the
data character. The Transmitter Register output is
applied to a flip-flop which delays the output by one
clock period. When using the 1X clock generated by the
MODEM or data set, the output data changes state on
the negative clock transition and the delay is one bit
period. When using a local 32X clock, the Transmitter

section selects one of the four selected rate inputs and
divides the clock down to the baud rate. This clock is
phased to the Transmitter Holding Register Empty flag
(bit O of Status Register) such that transmission of
characters occurs within two clock times of the loading
of the Transmitter Holding Register, when the Trans-
mitter Register is empty.

When the Transmitter section is enabled, a Transmitter
interrupt is generated each time the Transmitter Holding
Register is empty. If the Transmitter Holding Register
is empty when the Transmitter Register is ready for a
new character, the Transmitter section enters .an idle
state. During this idle time, a high will be presented to
the Transmitted Data (TDATA) output in the Anynch-
ronous mode or the contents of the SYN Register will
be presented in the Synchronous Transmit Non-
Transparent mode. In the Synchronous Transmit Trans-
parent mode (enabled by a high-level bit 6 of Control
Register 1), the idle state will be filled by a DLE-SYN
character transmission in that order. When entering the
Transmit Transparent mode, the DLE-SYN fill will not
occur until the first forced DLE.

If the Transmitter section is disabled by a reset of the
Request to Send control bit, any partially transmitted
character is completed before the Transmitter section of
the INS1671 is disabled. As soon as the Clear to Send
(CTS) input goes high, the Transmitted Data output will
go high.

When the Transmit parity is enabled, the selected Odd
or Even parity bit is inserted into the last bit of the
character in place of the last bit of the Transmitter
Register. This limits transfer of character information
to a maximum of seven bits plus parity or eight bits
without parity. Parity cannot be enabled in the Synch-
ronous Transmit Transparent mode.
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INS1671 Asynchronous/Synchronous Transmitter/Receiver

Physical Dimensions
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INS8250 Asynchronous Communications Element

General Description

The INS8250 is a programmable Asynchronous Com-
munications Element (ACE) chip contained in a standard
40-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 a microcomputer
system. The functional configuration of the INS8250 is
programmed by the system software via a TRI-STATE®
8-bit bidirectional data bus.

The INS8250 performs serial-to-parallel conversion on
data characters received from a peripheral 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 INS8250 at any time during the
functional operation. Status ' information reported
includes the type and condition of the transfer operations
being performed by the INS8250, as well as any error
conditions (parity, overrun, framing, or break interrupt).

In addition to providing control of asynchronous data
communications, the INS8250 includes a programmable
Baud Generator that is capable of dividing the timing
reference clock input by divisors of 1 to (216-1), and
producing a 16x clock for driving the internal transmitter
logic. Provisions are also included to use this 16x clock
to drive the receiver logic. Also included in the INS8250
is a complete MODEM-control capability, and a processor-
interrupt system that may be software tailored to the
user’s requirements to minimize the computing time
required to handle the communications link.

Features

e Designed to be Easily Intertaced to Most Popular
Microprocessors.

Adds or Deletes Standard-Asynchronous Communica-
tion Bits (Start, Stop, and Parity) to or from Serial
Data Stream

Full Double Buffering Eliminates Need for Precise
Synchronization

Independently Controlled Transmit, Receive, Line
Status, and Data Set Interrupts

Programmable Baud Rate Generator Allows Division
of Any Input Clock by 1 to (216 - 1) and Generates
the Internal 16x Clock:

Independent Receiver Clock Input

MODEM Control Functions (CTS, RTS, DSR, DTR,
RI, and Carrier Detect)

Fully Programmable Serial-Interface Characteristics

— 5-,6-, 7-, or 8-Bit Characters

— Even, Odd, or No-Parity Bit Generation and Detection
— 1-,1%-, or 2-Stop Bit Generation

— Baud Rate Generation (DC to 56k Baud)

False Start Bit Detection
Complete Status Reporting Capabilities

TRI-STATE TTL Drive Capabilities for Bidirectional
Data Bus and Control Bus

Line Break Generation and Detection
Internal Diagnostic Capabilities

— Loopback Controls for Communications Link Fault
Isolation
— Break, Parity, Overrun, Framing Error Simulation

Full Prioritized Interrupt System Controls
Single +5-Volt Power Supply
MICROBUSTM* Compatible

INS8250 MICROBUS Configuration

EIA T0 RS-232
onivers [ INTERFACE

A
AA4

*Trademark, National Semiconductor Corp.

O
07-00
| uem—) | 07.00  SOUT [
MEWR or 08 | e SIN [——
MR or 0| RTS f—-|
INTR e DTR [
wTReT o
RESET «
M MR —
i i) —
L A0 " el i |
R Al CTS |-t
0 _
H Al iNS8250 7 [
A2
u > a2
S ———
ADS  XTALI
DOSTR
g DISTR
s _
2 AL y
st BAUDOUT
1>—C cso foLk |

i H

gu
]
M —=

© 1978 National Semiconductor Corp.

® TRI-STATE is a trademark of National Semiconductor Corp.
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Absolute Maximum Ratings

Temperature Under Bias. . .. .. ..oovoeeennne... 0°C to +70°C
Storage Temperature ... .............. e -65°C to +150°C
All Input or Output Voltages with Respectto Vgg . ... -0.5V to+7.0V

Power Dissipation . . .. ...... R e e e 400.mW.

Absolute maximum ratings indicate limits beyond which permanent
damage may occur. Continuous operation at these limits is not intended,
operatjon should be limited to those conditions. specified under DC
Electrical Characteristics.

DC Electrical Characteristics

Ta=0°C to +70°C, Vce = +5 V £ 5%, Vsg = 0V, unless otherwise specified.

Symbol Parameter Min Typ Max | Units Test Conditions
ViLX Clock Input Low Voltage -0.5 0.8 \
VIHX Clock Input High Voltage 20 Vee | V
ViL Input Low Voltage . -0.5 ) 08 |V
VIH Input High Voltage 20 vee \ ‘
VoL Output Low Voltage 0.4 v oL = 1.6mA on all out;;uts,
VOH Output High Voltage 2.4 \% I0H = -100uA
Icc (AV) | Avg Power Supply Current (V) 65 80 mA
he Input Leakage +10 uA
IcL Clock Leakage 10 MA
Capacitance
Ta=25°C,Vgc=Vss=0V
Symbol N Parameter Min Typ Max | Units Test Conditions
CXIN Clock Input Capacitance 15 20 pF
CxouT | Clock Output Capacitance 20 30 pF fo=1MHz
CIN Input Capacitance 6 10 pF Unmeasured p_ins returned to Vgg
CouT Output Capacitance 10 20 pF

TYPICAL SUPPLY CURRENT vs__
TEMPERATURE. NORMALIZED(3)

SUPPLY CURRENT
s

—

0 +25 +50
AMBIENT TEMPERATURE.(°C)

+75
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AC Electrical Characteristics
TA=0°Cto+70°C, Ve = +5V 5%

Symbol Parameter Min Max Units Test Conditions
tAW Address Strobe Width 90 — ns

tAS Address Setup Time 110 - ns

tAH Address Hold Time 0 - ns

tcs Chip Select Setup Time 110 — ns

tCH Chip Select Hold Time 0 — ns

tCcss . Chip Select Output Delay from Strobe 0 90 ns —-@ 100 pF loading
tDID DISTR/DISTR Strobe Delay 0 — ns

tDIW DISTR/DISTR Strobe Width 175 - ns

tgc .| Read Cycle Delay 1735 — ns

RC Read Cycle = taw *+ tpip + tpiw * tRC 2000 — ns \

tpDD DISTR/DISTR to Driver Disable Delay — 150 ns ~@ 100 pF loading
tppp | Delay from DISTR/DISTR to Data ~ 250 ns | -@ 100 pF loading
tHz DISTR/DISTR to Floating Data Delay 100 - ns -@ 100 pF loading
tDOD DOSTR/DOSTR Strobe Delay 50 — ns

tDOW DOSTR/DOSTR Strobe Width 175 - ns

twe Write Cycle Delay 1785 — ns

wC Write Cycle - taw + tpoD * tpow + tWe 2100 - ns

tps ~Data Setup Time 175 - ns

tDH Data Hold Time 60 - ns

tcsc* Chip Select Output Delay from Select — 200 ns -@ 100 pF loading
tRA* Address Hold Time from DISTR/DISTR 50 - ns

tRCS* Chip Select Hold Time from DISTR/DISTR 50 - ns

tAR* DISTR/DISTR Delay from Address 110 — ns

tcgr* | DISTR/DISTR Delay from Chip Select 110 - ns

tWA* Address Hold Time from DOSTR/DOSTR 50 - ns

twes* Chip Select Hold Time from DOSTR/DOSTR 50 - ns

tAW* DOSTR/DOSTR Delay from Address 160 - ns

toSw* DOSTR/DOSTR Delay from Select 160 — ns

tMRW Master Reset Pulse Width 25 — us

* Applicable only when ADS input is tied permanently low.
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AC Electrical Charact\eris'tics, (cont’d.)

Symbol Parameter Min Max Units Corl;::itons
BAUD GENERATOR '
N Baud Rate Divisor e 1 2161 - .

tgLD (Baud Output Negative Edge Delay 250typ | ns | 100 pF Load
tBHD {Baud Output Positive Edge Delay 250typ | ns 100 pF Load
tLw [Baud Output Down Time 425 typ ns 100pF Load
tHw |Baud Output Up Time 330 typ ns 100 pF Load ’
RECEIVER

tscD |Delay from RCLK to Sample Time 2 typ us

fSINT Delay from Stop to Set Interrupt ) 2typ us 100 pF Load
tRINT|Delay from WTR/DISTR (RD RBR/RDLSR) to: 1typ us 100 pF Load

Reset Interrupt :

. TRANSMITTER N :

tHR |Delay from DOSTR/DOSTR (WR THR) to Reset Interrupt 1typ us v " 100 pF Load
tiRS |Delay from Initial INTR Reset to Transmit Start 16 typ (Bzﬁcl'JelZOUT

tg| Delay from Initial Write to Interrupt 24 typ g?ggOUT

1SS Delay from Stop to Next Start 1 typ. us

tgT1 - |Delay fr()zm Stop to Interrupt (THRE) ‘8 typ gi\clfeleUT‘

tIR (D;:iagé;om DISTR/DISTR (RD HR) to Reset Interrupt 1typ us 100pF Load
MODEM CONTROL

tMDO |Delay from DOSTR/DOSTR (WR MCR) to Output 1typ us. 100 pF. Load
tsim |Delay to Set Interrupt from MODEM Input 1typ us 100‘pF Load
tRiM |Delay to Reset Interrupt from DISTR/DISTR (RD MSR) 1 typ us 100 pF Load
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vee INS8250 vee INSB250
DRIVER
EXTERNAL
cLocK NTALT _J_ XTAL1
€1
I s
__.| L. Jre _Jervstar ._.|
= <
OPTIONAL [m—
DRIVER —— |osc, cLock 10 R - | 0sc, cLOCK TO
OPTIONAL = ]BAUD GEN LOGIC X2 = | BAUD GEN LOGIC
cl.ocx—o<xnu AN
OUTPUT -L XTAL2
I
|<—>|-txu =
20V
XTALY
0.8v
rmad
Timing Min Units
txh | 140 | ms CRYSTAL [ Rp [Rx2 | €& | ¢
XL 140 ns 3AMHz | 1MQ | 15K | 10-30pF | 40-60pF
A. External Clock Input (3.1 MHz Max.) B. Typical Crystal Oscillator Network
Timing Waveforms
o
PO
2
I<~‘AS
\ 7
A2, A1, Ag X VALID IX X
J \
,«—tcs tcH ,‘———*I'RA‘
\ S/
52, £S1, €S X vnunl X X
/ e

-—mcs’——i

—— ="
csouT ! X

R* RC |
|=—- D10 tow tRC I
2
-
DISTR/DISTR X ACTIVE X X ACTIVE
3 A
| I by
5 v
Ce
DOSTR/DOSTR | I X ACTIVE
3.
0
’ﬂ—-»'ﬂm oo
oors \__/——
0D -—l H Wz
DATA vn ATA
Do-by { VALID DATA Y
*APPLICABLE ONLY WHEN ADS IS TIED LOW. _
Read Cycle
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Timing Waveforms (oont’d.)

f—taw—] N

A2, A1, Ap » : X VALID ,X X’

TS2, €81, CSg

—_———————— -
csouT | / I
' ~
|
|

le— 1000 wow |
[~ e |

|
2 |
DOSTR/DOSTR X ACTIVE X X ACTIVE
»
2
' | . n’n
2@ '
DISTR/DISTR I X ACTIVE
—2
i-—tns——l«—qm—al
DATA '
Do-D7 VALID DATA
*APPLICABLE ONLY WHEN ADS IS TIED LOW.
Write Cycle
e " ] '
[ N R ~l
XTAL1 ||||I|I|||||||||||||I|I|
BHD—>] |=—
lm_n——l ’4—- —»l I<——‘HW
BAUD OUT
(=1
—»{ |=—tgnp — ww
: —f w0 thw>]
o] L LT LT
(2) . :
el
—>| f«—tgtp  —>]| |<—tBHD < thw >ty —]
BAUD OUT : .
(=3)
( = (N-2) XTAL1 CYCLES
—| |10 —»{ |«—tBHD W

?::MUUL

th 2 XTAL1 CYCLES

BAUDOUT Timing .
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Timing Waveforms (cont'd.)

RCLK | l

¥

8CLKS

—>{ j=—1s5CD

SAMPLE CLK

(HECEIVSE.:i‘
INPUT START /
DATA)

DATA BITS (5-8)

SAMPLE l [
CLK

INTERRUPT
(DATA READY OR
RCVR ERR)

DISTR/DISTR @

|

(READ REC
DATA BUFFER

=X

OR RDLSR)

Receiver Timing

oUT (SOUT)

SERIAL \sum / DATA(5-8) . srur }
. |
]

Rl

e

T —/r—\——-—/:\
A _———.1\

Transmitter Timing

T

INTERRUPT

DISTR/DISTR @

=-tsim
(RD MSR) .

\

A B AN A
TRIM ‘SIM"l (HIJ“ 1SIM-
4 Fal L_ el 3

- NOTES:
@See Write Cycle Timing

@ See Read Cycle Timing

N

MODEM Controls Timing
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INS8250 Block Diagram

_ INTERNAL
DATA BUS
g DATA RECEIVER RECEIVER | (1)
07-0g il B0 >ié BUFFER
BUFFER . REGISTER REGISTER
RECEIVER
LINE ©
| coNTROL TIMING LB
REGISTER | —{ coNTROL
Ap —28, | DIVISOR
Ay —21) | aTeuies (5
ay 28y ¢ GENERATOR > FAUDOU
LATER (M) )
csp =412
13
o
[y
25
?_:in’» o LINE NG
@2 | CoNTROL 4 ol stAvEs W
oisTR —ge] CLoGic E=P] Recister CONTROL
OSTR —ig>
DOSTR o
DOSTR —75p>
00IS <7
< TRANSMITTER 1
CSOUT <77y 9| HoLDinG P SHIFT 1y sour
XTALY =] V'] REGISTER REGISTER
XTAL? i
L | wmopem R -%»m
A v I
MODEM g:; o
rowen (— coutno. 1260 oy
SUPPLY el gD PR T A o
7] Recister | TN
| GUy, gurs
INTERRUPT
PEEEEN NG
. N M| aicieten | conthol b OO yrpr
NOTE: APPLICABLE PINOUT NUMBERS ARE LoGIC
INCLUDED WITHIN PARENTHESES.
4 INTERRUPT | I
N REGISTER

INS8250 Functional Pin Description

The following des,cribes. the function of all INS8250
input/output pins. Some of these descriptions reference °

internal circuits.
NOTE

In the following descriptions, a low represents a )

logic 0 (0 volt nominal) and a high represents a
logic 1 (+2.4 volts nominal).

INPUT SIGNALS

Chip Select (CSO, CS1, Eﬁ), Pins 12- 14:When CS0 and
CS1 are high and CS2 is low, the chip is selected. Chip
selection is complete when the decoded chip, select signal
is latched with an active (low) Address Strobe (ADS)
input. This enables communication between the INS8250
and the CPU. S ’ i

Data Input Strobe (DISTR, DISTR), Pins 22 and 21:
When DISTR is high or DISTR is low while the chip,is
selected, allows the CPU to read status information or
data from a selected register of the INS8250.
NOTE } o
Only an active DISTR or DISTR input is required
to transfer data from the INS8250 during a read
operation. Therefore, tie either the DISTR input
permanently low or the DISTR input permanently
high, if not used.

Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18:
When DOSTR is high or DOSTR is low while the chip is
selected, allows-the CPU.to write data or control words
into a selected register of the INS8250.
NOTE
Only an active DOSTR or DOSTR input is required
to, transfer data to the INS8250 during a write
+ operation. Therefore, tie either the DOSTR input
permanently low or the DOSTR input permanently
high, if not used.

Address Strobe (A_D_S), Pin 25: When low, provides
latching for the Register Select (A0, A1, A2) and Chip
Select (CS0O, CS1, CS2) signals.
NOTE
An active ADS input is required when the Register
Select (A0, A1, A2) signals are not stable for the
duration of a read or write operation. If not
required, tie the ADS input permanently low.

Register Select (A0, A1, A2), Pins 26-28: These three
inputs are used during a read or write operation to select
an INS8250 register to read from or write into as
indicated in the table below. Note that the state of the
Divisor Latch Access Bit (DLAB), which is the most
significant bit of the Line Control Register, affects the
selection of certain INS8250 registers. The DLAB must _
be set high by the system software to access the Baud
Generator Divisor Latches.
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DLAB | A2 | A1| A Register
0 | 0| 0|0l e Regrer ke "
0 6 0 1 Interrupt Enable
X 0 1 0 Interrupt Identification (read only)
X 0 1 1 Line Control
X 1 0 0 MODEM Control
X 1 0 1 Line Status
X 1 1 | 0 | MODEM Status
X 10 1] 1| None !
1 0 0 0 Divisor Latch (least significant byte)
1 oo 1 Divisor Latch (most significant byte)

Master Reset (MR), Pin 35: When high, clears all the
registers (except the Receiver Buffer, Transmitter
Holding, and Divisor Latches), and the control logic of
the INS8250. Also, the state of various output signals
(SOUT, INTRPT, OUT 1, OUT 2, RTS, DTR) are affec-
ted by an active MR input. (Refer to table 1.)

Receiver Clock (RCLK), Pin 9: This input is the 16x
baud rate clock for the receiver section of the chip.

Serial Input (SIN), Pin 10: Serial data input from the
communications link (peripheral device, MODEM, or
data set).

Clear to Send (CTS), Pin 36: The CTS signal isa MODEM
control function input whose condition can be tested by
the CPU by reading bit 4 (CTS) of the MODEM Status
Register. Bit 0 (DCTS) of the MODEM Status Register
indicates whether the CTS input has changed state since
the previous reading of the MODEM Status Register.

NOTE
Whenever the CTS bit of the MODEM Status
Register changes state, an interrupt is generated: if
the MODEM Status Interrupt is enabled.

Data Set Ready (DSR), Pin 37: When low, indicates that
the MODEM or data set is ready to establish the com-
munications link and transfer data with the INS8250.
The DSR signal is a MODEM-control function input
whose condition can be tested by the CPU by reading bit
5 (DSR) of the MODEM Status Register. Bit 1 (DDSR)
of the MODEM Status Register indicates whether the

DSR input has changed state since the previous reading .

of the MODEM Status Register.

. NOTE .
Whenever the DSR bit of the MODEM Status
Register changes state, an interrupt is generated if
the MODEM Status Interrupt is enabled.

Received Line Signal Detect (RLSD), Pin 38: When low,
indicates that the data, carrier has been detected by the
MODEM or data set. The RLSD signal is a MODEM-
control function input whose condition can be tested by
the CPU by reading bit 7 (RLSD) of the MODEM Status
Register. Bit 3 (DRLSD) of the MODEM Status Register
indicates whether the RLSD input has changed state
since the previous reading of the MODEM Status
Register.

NOTE
Whenever the RLSD bit of the MODEM Status
Register changes state, an interrupt is generated if
the MODEM Status Interrupt is enabled.

Ring Indicator (ﬁi), Pin 39: When low, indicates that a
telephone ringing signal has been received by the MODEM
or data set. The RI signal is a MODEM-control function
input whose condition can be tested by the CPU by
reading bit 6 (Rl) of the MODEM Status Register. Bit 2
(TERI) of the MODEM Status Register indicates whether
the Rl input has changed from a low to a high state since’
the previous reading of the MODEM Status Register.
NOTE

Whenever the Rl bit of the MODEM Status Register

changes from a high to a low state, an interrupt is

generated if the MODEM Status Interrupt is enabled.

Vcg, Pin 40: +5-volt supply.
Vsgs, Pin 20: Ground (0-volt) reference.

OUTPUT SIGNALS

Data Terminal Ready (DTR), Pin 33: When low, informs
the MODEM or data set that the INS8250 is ready to
communicate. The DTR output signal can be set to an
active low by programming bit 0 (DTR) of the MODEM
Control Register to a high level. The DTR signal is set
high upon a Master Reset operation.

Request to Send (RTS), Pin 32: When low, informs the
MODEM or data set that the INS8250 is ready to trans-
mit data. The RTS output signal can be set to an active
low by programming bit 1 (RTS) of the MODEM Control
Register. The RTS signal is set high upon a Master Reset
operation.

Output 1 (OUT 1), Pin 34: User-designated output that
can be set to an active low by programming bit 2 (OUT 1)
of the MODEM Control Register to a high level. The
OUT 1 signal is set high upon a Master Reset operation.

Output 2 (OUT 2), Pin 31: User-designated output that
can be set to an active low by programming bit 3 (QOUT 2)
of the MODEM Control Register to a high level. The
OUT 2 signal is set high upon a Master Reset operation.

Chip Select Out (CSOUT), Pin 24: When high, indicates .
that the chip has been selected by active CSO, CS1, and
CS2 inputs. No data transfer can be initiated until the
CSOUT signal is a logic 1.

Driver Disable (DDIS), Pin 23: Goes low whenever the
CPU is reading data from the INS8250. A high-level
DDIS output can be used to disable an external trans-
ceiver (if used between the CPU and INS8250 on the
D7-Dg Data Bus) at all times, except when the CPU is
reading data.

Baud Out (BAUDOUT), Pin 15: 16x clock signal for the
transmitter section of the INS8250. The clock rate is
equal to the main reference oscillator frequency divided
by. the specified divisor in the Baud Generator Divisor
Latches. The BAUDOUT may also be used for the
receiver section by tying this output to the RCLK input
of the chip.

Interrupt (INTRPT), Pin 30: Goes high whenever any
one of the following interrupt types has an active high
condition and is enabled via the 1ER: Receiver Error
Flag; Received Data Available; Transmitter Holding
Register Empty; and MODEM Status. The INTRPT
signal is reset low upon the appropriate interrupt service
or a Master Reset operation.
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Serial Output (SOUT), Pin 11: Composite serial data
output to the communications link (peripheral, MODEM
or data set). The SOUT signal is set to the Marking
(logic 1) state upon a Master Reset operation.

INPUT/OUTPUT SIGNALS

Data (D7 - Dg) Bus, Pins 1-8: This bus comprises eight
TRI1-STATE input/output lines. The bus provides bidirec-
tional communications between the INS8250 and the
CPU. Data, control words, and status information are
transferred via the D7 - Dg Data Bus.

External Clock Input/Output (XTAL 1, XTAL 2), Pins
16 and 17: These two pins connect the main timing

reference (crystal or signal clock) to the INS8250.

Table 1. ACE Reset Functions

| Pin Configuration

Dg—

Dy
02—
D3
Dg—1
D5~
Dg=—
D7~
RCLK ==
SIN ~—
SOUT -
CS0~——
cs1—
52 =t
BAUDOUT -
XTALT =
XTAL2 =~
DOSTR =~
DOSTR —
Vss—

B NO M S WN -

10

12
13
14
15
16
17

19
20

U 40 +—Vee
39 f—Ri
38 f RLSD
37 |—DSR
36 p=—CTS
35 f—MR
34 f=—0UT1
33 |=—DTR
32 }—RTS
INS8250 31 p—0UT2
30 |—INTRPT
29 }—nC
28 |—np
27 f—nq
26 p—A2
25 p—ADS
24 = CSOUT
23 p=pDIS
22 = DISTR
21 p—DISTR

Register/Signal

Reset Control

Reset State

Interrupt Enable Register

"Master Reset

All Bits Low
(0 - 3 forced and 4 - 7 permanent)

Interrupt ldentification Register

Master Reset

Bit 0 is High, Bits 1 and 2 Low
Bits 3 - 7 are Permanently Low

Line Control Register

Master Reset

All Bits Low

MODEM Control Register

Master Reset

All Bits Low

Line Status Register

Master Reset

All'Bits Low,
Except Bits. 5 & 6 are High

MODEM Status Register

Maste_r Reset

Bits 0 - 3 Low
Bits 4 7 — Input Signal

SOuUT Master Reset ° High
INTRPT (RCVR Errs) Read LSR/MR Low
INTRPT (RCVR Data Ready) Read RBR/MR Low
INTRPT (THRE) "Read IIR/Write THR/MR Low
INTRPT (Modem Status Changes) Read MSR/MR Low
ouT 2 Master Reset High
RTS Master Reset High
. DTR Master Reset High

OUT 1 Master Reset High
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INS8250 Accessible Registers

The system programmer may access or control any of
the INS8250 registers summarized in table 2 via the
CPU. These registers are used to control INS8250
operations and to transmit and receive data.

INS8250 LINE CONTROL REGISTER

The system programmer specifies the format of the
asynchronous data communications exchange via the
Line Control Register. In addition to controlling the
format, the programmer may retrieve the contents of the
Line Control Register for inspection. This feature
simplifies system programming and eliminates the need
for separate storage in system memory of the line
characteristics. The contents of the Line Control Register .
are indicated in table 2 and are described below.

Bits 0 and 1: These two bits specify the number of bits
in each transmitted or received serial character. The
encoding of bits 0 and 1 is as follows:

Bit 1 Bit0 Word Length
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

Bit 2: This bit specifies the number of Stop bits in each
transmitted or received serial character. If bit 2 is a
logic 0, 1 Stop bit is generated or checked in the trans-
mit or receive data, respectively. If bit 2 is a logic 1
when a 5-bit word length is selected via bits 0 and 1, 1%
Stop bits are generated or checked. If bit 2 is a logic 1
when either a 6-, 7-, or 8-bit word length is selected, 2
Stop bits a're generated or checked.

Table 2. Summary of INS8250 Accessible Registers

) ‘ Register Address
ODLAB=0 | 0DLAB=0 | 1DLAB=0 2 3 4 5 6 ODLAB=1| 1DLAB=1
Receiver Transmitter interrupt . . L -
Buffer Holding Interrupt \dentification Line MODEM Line MODEM Divisor Divisor
Register Register Enable Register Control Control Status Status Latch Latch
Bit No. | (Read Only) | (Write Only) Register {Read Only) Register Register Register Register (LS) (ms)
RBR THR IER IR LCR MCR LSR MSR DLL DLM
' Enable
Received g Data
0" if Word Length X Delta Clear
0 | DataBit0* | DataBit0 Data Interrupt | Select Bito | 1orminal | Data Ready | 7 g0y Bit0 Bit8
Available | poin (WLSO) Ready {OR) (DCTS)
Interrupt 9 (DTR)
(ERBF1) '
Enable
Transmitter
Hoiding Interrupt | Word Length | Request to Overrun Delta Data
1 Data Bit 1 Data Bit 1 Register 1D Select Bit 1 Send Error Set Ready Bit1 Bit9
Empty Bit (0) (WLS1) (RTS) (OR) (DDSR)
Interrupt
(ETBEI)
Enable
N Trailing
. Refienr:er Interrupt Number of Parity Edge
2 Data Bit 2 Data Bit 2 Status ID Stop Bits Out 1 Error Ring Bit2 Bit 10
Bit (1) (STB) (PE) Indicator
Interrupt (TERI)
(ELSI)
Enable RDel(_a
MODEM Parity Framing nle.;ewe
3 Data Bit 3 Data Bit 3 Status 0 Enable Out 2 . Error si me' Bit3 Bit 11
Interrupt (PEN) (FE) D'eg{“;t
(EDSSI) ¥
(DRLSD)
PEa\:?tn Break Clear to
4 Data Bit 4 Data Bit 4 0 0 M Loop Interrupt Send Bit4 Bit 12
Select @1 (cT8)
(EPS)
Transmitter
. Stick Holding Dsae(xa
5 Data Bit 5 Data Bit5 0 0 N 0 Register Bit5 Bit 13
Parity Empty Ready
(THRE) (DSR}
Transmitter .,
Set Shift Ring -
6 Data Bit 6 Data Bit 6 0 -0 0 Register Indicator Bit6 Bit 14
. Break Empty (R1)
(TSRE)
Divisor Received
Latch Line
7 Data Bit 7 Data Bit 7 0 0 Access 0 0 Signal Bit7 Bit 15
Bit Detect
(DLAB) (RLSD)

* Bit 0 is the least significant bit. It is-the first bit serially transmitted or received.
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Bit 3: This bit ‘is the Parity Enable bit. When bit 3 is.a
logic 1, a Parity bit is generated (transmit data) or
checked. (receive data) between the last.data word bit
and Stop bit of the serial data. (The.Parity bit is used to
produce. an even or odd number of 1s when the data
word bits and the Parity bit are summed.)

Bit 4: This bit is the Even Parity Select bit. When bit 3
is a logic 1 and bit 4 is a logic 0, an odd number of
logic 1s is transmitted or checked in the data word
bits and Parity bit. When bit 3 is a logic 1 and bit4 isa
logic 1, an.even number of bits is transmitted or checked.

Bit5: This bit is the Stick Parity bit. When bit 3 is'a
logic 1 and bit 5 is a logic 1, the Parity bit is transmitted
and then detected by the receiver as a logic 0 if bit4 is a
logic 1 or as a logic 1 if bit 4 is a logic 0.

Bit 6: This bit is the Set. Break Control bit. When bit 6 is
a logic 1, the serial output (SOUT) is forced to the
Spacing (logic 0) state and remains there regardless of
other transmitter activity. The set break is disabled by
setting bit 6 to a logic 0. This feature enables the CPU
to alert a terminal in a computer communications
system.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It
must be set high (logic 1) to access the Divisor Latches
of the Baud Rate Generator during a Read or Write
operation. It must be set.Jow (logic 0) to access the
Receiver Buffer, the Transmitter Holding Register, or
the Interrupt Enable Register.

INS8250 PROGRAMMABLE BAUD RATE
GENERATOR

The INS8250 contains a programmable Baud Rate
Generator that is capable of taking any clock input (DC
to 3.1 MHz) and dividing it by any divisor from 1 to
(216 - 1). The output frequency of the Baud Generator
is 16x the Baud rate [divisor # = (frequency input) +
(baud rate x 16)]. Two 8-bit latches store the divisor
in a 16-bit binary format. These Divisor Latches must be
loaded during initialization in order to insure desired
operation of the Baud Rate Generator. Upon loading

either of the Divisor Latches, a 16-bit Baud counter is

Table 3. Baud Rates Using 1.8432 MHz Crystal

Desired Divisor Used Percent Error
Baud to Generate | Difference Between
Rate 16x Clock Desired & Actual

50 2304 -

75 1636 -
110 1047 0.026
134.5 857 0.058
150 768 -
300 384 -
600 192 -

1200 96 -
1800 " 64 -
2000 58 0.69
2400 48 -
3600 C32 -
4800 24 -
7200 16 -
9600 12 . -
19200 6 -
38400 3 -
56000 2 2.86

NOTE: 1.8432 MHz is the standard 8080 frequency divided by 10.

immediately loaded, This prevents long counts on initial
load. )

Tables 3 and 4 illustrate the use of the Baud Rate
Generator' with crystal frequencies of 1.8432 MHz
and 3.072 MHz respectively. For baud rates of 38400
and below the error obtained is minimal. The accuracy
of the desired baud rate is dependent on the crystal

fregt hosen.
reguency cl NOTE

The maximum operating frequency of the Baud
Generator is 3.1 MHz. However, when using divisors
of 3 and below, the maximum frequency is equal
to the divisor in MHz. For example,.if the divisor
is 1, then.the maximum frequency is 1 MHz. In no
case should the data rate be greater than 56k Baud.

LINE STATUS REGISTER

This 8-bit register provides status information to the
CPU concerning the data transfer. The contents of the
Line Status Register are indicated in table 2 and are
described below.

Bit 0: This bit is the receiver Data Ready (DR) indicator.
Bit O is set to a logic 1 whenever a complete incoming
character has been received and transferred into the
Receiver Buffer Register. Bit 0 may be reset to a logic 0

- either by the CPU reading the data in the ' Receiver

Buffer Register or by writing a logic 0 into it from the
CPU.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1
indicates that data in the Receiver Buffer Register was
not read by the CPU before the next character was
transferred into the Receiver Buffer Register, thereby
destroying the previous character. The OE indicator is
reset whenever the CPU reads the contents of the Line
Status Register.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2
indicates that the received data character does not have
the correct even or.odd parity, as selected by the even-
parity-select bit. The PE bit is set to a logic 1 upon
detection of a parity error and is reset to a logic 0 when-
ever the CPU reads the contents of the Line Status
Register.

Table 4. Baud Rates Using 3.072 MHz Crystal

Desired Divisor Used Percent Error
Baud to Generate | Difference Between
Rate 16x Clock Desired & Actual

50 3840 —

75 -2560 -
110 1745 0.026
134.5 1428 0.034
150 1280 -
300 640 -
600 320 -

1200 160 -
1800 107 0.312
2000 96 -
2400 80 -
3600 53 ' 0.628
4800 40 -
7200 27 1.23
9600 20 -
19200 10 -
38400 5 -
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Bit 3: This bit is the Framing Error (FE) indicator. Bit 3
indicates that the received character did not have a valid
Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit
following the last data bit or parity bit is detected as a
zero bit (Spacing level).

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4
is set to a logic 1 whenever the received data input is
held in the Spacing (logic 0) state for longer than a full
word transmission time (that is, the total time of Start
bit + data bits + Parity + Stop bits).
NOTE

Bits 1 through 4 are the error conditions that

produce a Receiver Line Status interrupt whenever

any of the corresponding conditions are detected.

Bit5: This bit is the Transmitter Holding Register
Empty (THRE) indicator. Bit 5 indicates that the
INS8250 is ready to accept a new character for trans-
mission. In addition, this bit causes the INS8250 to
issue an interrupt to the CPU when the Transmit Holding
Register Empty Interrupt enable is set high. The THRE
bit is set to a logic 1 when a character is transferred from
the Transmitter Holding Register into the Transmitter
Shift Register. The bit is reset to logic O concurrently
with the loading of the Transmltter Holding Reglster
by the CPU.

Bit 6: This bit is the Transmitter Shift Register Empty
(TSRE) indicator. Bit 6 is set to a logic 1 whenever the
Transmitter Shift Register is idle. It is reset to logic O
upon a data transfer from the Transmitter Holding
Register to the Transmnter Shift Redgister. Bit 6 is a
read-only bit.

Bit 7: This bit.is permanently set to logic 0.

INTERRUPT IDENTIFICATION REGISTER

The INS8250 has an on-chip interrupt capability that
allows for complete flexibility in interfacing to all the
popular microprocessors presently available. In order to
provide minimum software overhead during data charac-
ter transfers, the INS8250 prioritizes interrupts into
four levels. The four levels of interrupt conditions are as
follows: Receiver Line Status (priority 1); Received
Data Ready (priority 2); Transmitter Holding Register
Empty (priority 3); and MODEM Status (priority 4).

Information indicating that a prioritized interrupt is
pending and the type of that iriterrupt are stored in
the Interrupt ldentification Register (refer to table 5).
The Interrupt ldentification Register (1IR), when
addressed during chip-select time, freezes the highest
priority ‘interrupt pending and no other interrupts are
acknowledged until the particular interrupt is serviced
by the CPU. The contents of the, IIR are indicated m
table 2 and are described below.

Bit 0: This bit can be used in either a hardwired priori-
tized or polled environment to indicate whether an
interrupt is pending. When bit 0 is a logic 0, an interrupt
is pending and the IIR contents may be used as a pointer
t0 the appropriate interrupt service routine. When bit 0
is a logic 1, no interrupt is pending and polling (if used)
continues. .

Bits 1and 2: These two bits of the IR are used to
identify the highest priority interrupt pending as
indicated in table 5.

Bits 3 through 7: These five bits of the IIR are always
logic 0.

Table 5. Interrupt Control Functions

Interrupt |dentification .
" Register Interrupt Set aqd Reset Functions
. ) . . Priority Interrupt Interrupt Interrupt
Bit 2 Bit1 B"f 0 Level Type Source Reset Control
0 0 1 - None " None -
Overrun Error
: or
. Receiver Parity Error Reading the
1 ! 0 Highest Line Status or Line Status Register
Framing Error
. or
Break Interrupt
Received Receiver Reading the
1 0 0 Second Data Available Data Available Receiver Buffer Register
Reading the
IIR Register
Transmitter Transmitter (if source of interrupt)
0 1 0 Third Holding Register Holding Register or )
Empty Empty Writing into the
Transmitter Holding
- Register -
Clear to Send
or .
MODEM Data SZ: Ready Reading the
0. 0 0 Fourth . . MODEM Status
Status Ring Irc::hcator Register
Received Line
Signal Detect
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INTERRUPT ENABLE REGISTER

This 8-bit register enables the four types of interrupts of
the INS8250 to separately active the chip Interrupt
'(lNVTRPT) output signal. It is possible to totally disable
thé interrupt system by resetting bits O through 3 of the
Interrupt Enable Register. Similarly, by setting the
appropriate bits of this register to a logic 1, selected
interrupts can be enabled. Disabling the interrupt system
inhibits the Interrupt Identification Register and the
active (high) INTRPT output from the chip. All other
system functions operate in their normal manner,
including the setting of the Line Status and MODEM
Status Registers. The contents of the Interrupt Enable
Register are indicated.in table 2 and are described below.

Bit 0: This bit enables the Received Data Available
Interrupt when set to logic 1.

Bit 1: This bit enables the Transmitter Holding Register’
Empty Interrupt when set to logic 1.

Bit 2: Th|s bit enables the Receiver Line Status Interrupt
when set to logic 1.

Bit 3: This bit enables the MODEM Status Interrupt
when set to logic 1.

Bits 4 through 7 These four bits are always logic 0.

MODEM CONTROL REGISTER

This 8-bit register controls the interface with the MODEM
or data set (or a peripheral device emulating a MODEM).
The contents of the MODEM Control Register are
indicated in table 2 and are described below.

Bit 0: This bit controls the Data Terminal Ready (DTR)
output. When bit O is set to a logic 1, the DTR output is
forced to a logic 0. When bit 0 is reset to a logic 0, the
DTR output is forced to a logic 1.

- NOTE
The DTR output of the INS8250 may be applied
to an EIA inverting line driver (such as the DS 1488)
to obtain the proper polarity input at the succeed-
ing MODEM or data set.

Bit1: This bit controls the Request to Send (RTS)
output. Bit 1 affects the RTS output in a manner identi-
cal to that described above for bit 0.

Bit 2: This bit controls the Output 1 (OUT 1) signal,
- which is an auxiliary -user-designated output. Bit 2
affects the OUT 1 output in a manner identical to that
described above for bit 0.

Bit 3: This bit controls the Output 2 (OUT 2) signal,
which is an auxiliary user-designated output. Bit 3 affects
the OUT 2 output in a manner identical to that described
above for bit 0.

Bit 4: This bit provides a loopback feature for diagnostic
testing of the INS8250. When bit 4 is set to logic 1, the
following occur: the transmitter Serial QOutput (SOUT)
is set to the:Marking (logic 1) state; the receiver Serial
Input (SIN) is disconnected; the output of the Trans-
mitter Shift Register is “looped back’’ into the Receiver
Shift Register input; the four MODEM Control inputs
(CTS, DSR, RLSD, and Ri) are disconnected; and the
four MODEM Control outputs (DTR, RTS, OUT 1, and
OUT 2) are internally connected to the four MODEM
Control inputs. In the diagnostic mode, data that is
\

- transmitted is immediately received. This feature allows

the processor to verify the transmit- and recelve -data
paths of the INS8250.

In the- diagnostic mode, the receiver and transmitter
interrupts are fully operational. The MODEM Control.
Interrupts are also operational but the interrupts’ sources
are now the lower four bits of the MODEM Control
Register instead of the four MODEM Control inputs.
The interrupts are still controlled by the Interrupt
Enable Register.

The INS8250 interrupt system can be tested by writing
into the lower six bits of the Line Status Register and
the lower four bits of the MODEM Status. Register.
Setting any of these bits to a logic 1 generates the
appropriate interrupt (if enabled). The resetting of these
interrupts is the same as in normal INS8250 opération.
To return to normal operation, the registers must be:
reprogrammed for normal operation and:then bit 4 of
the MODEM Control Register must be reset to logic 0.

Bits 5 through 7: These bits are permanently set to logic 0.

MODEM STATUS »REGIS_VTER

This 8-bit register provides the current state of the
control lines from the MODEM ‘(or peripheral device)
to the CPU. In addition to this current-state information,
four bits of the MODEM Status Register provide change
information. These bits are set to a logic 1 whenever a
control input from the MODEM changes state. They are
reset to logic 0 whenever the CPU reads the MODEM
Status Register.

The contents of the MODEM Status Register are indicated
in table 2 and are described below:

Bit 0: This bit is the Delta Clear to Send (DCTS) indi-
cator. Bit 0 indicates that the CTS input to the chip has
changed state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data. Set Ready (DDSR)

‘indicator. Bit 1 indicates that the DSR input to the chip
‘has changed state since the last time it was read by the
- CPU.

Bit 2: This bit is the Trailing Edge of ‘Ring Indicator
(TERI) detector. Bit 2 indicates that the Rl input to the
chip has changed from an On (logic 1) to an Off (logic 0)
condition.

Bit 3: This bit is the Delta Received Line Signal Detector
(DRLSD) indicator. Bit 3 indicates that the RLSD input
to the chip has changed state.
NOTE
Whenever but 0,1, 2, or 3 is set to logic 1, a
MODEM Status interrupt is generated.

Bit 4: This bit is the complement of the Clear to Send
(CTS) input. If bit 4 (loop) of the MCR issettoa 1,
this bit is equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready
(DSR) input. If bit 4 of the MCR is set to a 1, this bitis
equivalent to DTR in the MCR..

Bit 6: This bit is the complement of the Ring Indicator
(R1) -input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to OUT 1 in the MCR. .

Bit 7: This bit is the complement of the Received Line
Signal Detect (RLSD) input. If bit 4 of the MCR is set to
a 1, this bit is equivalent to OUT 2 of the MCR.
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INS8250 Asynchronous Communications Element

Typical Applications (cont'd)

RECEIVER
DOSTR . DISABLE s ’
INS8250
(ACE)
MICROCOMPUTER N .
SYSTEM 07-00 .
o015
DRIVER
DISABLE

Figure 2. Typical Interface for a High-Capacity Data Bus
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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

M INTRK
- TxE
INTR;
- RxRDY
INTR;
TxRDY
SERIAL
D7 - DO DATA OUT
ADDRESS D7-D0 TxD
Sus ] SERIAL 1
o d i RESET INS8251 DATA IN TORS-232
cPu BUs [¢ | ReseT RxD | e INTERFACE
GROUP R 1/0R — — EIA
0 »| RD DTR —>1  DRIVERS “
CONTROL, | 8 T —
v UL F™= ATS —
§ & _ i B
=3 —
A0 _ cTs |
»1 ¢/D
TxC RxC
A A
BAUD
~\J RATE
GENERATOR
*Trademark, National Semiconductor Corp.
© 1978 National Semiconductor Corp. D-173
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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
5100 s
s
= SPEC.
DEVICE g
UNDER 5
TEST S .
-10
ICL 24k /
- = , =20 /
-100  -50 0 450 +100

4 CAPACITANCE (pF)




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
READ AND WRITE TIMING

*WRITE AND READ PULSES
HAVE NO TIMING LIMITATION
WITH RESPECT TO CLK.

TRANSMITTER CLOCK
AND DATA

RECEIVER CLOCK
AND DATA

c/B.3 X - = o
D7-Dg x.. — — 1
e tpW ——sfe——— WD — r tRA.—] le]—
*WRITE o -
B 1 : - L
AW e A Y. -><_<— RD tDF —sf |
*READ .
tRR
WRITE
twe—]
TxE, DTR. RTS X
DSR, 7S x
T R—
READ X /
TPW 1 TP —————— | »
TxC (1x BAUD) e > A
16 TxC PERIODS . .
TXC (16 x BAUD) E C ./
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X —y N
Tx RDY — E

WRITE .
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INS8251 Block Diagram
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b RXRDY
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B PARENTHESES. CONTROL RxC
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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

D-179



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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28-Lead Cavity DIP (D) 28-Lead Molded DIP {N)
Order Number INS8251D : Order Number INS8251N
N.S. Package Number D28A . N.S. Package Number N28A
National Semiconductor National i GmbH NS i Inc., Japan NS Electronics (Hong Kong) Ltd. NS Electronics Do Brasil NS Electronics Pty. Ltd.
Corporation 8000 Munchen 21 Miyake Building 8th Floor, Avda Brigadeiro Faria Lima eu Cnr. Stud Rd. & Mtn. Highway
2900 Semiconductor Drive 61/2 Eisenheimerstrasse 1—9 Yotsuya, Shinjuku-ku 160  Cheung Kong Electronic Bldg 11 Andar Conjunto 1104 * . Bayswater, Victoria 3153
Santa Clara, Cahforma 95051 West Germany Tokyo. Japan 4 Hing Yip Street Jardim Paulistano Australia
Tel. (408) 737-5000 Tel: 089/9 15027 Tel: (03) 355-3711 Kwun Tong Sao Paulo, Brasil Tel: 03-729-6333
TWX. (910) 339-9240 Telex: 05-22772 TWX 232-2015 NSCJ-J Kowloon, Hong Kong Telex: 1121008 CABINE SAQ PAULO  Telex. 32096

Tel- 3-411241-8
Telex. 73866 NSEHK HX
Cable: NATSEMI

National does not .assume any responsibility for use of any circuitry described; no circuit patent licenses are implied; and National reserves the right, at any time without notice, to change said circuitry.




The Data
Bookshelf:
Tools for
the Design
Engineer

National Semiconductor’s Data
Bookshelf is a compendium of
information about a product line
unmatched in its breadth in the
industry. The independent
volumes that comprise the
Bookshelf — over 5,000 pages —
describe in excess of 6,000 solid-
state devices; devices that span
the entire spectrum of
semiconductor processes, and
that range from the simplest of
discrete transistors to
microprocessors — those most
sophisticated marvels of modern
integrated circuit technology.

Active and passive devices and
circuits; hybrid and monolithic
structures; discrete and integrated
components . . . complete
electrical and mechanical
specifications; charts, graphs, and
tables, test circuits and
waveforms; design and
application information . . .
Whatever you need you’ll find it in
the designer’s ultimate reference
source — National
Semiconductor’s Data Bookshelf.

Ordering
Information

All orders must be prepaid.
Domestic orders must be
accompanied by a chec¢k or a
money order made payable to
National Semiconductor Corp.;
orders destined for shipment
outside of the U.S. must be
accompanied by U.S. funds.
Orders will be shipped by
postage-paid Third Class mail.
Please allow approximately six to
eight weeks for domestic delivery,
longer for delivery outside the U.S.

National
Semiconductor




National’s A : ‘ ,
Data Bookshelf . ,
Order Form ; ,

Please send me the volumes of the National Semiconductor DATA
BOOKSHELF that | have selected below. | have enclosed a check or money
order for the total amount of the order, made payable to Natlonal
Semlconductor Corp. _

Name Purchase Order #

Street Address :
City. , State/Country _____ _ Zip.
copies @ $4.00, CMOS Databook, 1978................ - Total $.

. copies @ $4.00, Data Acquisition Handbook, 1978 ...... ~Total $.___
copies @ $4.00, Interface Databook, 1978 .......... Q .. Total $___
copies @ $4.00, Linear Applications Handbook ........ Total $._ -
copies @ $4.00, Linear Databook, 1978 ............... Total $
copies @ $4.00, Memory Databook, 1978 ............ ~Total$ -
copies @ $4.00, Memory Applications, 1978 ... ... .. ...Total $ -

copies @ $3.00, Microprocessor Applications in
Business, Science and Industry,.

1977 ... ... .. e Total $______
copies @ $4.00, SC/MP Microprocessor Applications,

1977 . o e Total $____
copies @ $3.00, Pressure Transducer Handbook,

1977 . o Total $
copies @ $4.00, Special Function Databook, 1979...... Total $
copies @ $4.00, Discrete Databook,2/78......... «....Total'$

‘ Subtotal $

(Californiaresidents add 6% Sales Tax*.)$_____
‘ Grand Total $

Send a facsimile of the above form to:

National Semiconductor Corp.

P.O. Box 60876, Sunnyvale, CA 94088

Postage will be paid by National Semiconductor Corp. Please allow four to
six weeks for delivery.

*(San Francisco Bay Area residents add 62 % Sales Tax.)
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