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INS8259 Programmable Interrupt Controller 

General Description 
The INS8259 is a Programmable Interrupt Controller 
chip contained in a standard 28-pin dual-in-Iine 
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 multi-level priority 
interrupts. Its four operating modes allow the device 
to satisfy diverse system requirements. 

Features 
• Performs Priority Control of up to Eight Interrupt 

Levels 

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

• Four Programmable Operating Modes 

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

• Interrupt Request Inputs Can be Individually 
Masked 

• TRI-STATE@ TTL Drive Capability for Bidirectional 
Data and Control Buses 

• Single + 5 Volt Power Supply 

• 28-Pin Dual-in-Line Package 

• MICROBUSTM* Compatible 

INS8080 Family C~U Group to MICROBUS Configuration 
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Absolute Maximum Ratings 
Ambient Temperature Under Bias .............. O·C to + 70'·C 
Storage Temperature .................... - 65·C to + 150·C 
Voltage on Any Pin with Respect to Ground ..... - 0.5Vto + 7V 
Power Dissipation .................................. 1 Watt 

Note: Absolute maximum ratings indicate 'limits beyond which 
permanent dama!;le may occur. Continuous operation at these 
limits is not intended and should be limited to those conditions 
specified ,under DC Electrical Characterlsfics. 

DC Electrical Characteristics 
TA = O·Cto +70·C;Vee = +5V ± 5%,GND = OV 

-
Symbol. Parameter Min Typ Max Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

V1H Input High Voltage 2,0 Vee + 0.5V V 

VOL Output Low Voltage 0.45 V IOl = 2mA 

I 
VOH Output High Voltage 2.4 V IOH = -400"A 

VOH.INT Interrupt Output High Voltage 2.4 V IOH = -400"A 
3.5 V IOH = -50"A 

IIL(IRO-7) Input Leakage Current tor IRo-7 -300 "A VIN = OV 
10. "A VIN = Vee 

IlL Input Leaka\le Current for other Inputs 10 "A VIN '= Vee to OV 

IOFL Output Float Leakage ± 10 p,A Your = 0.45V to Vee 

Icc Vee Supply Current 100 mA 

Capacitance 
TA = +25·C; Vee = GND = OV 

Symbol Parameter Min' Typ Max Unit Test Conditions 

CIN Input Capacitance 20 pF te = 1 MHz 

CliO I/O Capacitance 20 pF Unmeasured pins to 
ground 

-

/ 
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AC ,Electrical Characteristics 
TA = O·Cto +70·C;Vcc = +5.0V ± 5%,GND = OV 

, 
Symbol Parameter Min Max Unit Test Conditions 

BUS PARAMETERS 

READ 

tAR CS/Ao Stable before RD or INTA 50 ns 

tRA CSiAo Stable after RD or INTA 5 ns 

tRR RD Pulse Width 420 ns 

tRO Data Valid from RD/INTA 300 ns CL = 100pF 

tOF Data Float after RD/INTA 200 CL = 100pF 

tOF 20 ns CL = 20pF 

WRITE -
tAW Ao Stable before WR 50 ns 

tWA Ao Stable afterWR" 20. ns , 

tww WR Pulse Width 400 ns 

tow Data Valid to WR (T.E.) 300 ns 

two Data Valid after WR 40 ns 

OTHER TIMINGS 

tlw Width of Interrupt Request Pulse 100 ns 

tiNT INT t after IR t 400 ns 

tiC Cascade Line Stable after INTA t 400 ns 

Timing Waveforms 

Read Timing 

~-, .. ~ -l .. ERIP"Sm'fT 

ADDRESS BUS ===:J r -' 

~ 

...-:.---TAR______. ~ _TRA 

i7iiii ~hj~ 
"'"=-

TRD_ oTDF 

DATA BUS HI-Z HI-Z 

Write Timing __ TAW_ ~ 
mwmrn ~ r "l~ 

ADDRESS BUS =:) '- ( r . TAW __ -- _TWA 

DATA BUS )~ . ~K= 
. .---TDW~ _T~D- -

.-•. 
iiifW 

-' 

~ 
~TWW~ 
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Timing Waveforms (cont'd.) 

~ QtherTiming 

,,3tT_~~ ________ 
INT ~ \~ ________ _ 

INTA 

DS HI~Z 

eO~2 

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

Initialization Sequence 

OATA BUS -----,. 

STORE BYTE L STORE BYTE 2 STORE BYTE 3 

Read Status/Poll Mode 

\ ! \ ! 

\ / 

\1 I 
OATA BUS HI~Z X oew3 X HI~Z X OATA X HI-Z 
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INS8259 Block Diagram 

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. 

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

INTERNAL 
BUS 

Write (WR): When low, allows 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. AD can be controlled 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 (lR7 -IRa): These eight inputs are 
used by external circuits to request servicing by th.e 
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 (SP): 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 l.ow level 
assigns the role of slave. 

OUTPUT SIGNALS 

Interrupt (lNT): This output is applied to the micro­
processor's interrupt input (e.g., pin 14 ofINS8080A). 

INPUT/OUTPUT SIGNALS 

Data (07 - DO) 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 ofa slave device on 
CAS2-CASO in order to select that slave for interrupt 
servicing. 

Pin Configuration 

cs vcc 
WR AO 

jfii INTA 

07 IR7 

06 IR6 

D5 IR5 

04 IR4 

OJ IRJ 

·02 IR2 

01 IR1 

DO IRO 

CASO INT 

CAS 1 SP 
GNO CAS2 

INS8259 Program~ing Information 
Two types of command words 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. 

Operation 

READ 

0 0 1 0 (Note 1) IRR, ISR or 
Interrupt Level to Data 
Bus 

1 0 1 0 IMR to Data Bus 

WRITE 

0 1 X 1 0 0 Data Bus to ICW1 

0 0 0 1 0 0 Data Bus to OCW2 

0 0 1 1 0 0 Data Bus to OCW3 

1 X X 1 0 0 (Note 2) Data Bus to 
OCW1, ICW2, ICW3 

Data Bus to Hi-Z 

Data Bus to Hi-Z 

Notes: 

1. Selection of IRR, ISR or Interrupting Level controlled by 
OCW3 written prior to the Read operation. 

2. Proper sequence set by on-Chip sequencer. 

Figure 1. Basic Control for INS8259 I/O 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 INS8259 initialization 
sequence. 
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AO 01 06 05 04 03 02 01 DO 

I AO A1 

1 
A6 A5 0 ICWI 

DEFINED '-- LOWER ROUTINE ADDRESS BITS --' DEFINED DEFINED CALL 0- MORE THAN DEFINED 
AS (WHEN CALL ADDRESS INTERVAL AS AS ADDRESS liNE INSB259 AS 
0 IS 8 BYTES, A51S FIXED BY INS8259. I 0 INTERVAL IN SYSTEM 0 

WHEN 4 BYTES, FIXED BY PROGRAM) O·B BYTES I-SINGLE 
1-4 BYTES INSB259IN 

. SYSTEM 

AD 01 06 05 04 03 02 01 DO 

1 
AI5 AI4 AI3 AI2 All 

1 
AIO A9 AB 

1 
Icm 

DEFINED 
, 

UPPER ROUTINE ADDRESS BITS. I 

AS 
I 

AO 01 06 05 04 03 02 01 DO 

1 
S1 S6 S5 54 S3 S2 SI SO I 

ICW3 
(MASTER) 

DEFINED 
, 

SLAVE LOCATIONS I 

AS o -IR INPUT HAS NO SLAVE 
I I - IR INPUT HAS SLAVE 

AO 01 06 05 04 03 02 01 DO 

1 
X 

'1 
X X X X I 102 10, 100 

1 

ICW3 
(SLAVE) 

DEFINED 
, 

DON'T CARE " SLAVE 10 I 

AS (MUST EQUAL THE REQUEST LINE OF MASTER 
I TO WHICH THE SLAVES INT OUTPUT IS TIED) 

~ ~-r~~-r~", ~-r~~-r;-
02 ~-L~~~C~~~-L~~ 

Figure 2. Initialization Command Word Format 1-.1 
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When an ICW1 is received, the follo,wing functions 
are performed i[l the INS8259. 

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

• The Interrupt Mask Register (lMR) 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 01 of ICW1. 

- Four- or eight·byte CALL address Interval, as 
set by 02 of ICW1. 

- If the four-byte CALL Interval Is used, bits 
A5-A7 of the CALL address are specified by 
05-07 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 06 and 07 
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. 

AD 

G 

NO 

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 (00 = IRO and 07 = fR7). 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 identi,flers to the slave INS8259s. A separate ICW3 
Is sent to each slave with a unique 10 ,contained in 
bits 00- 02. The 10 must correspond to which master 
IR 1,lne 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 10 assigned to that 
slave on the CAS2-CASO lines. This enables the 
specified slave to release bytes 2 and 3 of the CALL 
sequence. 

ICWl 

ICW2 

Icwa 

READY FOR OPERATION 
IN FUllY NESTED MODE 

Figure 3. Initlallzallon Sequence 
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Table 1. 

Interval = 4 Interval = 8 

Lower Memory Routine Address 

07 06 05 04 03 02 01 DO 07 06 05 04 03 02 01 DO 

IR7 A7 A6 A5 1 1 1 a a A7 A6 1 1 1 a a a 

IR6 A7 A6 A5 1 1 a a a A7 A6 1 1 a a a a 

IR5 A7 A6 A5 1 a 1 a a A7 AS 1 a 1 a a a 

IR4 A7 A6 A5 1 a a a a A7 A6 1 a a a a a 

IR3 A7 A6 A5 a 1 1 a a A7 A6 a 1 1 a a a 

IR2 A7 A6 A5 a 1 a a a A7 A6 a 1 a a a a 

IR1 A7 A6 A5 a a 1 a a A7 A6 a a 1 a a a 

IRa A7 A6 A5 a a a a a A7 A6 a a a a a a 

AD D7 06 05 04 03 02 01 DO 

I 1 I M7 I M6 I M5 I M4 I M3 I M2 I M1 I MO I DCW1 

DEFINED \ INTERRUPT MASK I 
AS 0- MASK RESET 
1 1 - MASK SET 

AD 07 06 05 04 03 02 01 DO 

I 0 I R I SEol I EOI I 0 I 0 I L2 I L1 I Lo I DCW2 

DEFINED PRIORITY SPECIFIC END OF DEF<'NED DEFINED '--- PRIORITY LEVEL CDDE---.I 
AS ROTATE END OF INTERRUPT AS AS 
0 INTERRUPT 0- NO ACTION 0 0 

BCD Level to be Reset 
0- NO ROTATE 0 - NO ACTION 1 - RESET or Put into lowest Priority 
1- ROTATE 1 - USE BITS HIGHEST PRI< 0 1 2 3 4 5 6 , 

L2, L1, Lo ORITY BIT OF LO 0 1 0 1 0 1 0 1 
ISR Ll 0 0 1 1 0 0 1 1 

L2 0 0 0 0 1 1 1 1 

AU D7 06 D5 D4 03 D2 D1 DO 

I 0 I X I ESMM I SMM I 0 I 1 I p I ERIS I RIS I oeW3 

DEFINED DON'T '- SPECIAL MASK MODE.....I DEFINEO OEFINED POLLING \ / 
1 

AS CARE AS AS 1<ENABLES READ IN<SERVICE REGISTER 
0 0 1 NEXliiii 

SMM 0 1 0 1 PULSETO RIS 0 1 0 1 
ESMM 0 0 1 

~ READ THE EAtS 0 0 1 1 l No Action 
Reset Set BCD CODE Read Read Special speCi~11 OF HIGHEST IR Reg IS Reg Mask Mask 

LEVEL No Action on Next on Next 
AD AD 

REQUESTING Pulse 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, 

, 
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FULLY NESTED MODE 

Immediately following the ICW sequence, the 
INS8259 is ready to op~rate in the fully nested mode, 
with the highest priority assigned to IRO and the 
lowest priority to IR7. In this mode, proqessing ,of 
lowerpriority interrupts is nested within higher 
priority interrupts. That is, a new interrupt will be 
sent to the microprocessor whenever an intercrupt 
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. When the 
microprocessor acknowledges the new interrupt, iti> 
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 
levellSR 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 05 = 1. 
To maintain the operating characteristics of the fully 
nested mode, bit 07must equal O. 

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 io 
the next lower interrupt level. For example, when 
servicing of interrupt level 3 is completed (lSR bit 3 is 
reset), interrupt level 3 is assigned lowest priority 
and interrupt level 4 assumes highest priority. 

To operate in rotating priority mode, the EOI issued 
at the end of each service 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 

OCW1 can be used to mask off individual interrupt 
levels. This command is specified byAO = 1. Each 
data bit In OCW1 controls a separate bit in lhe 
Interrupt Mask Register (lMR). When an IMR bit is set, 
the corresponding !;lIt position is masked at the IRR 
and, when in special mask mode, at the ISA. 

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

The special mask command is issued by means of an 
OCW3, in which bit 05 = 1 and 06 =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 
OCW3 with bit 05 = 0 and bit D6 = 1. 

POLLED MODE 

The polled 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 
02 = 1. This' is followed by ariRO pulse with AO = O. 
If any IRR bits are set when the RO 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 
fonowing manner: 

07 06 05 04 03 02 01 DO 

I I I -1- 1 - I -I W21 W1 1 WO 1 

WO-2 - BCO code of the highest priority level 
requesting service. 

I - Equal to a "1" inhere.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 (EO I) AND SPECIFIC END OF 
INTERRUPT (SEOI) . 

The EOI command is used in the fully nestedmodl[l 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 bilthat is currently set. For this reason, it is, 
reliable 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 EOI command must be used. This 
-command contains the BCO value of the interrupt 
level that is to be reset. 

Both specific and non-specific EOI are issued by 
means of an OCW2. For the non-specific EOI version, 
bit 05 of the command is set to 1 and bit 06 is O. For 
the specific EOlversion, bit 050f the command is set 
to 1 and bit 06 is set to 1. In the specific EOI 
command, the BCO value of the ISR bit to be reset is 
contained in command bits 00-02. 

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 BCO value of the interrupt level 
requesting service. 



The microprocessor reads the contents of IRR by 
issuing an OCW3, in which bit DO = 0 and bit 01 = 1. 
This Is followed by a RO pulse, 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 07. The contents of ISR 
are read in the same manner, except that OCW3 bit 
DO is set to 1 as well as bit 01. The contents of IMR 
can be read by setting AO = 1 and Issuing a REi 
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 iiifi'A pulse. The CAS lines will 

~ MICROBUS 

- .- -- -- ------- -- -- ------- fo- -- -- ------
r-. 

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

Because the CAS lines default to 000, no slave 
should be connected to IRO 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 EOI 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 allow a slave to have 
nested Interrupts, the master should be sent an EPI 
as soon as possible in the service routine. 

~ 

TO 
CPU 

GROUP 

t 
B AO DATA CONTROL INT 

rl 
l:r AO DATA CONTROL INT I B AO DATA CONTROL INT 

BUS CASU BUS CAS 0 CASU BUS 

INS8259 CAS1 I- IN58259 CASt CAS 1 INS1259 
SLAVE 2 SLAVE 1 MASTER 

CAS 2 I- CAS2 CAS 2 

II' '!1" II' 

.[ !!!.t 11 !t 1 UH!!!! Jc 1 t!!t!! 
(INTERRUPT REQUESTS) 

Figure 5. Cascads Opsratlon 

Instruction AO D7 De D5 D4 D3 D2 D1 DO O ...... lIon DaocripUon 

1 ICW1A 0 A7 A6 A5 1 0 1 1 0 Byte 1 initialization, format = 4, single. 

2 ICW1B 0 A7 A6 A5 1 0 1 0 0 Byte 1 InitiaUzation. format = 4, not single. 

3 ICW1C 0 A7 A6 A5 1 0 0 1 0 Byte 1 Initialization, format = 8, single. 

4 ICW1D 0 "7 A6 A5 1 0 0 0 0 Byte 1 Initialization, format = 8, not single. 

5 ICW2 1 A15 A14 A13 A12 A11 A10 119 A6 Byte 2 Initialization (Address no. 2). 

6 ICW3M '·1 87 S6 85 S4 53 82 81 SO Byte 3 Initialization - master. 

7 ICW38 1 0 0 a '0 a 82 81 SO Byte 3 initialization - slave. 

8 OCW1 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask reg, read mask reg. 

9 OCW2E 0 0 0 1 0 0 0 a a Non-specific EOI. 

10 OCW25E 0 a 1 1 0 0 L2 L1 La Specific EOI, L2, L 1, LO coda of ISFF to be 
reset. 

11 OCW2 RE 0 1 0 1 a 0 0 0 a Ro1ato at EO! (lIu10 Mode). 

12 OCW2 R5E 0 1 1 1 0 a L2 L1 La Rotate at EOI (Specific Mode). L2. L1. LO. 
code of line to be reset and selected as 

" bottom priority. 
13 OCW2 R5 a 1 1 0 a a L2 L1 LO L2. L1, LO code of bottom priority line. 

14 OCW3P 0 - 0 0 a 1 1 a a Poll mode. 

15 OCW3RIS a - 0 a 0 1 0 1 1 Read IS register. 

16 OCW3 RR a - 0 a a 1 a 1 0 Read requests register. 

17 OCW35M a - 1 1 0 1 0 0 0 Set special mask mode. 

18 OCW3R8M a - 1 a .. 0 1 a 0 0 Reset special mask mode. 

Not •• : 
1. In the master m098 SP pin:: 1; in slave mode SP = 0., 
2. (-) = don't care. 

Figure 6. INS8259 Instruction Set 
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tD e -c 
8 
a 
E 
CD -C -
CD 
:is 
ca 
E 
E 
t! 

1 
I z -

Physical Dimensions 
Inches (millimeterS) 

Nalional Semieondvclor 
Corporation 
29QOSemiconductor Drive 
SantaCtara.Calilorma95051 
Te!: (408) 737·5000 
TWX. (910)339-9240 

1 
0.530 

0.045 (:~~~ r i1.1iJj MAX 

r ________ -k========~~~~~T~~~~,-~-t· ~ 
11.27-0.2541 

~-t=~ 
.. ---1 

~~~ (:":~:I 
(0.451 '0.0511 MIN 

28-Lead Ceramic Dual-In-Llne Packaga (D) 
Order.Numbar INS8259D 

(1.062 
11.575) 

NS Packaga Number D28A 

'" 
I'INND.lINDENT~. 

1 Z 3 4 5 B 1 8 9 lQ 11 1l 13 1. 

0.030 

iO.7621~ _ 0.050 

_0 .. 600-0.620 __ ~."_ ~. . .(1:"270) 0.130=0.005) r- (15240-15.148) ~ TVP 13.302~0.1211 1 =Wt~I·· . L 
0.009-0.015 I 

0625 ,o.025 10.229-03811 I -rJ.o 
l.--.-~-------:-l 1I,1175'0.Q15"-1 I 0.100 0.0111'11.003 ~sffii8J 

(15.815 ~:~~~) IUD5 '11.3811 f-- ,~I--'H4111 --11-- (0.457 '0.016) (3.m) MIN, 
TVP MIN 

28-Lead Plastic Dual-ln-Llne Packaga (N) 
Order Number INS8259N 

NaUona! Semiconductor GmbH 
8000 Mllnchen 21 
61f2EIsenheimerstrasse 
~estGermany 
Tel. 089/9 15027 
Telex, 05-22772 

NS Package Number N28A 

NS Internalionallnc., Japan 
Miyake BUlldmg 
t-9Yotsuya,ShtnJuku-kuI60 
Tokyo. Japan 
Tel. (03)355-3711 
TWX 232-2015 NSCJ-J 

NS Eleclronics (Hong Kong) Lid. 
BthFloor, 
Cheung Kong ElectrcllIc Bldg 
4 Hmg YIp Street ' 
KwunTong 
Kowfopn, Hono Kong 

"Tel'3-411241-S 
Tele~: 73866 NS£HK HX 
Cable' NATSEMI 

NS ElettronitsDo Brasil 
Avda BngadelroFaria lima'S44 
11 AndarConjunto 1104 
Jardlm Paullslano 
Sao Paulo. BraSil 
Tele)(: 1121008 CABINE SAO PAULO 

NS Electronics ptr. Lid. 
Cnr. Stud Rd. & Min. Highway 
Bayswater, Viclorla 3153 
Australia 
Tel: 03-729-6333 
Telex. 32096 

National ooes nol assume any responsibility for use of any circUitry described; no Circuit patent licenses are Implied; and National reserves the nght. at any time without notice, to change said CirCUitry. 
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INS829811NS8298E 8080A LLL BASIC Interpreter 

General Description 

The INS8298/1NS8298E is a 65k MAXI-ROMTM*, 
organized into 8192 8-bit words, that is preprogrammed 
with the 8080A Lawrence ore Laboratory (LLL) 
BASIC Interpreter. Unp versions of the 
INS8298 and INS8298E are t pin,800ns 
access) and I NS8364E/MM5216 access). 
respectively. Both the INS8298 and 
complete TTL compatibility and single 
supply. Three chip selects controlling TRI­
outputs allow for memory expansion. 

The 8080A LLL BASIC Interpreter operates with the 
I NS8080A microprocessor system to provide a high-level, 
easy-to-use language for performing both control and 
computation functions in the I NS8080A. Designed for 
use in data acquisition and control applications, the LLL 
BASIC Interpreter enables the user to write and debug 
a program on-line. The interpreter executes source code 
statements directly, thus avoiding the need to translate 
into machine language. This approach has the advantage 
of easier source code manipulation (because the source 
is always available). and instant revision of the program 
when errors are detected. 

General System Configuration 

411 1412 CLOCKS 
CONTROL SIGNALS 
(RESET. READV) 

..... ---..... '""1 

INSlII8DA 
MICROPROCESSOR 

Features 

• Reduces software effort in microcomputer applica­
tions 

• Provides easy source code manipulation and instant 
program revision 

• Allows immediate-mode execution of program state­
ments to assist program checkout 

I neludes floating-point arithmetic package to provide 
I computational capability 

. h-speed, machine-language sub-

Available as INS8298 (28 pin, 800 ns access) and 
INS8298E (24 pin, 450 ns access) 

• MICROBUSTM* compatible 

* A trademark of National Semiconductor Corporation. 

R .... 

'NSl2BI 

BASIC 
INTERPRETER 

f 
HEXADECIMAL 

DEBUGGER 
(HOT) 

@ , 978 National Semiconductor Corp. 0-139 



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 
ASCII BASIC format, and then executed line-by-line. 
An LLL BASIC Compiler, written in FORTRAN, will 
soon be available in the pubnc~omain.· (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 
nne 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. Contml commands specify 
actions that alter the status of the us~r'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 2FFF16. BAsIC assumes that its RAM starts 
at location 3DD016. The ll1emory map is shown in table 
3. All I/O 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 I/O package, if necessary. As an 
alternative scheme for allowing the user to tailor I/O to 
h is own needs, entry poi nts to the interpreter are 
provided that allow the page"zero initialization program 
to channel all BASIC 1/.0 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 
ASCII . 

PROGRAM 
(RAM) 

INS8080A 
CPU 

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 (-); opmay be a plus (+), minus (-), 
asterisk' (*) for multiplication, or slash (/) for division; 
and either variable can be an identifier, function, Dr 
number. 

*For additional information, contact: 

Argonne Code Center 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, Illinois' 60439 

BASIC 
COMPILER 
(FORTRAN) 

I 
I 

COMPILED 
CODE 

(PROM OR 
ROM) 

___ .!A~~~T~~~ _____ J 

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. 

I F expression THEN nn Transfers to line nn if the condition of the expression is met. 

INPUT list Allows the user to supply numeric data to a program directly from the terminal. 

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

1- NEXT Signals the end of a loop. 

PRINT Allows numeric data and character strings to be printed on the terminal. 

PUT expression Writes output data to a specified port. 

REM Allows comments to be inserted in the program listing. 

RETURN Returns control to the line after the last GOSUB. 

STOP Suspends program execution and returns. 

Table 2. BASIC Commands 

Command Function 

CONTROLIH (backspace) Deletes the previous character typed during input. 

CONTROLIS Interrupts program during execution and returns to immediate mode. 

DEBUG Transfers control to the Hexadecimal Debugger program (HDT). 

LIS,. 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 - 100B BASIC entry points for initialization. 

1009 - 27FF BASIC Interpreter. 

2800 - 2EFF Hexadecimal Debugger (HDT) and loaders. 

2FOO- 2FFF System I/O routines for INS8251 USART (ports EC and ED). 

RAM Address (hex) Function 

3DOO - 3DFF BASIC RAM scratch area (buffers, variables, etc.). 

3EOO upward BASIC user program space. 

Top of RAM downward BASIC stack area. 

Chip Selects 

CSl Active low (0). 

CS2 Active high (1). 

CS3 Active low (0). I-ICI 
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Block and Connection Diagrams 

A1 

A2 

A4<>--I>--i ROW DECODE 

A7 

A' 
NOTE: CS2 AND CS3 NOT 

AVAILABLE IN INS8298E. 

., 

8192X8 
ROM 

'ARRAY 

AIO 

OUTPUT BUFFER 

m 
Al1 A1Z CSi CS2 m 

Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin 

Operating Temperature Range 
Storage Temperature Range 

Power Dissipation 
Lead Temperature (Soldering, 10 seconds) 

DC Electrical Characteristics 

-0.5V to +6.5V 
O°C to +70°C 

-65°C to +150°C 

lW 
+300°C 

01 

02 

D' 

D. 

•• 
07 

., 

AI 

AD 

01 

02 

0' 
O. 
os 

O' 
07 

O' 
A12 

Al1 

NC 

GNO 

A7 

A6 

AS 

A4 

A3 

A2 

AI 

AD 

Dl 

D2 

D' 
GND 

12 

13 

14 

10 

11 

12 

Chip Selects 

INS8298E 

17 

16 

IS 

20 

19 

18 

17 

16 

IS 

" 
13 

Vee 
NC 

A2 

A3 

A4 

AS 

A. 
CSi 
CSl 

CS3 
A7 

AS 

A. 
AIO 

Vee 
AB 

A' 
.12 

ffi 

AIO 

Al1 

0' 
07 

D' 
os 
D4 

CS No. Pin No. Active Level 

I NS8298 

1 21 0 

2 20 1 
3 19 0 

I NS8298E 

1 20 0 

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

Parameter 
Conditions Min. 

Typ, 
Max. Units (Note 3) (Note 4) 

ILl Input Current VIN = OV to VCC 10 I1A 

VIH Logical "1" Input Voltage 2.2 VCC+1.0 V 

VIL Logical "0" Input Voltage -0.5 0.6 V 

VOH Logical "1" Output Voltage IOH = -200 11A 2.4 V 

VOL Logical "0" Output Voltage IOL = 3.2mA 0.4 V 

ILOH Output Leakage Current VOUT = 4 V, Chip Deselected 10 I1A 

ILOL Output Leakage Current VOUT = 0.45V, Chip Deselected -20 I1A 

ICCl Power Supply Current All Inputs = 5.25V, Data Output 100 130 mA 
Open 
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Capacitance 

Parameter 
Conditions Min. 

Typ. 
Max. Units 

(Note 3) (Note 4) 

CIN Input Capacitance (All Inputs) VIN = OV, T A = 25°C, f = 1 MHz, 7.5 pF 
(Note 2) 

COUT Output Capacitance VOUT = OV, TA = 25°C, f = 1 MHz, 15.0 pF 
(Note 2) 

AC Electrical Characteristics 
(TA within operating temperature range, Vee = +5V ± 5%; unless otherwise specified.) See AC test circuit and switching time 
waveforms. 

Limits 

INS8298 INS8298E 
) Typ. Typ. 

Parameter (Note 3) Conditi!,ns Min. (Note 4) Max. Min. (Note 4) Max. Units 

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

tAC Chip Select Access Time tOFF measured to 1.5 V level with tr 150 250 150 ns 
and tf of input < 20 ns (figures 2 & 3), 

tOFF Output Turn OFF Delay tOFF TRI·STATE output level 150 250 150 ns 

tc Cycle Time measured to less than ±20 flA output 1300 450 ns 

Address Set·Up Time 
current. 

550 tAS 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. 

Nota 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 T A"" 25°C and nominal supply voltage. 

AC Test Circuit and Switching Time Waveforms ~ 

5V 
TEST 
POINT 

Rl 
1.66k ..... 

.... " 
I-

100,F' J 25k " 
";1-

...!:- " I-
'::" , 

*INCLUDES JIG CAPACITANCE. 

2.4V r-- 2.4V 

ADDRESS 1.5V 

~ 
ADDRESS ~te~ 0.4V D.4V 

te 

2.4V Ir- 2.4V =x CHIP SELECT 1\ 1.5V 1.5V CHIP SElECT 
0.4V 

~ 
O.4V 

I.. tAS" tOfF ~t~ . 

OUTPUT 
TRI'STATE® & DATA VALID >- TRI.STATE®~ ~ OUTPUT DATA INVALID DATA VALID 

-..t tAC 

IIIC. 

Figure 2. Address Precedes Chip Select Figure 3. Address Follows Chip Select' 
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Physical Dimensions inches (millimeters) 

0.610 

1.400 

-(35.56) 
MAX 

{13.462J 

.,--;rTrr"Ti"rr.rr"1rrrn=i7ri'ii'n'iT'iior.,..n;;nr,;r=' _I II 1% 13 14 

0.200 

(5.08) 
MAX 1:--(1~:;41---:,l 

r . _~ 1::::1 ! +TVP 

0.050 ±O.OtD 
(l.2l !0.254) 

--, 
I 0625 to.U25. . I 
~__ . 0.015 ---i 

-. (1S.an ~m-~ 

National S.lfticonductor 
c;orporatloJl 
2900 Semiconductor Driye 
Santa Ctara. California 9.5051 
Tel: (408) 737·5000 
TWX: (910,339-9240 

National S.mltonduCior GmbH 
SOOO MUnchen 21 
Eisenheimerstrasse 6112 
West Germany 
Tet: 08919 15027 
Telex: 05·22772 

28-Lead Cavity Dual-In-Line Package (DI 
Order Number INS8298D 
NS Package Number D28A 

PIN NO.1 
WENT''-

24-lead Cavity Dual-In-Line Package (DI 
Order Number INS8298ED 
NS Package Number D24A 

as IlIftm.lioaallnc., Japan 
Miyake Building 
1-9 Yotsuya, Shinjuku-ku 160 
Tokyo, Japan 
Tet: (03) 355·3711 
TWX: 232-2015 NSCJ-J 

NS Electronics (Hong 'onul ltd. 
8th Floor, 
Cheung: KOIIO Electronic Bldg. 
4 Hing Yip Street 
Kwun Tong 
Kowloon, Hong Kong 
Tel: 3-411241·8 
Telex: 73866 NSEHK HX 
Cable: NATSEMI 

0.12S 

(3.115) 
MIN 

HS EIect,."ic, 00 Brlsil 
Avila Brigadeiro Faria Uma 844 
11 Anda~,Gonjunto 1104 
Jardim Paulistano 
Sao Paulo, Bras!1 
Telex: 1121008 CABINE SAO PAULO 

HI EltCl,.,,!,. Pty. UII. 
CnL Stud Rd. & Min. Highway 
8ayswaler, Victoria 3153 
Australia 
Tel: 03-729-6333 
Tel.x: 32096 

National does not assume any res'ponsibility for use of any circuitry described; no circuil patent licenses are Implied: 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 (ASTRa) chip housed' in 
a standard, 40-pin dual-in-line package. The chip, which is 
fabricated using N-channel silicon gate MaS 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. 

Features 
• Synchronous and Asynchronous Full Duplex Opera­

tions 
• Synchronous Mode Capabilities 

- Selectable 5- to 8-Bit C'haracters 

- T.wo 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 

• DC to 1M Baud Rate 
• 8 Selectable Clock Rates (4 Programmable) 
• Transmission Error Detection Capabilities 

- Parity 
- Overrun 
- Framing 

• Double Buffering of Data 
• 8-Bit Bidirectional Bus for Data, Status, and Control 

Words 
• All Inputs and Outputs TTL Compatible 
• On-Line Diagnostic Mode' 
• Reduces System ComponentCount 
• Direct Plug-In Replacement for Western Digital 

FD1671 

INS1671 General System Configuration . ..---_...., 

SYSTEM 
PROCESSOR 

© 1977 National Semiconductor Corp. 

PERIPHERAL 
INTERfACE 

lOCAl32Xi""1~~;;!f4~~~ CLOCKS (R1 - R4) 

CONTROL BUS 

MEMORY 

0·145 

SERIAL DATA OUT 

SERIAL DATA IN 

TIMING & CONTROL 

COMMUNICATIONS 
LINK 

(MODEM OR 
DATASET) 

Ii!JI 



Absolute Max,imum Ratings . ' 

" " " 

VOO with Respect to Vss (Ground) .......•....... +20 V to -0.3 V: 
Maximum Voltage to Any Input ,with Respect to Vss ... +20 V to -0.3 V 

. , 

Operating Temperature .......................... O°C to +70°C 
Stonj~e Temperature .... ; ., ........... : ......... 55"'C to +1:!5QC ' , 

Power Dissipation .................. ; " ........... 1000mW ; 

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-
acteris~ics. ' 

DC Electrical Characteri,stics 
T A = O°C to +70°C. VOO = +12.0V ± 0.6 V. Vss = -5.0V ± 0.25 V. Vss = OV. Vee = .+5 V ± 0.25 V 

Symbol Parameter Unit Min Typ Max Conditions 

III I nput Leakage /.lA, 10 V1N = Voo 

ILO Output Leakage /JA 10 VOUT= VOO 

Iss V ss Supply Current mA 1 Vss = -5V 

leeAVE Vee Supply Cu rrent mA SO 

IOOAVE V 00 Supply Current mA 10 

VIH, Input High Voltage V 2.4 

VIL Input Lo~ Voltage (All Inputs) V O.S 

VOH Output High Voltage V 2.S 10,= -100/.IA 

VOL Output Low Voltage V 0.4 10 = 1.6mA 

AC Electrical Characteristics 
TA = o°c to+70°C. Voo=+12.0V ±0.6V. vss= -5.0 V ±O:25V. Vee = +5.0\f:l: O.25V. Vss= OV.CLMAX =20pF 

" 

Symbol Parameter Unit Min Typ Max Conditions 

tAS Address Setup Time ns 0 

tAH Addr~ss Hold Time ns 150 

tARL Address to RPL Y Delay ns' 400 

tes CSWidth ns 250 

tesRLF CS to Reply Off Delay ns 0 250 RL = 2.7kn 

READ CYCLE 

tARE Address to R E Spacing 'ns 250 

tRECSH RE and CS Overlap ns 20 

tREes RE to CS Spacing ns 250 

tREO' RE to Data Out belay ns 180 CL = 20pF 

tRE RE Widtb ns 200 1000 

WRITE CYCLE 
J 

tAwE Adctress to WE spacing ns 250 

tWECSH WE and CS Overlap ns 20 

, tWE WE Width ns 200 1000 

tos Data Setup Time ns 150 
" 

tOH Data Hold Time ns 100' 

tWEes WE to CS Spacing ns 250 

" 

" 
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Interrupt 

Symbol Parameter Unit Min Typ Max Conditions 

tCSI CS to IACKI Delay os 0 

tCSRE CS to R E Delay ns 250 

tCSREH CS and R E Overlap ns 20 

tRECS R E to CS Spacing ns 250 

tpi IACKI Pulse Width ns 200 

tlAD IACKI to Valid ID Code Delay ns 250 (Note 1) 

tRED RE Off to DAL Open Delay ns 180 

tlARL IACKI to RPL Y Delay ns 250 

tCSRLF CS to RPL Y Off Delay ns 0 250 RL = 2.7 kn 

tlAIH IACKI On to INTR Off Delay ns 300 

til IACKI to IACKO Delay ns 200 

tREI RE Off to IACKO Off Delay ns 250 

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

Timing Waveforms 

(j) = VIH (MINI = 2.4 V 
(j) = VIL (MAX) = 0.8 v 
® = VOH (MIN) = 2.8 V 
® = VOL (MAX) = 0.4 V 

• (j) (j) 

DALBUS ~ ADDRESS ~ DATA 

~ VALID VALID 

0rlAS1 _IAH ... 'n<u-

CO '" 
cs (j)\ I L. 

° -' [0 --' 1---' JCD 
RE < IRECS~ I- 'Q) 

n<u-

"" -le<RI F· .j 

I 
RPLY \ Ii I 

~ 

" 

READ TIMING (Note 1) '1.1 
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Timing Waveforms (cont.) 

DAL BUS 

WRITE TIMING I Not •• 1 & 2) 

INTERRUPT TIMING INote 3) 

NOTES: 

1. I D DECODE i. 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) 

COMMUNICATION 
CHANNEL CONTROL 

CLOCK 
CONTROL 

NOTES: 

1. NUMBERS WITHIN PARENTHESES DENOTE 
APPLICABLE CHIP PIN NUMBERS. 

INS1671 Functional Pin Definitions 
The following describes the function of all INS167.1, 
input/output pins. Some of ·these descriptions reference 
internal circuits. 

NclTE 
I n 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 the INS1671 and the CPU (or controller), 

Select Code (lD7 -103): Five input pins that are used 
for hardwiring a unique 5-bitidentification 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): Whel'l low -coincident with an active 
CS 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 B-bit a'ddress on the 
Data Access lines (DAl) Bus coincident with a low-level 
CS input, When bits 3 through 7 of the B-bit address 
input match the unique 5-bit identification code of the 
chip, the device is selected, Bits 0 through 2 of the B-bit 
address input are then used to select INS1671 registers 
to read from as ind,icated below, 

A2 A2 Ao 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 

Rl R2 R3 R4 lXTC 1 XRC 
lOB) (00) 

2 LETTERS WITHIN PARENTHESES REFER 
TO CORRESPONDING RS·232 SIGNAL 
DESIGNATIONS. 

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 0 through 2 
of the B-bit address input are used to select INS 1671 
registers to be written into as indicated below, 
-

A2 A, Ao 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 d'ata 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"'iiVE andCS 
inputs are both returned to a high level, the Write 
operation is terminated and the chip is deselected, 

Master Reset (MR): Whe!) low, clears the Control 
Register, Status Register, and other controls of the 
chip, 
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Ihterrupt Acknowledge In (lACKO: Forced low by the 
CPU (or controller) when it is polling to determine 
which device is requesting an interrupt. When the~ 
requesting the interrupt rece.ives ~low-leveIIACKI 
input coincident with a 10w"level R E inputc..!!2e chip 
places its' unique 5-bit identifica:tion code (1.07 -I D3) 
on the DAL7 through DAL3 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 (RPL Y) 
output and all other INS1671 devices receiving a low­
level IACKI input force their Interrupt Acknowledge 
Output (lACKO) 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 irlput 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 (m): 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 a of Control 
Register 1) is high (On), generates an interrupt. The Data 
Set R~ady input appears as bit 6 in the internal Status 
Register. 

Ring Indicator (RING): If low (On) when the internal 
Data Terminal Ready signal (bitO 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 a 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 'lXbaud 
rate clock for the Transmitter section of the chip. The 
1 X clock is primarily used in the Synchronous mode. 
I nternal Control Register 2 selects the use of the 1 X 
clock. Transmitter data is clocked out of the INS1671 
on the falling edge of this clock input. 

Receiver Timing (1XRC): This input is the 1X baud 
rate clock for the Receiver section of the chip. The 1 X 
clock is primarily used in' the Synchronous mode. 
I nternalControi Register 2. selects the use of the 1 X 
clock. Receiver data is clocked into the INS1671 onthe 
rjsing edge of this clock input. 

Vaa:. -5-volt supply. 

Vee: +5-volt supply. 

Voo: +12-volt supply. 

VSS: Ground (O-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) 

2. Transmitter Holding Regi~ter Empty 
3. Carrier Detector On (CARR input'low) 
4. Carrier Detector Off (CARR input high) 

5. Data Set Ready On (DSR input low) 
6. Data Set Ready Off (DSR input high) 

7. Ring Indicator On (RING input low) 

Interrupt Acknowledge Out (lACKO): 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 RPL Y output.) 

Reply (RPL V): 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 
d~vice during interrupt poll.ing. 

Transmitted Data (TDA TA): 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. Th is output is generated by bit a 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 (MiSe): 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 

VBB VDD 
IAC~I RE 

cs 38 RTS 
WE 31 TDATA 

IACKD 36 m 
RPlY 35 lXTC 
lIiflj 34 lXRC 
iiAUf 33 R4 
IiID 32 R3 
om INS1671 31 ,R2 

i!Ail 30 Rl 
DAL4 12 29 CARR 
DAl5 13 28 ilSR 
iiAUf 14 27 RDATA 
DAL1 15 26 fijj 

iffij 15 25 l1i4 
i1i7 11 24 fD5 

RJNij 18 23 iilR 
Miff 19 22 flIi 
Vss 20 21 VCC 
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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 ~re described below. 

CONTROL REGISTER 1 (CR1) CONTENTS 
I 

Bit 0: Controls the> generation of the Data Terminal 
Ready (DTR) output. When high (logic 11. 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 Tr.ans­
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 Asynctjronqus mode, > 
enables a parity check> on each receJved 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. Fo~ all subsequent 
null characters with low·level Stop bits, a steady 
Marking (high) condition is transmitted until 
nor["al 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 .oLE 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) transi~ions. 

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 Yo 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 Secondar>y Transmit signal on a 
Model 202 Data Set, and a Dialing Signal on a CBS Data 
Coupler.) 

When high in coinciden>ce 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. If bit6> 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 Control 
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 disablec:i. 
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 RQATA input (pin 27). The TDATA 
output is held in the Marking (high) condition 
and the RDATA input>from the MODEM or 
c:iata ~et is disregarded. > 

2. The Transmitter clock is also used as the 
Receiver clock, when the 1 X 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 i5SR 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 th~ CARi'i" input (pin 29). The RTS'output' 
{pin ~8) is held in the Off: 1high) condition ' 

, and 'the mand ,CAffR inputs from the 
MODEM or data set are disregarded. 

5. The Mise 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. 

B2 B1 So Clock Selected 

0 0 '0 lXTC an'd rXRC inputs for 
Transmitter and Receiver sec· 
t'inns, respectively' 

0 0 1 Rl (32X)inpui 

0 1 0 R2 (32X) input 

0 1 1 R3 (32X) input 

1 0 0, R4 (32X) input 

1 0 1 R4 (64X) input +2 

1 1 0 R4 (128X) input +4 

1 1 1 R4 (256X) input +8 
--, 

Bit 3: When low while in th,e Asynchronous mode, 
selects the 'R 1 (32X) clock inputfor the ,Receiver section 
of the chip. When high, selects the same 32X clock rate 
for ,the Receiver section, as selected fo~ tIle Transmitter 
section. 

\ ' 

NOTE 
~.t 3 must: be high (logic 1) for the 1 X ,clock 

,selection by pits 0 - 2 of Control R~gister 2. 

When high while it'! the Synchronous mode, causes 
, stripping of aU OLE andSYNcharacters in,tHe Transmit 

Transparent mode ,(selected by bit 6 of Control Register 
1) or ,of all SYN characters, in the, Transmit N.on­
Transparent mode'. In, addition, no Data Received 
interrupt is generated and the SYN Detect 'status bit is 
set ',high with the reception' of the next 'assembled 
character. 

" , , , 

Bit 4: When high while parity is enabled (bit 3 and/or 
bit 5 of Control Register 1 are high), selects Odd parity. 
When low whil,e, parity is enabled~ selects Eve,n pa,ity. 

lJit 5: When high, selects the Synchronous mode for the 
"INS1671.When low, selects the Asynchronous mode for 

the c~ip. ' ' , , 

Bits 6 and7: Select the character length' as indicated 
below. 

B7 B6' Character Length' 

0, 0 8 bits 
0' 1 7 bits 

1 0 6 bits 

1 1 5 bits 

BIT NUMBERS ------------------------------------~\ 

I I I I' I 
SYNC/AIYNe 

O-LDD'MODE a - NON,BREAK MODE 

MYNC !!~ANS, ENABLEDI AIlli 
a -1% DR UTD' BIT 0 - NDN,ECHD MODE o - NO PARITY ENAIlLED 0 - RECEIVER 0 - m OUT· 1 0 - m OUT .. 1 

1 - NORMAL MODE 1 - BREAK MODE , SElECTION 1 .:.. AinO ECHO MODE 
1 - SINGLE STOP 81T SELECTION 

1_" 'ENABLED" DISABLED l-fflDUT.O l~iffiioUT'O 
1 -RECEIVER 

AlYNC (TRANS: DISABLEDI SYNC (REC, ENABLED) ION 'ENABLED 

o - TRANSMIT NON, 
TRANSPARENT MODE 8 - MISC OUT • 1 

D - OLE STRIPPING 
NOT ENABUD 

1 - TRANSMIT, 1 - iii1CDUT • 0 1 - OLE STRIPPING 
ENABLED TRANSI'ARENT MODE 

snc(BITB'I) 
0- NO PARITV .GENERATED SYNC !REC. DISABLEDI 

1 - TRANsMIT PAR'TY ENA8~ED : =:: :~~:! 
SYNC lilT 6 ·'1 
0- NO FORCE,OLE 
1 - FORe'E OLE 

N$MITTER 

~ 
a - RECEIVER PARITY CHECK IS. 

DISABLED 
1 - RECEIVER PARITY CHECK IS 

ENA8LED . 

Figure 1. Control Register 1 Contents 

CHARActER LENGTH SELECT 
,OO..,IBITS 

0- ASYNCHRONOUS'MODE 1 - ODD PARITY SELECT 
1 - SV,~~HRONOUS MODE 0 - EVEN PARITY SELECT 

" ..: RECEIVER CLOCK 
DETERMINED BY 
81TS8'Z 

"01-1 BITS 
10=. BITS 
l1'58ITS 

",,' 

o - ~~~W~R CLK , 

SYNC ICRI 'BIT ,'. o~ 
a-NDSYNSTRIP , 
1 - SYN ST,RI, 

SYNC (coi' BIT •• 11 

O-'ND DLE-IYNSTRIP 
,1- DlE..sVN'STRI' 

'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
mittenections 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 0 is set high when the 
contents of the Transmitter Holding Register are trans­
ferred to the Transmitter Register. Bit 0 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 isenabled. 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 Re'gister 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) 

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 (R DATA) 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. 

Wl;len 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 0 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. 

/ BiT NUMBERS 

1 
DATA SET CHANGE DATA SET READY CARRIER DETECTOR FRAMING ERROR! OLE DETECTI OVERRUN ERROR DATA RECEIVED 

SYN DETECT PARITY ERROR 

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·Jevel (logic 1) Stop bit at the. end of a 
character. R~cePtion 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. If 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 
theoretica,l 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, .nd the Receiver 
interrupt is not activated. After the detection of the first 
SYNcharacter, 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 ch,aracteris 
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 $YN 
character is not detected, the Receiver reverts to the 
Search mode. 

I n the Synchronous mode, 'a continuous stream of 
characters is transmitted once the Transmitter section is 
enabled. If the Transmitter Holding Register is not 
loatled 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 OLE 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 1 X Receiver 
clock from a MODEM or dataset, or by a local 32X bit 
rate clock selected from one of four externally supplied 
clock inputs. When using the 1 X 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 l'iIIark-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 ErrorlDLE 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 device, when 
a new character is ready to be transferred to the Receiver 
Holding 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 (OLE 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-OLE character. When both the SYN Strip and 
OLE 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 
OLE character. If two successive OLE characters are 
received, only the first OLE character is stripped. No 
parity check is made while in this mode. 

Transmitter Section: I riformation 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 OLE Register may be 
transferred prior to the information contained in the 
Transmitter Holding Register if the Force OLE signal 
condition is enabled (bits 5 and 6 of Control Register 
1 set high). The Force OLE control bit (bit 5 of Control 
Register 1) must be set prior to loading of a new char­
acter in the Transmitter Holding Register to ensure 
forcing the OLE 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 1 X 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 0 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. 1n 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 OLE. 

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 I NS1671 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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Physical Dimensions 
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Plastic Oual·ln-Line Package (N) 
Order Number INS1671N 

Manufactured under one or more cf the following U.S. patents: 3083262, 3189758, 3231797, 3303356, 3317671. 3323071, 3381071, 3408542,3421025,3426423,3440498,3518750,3519897, 3557431, 3560765, 
3556218,3571630,3575609.3579059,3593069,3597640,3607469,3617859,3631312,3633052,3£38131.3648071,3651565,3693248. 

National Semiconductor Corporation 
2900 Semiconductor Drive, Santa Clara, California 95051, (408) 737M5000/TWX (910) 339M9240 

National Semiconductor GmbH 
808 Fuerstenteldbruck, Industriestrasse 10, West Germany, Tele. (08141) 1371/Telex 05M 27649 
National Semiconductor (UK) Ltd. 
Larkfield Industrial Estate, Greenock, Scotland. Tele. (0475) 33251/Telex 778M632 

National does not assume any responsibility for use of any circuitry described; no circuit patenllicences are implied; and National reserves the right, at any time without notice. to change said circuitry. 
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INS8250 Asynchronous Communications Element 
General Description 
The I NS8250 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 I NS8250 is 
programmed by the system software via a TRI-STATE® 
8·bit bidirectional data bus. 

The I NS8250 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 I NS8250 at any time during the 
functional operation_ Status information reported 
includes the type and condition of the transfer operations 
being performed by the I NS8250, 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 (2 16 - 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 I NS8250 
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 

• Designed to be Easily Interlaced to Most Popular 
Microprocessors. 

INS8250 MICROBUS Configuration 

~ 1-.;;.::;"-.... , 

~ I---'-"-"-....... ~, 

~ 1---'-"-....... , 

~ r.....;::... ....... ~' 

"0" 

"1" 

*Trademark, National Semiconductor Corp. 

• 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 (2 16 - 1) and Generates 
the Internal 16x Clock 

• Independent Receiver Clock Input 

• MOOEM Control Functions (CTS, RTS, DSR, DTR, 
R I, 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 Capabil ities 

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

• Line Break Generation and Oetection 

• I nternal 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 

© 1978 National Semiconductor Corp. ® TRt-STATE IS a trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings 
Temperature Under Bias ........................ O°C to' + 70°C 
Storage Temperature ........................ -65°C to +150°C 
All Input or Output Voltages with Respect to VSS .... -0.5 V to +7.0 V 
Power Dissipation ....................... '. ,., . , . . . . 400.mW 

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

DC Electrical Characteristics 
T A: O°c to + 70°C, VCC : +5, V ± 5%, VSS : 0 \J, unless otherwise specified. 

Symbol Parameter Min Typ Max Units Test Conditions 

V,lX Clock Input Low Voltage -0.5 0.8 V 

V,HX Clock Input High Voltage 2.0 VCC V 

V,l Input low Voltage -0.5 0.8 V 

V,H Input High Voltage 2.0 VCC V 

VOL Output Low Voltage 0.4 V }'Ol: 1.6mA on all out~uts, 
VOH Output High Voltage 2.4 V IOH : - lOO /lA, 

ICC (AV) Avg Power Supply Current (Vec) 65 80 mA 

',l I nput Leakage ±10 /lA 

ICl Clock leakage ±10 /lA 

Capacitance 
TA: 25°C, VCC: VSS: OV 

Symbol Parameter Min Typ Max Units Test Conditions 

CXIN Clock Input Capacitance 15 20 pF 

CXOUT Clock Output Capacitance 20 30 pF fc: 1 MHz 

C,N Input Capacitance 6 10 pF Unmeasured pins returned to VSS 

COUT Output Capacitance 10 20 pF 

TYPICAL SUPPl Y CURRENT vs 
TEMPERATURE. NORMALlZED(J) 

1.5 

.... 
'" 

-.... 
'" r---'" ::> 1.0 u -- -> --.... 
~ ... , ::> 
'" 

0.5 I 
0 +25 +50 +75 

AMBIENT TEMPERATURE (OC) 
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AC Electrical Characteristics 
T A ~ O°C to ± 70°C, VCC ~ +5 V ± 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 

tess 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 

tRC Read Cycle Delay 1735 - ns 

RC Read Cycle ~ tAW + tDID + tDIW + tRC 2000 - ns 

tDD DISTR/DISTR to Driver Disable Delay - 150 ns -@ 100 pF loading 

tDDD Delay from DISTR/DISTR to Data - 250 ns -@ 100 pF loading 

tHZ DISTR/DISTR to FloatingData Delay 100 - ns -@ 100 pF loading 

tDOD DOSTR/DOSTR Strobe Delay 50 - ns 

tDOW DOSTR/DOSTR Strobe Width 175 - ns 

twc Write Cycle Delay 1785 - ns 

WC Write Cycle - tAW + tDOD + tDOW + twc 2100 _. ns 

tDS 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 

tCSR' DISTR/DISTR Delay from Chip Select 110 - ns 

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

tWCS' Chip Select Hold Time from DOSTR/DOSTR 50 - ns 

tAW' DOSTR/DOSTR Delay from Address 160 - ns 

tCSW' DOSTR/DOSTR Delay from Select 160 - ns 

tMRW Master Reset Pulse Width 25 - [J.s 

'Applicable only when ADS input is tied permanently low. 
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AC Electrical Characteristics (cont'd.) 

Symbol Parameter Min Max Units 
Test 

Conditions 

BAUD GENERATOR 

N Baud Rate Divisor 1 2 16 - 1 

tBLD Baud Output Negative Edge Delay 250 typ ns 100 pF Load 

tBHD Baud Output Positive Edge Delay 250 typ ns 100 pF Load - , 

tLW Baud Output Down Time 425 typ ns 100pF Load 

tHW Baud Output Up Time 330 typ ns 100pF Load 

RECEIVER 

tSCD Delay from RCLK to Sample Time 2 typ /1S 

tSINT Delay from Stop to Set Interrupt 2 typ /1S 100 pF Load 
--

tRINT Delay from DISTR/DISTR (RD RBR/RDLSR) to 
Reset Interrupt ' 

1 typ /1S 100 pF Load 

, TRANSMITTER 

tHR Delay from DOSTR/DOSTR (WR THR) to Reset Interrupt 1 typ /1S 100 pF Load 

lIRS Delay from InitiallNTR Reset to Transmit Start 16 typ BAUDOUT 
Cy'cles 

tSI Delay from Initial Write to Interrupt 24 typ BAUDOUT 
Cycles 

tss Delay from Stop to Next Start 1 typ /1s 

tSTI Delay from Stop to Interrupt (THR E) 8 typ 
BAUDOUT 
Cycles 

tlR Delay from DISTR/DISTR (RD IIR) to Reset Interrupt 1 typ /15 100.pF Load (THRE) 

MODEM CONTROL " 

tMDO Delay from DOSTR/DOSTR (WR MCR) to Output 1 typ /1S • 100pF Load 

tSIM Delay to Set Interrupt from MODEM Input 1 typ /1S 100.pF Load 

tRIM Delay to Reset Interrupt from DISTR/DISTR (RD MSR) 1 typ /1s 100pFLoad 
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VCC INSB258 INSB258 

XTALI 

OSC. CLOCK TO 
OPTIONAL BAUD GEN LOGIC 
o~i~~~ .... o.ca:=:=I-----""'" 

OSC. CLOCK TO 
r-_ .... __ .... .I\I"'..+ _____ .. B.AUO GEN LOGIC 

XTALI 

Timing Min Units 

'XH 140 lIS CRVSTAL 

'XL 140 .. 3.1MH, 10-3DpF 4D-BOpF 

A. External Clock Input (3.1 MHz Max •• B. Typical Crystal Oscillator Network 

Timing Waveforms 

-APPLICABLE ONLY WHEN OJ IS TIED lOW. 

Reed Cycle 
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Timing Waveforms (confd.) 

. I--'AW-J -----------?I~ r---, 
AOS~ L.I " 

, f--IAS=±1tA" 

A2,A"AO ==>< VALID I Xi'-'----'--------""':x·~ 
. '.I-Ies-,-I:+e" HtwA' 

CSi,es"eso ~ . ,----:X= 
, Ltese' j+-Iess ==I j--twes·--j 

eSOUT --1---1--,'- _____ 1 ____ _ 
I. I· : lesw" , 

'AW' we-----'---_,I 
1-'000 -toow==-l-twe---~,.jl 

DOSTR/DOSTA ------------....X ACTIVE X :: E 
I '------?,'-----+ 

I: E I ACTIVE 
( . 

DlSTR/DISTR 

I-,os--/-,o"=1 
D~~1~ ----------------« VALID DATA ~ 

XTAL' 

IIAU1!lfijf 
1+2) 

BAUD OUT 
1+3) 

*APPlICABlE ONLY WHEN ADS IS TIED lOW. 

Write Cycle 

I' 'I IHW· IN - 2) XTAL1 CYCLES 

'-------'r~ II-> ·c------+l,1 'LW = 2 XTAL' CYCLES 

BAUDOUT Timing 
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TIming Waveforms (cont'd.) 

NOTES: 

AeLK --u---Lr1 LJ 
I- 8 ClKS---------1-1 ___________________________________ -1~~~D 

lJ SAMPLE eLK 

-----~~-Il'~I~--~~I--I~~­SAMPLE 
eLK 

-I I-'SlNT 

INTERRUPT fir IL 
(DATA READY OR RCVRfRR) ______________________ -' ~ 

iiTffiifDISTR@) ~~'A'NT . 

(READREC _________________________ ACTlVE 
DA~~ ~u:{s~~ . . _____ __ 

Receiver Timing 

Transmitter Timing 

DOSTR/DOSTR G) r--\ 1 \ 
'WRMeA' -1 \ .... --------. .... ---:--------

-'MDD~ i--.MDD-I 
ouWoW! \ 1,----

iii \ / 
CD See Write Cycle Timing 

@See Read Cycle Timing 
MODEM Controls Timing 

0-163 



INS8250 Block Diagram 

D7- DO 

AD 
A, 
A2 

<SO 

DISTR 
iiifffi 

DOSTR 
01iSfFi 

OOIS 
CSOUT 
XTAl1 
XTAL2 

SelECT • CONTROL 
LOGIC 

POWER{~"'5V 
SUPPLY ~GND 

NOTE: APPLICABLE PINOUT NUMBERS ARE 
INCLUDED WITHIN PARENTHESES. 

DIVISOR 
LATCH (LS) 

DIVISOR 
LATCH (MSl 

INS8250 Functional Pin Description 

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

NOTE 
I n 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, CS2), Pins 12-14:'When CSO and 
CSl are high and CS2 is low, the chip is selected. Chip 
sel,ection is complete" when the decoded chip select signal 
is latched with an active (low) Address Strobe (ADS) 
input. This enab";s communication between the INS8250 
and the CPU. 

Data Input Strobe (DISTR, DISTRI, 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 I NS8250. 

NOTE 
Only an active DISTR or DISTR input is requi;ed 
to transfer data from the. I NS8250 during a read 
operation. Therefore, tie either the DISTR input 
permanently low or the DISTR input permanently 
high, if not used. 

;m 
CTS 
fiTii 
DSR 
ALSO 
Iii 
DUll 
OUT2 

(3D) 
INTRPT 

Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18: 
When DOSTR i~ 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 
tq transfer dat~ to the I NS8250 during a' write 
operation. Therefore, tie either the DOSTR input 
permanently loworthe DOSTR input permanently 
high, if not used. 

Address Strobe (ADS), Pin 25: When low, provides 
latching for the Register Select (AO, A 1, A2) and Chip 
Select (CSO, CS1, CS2) signals. 

NOTE 
An active ADS input is required when the Register 
Select ,(AO, A 1, A2) signals are not stable for the 
duration of a read or write operation. If not 
required, tie the ADS input permane~tly low. 

Register Select (AO,Al,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. 



DLAB A2 A, AO Register 

0 0 0 0 Receiver Buffer (read), Transmitter 
Holding Register (write) -0 0 0 1 Interrupt Enable 

X 0 1 0 Interrupt Identification (read only) 

X 0 1 1 Lme Control 

X 1 0 0 MODEM Control 

X 1 0 1 Line Status 

X 1 1 0 MODEM Status 

X 1 1 1 None 

1 0 0 0 Divisor Latch (least significant byte) 

1 0 0 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 I NS8250. 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 (RCLKI. 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 is a MODEM 
control function input whose condition can be tested by 
the CPU by reading bit 4 (CTS) of the MODEM Status 
Register. Bit a (DCTS) of the MODEM Status Register 
ilJdicates 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 ~nd 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 Sta.tus Interrupt is enabled. 

Received Une 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 (R LSD) of the MODEM Status 
Register. Bit 3 (DR LSD) of the MODEM Status Register 
indicates whether the R LSD 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 (ifIl, Pin 39: When low, indicates that a 
telephone ringing signal has been received by the MODEM 
or data set. The Ai signal is a MODEM-control function 
input whose condition can be tested by the CPU by 
reading bit 6 (RI) of the MODEM Status Register. Bit 2 
(TE R II of the MODEM Status Register indicates whether 
the Ri input has changed from a low to a high state since 
the previous reading of the MODEM Status Register. 

NOTE 
Whenever the RI 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. 

VCC, Pin 40: +5-volt supply. 

VSS, Pin 20: Ground (O-voltl 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 a (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 ;l2: 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 (RTSI 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 11 
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 (OUT 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 I NS8250. A high-level 
DDIS output can be used to disable an external trans­
ceiver (if used between the CPU and I NS8250 on the 
D7 - DO Data Busl at all times, except when the CPU is 
reading data. 

Baud Out (BAUDOUTI. 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 (lNTRPT), Pin 30: Goes high whenever any 
one of the following interrupt types has an active high 
condition and is enabled via the IER: Receiver Error 
Flag; Received Data Available; Transmitter Holding 
Register Empty, and MODEM Status. The I NTRPT 
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 

Pin Configuration or data set). The SOUT signal is set to the Marking 
(logic 1) state upon a Master Reset operation. 

oo-~-vcc 
INPUT/OUTPUT SIGNALS 0,- 1 39 -Ai 

Data (07 - Dol Bus, Pins 1 - 8: This bus comprises eight 
01- 3 38 -Rrni 
03- 4 37 -ilSR 

TR'I-STATE input/output lines. The bus provides bidirec- 04- 5 36 -CfS 
tional communications between the I NS8250 and the 05- 6 35 -MR 

CPU. Data, control words, and status information are 06- 7 34 -OUT! 

transferred via the 07 - DO Data Bus. 07- 8 33 -illR 

RCLK- 9 31 -iITS 
SIN- 10 INS8150 31 -oun 

External Clock Input/Output (XTAL 1, XTAL 2), Pins SDUT- 11 30 -INTRPT 

16 and 17: These two pins connect the main timing cso- 11 19 -NC 

reference (crystal or signal clock) to the I NS8250. CS1- 13 18 -AO 

ES2- 14 17 -A, 

BAUDDUf- 15 16 -Al 
XTAL1- 16 15 -ADS 
XTAL1- 17 14 ,-CSOUT. 
iiifSfR- 18 13 __ 0015 

OOSTR- 19 22 --;- DlSTR 

VSS- 10 11 r-OISTR 

Table 1. ACE Reset Functions 

I 
Register/Signal Reset Control Reset State 

I 
InteiTupt Enable Register . Master Reset 

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

Interrupt Identification 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 I 
MODEM Control Register Master Reset All Bits Low 

I 
I 

Line Status Register Master Reset 
All Bits Low, I Except Bits 5. & 6 are High 

MODEM Status Register Mast';.r Reset 
Bits 0 ~ 3 Low 

I Bits 4 ·'7 - Input Signal 

SOUT Master Reset High 
-

INTRPT (RCVR Errsl Read LSR/MR Low 

INTRPT (RS;VR Data Ready) Read RBR/MR Low 

3 INTRPT (TI;IRE) Read II RlWrite THR/MR Low 

INTRPT (Modem Status Changes) Read MSR/MR Low 

OUT 2 Master Reset High 

RTS Master Reset High I 
DTR Master Reset High I 

OUT 1 Master Reset High I 
I 
I 
I 
I 

I 

, 
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INS8250 Accessible Registers Bits 0 and 1: These two bits specify the number of bits 
in each transmitted or received serial character. The 

The system programmer may access or control any of encoding of bits 0 and 1 is as follows: 

the I NS8250 registers summarized in table 2 via the 
CPU. These registers are used to control I NS8250 Bit 1 Bit 0 Word Length 

operations and to transmit and receive data. 0 0 5 Bits 

0 1 6 Bits 

INS8250 LINE CONTROL REGISTER 
1 0 7 Bits 

1 1 8 Bits 
The system programmer specifies the format of the 
asynchronous data communications exchange via the Bit 2: This bit specifies the number of Stop bits in each 
Line Control Register. In addition to controlling the transm itted or received serial character. If bit 2 is ·a 
format, the programmer may retrieve the contents of the logic 0, 1 Stop bit is generated or checked in the trans' 
Line Control Register for inspection. This feature mit or receive data, respectively. If bit 2 is a logic 1 
simplifies system programming and eliminates the need when a 5-bit word length is selected via bits 0 and 1, 1 Y, 

for separate storage in system memory of the line Stop bits are generated or checked. I f bit 2 is a logic 1 
characteristics. The contents of the Line Control Register. when either a 6·, 7-, or 8-bit word length is selected, 2 
are indicated in table 2 and are described below. Stop bits are generated or checked. 

Table 2_ Summarvof INS8250 Accessible Registers 

Register Address 

o DLAB = 0 o DLAB=O 1 DLAB=O 2 3 4 5 6 o DLAB = 1 1 DLAB = 1 

Receiver Transmitter Interrupt Interrupt 
Line MODEM line MODEM Buffer Holding Identification 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 IIR LCR MCR LSR MSR DLL DLM 

Enable 
Received "0" if Word Length Data 

Delta Clear 
0 Data Bit O· Data Bit a Data 

Interrupt -Select Bit 0 
Terminal Data Ready 

to Send BitO Avairable Ready (DR) Bit 8 

Interrupt Pending (WLSO) 
(DTR) (DCTS) 

(ERBFI) 

Enable 
Transmitter 

Holding Interrupt Word' Length Request to Overrun Delta Data 
1 Data Bit 1 Data Bit 1 Register ID Select Bit 1 Send Error Set Ready Bit 1 Bit 9 

Empty Bit (0) (WLS1) (RTS) (OR) (DDSR) 
Interrupt 
(ETBEII 

I Enable 
Trailing Receiver 

Line 
Interrupt Number of Parity Edge 

2 Data Bit 2 Data Bit 2 Status ID Stop Sits Out 1 Error Ring Bit 2 Bit 10 

Interrupt Bit (1) (STB) (PE) Indicator 

1---
(ELSI) (TERI) 

Enable Delta 

MODEM Parity Framing Receive 

3 Data Sit 3 Data Bit 3 Status 0 Enable Out 2 Err.or Line 
Bit 3 Bit 11 

Interrupt (PEN) (FE) . 
Signal 
Detect (EDSSI) 

(DRLSD) 

Even Break Clear to 
4 Data Bit 4 Data Bit 4 0 0 

Parity Loop Interrupt Send 8it4 Bit 12 
Select 
(EPS) 

(BI) (CTS) 

--r---
Transmitter 

Data 

I 
Stick 

Holding 
Set 5 Data Bit 5 Data Bit 5 0 0 Parity 0 Registe! 

Ready 
Bit 5 Bit 13 

Empty 
(THRE) (DSR) 

Transmitter 

I Set 
Shift Ring 

6 Data Bit 6 Data Bit 6 0 0 Break 0 Register Indicator Bit 6 Bit 14 
Empty (RI) 
(TSRE) 

Divisor Received 
Latch Line 

7 Data Bit 7 Data Bit 7 0 0 Access 0 0 Signal Bit 7 Bit 15 I·t· 
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 15 is transmitted or checked in the data word 
bits and Parity bit. When bit 3 is a logic 1 and bit 4 is a 
logic 1, an even number of bits is transmitted or checked. 

Bit 5: 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 bit 4 is a 
logic 1 or as a logic 1 if bit 4 is a logic O. 

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 O. 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. I t must be set •.. low (logic 0) to access the 
Receiver Buffer, the Transmitter Holding Register, or 
the Interrupt Enable Register. 

INS8250 PROGRAMMABLE BAUD RATE 
GENERATOR 

The I NS8250 contains a programmable Baud Rate 
Generator that is capable of taking any cloc.k input (DC 
to 3.1 MHz) and dividing it by any divisor from 1 to 
(2 16 _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 1536 -

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 32 -
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, "(his 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 bal,Jd rates of 38400 
and below the error obtained is minima.1. The accuracy 
of the desired baud rate is dependent on the crystal 
frequency chosen. 

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 0 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 t6 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) indi'cator. 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 
Regis~er. 

Table 4. Baud Rates Using 3.072 MHz Crystal 

Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16)( 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 (Bil 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. 

Bit 5: This bit is the Transmitter Holding Register 
Empty (THRE) indicator. Bit 5 indicates that the 
I NS8250 is ready to accept a new character for trans­
rnission. 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 0 concurrently 
with the loading of the Transmitter HOlding Register 
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 10.Qic 0 
upon a data transfer from the Transmitter Holding 
Register to the Transmitter Shift Register. Bit 6 is a 
read-only bit. 

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

INTERRUPT IDENTIFICATION REGISTER 

The INS8250 has an on-chip interrupt capability that 
allows for complete flexibility in interfacing to all the 
pop\.llar microprocessors presently available. In order to 
proJide minimum software overhead during data charac­
ter transfers, the I NS8250 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 interrupt are stored in 
the Interrupt Identification Register (refer to table 5). 
The Interrupt Identification Register (II R), 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 in 
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 II R contents may be used as a pointer 
to the appropriate interrupt service routine, When bit 0 
is a logic 1, no interrupt is pending and polling (if used) 
continues. 

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

Bits 3 through 7: These five bits of the II R are always 
logic 0, 

Table 5. Interrupt Control Functions 

Interrupt Identification 
I nterrupt Set and Reset Functions Register 

Bit 2 Bit 1 Bit 0 
Priority Interrupt Interrupt Interrupt 

Level Type Source Reset Control 

0 0 1 - None None -
Overrun Error 

or 

1 1 0 Hig,hest Receiver Parity Error Reading the 
Line Status or Line Status Register 

Framing Error 
or 

Break Interrupt 

1 0 0 Second Received Receiver Reading the 
Data Available Data Available Receiver Buffer Register 

Reading the 
II R 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 

pata Set Ready Reading the MODEM or 0 0 0 Fourth Status Ring Indicator MODEM Status 

or 
Register 

Received Line 
Signal Detect 
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INTERRUPT ENABLE REGISTER 

This 8-bit register enables the four types of int~rupts of 
the, INS8250 to separately active the chip Interrupt 
(I"'TRPI) output signal. It is possible to totally disable 
th~ interrupt systenl by resetting bits 0 through 3 of the 
Interrupt Enable Register. Similarly, by setting the 
appropriate bits of this register to a logic 1, selected 
interrupts can be enaoled. Disabling the Interrupt system 
inhibits the Interrupt Identification Register arid 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 I nter.rupt Enable 
Register are ,indicated in table 2 and are (lescribed below. 

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

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

Bit 2: This 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 O. 

MODEM CONTROL ,REGISTER . 

This 8-bit register controls the interface with theMODEM 
or, data set (or;l peripheral device emulating a MODEM). 
The contents of the MODEM Control Regi~ter are 
indicated in table 2 and are described below., ' 

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

NOTE 
The 'BTR output of the I NS8250 llJay be applied 
to an EIAinverting line driver (Such as the DS1488) 
to obtain the proper polarity input at the succeed­
ing MODEM or data set. 

Bit 1: This bit ~ontrols the Request to Send (RT5) 
output. Bit 1 anects the RTS output, in a manner identi­
cal to that described above for bit O. 

Bit 2: Thi,s bit controls the Output 1 (Oon) signal, 
which is an auxiliary 'user-designated output. Bit 2 
affects the OUT 1 output in a mann~r identical to that 
described above for bit O. 

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 O~ 

Bit 4: This bit prev'ides a ioopback feature for diagnostic 
testing of the INS8250. When bit 4 is ,sett~ logic 1, the 
following occur: the transmitter Serial Output (SOUT) 
is set to the· Marking (logic 1) state; the receiver Serial 
Input (SIN) is disconn'ected; the output of the Trans­
mitter Shift Register is "looped back" 'into the Receiver 
Shift Register input; tne four MODEM Control inputs 
(crs, 'DSR,lITSD, and AI) are disconnected; imd the 
four MODEM Controi outputs (DTA, RTS, OlPf 1, and 
OUT 2) are internally connected to tl19 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 ;eceive-data 
paths of,the I NS8250.' " , 

In the, diagnostic mod~, ·the receiver and transmitter 
interrupts' are fully operationaL 'The MOOEM ,Con'tro'" 
Interrupts are also operational but the inter.rupts' 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.' 

ihe I NS8250 i'nterrupt system can be tested' by writing 
into the lower six bits of the' J-i'ne 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 IN58250 op~rati'on. 
To return to normal operation,the registers must, be' 
reprogrammed for normal operation and:: then bit 4 pf 

, the MODEM Control Register must be reset to logic O. 

B'its 5 through 7: These bits are permanently set to 10gicO, 

MODEM STATU~ REGISTER 

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 sta~e. 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 (DCT$) 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 ([!DSR) 
:indicator. Bit 1 indicates that theD5R input to'the chip 
has changed state since,the last time it w~s' read by the 
'CPU. 

Bit2: This bit is'the Trailing'Edge of'Ring' Indicator 
(TER!) detector. Bit 2 indicates that the AI 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 
(DR LSD) indicator. Bit 3 indicates that the RLSD input 
to the chip has changed state. 

NOTE 
Whenever bit 0, 1, 2, or 3 is set to logic 1, a 
MODEM Status interrupt is generated. 

Bit' 4: This' bit' is the cO~Plement of the Clear to Send 
(CTS) input. If bit 4 (loop) of the MCR is set to a 1, 
this bit !sequivalent to RTS in the MCR. 

Bit 6: This bit is the complement of the Data Set Ready 
(DSR) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent to DTR inthe MCR., 

Bit 6: This bit is the complement of the Ring Indicator 
(AI) ,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 Une 
Signal Detect (~) 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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Typical Applications (cont'd) 
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Figure 2. Typical Interface for a High-Capacity Data Bus 
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INS8251 Programmable Communication Interface 

General Description 
The INSB251 is a programmable Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) chip 
contained in a standard 2B-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 NBOBO micro­
computer family. The functional configuration of the 
INSB251 is programmed by the system software for 
maximum flexibility, thereby allowing the system to 
receive and transmit virtu .-'Iy any serial data communica-

. tion signal presently in use (including IBM Bisync). 

The INSB251 can be programmed to receive and transmit 
either synchrpnous or asynchronous serial data_ The 
INSB251 performs serial-to-parallel conversion on data 
characters received from an input/output device or a 
MODEM, and parallel-to-serial conversion on data 
char~cters received from the CPU. The CPU can read the 
complete status of the INSB251 at any time during the 
functional operation. Status information reported 
includes the type and the condition of the transfer 
operations being performed by the I NSB251, as well as 
any transmission error conditions (parity, overrun, or 
framing). 

INS8251 MICROBUS Configuration 

INTRk 

INTRi 

INTR; 

07 - 00 
--" 

ADDRESS 
BUS I' 

M 

DATA I RESET 

BUS C CPU 
R IIOR GROUP 
0 

CONTROL B IIOW 
, U 

S Cs' 

AD 

*Trademark, National Semiconductor Corp. 

Features 
• Synchronous and Asynchronous Full Duplex 

Operations 

• Synchronous Mode Capabilities 
- Selectable 5- to B-Bit Characters 
- Internal or External Character Synchronization 
- Automatic Sync Insertion 

• Asynchronous Mode Capabilities 
- Selectable 5- to B-Bit Characters 
- 3 Selectable Clock Rates (1 x, 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 
• MICROBUSTM* Compatible 

TxE 

RxRoy 

TxRoy 

07 - 00 Txo 

INSBZ!1 
RESET Rxo 

iiQ oTR 

WR RTS 

Dsii 
Cs' 

CID 
CTS 

TxC RxC 

t t 
BAUD 
RATE 

GENERATOR 

SERIAL 
DATA OUT 

SERIAL 
DATA IN 

EIA 
DRIVERS 

I 
TO RS -232 
INTERFACE 

~ 
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Absolute ,Maximum Ratings 
Ambient Temperature Under Bias .............. O°C to +70°C 
Storage Temperature .................... _65°C to +150°C 
Voltage on Any Pin with Respect to Ground ...... -0.5 V to +7 V 
Power Dissipation ................. : ........... 1 Watt 

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 
de electrical characteristics. 

DC Electrical Characteristics 
TA = o°c to +70°C; Vee = 5.0V ± 5%; GND = OV 

Symbol Parameter Min Typ Max Unit Test Conditions 

VIL Input Low Voltage. -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL Output Low Voltage 0.45 V IOL = 1.6mA 

VOH Output High Voltage 2.4 V IOH = -100/.LA 

IOL Data Bus Leakage -50 J.tA VOUT= 0.45 V 
10 /.LA VOUT= Vee 

IlL I nput Leakage· 10 /.LA VIN = Vee 

lee Power Supply Current 45 80 mA 

Capacitance 
T A = 25°C; Vee = GN D = 0 V 

Symbol Parameter I Min Typ Max Unit Test Conditions 

CIN I nput Capacitance 10 pF fe = 1 MHz 

CliO I/O Capacitance 20 pF Unmeasured pins returned to GND. 

Test Load Circuit 

Typical <l. Output Oolay v •. <l. Capacitance (p F) 
\ 

+20 

2V / 
! +10 

~v 510n > 

~ 
.~~. 

0 0 l-

I SPEC. => 
DEVICE I!: 
UNDER => 
TEST to, 0 

~ <I -10 
241c V 

'* -20' I 
; 

-100 -50 0 +50 +100 

"CAPACITANCE (pF) 
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AC Electrical Characteristics 
;-A = ooc to +70°C; Vec = 5.0 V ± 5%; GND = OV 

Symbol Parameter Min Max Unit Test Conditions 

BUS PARAMETERS (Note 1) 
Read Cycle 

tAR Address Stable Before l'ITAi5 (CS. C/O) 50 ns 

tRA Address Hold Time for READ (CS. C/O) 5 ns 

tRR READ Pulse Width 430 ns 

tRD Data Delay from READ 350 ns Cl = 100pF 

tDF READ to Data Floating 200 ns Cl = 100pF 
25 ns Cl = 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 WR ITE Pulse Width 400 ns 

tDW Data Set-Up Time for WR ITE 200 ns 

tWD Data Hold Time for WRITE 40 ns 

OTHER TIMINGS 

tCY Clock Period (Note·3) 0.420 1.35 IlS 

t<J>W Clock Pulse Width 220 0.7 tCY ns 

tR, tF Clock Rise and Fall Time 0 50 ns 

tD,x TxD Delay from Falling Edge of TxC 1 IlS Gl=100pF 

tSRx Rx Data Set·Up Time to Sampling Pulse 2 IlS Gl =100pF 

tHRx Rx Data Hold Time to Sampling Pulse 2 IlS Gl = 100pF 

fTx Transmitter Input Glock Frequency 
lx Baud Rate DG 56 kHz ,. 
16x and 64x Baud Rate DG 520 kHz 

tTPW Transmitter Input Glock Pulse Width 
lx Baud Rate 12 tCY 
16x and 64x Baud Rate 1 tCY 

tTPD Transmitter Input Glock Pulse Delay 
lx Baud Rate 15 

, 
tCY 

16x and 64x Baud Rate 3 tCY 

fRx Receiver I nput Glock Frequency 
1x Baud Rate DC 56 kHz 
16x and 64x Baud Rate DG 520 kHz 

tRPW Receiver I nput Clock Pulse Width 
lx Baud Rate 12 tCY 
16x and 64x Baud Rate 1 tCY 

tRPD Receiver Input Clock Pulse Delay 
lx Baud Rate 15 tCY 
16x and 64x Baud Rate 3 tCY 

tTx TxRDY Defay from Center of Data Bit 16 tCY Cl = 50pF 

tRx RxRDY Delay from Center of Data Bit 20 tCY 

tiS Internal SYNDET Delay from Center of Data Bit 25 tCY 

tes Internal SYNDET Set-Up Time Before Falling Edge of RxC 16 tCY 

tTxE TxEMPTYDelay from Center of Data Bit 16 tCY Cl =50pF 

twc Control Delay from Rising Edge of WRITE (TxE, DTR, RTS) 16 tCY 

teR Control to READ Set·Up Time (DSR, CTS) 16 tCY 

NOTES: 
1. AC timings measured at VOH = 2.0 V, VOL = 0.8 V. and with test load circuit of page 2. 
2. This recovery time is for initialization only. when MODE. SYNC1, SYNC2. COMMAND and first o'ATA BYTES are written into the USART. 

Subsequent writing of both COMMAND and DATA are only allowed when TxRDY =. 1. .-*, 
3. The 'fXC and Rxe frequencies have the following limitations with respect to eLK: 

for 1x Baud Rate, fTx or fRx" 1/30 teyl 
for 16x and 64x Baud Rate, fTx or fAX':;:;:; 1/4.5 tey) 

4. Reset Pulse Width = 6 tCY minimum. 
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Timing Waveforms 
READ AND WRITE TIMING J:=: tCY 1 

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

TRANSMITTER CLOCK 
AND DATA 

RECEIVER CLOCK 
AND DATA 

Tx ROY AND Rx ROY 
TIMING (ASYNC MODE) 

INTERNAL SYNC DETECT 

elK --.£- t
CW =1-;"" __ ::II :----"'\I.. __ -..J,r---""""""'--

clii.cs 

lAW 

Tx£, OTA. RTS 

EICR--:=:! 

f.<.ellXBAUD)~::-;;:rC. =typo=~5:---'-' _ 
--==-16 TxC PERIODS -

TxC (16 x BAUD) _ -f-: tDTX 

===~-==~---------------------===v---.--TxO _ "'-------

RiC (16 x BAUD) 

INTERNAL 
SAMPLING 

PULSE 

RxD ---, START BIT I DATA 81TS ~; I PARITY BIT ,- STOP BIT I START BIT c== 
R:::: _____________________________________ IR_X_-1--J~r-.-.-.----

WRITE ht BYTE WRITE 2nd BYTE 

TxD M"A'R'i<'iN'G1 START BIT I DATA BIT 

I. htDATABVTE 

RxO 

SYNDET (OUTPUT) ____________________________________ _ 

EXTERNAL SYNC DETECT 

~ ---,l ______ r-----~I~~--r-----:--1------1~~ ___ 1Ft'S SYNDET 
(INPUTI 

---------- -, 
\. 

RxD ________ _ 
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INS8251 Block Diagram 
INTERNAL 
DATA BUS 

RESET 
ClK 

C/D 
jjjj 

Wii 

Ci"':'~---'" 

PDWER {~<5V 
SUPPLY ~GND 

NDTE: APPLICABLE PINDUT NUMBERS 
ARE INCLUDED WITHIN 
PARENTHESES. 

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 I NS8080A microprocessor. 

Read (RD): When low, allows the INS8080A to read 
data or status information from the I NS8251. 

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

Control/Data (C/O): Used in conjunction with an active 
RD or WR input (logic 01 to determine overall device 
operation as indicated below. 

cs C!D RD WR Operation 

0 '0 0 1 Data character read from I NS8251 

0 0 1 0 Data character written into INS8251 

0 1 0 1 Status information read from INS8251 

0 1 1 0 Control word written into I NS8251 

1 x x x Device not selected 

TRANSMIT 
BUFFER 

TRANSMIT 
CDNTRDl 

RECEIVE 
BUFFER 

(151 

TxD 

TxRDV 

TxE 

Txf 

RxD 

RxRDY 

RxC 

SYNDET 

Reset: When high (logic 1), places the I NS8251 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 tey. 

Clock (ClK): TTL ~Iock 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 ~he receiver/transmitter clock frequency for the 
asynchronous mode. The ClK input is normally connec­
ted to the' ¢2 (TTL) output of the I NS8224 Clock 
Generator and Drive'r device. 

Transmitter Clock (TxC): This clock input controls the 
rate at which a data character is to be transmitted. The 
frequency. of the 'fXC input is equal to the Baud Rate 
for the synchronous mode, and is a multiple (1 x, 16x or 
64x) of. the Baud Rate for the asynchronous mode. A 
portion of. the Mode Instruction Word (see t'igure) selects 
the value of the Baud Rate Factor when iii the asynch· 
ronous mode. Transmitter Data are clocked out of the 
INS8251, on the falling edge of the 'fXC input. 

Data Set Ready (i5SR): General-purpose input whose 
condition can be tested by the INS8080A using a status 
read operation. However, a low-level i5SR input is 
normally used to test data set ready conditions. 
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Clear to Send (CTS): If low when the TxEN bit (DO) of 
the Command I nstruction Control Word (see figure) is 
set high, E\nabljls the INS8251, to transmit serial data, 

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

Receiver Clock (RxC): This clock inpOt 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 
INS8,251 on the rising edge of the RxC input. 

Vee: +5·volt supply. 

Ground: O·volt reference; 

OUTPUT SIGNALS 

Data Terminal Ready (DTR): General.pu;pose output 
which can be set to an active low by programming the 
OTR bit (0,) of the Command Instruction Control 
Word. However, a low-level OTR output is normally 
used for data termimil ready or rate select control. 

Requestto Send (RTS): Gen~rSlI-purpose output whicH' 
can be set to an active low by programming the RTS bit 
(05) 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 TxO output 
is held in the marking state (logic 1) upon a Reset', 
operation. 

Transmitter Ready (TxRDY): When high, alerts the 
I NS8080A that the transmitter is ready to accept a data 
character. The TxROY 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 TxROY signal can be 
tested by the I NS8080A 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 writtenJnto the INS8251. 
In the synchronous mode, a high-level TxE output 
indicates that a character has not been loaded, the trans-

Pin Configuration, 

02 

'03 

GNO 

04 

, Os' 
",06 

mitter buffer is empty, and' the ,sync char~cter(s!, of .a' 
data block are soon to be transmitted automatically as 
fillers. 

Receiver Ready (RxRDY): When high, alerts the 
I NS8080A that the receiver contains a data' character 
that is, ready to be inp\Jtto the CPU. The RxROY 
output, wh ich is automatically r,eset 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 
I NS8080A using a status read operation. 

'INPUT/OUTPUT SIGNALS 

Data (07 - DO)' Bus: This bus cOmprises eight TR I-STATE 
input/output lines. The ,bus provides bidirectional 
communications between the INS8251 and the 
I NS8080A. Data are routed to or from the internal data 
bus buffer ,upon execution of an INS8080A OUT or 
I N 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 
SYNOET as either an input or an output. When used as 
an output (internal sync detect mode), a high-level 
SYNOET indicates that the INS8251 has detected sync 
character(s) in the received ser!.al data. The SYNOET 
output is automatically ~eset upon a status read opera-­
tion by the I NS8080A. When used as an input (external 
sync detect mode), a high-leVel SYNOET causes the 
INS8251to start assembling data characters on the 
falling edge of the next Rxe'input. 

INS8251 Programming 

The system software uses a Mode Il'\struction Control 
Word and a Command Instruction Control Word (see 
figures) to establish 'the complete'fun'ctional defi'nition 
of the lI'i1S8251. 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. 

28 01 

27 DO 
26 vee 

26 Rxe 

24 OTR 

23 RTS 

22 iiiii 
07 INS8251 21 RESET 

Txe 20 eLK 
Viii 19 TxO 

CS 1,8 TxEMPTY 

e/ii 17 m 
iiii f6 SYNOET 

RxROY 14 IS, TxROY 
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07 06 05 04 03 02 01 DO 

EVEN PARITY I \ 
PARITY ENABLE, I I 

NO. OF STOP BITS, GENERATIONI 1 = ENABLE CHARACTER BAUD RATE 
DO = INVALID CHECK, o = DISABLE LENGTH, FACTOR, 
01 = 1 BIT 1 = EVEN DO = 5 BITS DO SYNC MODE 
10 = 1~ BITS 0= 000 01 = & BITS 01 XI 
11 = 28ITS 10= 7 BITS 10 Xl& 

11 = 88ITS 11 X&4 

ASYNCHRONOUS MODE 

07 0& 05 04 03 02 01 00 

SINGLE EXTERNAL EVEN PARITY I \ 
CHARACTER SYNC PARITY ENABLE, I 

SYNC, DETECT, GENERATIONI 1 = ENABLE CHARACTER SYNC MODE, 00 
1 = SINGLE 1 = SYNOET CHECK, 

SYNC ISAN 1 = EVEN 
CHARACTER INPUT 0= ODD 
o = DOUBLE o = SYNOET 

SYNC ISAN 
CHARACTER OUTPUT 

mode instruction control word format 

07 0& 05 

ENTER INTERNAL REIlUEST 
HUNT RESET TO SEND 
MODE (iR), (RTS), 
(EH), 1 = RETURNS M FORCES 

1 = ENABLES 8251 TO T OUTPUT 
SEARCH MODE lOW 

FOR SYNC INSTRUCTION 
CHARACTERS WORD FORMAT 

command instruction control word format 

C/D = "0" 

C/D = "1" 

CID = "0" 

CID = "1" 

typical data block transfer 

o = DISABLE 
LENGTH, 

DO = 5 BITS 
01 = & BITS 
10=7BIT5 
11 = BBITS 

SYNCHRONOUS MODE 

04 OJ 

ERROR SEND 
RESET BREAK 
(ER), CHARACTER 

1 = RESETS (SBRK), 
PE, DE 1 = FORCES 
& FE T.O OUTPUT 

ERROR lOW 
flAGS 0= NORMAL 

OPERATION 

MODE INSTRUCTION WORD 

SYNC CHARACTER 1 

SYNC CHARACTER 2 

COMMAND INSTRUCTION WORD 

DATA 
CHARACTER(S} 

COMMAND INSTRUCTION WORD 

DATA 
CHARACTER(S} 

COMMAND INSTRUCTION WORD 
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02 01 00 

RECEIVE DATA TRANSMIT 
ENABLE TERMINAL ENABLE 
(RxE), READY (TxEN), 

1 = ENABLE {DTR}, 1 = ENABLE 
1 = FORCES o = DISABLE 1ffli0UTPUT 

lOW 

} SYNCHRON. DUS MODE 
ONL Y (SEE NOTEI 

NOTE, 

o = DISABLE 
/ 

WHEN THE MODE INSTRUCTION 
WORD HAS PROGRAMMED THE 
INS8251 TO SINGLE SYNC 
CHARACTER (BIT 07 = "1't 
SYNC CHARACTER 21S 
OMITTED. BOTH SYNC 
CHARACTERS ARE OMITTED 
IN THE ASYNCHRONOUS MODE. 

lilGl 



INS8251 $tatus 

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/O input is a high-level, a normal read operation i's 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' pins, the INS8251 can be used in a completely polled environment or in an 
interrupt driven environment. . 

D7 : 'D6 J D5 I D4 D3 

DSR SYNDET ' FRAMING OVERRUN PARITY' 
(SEE NDTE) (SEE NOTE) ERRDR ERRDR ERRDR 

(FE): (OE): (PE): 
1 • VALID 1 • CPU 1 • PARITY, 
STDP BIT DOES NOT ERROR 

DETECTED READ A DETECTED 
ATEND CHARACTER o • WHEN OF EVERY BEFDRE 

CHARACTER NEXT DNE ER BIT OF 
BECOMES COMMAND o • WHEN AVAILABLE INSTRUCTION 

ER BIT ,WORD IS 
(04) OF o • WHEN AT' 

COMMAND ER BIT,OF 
INSTRUCTION COMMAND 

WORD IS INSTRUCTION 
AT' WORO IS 

AT' 
I 

FE, OE II PE FLAGS 00 
NOT INHIBIT THE OPERATION 

OF THE INSB251 

status read word format 

Physical Dimensions 

-------', .. :-----

r:~~:[J~]~ 

D2 

T.E 
(SEE NDTE) 

Dl 

I 
DO' 

R.RDY T.RDY 
(SEE NDTE) (SEE NOTE) 

NOTE: 
BITS 00·02,08 II D7 
HAVE IDENTICAL 
MEANINGS'TO EXTERNAL 
OUTPUT PINS: 

28·Load Cavity DIPID) 
Order Number INS8251D 

N.S. Package Numb~ D28A 

28-Lead Molded DIP IN) 
Order Number INS8261 N 

•• 11 .... ' Semiconductor 
Corporal!oll 
2900 Semiconductor Dnve 
Santa Clara, Callforma 95051 
Tel. (408) 737-5000 
TWX. (910) 339·9240 

',,' , 

1.IIDlial S,miCOnd_clDr GMbH 
8000 Mllnchen21 
6112Elsenhelmerstrasse 
WeslGermany 
Tel:089/915027 
Telell.: 05·22772 

ISllileraalionallnc .• Japan 
Miyake BuddlnQ 
1-9 Yotsuya. Shm/uku-ku 160 
TokYD.Japan 
Tel: (03)355·3711 
TWX 232·2015 NSCJ-J 

, N.S, Package Number N28A 

NS EIIClrenicl (Ho ... long) Lt •• 
81hFloor. 
Cheung Kong ElectronIc Bldg. 
4 Hmg YIp Street 
KwunTong 
Kowloon. Hong Kong 
Tel' 3-411241-8 
Telex. 73866 NSEHK HX 
Cable: NATSEMI 

NS ElaClnlniCl 0, B,.III 
Avda Bngadeiro Faria lIma 844 
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Jardim PaulistamS 
Sao Paulo. Brasil 
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Australia 
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National does not ~ssume any responsibility tor use 01 any circuitry described; no circuit patenllic.ns.s ar~ imp,ied: and National reserves the right. at any tim. without notice. to chang. Slid CirCUitry. 
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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 chetk 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 
Data Bookshelf 
Order Form "'~ 
Please send me the volumes of the National Semiconductor, DATA 
BOOKSHELF that I have se,lected below. I have enclosed a check or money 
order for the total amount' of, the order, made' payable to' National 
Semiconductor Corp. 

Name _______ ---'-'--___ Purchase Order # ___ ---' __ 

Street Address _____________ ,--______ , 

City _____ --State/COuntry ,Zip~. -,-__ 

cppies@$4.00;CMOSDatabook,1978 ....... ,.: .... ,.TQtai'$_"_ 

copies@'$4.00,DataAcquisitionHandbook,1978 .... , .. Total $_" _ 

copies @ $4.00, Interface Databook, 1978 ....... ,: .. : .. Tot'~1 $ __ 

copies@$4.00,LinearApplicationsHandbook .. :., .... Total $_, '_' 

coples@$4.00"LinearOatabook,1978 ....... ~. ~ ... ' .. Total $_, __ 

, copies@$4.00,-MemoryDatabook,1978 ............. Total $ _:_, _ 

copi~s @$4.00,MemoryApplicationS,1978 .. '.; ...... ,Total$_" __ ' 

copies @ $3.00, Microprocessor Applications in 
Business, Science and Industry, 
1977 ................... '" ... ' ..•.. ,Total $_,_ 

copies @ $4.00, SC/MP Microprocessor Applications, , 
1977 ................ ' ............ ' .. Total $ __ 

copies @ $3.00, Pressure Transducer Handbook, 
1977 .................. : ............ Total $_' _ 

copies@$4.00,SpeciaIFunctionDatabook,'1919 ...... Total $_, _,_ 

copies@$4.00,Dis,creteDatabook,2178 .............. Total '$ __ , _ 

Subtotal ,$---':'" 

(California residents add 6% Sales Tax·.) $ __ 

Grand rotal $_ 

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 6% % Sales Tax.) 
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