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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

■ Simultaneous Keyboard Display 
Operations

a Scanned Keyboard Mode

a Scanned Sensor Mode

a Strobed Input Entry Mode

a 8-Character Keyboard FIFO

a 2-Key Lockout or N-Key Rollover with 
Contact Debounce

a Dual 8- or 16-Numerlcal Display

a Single 16-Character Display

a Right or Left Entry 16-Byte Display 
RAM

a Mode Programmable from CPU

a Programmable Scan Timing

a Interrupt Output on Key Entry

a Available In EXPRESS
—Standard Temperature Range 
—Extended Temperature Range

The Intel* 8279 Is s general purpose programmable keyboard and display WO interlace device designed lor use wllh 
Intel* microprocessors. The keyboard portion can provide a scanned interlace to a 64-contact key matrix The 
keyboard portion will also Interlace loan atrayol sensors or a strobed inler'ace keyboard, such as the hall etlect and 
lerrlle variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are dobounced and slrobod in 
an 6-character FIFO. If more'than 8 characters are entered, overrun status is set. Key entries set the Interrupt ouipui 
line to the CPU.

The display portion provides a scanned display Interlace lor LEO. Incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 
has 16X8 display RAM which can be organized Into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and led entry typewriter display formats are possible. Both read and write of me display Ram 
can be done with auto-increment of the display RAM address.

Figure 1. Logic Symbol
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Figure 2. Pin Configuration
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HARDWARE DESCRIPTION
The 8279 i» packaged in a 40 pin DIP The following is 
a lunctional description of each pin

Table 1. Pin Descriptions

Symbol
Pin
No Nomo amt Function

08,-00, 19-13
and commands between the CPU 
and tha 8279 are trenemittad on 
these tinea.

CLK 3 dock: dock from system used to 
generate internal timing.

BESET 9 Reeet; A high signal on this pin re­
sets the 8279. Alter being reset the 
8279 is placed In the following 
mode:
1) 16 8-bU character display 

—left entry,
2) Encoded scan keyboard—2 

key lockout
Along with this the program clock 
prescaler is set to 31.

cs 22 Chip Select: A low on this pin en­
ables the interface functions to 
receive or transmit.

A,
t

21 Buffer Address; A high on this 
line indicates the signals in or out 
are interpreted as a command or 
status. A low indicates that they 
are data.

ro, wn 1Q-H input/Output Read and Write: 
These signals enable the data 
buffers to either send data to the 
external bus or receive it from the 
external bus.

IRQ 4 Interrupt Request: tn a key­
board mode, the interrupt line is 
high when there is data in the 
FIFO/Sensor RAM. The interrupt
Mne goes tow,with each FIFO/ 
Sensor RAM read and returns 
high if there is stilt information in 
the RAM. In a sensor mode, the 
interrupt tine goes high whenever 
a change in a sensor is detected.

Vs*. vcc ?Q40 Qround end power supply pins.
SLo-SL, 32-36 Scan Unae: Scan lines which sra 

uned to scan the key switch or 
sensor matrix and the display 
digits. These tines can ba either 
encoded ft of 16) or decoded (1

Of 4)
BU-BL, 38,

39. 
1.2. 
5-8

Return One: Return line inputs 
which ire connected lo the scan 
lines through the keys or sensor 
switches. They have active Internal 
puHupa to keep tham high untH a 
switch cloture pulls one low. They 
also serve aa an 6-bit input In tha 7 
Strobed Input mode.

Symbol
Pin
No. Name and Function

SHIFT 36 Shift: The shift input status is 
stored along with the key position 
on key closure in the Scanned Key­
board modes. It has an active In­
ternal pullup lo keep it high until a 
switch closure pulls it low.

CNTUSTB 37 Controt/Strobed input Mode: For 
Keyboard modos this lino is used 
as a control input and stoiod like 
status on a key closure. The line 
is also the strobe line that enters 
the data into the FIFO in tha 
Strobed Input mode.

(Rising Edge), it has an active in­
ternal pullup to keep if high until 
a switch closure pulls it low.

OUT A,-OUT A, 
OyT 8,-OUT a,

27-2*
31-28

Outputs: These two ports are the 
outputs for the 16 x 4 display re­
fresh registers. The data from 
these outputs is synchronized to 
the scan lines (SL^-SLj) for multi­
plexed digit displays. The two 4 

bit ports may be blanked inde­
pendently. These two ports may 
also be considered as one 6*bit 
port.

BO 23 Blank Display: This output 15 

used to blank the display during 
digit switching or by a display 
blanking command. j

FUNCTIONAL DESCRIPTION

Since data input and display are an integral pan of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU The 8279 provides this function 
for 8-bit microprocessors.

The 8279 has two sections keyboard and display The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU *s relieved from scanning 
the keyboard or refreshing the display
The 8278 la designed to directly connect to the 
microprocessor bus. The CPU can program all operating 
modes for the 8279. These modes include:
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Inpul Mod**
• Scanned Keyboard — with encoded (8*8 key 

keyboard) or decoded (4*8 key keyboard) scan line*. 
A key depression generates a 6-blt encoding ol key 
position. Position and ahllt and control status are 
stored In the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key rollover.

• Scanned Sensor Metris — with encoded (8 « 8 main* 
switches) or decoded (4*8 main* switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU

• strobed Input — Data on return lines during control 
line strobe is transferred to'FIFO.

Output Mode.’.
• 8 or 18 character multiplexed displays that can be or­

ganized as dual 4-blt or elngle 8-blt (Bg> Do. Aj« Dr).

• Right entry or tell entry display lormals.

Other leatures ol the 8279 Include-

• Mode programming Irom the CPU.

• Clock Prescaler
• Interrupt output to signal CPU when there Is keyboard 

or sensor data availeble.

• An 8 byte FIFO to store keyboard inlormation.

• 18 byte internal Display RAM lor display refresh. This 
RAM can also be read by the CPU.

PRINCIPLES OF OPERATION

The following Is a description ol the major elements ol the 
8279 Programmable Keyboard/Oispley Interlace devl.ee. 
Refer to the block diagram in Figure 3.

170 Control end Data Butler*

The I/O control section uses the £5. Ao. RD and 5vR line* 
to control dal* Now to and Irom the various internal 
registers and bullers. All data llow to end Irom the 8279 is 
enabled by CS. The character of the Inlormation. given or 
desired by the CPU. I* Identified by Ao. A logic on* 
means the Information Is a command or status. A logic 
zero means the Information Is data. R& and WR determine 
the direction ol data How through the Data Bullers. The 
Data Bullers are bi-directional bullers that connoci the 
Internal bus to the external bus. When the chip is not 
selected (£3 * 1). the devices are in a high Impedance 
slate. The drivers Input during WR • £5 and output during 
RD»CS.

Control and Timing Register* and Timing Control

Thoso registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes ere programmed by presenting Iho proper 
command on the data linos with Ao « 1 and then sending 
a WR. The command is latched on the rising edge of WR,

Figure 3. Internel Block Diagram
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The command is then decoded end the apptop'tale 
lunction '» eel The liming conliol cpnlems Ihe basic 
timing counter chain The Inst counte* is * 4 N preseater 
that can be programmed to yield an Internal frequency 
ol 100 kHz which gives a 5 1 ms keyboard scan time and 
a 10 3 ms debounce lime. The other counters divide 
down Ihe basic Internal frequency to provide the proper 
key scan, row scan, keyboard malrln scan, and display 
scan times.

Scan Counter
The scan counter has Iwo modes In Ihe encoded mode, 
the counter provides a binary count that must be 
ealeinally decoded 10 provide Ihe scan lines lor Iho 
keyboard and display In ihe decoded mode, ihe scan 
counlm decodes Ihe least significant 2 bits and piovides a 
decoded I of 4 scan Mole than when the keyboard Is m 
decoded scan, so Is the display. This maans that only Ihe 
llrsl a characters In Ihe Oisptey T1AM are displayed
In Ihe encoded mode. Ihe seen lines are active high 
outputs In the decoded mode, the ecan lines are ecllve 
low outputs.

Return Buffers end Keyboard Oebounce 
end Control
The 8 reiurn tines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row if the debounce 
circuit detects a closed switch, ii waits about 10 msec to 
check if the switch remains closed H it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONtnOl are transferred to the FIFO In the scanned 
Sensor Matrix modes, the contents of the return lines *s 
directly transferred to the corresponding row of the 
Senses PAM (FIFO) each key scan time. In Strobed Input 
mode, (: jontents of the return lines are transferred to 
Ihe Ftr v) on the rising edge of the CNTt/STB line pulse

FIFOfSentor RAM end Status
This block is a dual function 8x8 RAM In Keyboard or 
Strobed input modes, it is s FIFO Each new entry »s 
wntlnn into successive RAM positions and each is then 
read »n oider of entry FIFO status keeps track ol the 
number of characters in the FIFO and whether it is full or 
empty Too many rends or writes w»tl be recognized as an 
error. The status can be read by an RO w»jh £§ tow and 
Ao high. The status logic also provides an IRQ signal 
when it*e FIFO ts not empty tn Scanned Sensor Matrix 
mortn. ihe memory »s a Sensor RAM. Each row of the 
Senvw RAM *s loaded with the status of the correspond* 
Ing row of sensor in the sensor matrix. In this mode. IRQ Is 
high if a change in a sensoi is delected

Display Address Rsglalers and Display RAM
The Oispiay Address Registers hold Ihe address ol Iho ' 
word currently being wrtllen or read by the CI’U and Ihe 
two 4-bil nibbles being displayed The rend/wriie 
addresses are programmed by CPU command T hey also 
can be set lo aulo increment alter each read 01 write The 
Display RAM can be directly read by Ihe CP J slier Ihe 
correct mode and a-Wtoas is set. The addresses lor Ihe A 
and 8 nibbles are •utomaiically updated by me 8279 lo 
match dais entry by Ihe CPU. The A and B nibbles can be 
entered independently or as one word, according lo Ihe 
mode lhal is set by the CPU Dels snlry lo Ihe display can 
be set lo either lets or right entry. See Interlace 
Considerations lor details

SOFTWARE OPERATION
8279 commends
The following commands program Ihe 8279 operating 
modes The commands era srwrt on Ihe Data Bus with Cs 
low and Ao high and are loaded to Ihe 82 79 on me rise q 
edge ol Wfi

Keyboard/Display Mod* Sal

MSB LSD

Code °T° KKK

Where DO is the Display Mode and KKK Is the Kayboard 
Mode

2?
0 0 8 8-bil chaiacler display — Lett entry
0 I 16 B-bil character display — tail entry’
1 0 8 8-bil chaiacler display — Bight entry

I I 16 8-bit character display — Bight entry

For description ol right and tell entry, see Interlace 
Considerations Note that when docoded scan is set In 
keyboard mode, ihe display is reduced to 4 characters 
independent ol display mode set

KKK

0 0 0 Encoded Scan Keyboard — 2 Key Lockout’ 
0 0 I Decoded Scan Keyboard — 2-Key Lockout 

0 l 0 Encoded Scan Keyboard — N-Key Rollover

0 l I Decoded Scan Keyboard — N-Key Bollovei

1 0 0 Encoded Scan Sensor Matrix 

I 0 l Decoded Scan Sensor Matrix

I I 0 Strobed Inpul Encoded Display Scan 

I I I Strobed Inpul. Decoded Oispiay Scan 

Program Clock

Code: Li 0 t p p p p p

All timing end multiplexing signets lot Ihe 8279 are 
generated by an Internal plesceler. This prescaler 
divides Ihe nalornal clock (pin 3) by a programmable 
Integer. Bits PPPPP datormlne the value ol this Integer 
which ranges Irom 2 to 31. Choosing a divisor lhal yields 
100 kHz will give Ihe specified scan and debounce 
limes. For Instance. II Pin 3 ol Ihe 8279 Is being clocked 
by a 2 MHz signal, PPPPP should be sal lo 10100 lo 
divide Ihe clock by 20 to yield the proper 100 kHz operat­
ing .frequency.

ReadFIFO/Sansor BAM

Code: 0 1 0 At X A A X m Don'l Cere

The CPU sale up Ihe 8279 for e read of the FIFO/Sensor 
BAM by llrsl writing this command. In the Scan Key-

'D$twlt §lfr retar
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board Mode, the Auto-IncremenI flag (Al) and tha RAM 
address bits (AAA) ara Irrelevant. Tha 8279 will automati­
cally drive the data bus lor each subsequent read (Ag » 0) 
In the same sequence In which the daia first entered the 
FIFO. All subsequent reads will be Irom the FIFO until 
another command Is Issued.

In the Sensor Matrix Mode, the RAM address bits AAA 
select one ol the 8 rows ot the Sensor RAM. If the Al Hag 
la set (Al ■ i), each successive read will be from the aub- 
sequent row ol the sensor .RAM.

Read Display RAM

0 t 1 Al A A A A

The CPU sets up the 8279 for a reed ol the Display RAM 
by first writing this command. The address bits AAAA 
select one ol the 16 rows ol the Display RAM. If the Al 
flag Is set (Al m 1), this row address will be Incremented 
alter each following read or write to tha Display RAM. 
Since the same counter Is' used tor both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode lor 
both operations.

Clear

Coda: E t 0 Cp Co Co C, C*

The Cq bits ara available In this command to clear alt 
rows ol the Display RAM to a selectable blanking code 
as follows:

Co[C0Co|

0 X All Zsroi (X - Oon't Csrs)

1 0 AB - Hex 20 10010 00001 

1 I All Ontf

..EnabUclaar dUpIcy - t (oi by CA » t)
During |he lime the Display RAM Is being cleared (~ 160 pa). 
It may not be written to. The most significant bit ol the 
FIFO status word Is set during this time. When tha Dis­
play RAM becomes available again, II automatically 
resets.

If the Cf bit Is asserted (Cf = 1), the FIFO status la 
cleared and the Interrupt output line is reset. Also, the 
Sensor RAM pointer Is set to row 0.

Write Display RAM

1 0 0 Al A A A A

The CPU sets up the 8279 tor a write to the Display RAM 
by first writing this command. After writing the com­
mand with Ags 1, all subsequent writes with Ag» 0 will 
be to the Display RAM. The addressing and Auto- 
Increment functions are Identical to those tor the Read 
Display RAM. However, this command does not affect 
the source ol subsequent Data Reads; the CPU will read 
trom whichever RAM (Display or FIFOfSensor) which 
was last specified. It, Indeed, the Display RAM was last 
specified, the Write Display RAM wilt, nevertheless, 
change the next Read location. q

Display Write Inhlbll/Blanklng

A B A B

0 1 X IW IW BL

The IW Bits can be used to mask nibble A and nibble B 
In applications requiring separate 4-blt display ports. By 
setting the IW Hag (IW - 1) for one ot the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not affect that port. Thus, It each nibble 
Is Input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It Is Important to note that bit Bg corresponds 
to bit D0 on the CPU bus, and that bit Aj corresponds to 
bit D,.

CA, the Clear Alt bit, has the combined effect ol C0 and 
CF; It uses the CD clearing code on the Display RAM and 
also clears FIFO status. Furthermore, It resynchronlree 
the Internal timing chain.

End Intemipt/Error Mode Set

Code: XX Don't care

For the sensor matrx modes this command lowers the 
IRQ line and enables further writing into RAM (The IRQ 
line would have been raised upon the detection ol a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until resell

For the N-key rollover mode — il the E bn is programmed 
to "V the chip will operate in the special Error mode (For 
further details, see Interface Considerations Section )

Status Word
The status word contains the FIFO status, erroi. and 
display unavailable signals. This word is read by the Cf*U 
when Ao is high and CS end RO ars low See Interlace 
Considerations for more detail on status word

Data Read
Daia is read when Ao. CS and RD are ell low The source 
of the data is specified by the Read FIFO oi Read Display 
commands. The trailing edge of RD will cause me address 
of the RAM being read to be incremented it the Auto­
increment Hag is set. FIFO reeds always increment (it no 
error occurs) independent ol Al

If the user wishes to blank the dleplay, the BL flags are' 
available tor each nibble. The leet Clear command Issued 
determines the code to be used ee a "blank.” This code 
defaults to all zeros after a rebel. Note that both BL 
flags must be set to blank a display formatted with a 
single B-blt port.

Data Wrtta
Data that la written with Ao, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge ol WR occurs il Al set by 
the latest dtsplsy command
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INTERFACE CONSIDERATIONS

Scarined Kay board Mod*, 2'Kay Lockout
fhar* ara three poaalbla combination* of condition* 
that can occuf during dabounc* »cannlng. Whan a key I* 
depressed, the debounce logic Is sat. Other depressed 
key* are looked lor during the nest two scan*. II none 
are encountered. It is » single key depression and the 
key position I* entered Into the FIFO along with the 
status ol CNTL and SHIFT line*. II the FIFO was empty, 
IRQ will be set to signal the CPU that there Is an entry In 
the FIFO. II the FIFO was lull, the key will not be entered 
and the error ilag will be set. II another closed switch ts 
encountered, no entry to the FIFO can occur. II all other 
keys are released before this one, then It will be entered 
to the FIFO. II this key Is released before any other, It 
will be entirely Ignored. A key Is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with It or In what order they were 
released. II two keys are depressed within the debounce 
cycle. It Is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression.

Increment flag Is set to zero, or by the End Interrupt 
command it the Auto-Increment Itag is set to on*.

Note: Multiple change* in the matrix Addressed by ISLo-s 
" 01 may cause multiple Interrupts. ISL# » 0 In the Decoded 
Model. Reset may cause the 8279 to see multiple change*.

Data Format
In. the Scanned Keyboard mode, the character entered 
Into the FIFO corresponds to the position ot th* switch 
In the keyboard plus the status ol the CNTL and SHIFT 
lines (non-lnverted). CNTL Is the MSB ol the character 
and SHIFT Is the next most significant bit. The next 
three bit* ara from the scan counter and Indicate the 
row the key was found in. The last three bit* are from the 
column counter and Indicate to which return line the key 
was connected.

mss tsa

CNTL SHIFT
™ .. 1.......

SCAN
____ L_i_____

1 I
RETURN

____ 1_____1_____
SCANNED KEYBOARD DATA FORMAT

Scanned Keyboard Moda, N-Key Rollover
With N-key Rollover each key depression Is treated 
Independently from all others. When a key is depressed, 
the debounce circuit wails 2 keyboard scans and then 
checks to see if the key is still down. It it is. the key is 
entered into the FIFO. Any number ol keys can be 
depressed and another can be recognized and entered 
into It .; FIFO. It a simultaneous depression occurs, the 
keys . -cognized and entered according to the order 
the keyboard scan lound them.

In Sensor Matrix mode, the data on the return tinea Is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch pottlon maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the rsiurn tins Inputs. Eight multiplexed 
Input ports could be tied to the return lines and scanned by 
the 8279.

Scanned Keyboard — Special Error Modes
For N-key rollover mode the user can program a special 
error mode. Tms is done by the "End Intorrupl/Error Mode 
Sel" command. The debounce cycle and key-validity 
check are as in normal N-key mode It during a single 
debounce cycle, two keys are lound depressed, this is 
considered a simultaneous multiple depression, and sets 

.an error Ilag This Mag will prevent any lurther writing into 
the FIFO and will set interrupt fit not yet set). The error Ilag 
could be read tn this mode by reading the‘FIFO STATUS 
word (See "FIFO STATUS” for further details.) The error 
Mag is reset by sending the normal CLEAR command with 
Cf - I

Seiisor Matrix Mode
In Sensor Matrix mode, the debounce logic ia inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor-RAM. In this way the Senaor RAM keeps an image 
ol the stete ol ine switches in the sensor matrix. Although 
debouncing is not provided, thi# mode hss the advantage 
that the CPU knows how long the sensor was closed and 
when it was roleased. A keyboard mbde can only Indicate 
a validated cloaure. To make the software easier, the 
designer should functionally group the sensors by row 
since this Is the lormat in which the CPU will reed them. 
The IRQ line goes high If any sensor value change Is 
detected at the end of a sensor matrix scan. The IRQ line t* 
cleared by the first dsta reed operation If the Auto-

MSB us

Rl» "L. "L, RLa j Rli RL0

In Strobed Input moda, the data is also entered to the FIFO 
from the return lines. The dale rs entered by the rising 
edge ol a CNTL/STB line pulse. Data can coma from 
another encoded keyboard or simple switch matrix The 
return lines can also be used as a general purpose strobed 
Input.

mss ls*

"L« "Ls «L. "Ls "Ll|Rll RL#

Display
Leif Entry

Left Entry mode it the simplest display format in that each 
diaplay position directly corresponds to a byte {or nibble) 
In the Display RAM. Addresa 0 In Ihe RAM ia the left-most 
diaplay character and addresa IS for address 7 in 8 
character diaplay) ia Ihe right moat diaplay character. 
Entering characters from position zero causes the display 
to fill from the left. The 17th (9th) character I* entered back 
In the left most position and tilling again proceeds from 
there.

a

i
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0 1 14 16—- -Ditpley

—■*» nn::::rn
0 1 14 1ft

2nd «fl»y [ 1 | 7 | | | |

01 14 1ft
1*h •nuV [ 1 | 115 11ft |

0 1 14 15

17th entry | 17 J 2 | 1ft 1ft

0 1 14 IS
18ih entry 1 17 |l0 |

IS '*
LEFT ENTRY MOOC 
(AUTO INCREMENT)

Right Entry

Right entry is the method used by most electronic 
calculators The first entry is placed in the right most 
display character The next entry is also placed in the right 
most character alter the display is shifted left one 
character. The left most character is shifted off the end 
and is lost.

tit entry on::::
2 3m::::
3 4on::::
0 1_____*______

10ih entry 111?]

12
17th entry | ? j 3 I

14 15 O^DitpUy 
RAM

2nd entry

>d entry

18th entry | 3 | * |

i

16 0 1

1 2

0 1 2

1 2 3

13 14 15

14 15 ’Ll
14 15 0

2SMS 17

15 0 l

16

RIGHT ENTRY MODE 
(AUTO INCREMENT)

Note that now the display positionand register address do 
not correspond Consequently, entering a character to an 
arbitrary posilion'm the Auto Increment mode may have 
unexpected results. Entry starling at Display RAM address 
0 with sequential entry is recommended

Auto Increment

In the Left Entry mode. Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location 
With non-Auto incrementing the entry is both to tho same 
RAM address and display position Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable;

lit entry

2nd entry

Commend
10010101

entry

4th entry

0 1 2 3 4 5 6 7-

LlL-Mill
0 2 3 4 6 6 7

1 7 1
0 2 3 A 2 7

t 2

Enter next et Loeetton 5 Au

0 1 2 3 4 5 6 7

1 2 ! 3 1—
1

0 1 2 3 4 5 6 7

1 2 1
[ 3

___ 1 J

- Oitpley 
RAM 
Add'#««

LEFT ENTRY MOOE 
(AUTO INCREMENT)

In the Right Entry mode. Auto Incrementing and non 
Incrementing have the same effect as in ihe Left Entry 
except if the address sequence is interrupted.

1 7 3 4 5 6 7 0 Ortpley

tit entry | 1
i ] i ;>i RAM

7 3 4 5 6 7 0 1

2nd entry LLj ■ i i I'M
2 3 4 5 6 7 0 )

Commend 1 r ! ! i i':»|
lOOtOTOt

Enter ne» ' at Location 5 Amo Increment

3 4 5 6 7 0 1 ?

>d entry | 3 i'"1"!; i? '■ i. i j j

4 5 6 7 0 17 3

4th entry Lii 4 i i ?1 : 1
*---------- * - » -

RIGHT ENTRY MOOE
(AtJTO 1NCRFM( NT)

mg at an arbitrary location operates as shown bokjw

0 3 4 5 0/^ Oni'Uy

Commend
, r- r- |—|—j ram

10010101 ____ L -i--. .. ,i !___ 1___ I Ad<1'»tl

Enter n*» ' 41 Loceliou 5 Auto Increment

1 ? 3 4 5fi/0

lit eniiy
—r

mi; mti
2 3 4 5 0 7 0 l

2nd entry
. Mi MM

8th enity 4 6 718!117131
Oth entry 5 « 1 7

8 1 9 ! 7 1 3 1 4 1

in r i r IMHV MODE
| A • i i n INUU MI.MTI
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Entry appears to be from the initial entry point 

•/It Character Display Formats

It the display mode is sal to an 8 character display, the on 
duty-cycle is double what it would be lor a IS character 
display (e.g.. 5.1 ms scan time tor a characters vs 10 3 ms 
tor 16 characters with tOOkHi internal frequency)

O. FIFO Statue
FIFO status ia used in the Keyboard and Strobed Input 
modes to indicate the number ot characters in the FIFO 
and 1o indicate whether an error has occurred There are 
two types ol errors possible overrun and underrun. 
Overrun occurs when the entry ot another character into a 
full FIFO Is attempted. Underrun occurs when the CPU 
tries to read an amply FIFO.

The FIFO status word also has a bit to indicate that the 
Oisplay RAM was unavailable because a Clear Display or 
Clem All command had not completed its clearing 
operslion.

In a Sensor Matrix mode, a bit Is set In the FIFO status 
word to Indicate that at least one sensor closure indica­
tion Is contained In the Sensor RAM.

In Special Error Mode the S/E bit Is showing the error 
Hag and serves as an Indication to whether a simultane­
ous multiple closure error has occurred.

, riro STauiswowi)
y-~F IfO Full

[oJs*[olu|r l h | N | N [
' '' ' ‘ y * | 1 Number ol

| thelKlert in FIFO

- (not Umt*"un
' l»r<H Oowtun

L S*RKK f Uq Idf

Multiple Oosuftt 
— D>«ol«y

•Be set drive the Sevttoerd decoder with the MSB or the acaii liner

Figure 4. System Block Diagram



inteT 8279/8279-5

ABSOLUTE MAXIMUM RATINGS*

Ambitnt Tempenturi................................... O0Cto7O*C
Storage Temperature........................ .. -65**C to 125*C

Voltage on any Pin with
Respect to Ground ................................... -0.5Vto+7V

Power Dissipation........................................................ 1 Watt

•NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings’* may cause permanent damage to the 
devtce. This is a stress rating only and functional opera* 

Von of the device at these or any other conditions above 
those indicated in the operational sections ot this spccih- 
cation is not implied, exposure to absolute maximum 
rating conditions lor extended periods may affect device 
reliability.

D.C. CHARACTERISTICS (T* - <rc to Tore. vM - ov. (note aj)*

Symbol Piramitir Min. Max. Unit Tut Condition.

v,u Input tow Voltage lor
Return tmes

-0.5 1.4 V

VlLl input Low Voltage lor Aii Others -0.5 0.8 V

V,H. Input High Voltage for
Return Lines

2.2 V

V.M2 Input High Voltage for All Others 20 V

Output Low Volt>g« 0.45 V Note 1

VOHl Output High Voltage on- Interrupt
Line

3,5 V Note 2

VOH2 Othar Outputs 24
—400 6279-5

■oh - -100 6279

■lU Input Current on Shift, Control and 
Return Lines

+ 10
-100

< <
 

a. 
a.

V|N * VCC
V,n * ov

*IL2 Input Leakage Current on AM Others no pA V,N * vcc to 0V I

'OFL Output Float Leakage no pA VquT » Vcc 10 o 45V J

'cc Power Supply Current 120 mA !

CAPACITANCE
Symbol Parameter I T”- Mae. Unit

-------------------------- 1
Teat Conditions 1

ClN Input Capacitance j 5 10 pP 1 MH7 Unmeasured i

C0UT Output Capacitance
. __L '.° -

20 pF pins returned io Vgs i

A.C. CHARACTERISTICS (ta - tre to Jcrc. vss - ov. ,Note 3ij
Bui Pifimitiri

BEAD CYCLE



inW„ io 8279/8279-5

A-C. CHARACTERISTICS (Continued)

WRITE CYCLE

Symbol Parameter

8279 8279-5

UnitMin. Men. Min. Max.

»AV* Addr «»t Stabt* 8*for* WR ITS 50 0 ftt

1*VA Addreu Hold Tim* for WRITE 20 0 M

'ww WRITE Pulta Width 400 250 n»

«0V* Data Set Up Tim* for WRITE 300 150 nj

•wo D*ta Hold Tim* for WRIT6 40 0 n»

*WCY Write Cycle Time 1 1 ftn

OTHER TIMINOS

Symbol Parameter

8279 8279-5 j
Miflw Max. Min. ! Max. j Unit

•ew Clock Pulie Width 230 120 1 n»ec

•cv Clock Period 500 320 | * nsec

Keyboard Scan Tima ........................................5.1 maac
Keyboard Oebounce Tima............................. 10.3 maac
Key Scan Time ....................................... ......... 80 paec
Display Scan Time .......................................... 10.3 msec

OlQil-on Time .................................................... 480 psec
Blanking Time ...................................................180 fisec
Internal Clock Cycled ........................................ 10 |i»c

Rotes:
1. 0278. Id - t.6mA; 8279-5. Id - 2.2mA.
2. Iom " - 100pA -
3. 8279. Vcc - »5V -5%: 8279-5. Vcc - *5V 110%.
4. 8279, CL - 100pF; 8279-5. Ct - 150pF.
5. The Prescaler should be programmed to provide a 10 Internal dock cycle 

* For Extended Temperature EXPRESS, use M8279A electrical parameters

A.C. TESTING INPUT. OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
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WAVEFORMS

K \ y

____i

CLOCK INPUT
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WAVEFORMS (Continued)

8279/8279-5

SCAN

mr_
■“L 

L
L

■1

DISPLAY FAC SCAUR FROOAAMfcCCO 70" ’»•

NOT& SHOWN «S CMCQOCO SCAN LIFT (NIAT 
________ «r»e AM NOT SHOWN SWT tMCV AM SMF\Y », MVlOfO IV 1 AMO 4



54S/74S240 • 54LS/74LS240 
54S/74S241 • 54LS/74LS241 

54LS/74LS244
OCTAL BUFFER/LINE DRIVER 

(With 3-State Outputs!

CONNECTION DIAGRAMS' 
PINOUT A

DESCRIPTION—The '240, '241 end "244 are octal butters and line drivers 
designed to be employed as memory address drivers, clock drivers and bus 
oriented transmitters/receivers w.hich provide improved PC board density,

• HYSTERESIS AT INPUTS-TO IMPROVE NOISE MARGINS
• 3-STATE OUTPUTS DRIVE BUS LINES OR BUFFER 

MEMORY ADDRESS REGISTERS
• OUTPUTS SINK 24 mA (74LS) OR 40 mA(74S)
• 15 mA SOURCE CURRENT
• INPUT CLAMP DIODES LIMIT HIGH SPEEO TERMINATION EFFECTS
• FULLY TTL AND CMOS COMPATIBLE

ORDERING CODE: See Section 9

PKGS
PIN

OUT

COMMERCIAL GRADE MILITARY GRADE PKG

TYPEVcc * •♦5.0 V. lS%.
Ta ** 0*C to +70*C

Vcc * +5.0 V, +10%,
Ta = -55*C 10 +125*C

Plastic
DIP IP)

A 74$240PC. 74LS240PC

9ZB 74^241 PC, ?4LS24tPC

C 74LS244PC

Ceramic
DIPtOi

A 74S2400C. 74LS2400C 54S2400M. 54LS2400M

4EB 74S241DC. 74LS241DC 54S2410M, &4LS2410M

. c 74LS244DC 54LS2440M

Flatpak
(FI

A 74JS240FC 74LS240FC 54S240FM, &4LS240FM

4fB 74S241FC. 74LS241FC 54S241FM. 54LS241FM

C 74LS244FC " 64LS244FM

INPUT LOADING/FAN-oliT: See Section 0

HINOuT 6

pinout c

PIN NAMES DESCRIPTION 54/74$ (U.L) 
HIGH/LOW

S4/74LS (U.L) 
HIGH/LOW

OEi. 51? 3-State Output Enable (Active LOW) 1.25/1.25 0.5/0.25
OE? 3-State Output Enable (Active HIGH! 1.25/1.25 0.5/0.25

inputs 1 25/0 25 0.5/0.125
Outputs 75/40 75/15 '

. 1301 (7.5)



S240, ’LS240

INPUTS OUTPUT
OEi. OE2 0

L L H
L H L
H X z

H • HJGM Vu»<«g* Lfv**

TRUTH TABLES

S241, LS241

INPUTS OUTPUT
OEi OE? 0

L H L
L H H H
H L X 7

~

. tO* VO«l*9« l«*«< A O-rnAUr,

XS244

INPUTS OUTPUT
OEi, OEi 0

L l .1
L H *
H X ____ i___

Z H.gh IfflptOft'Kt

3C CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE • unless Otherwise sp«cifieU<

symbol DESCRIPTION
54/74S 54/74LS

UNITS CONDITIONS
Mm Max Mm Max

Vom Output HIGH Voltage

XM 20
20

2 0
20

Ion *- -1? mA
Vim = 2 0 V 
V*. = 0 5 V 
Vrr - MinxC lOi 3 -15 mA

XM
XC

2 4
2.4

2 4
24 V

Vcc Min. Vt< ^ 2 0 V
Vic » Max. low = -3.0 mA

XC 2 7 2.7 V
Vcc -■ Min. Vim = 2 0 V
Vic - Max. Iqm = -1 0 rnA

Output LOW Voltage

A M 04
04
05

V
lot. 3 12 mA

Vcc = Min
Vot

xC lot = 12 mA
XC IOl “ 24 mA
XM 0 55 

0.55
, V
1

lot ~ 48 mA
Vcc r Min

XC lot “ 64 mA

I05 Output Short Circuit Current -50 -225 -40 -225 ' mA Vcc ” Max

Icc

Power
Supply
Current

HIGH

r?40'
XM
XC

123
135

23
23

1 mA Vcc -* Maxl'241i
XM
xC

147
160

23
23

l’244i
XM
XC

23
23

LOW

t*240l
XM
XC

145
150

44
44

I

t
mA

%

Vcc -* Ma#12411
XM
XC

170
180

46
46

i"24 41
XM
XC

46
46 (

OFF

f240i
XM
XC

145
150

50
50

• 1

Vcc * Maxr-2411
XM
XC

170
180

54
54

1 mA
\

P244I
XM
XC

54
54

ill



AC CHARACTERISTICS: Vcc * +5.0 V. Ta = +25*C <See Section 3 for waveforms and load configurations)

SYMBOL PARAMETER

54/74S ‘ 54/74LS

UNITS CONDITIONSCl - 50 pF 
Rl = 90 a

Ct. - 50 pF

Mm Max Min Max

tPUt

IPHl.

Propagation Delay
Dalu to Output < 240>

70
70

14
18 ns Figs. 3-1. 3-4

tPLM

tPHt

Propagation Delay
Data to Output ('24 H

9.0
9.0

18
18 ns -

Figs 3-1. 3-5
IPtM

tPHL

Propagation Delay
Data to Output i 244)

18
18 ns

tPZM

IPZL

Output Enable Time
IS240)

10
15

ns Figs 3-3, 3-11. 3-12

tP^H

tPZL

Output Enable Time 
« LS240. LS241, S24H

12
15

23
30 ns

Figs. 3-3, 3-11. 3-12 
' Rl - 867 !! Cl St

tPU

tPMZ
Output Disable Time

15
9.0

25
18

ns '
Figs 3-3 3-11. 3-12
Rt -- 687 11. Ci. " 5 pPCLS'

ii.

i • • . ac.-j rn+m

l
*

i_J2:



54LS/74LS373
OCTAL TRANSPARENT LATCH

(With 3-State Outputs)

1
\
DESCRIPTION — The '373 consists of eight latches with >state outputs for 
f<us organized system applications. The flip-flops appeal transparent to the 
aala when Latch Enable <LE) is HIGH When LE ts LOW. the Ujta that meets 
the setup times >9 latched Data appears on the bus when the Output Endble 
i OB is LOW When <5f: Is HIGH the bus output is in the high impedance state

• EIGHT LATCHES IN A SINGLE PACKAGE
• 3-STATE OUTPUTS FOR BUS INTERFACING

ORDERING CODE: See Section 9

CONNECTION DIAGRAM 
PINOUT A

LOGIC SYMBOL

it 

t*o

am COMMERCIAL GRADE MILITARY GRADE
PKG

TYPEPKOS OUT Vcc ■* *5 0 V *.5V
Ta * O'C to *ro*C

Vcc * 0 V itOV
Ta - -55*C to *125*0

Plastic
DIPIP)

A 74LS373PC 9*

Ceramic
DtP'Oi A 74LS373DC 54LS3730M 4E

Ftatpak
tF)

A 74LS373FC 54LS373FM 4F

)
|

4

|
7

I
1
|

13
|

u

1
19

1
IS

1
Do Di Dr 0) 0« 0- D* O'

t£

0«
Ck. Oi 0, 0) 0« 0i o» Or

a s s i ta is t»()»

Vcc - I’ln 20 
ONO - Pm to •

INPUT LOADtNO/FAN-OUT: See Section 3 for U L. definition*

PIN NAMES DESCRIPTION S4/74L8 (U.L.) 
HIGH/LOW

Oo-Or
LE
si:'
Oo-Or

Oata Input* t
Latch Enable Input tActive HIGH! 
Output Enablo Input lActive 10W> 
3-State Latch Outputs

0.V0.25 
0.5/0.25 
0.5/0.25 . 
’ 65/15 
(25J/I7 6»



FUNCTIONAL DESCRIPTION —Tho ‘3/3 contains eight Otype la*ctie*wftt»3-auia output buffet*. When therO 
Latch Enable (LB input is HIGH, data on the On Inputs enters tho latches? In this condition the latches are" 
transparent, t.e., a latch output will change state each time its D input change*. When LE is LOW the latcfxto'? 
store the information that was present on the O inputs a setup time preceding the HlGH-to-LOW transition of 
LE The 3-state bullersare controlled by the Output Enable (0© input. 'When CFE is LOW. the buffers are in the " 
bi-state mode When OE is HIGH the buffers are in the high impedance mode but this does not interfere with ' 
entering new data into me latches.

LOGIC DIAGRAM

, i •

Do 0. Oj Os 0* . . D» 0* Or

U

oa

Oo Ot Of ------ Or- O. Or 0« Or

J . .*

e

. f
\>-



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 'unless Otherwise specifier® ' '

SYMBOL PARAMETER 54/74LS
UNITS CONDITIONS

Min Max

ICC
Power Supply _ . ,

. Outputs OFF
Current

40 mA
Vcc - Max, OE = 4.5 V .
On. LE - Gr.d

AC CHARACTERISTICS: i/cc - '5 0 V. Tx '■ * 25* C'See Sec bun 3 to' wj*elorms and load cunbgurationsl

SYMBOL PARAMETER

54/74LS

UNITS CONDITIONSCc - 50 pF

Mm Max

tPCM
tpm.

Propagation Delay
On tO On

18
20

ns Figs. 3-1. 3-5

tPvH
tP'Ml.

Propagation Dolay
LE to On

30
30 ns Figs. 3-1. 3-8

tPZH
tPZU

Output Enable Time
28
36

ns
Figs 3-3. 3-11. 3-12
Rl «• 6670

tPM/
tnz

Output Disable Time
20
25

ns
Figs. 3-3. 3-11. 3-12
Rt. = 6670. Cc - 5 0 pF

AC OPERATING REQUIREMENTS: Vcc - +5 0 V, T* = +25*C

SYMBOL PARAMETER
S4774L3

UNITS CONDITIONS
Min Max

U 1H1
U 'U

Setup Time HIGH or LOW
D„ to LE

0
0 ns

Fig. 3-14
h irt
lx 'U

Hoto Time hiGh or LOW
On to LE

10
10

ns

1* <+•
U 'U LE Pulse Width HIGH or LOW 15

15 ns Fig 3-8

\

VV

•

\<


