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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

u Single 16-Character Dispiay

= Right or Left Entry 16-Byte Dispiay
RAM

s Mode Programmable from CPU

a Simultanecus Keybosrd Display
Operations

» Scanned Keyboard Mode

s Scanned Sensor Mode

= Strobed Input Entry Mode
m B-Character Keyboard FIFO

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

a Dual 8- or 16-Numerical Display

» Programmable Scan Timing
= Interrupt Output on Key Entry

® Avaliable in EXPRESS
—Standard Temperature Range
—Extended Temperature Range

The Intet® 8279 is a general purpose programmable keyboard and display O interface device designed tor use with
intei* microprocessors. The keyboard portlon can provide a scanned interlace 1o a 64-contact key matrix. The
keyboard portion wiil aiso interface 10 an away of sensors or a strobed inler‘ace keyboard, such as the hall effect and
ferrite variety, Kay depressions can be 2-key lockout or N-key rollover. Keyboard entnies are debounced and strobed in
an B-character FIFO. If more'than 8 characters are entered, overrun status is sel. Key entries set the Interrupl output
line 10 the CPU. -

The display portion provides & scanned display interface lor LED, Incandescent, and other popular display
technologies. Both numaeric and aiphanumeric segment displays may be used as well as simple indicators. The 8279
has 16xB dispiay RAM which can be organized Into dual 16X4. The RAM can be ioaded or interrogated by the CPU. Both
right enlry, caiculator and lelt entry lypewriter dispiay formats are possible. Bath read and write of the dispiay RAM
can be done with aulo-increment of the display RAM acdress.
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Figure 1. Logic 8ymbol Figure 2. Pln Configuration
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HARDWARE DESCRIPTION

The 8279 is packaged in a 40 pin DIP The following is
8 lunctional description of each pin.

Yable 1. Pin Descriptions

Pin Pin
Symbol No. Name and Function Symbot No. Nome and Function
Didg-08, 19-12] Bi-directionst data bus: AH data SHIFT 36 | Shift: The shitt input status is
. and commands between the CPU stored along with the key position
and the 8279 are trensmitted on on key closure in the Scanned Kay-
. | these lines. board modes. it has an active in-
CLK 3 | Clock: Clock from system used to ternal puliup to keop _u high until &
generate internal timing. switch closure pulls it low.
RESET 9 | Reset: Ahighsignaion thispin re- CNTUSTR 37 | ControliSirobed Input Mode: For
sets the 8279. Alter being reset the : keyboard modes. this hine 18 used
8279 is piaced In the followng #s a conliol input and starod irke
mode: status on a key closure, The line
1) 16 8-but characler display Is 8is0 the strobe line that enters
—ieft entry. the data into the FIFQO in the
2) Encoded scan keyboard—2 Strobed input mode.
key fockout. )
Along with this ihe program clock (Rising Edge). It has an sctive in-
prescaler is set t0 31, . lornal pul!lun 10 keep '.l high unti
oS 22 | Chip Satech: Atow on this pin o & swilch closure pulls it low.
sbles the Interiace functions to OUT Ao-OUT A, [21:24| Outputs: These iwo ports are the
receiva or transmit. OYT B,-0UT 8, 3‘,2(.1 outputs for the 16 x 4 displsy re-
fresh registers. The dala {rom
A 21 [ Bufter Address: A high un this these oulputs is synchronized 1o
line ‘mducnln ihe signals in or‘oul the scan lines (SLo-SL,) for multe
sre P a3 & or plexed digit dispiays. The two 4
status. A low indicates that they bit ports may be blanked inde-
— are data, pendently, These two ports may
RO, WA 10-11] Input/Output Read snd Write: aiso be considered as one 8-bit
These signals enable the date’ port.
bulfers to either send Jata to the B0 20 | Blank Dispiay: This output 13
externat bus or receive it irom the usod to blank the display during
external bus. digil switching or by a display
IRQ 4 |linterrupt Request: in a key- blanking command.
board mode, the interrupt line is
high when there is dala in the
FIFQ/Sengor RAM. The interrupt
fine gues low with each FiFO/
Sensor RAM read and returns
high f there is stifl information in
, the RAM. In s sensor mods, the FUNCTIONAL DESCRIPTION
interrupt hne goes high whenever
. a change in 8 sensor is detocled.
Vss. Vee 2040| Qround and power supply pins, Since dala input and display are an intagral part of many
8l,-8L, 3205( Scan Lines: Scan lines which are miCroprocessor designs, the system designer needs an
uand 10 scan the key switch or interface that can control these funchions without placing
sensor matrix and the display a large 10ad on the CPU. The 8279 provides ttus funcuon
digits, These fines can be either for 8-bit microprocessors.
encoded {1 of 16) or decoded (1
of 4 The 8279 has two sections keyboard and display The
Rio-RL, 36, | Aetura Line: Return ins inputs :eyboud seclion can inforiace 10 regular typewrster style
39. [ which sre connected to the scan 9yboaras or random toggle of thumb switches The
1.2, | lines through the keys of sensor display section drives alphanumeric displays of a bank of
5-9 | switches. They have active Intemal indicator hghts. Thus the CPU s relieved trom scanning
Puiiups 10 keep them high until & the keyboard or relreshing the display.
::v(lch closure pulls one low, They The 8278 is designed o directly connect 10 1he
00 3erve 83 an B-bit Input in the , microprocsssor bus. The CPU
Strobed Input mode. . can program all operating

modes for the B279. These modes include:
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Input Modes

PRINCIPLES OF OPERATION

o Scanned Keyboard ‘— with encoded (8 x 8 key

keyboard) or decoded {4 x 8 key keybosrd) scan lines.
A key depression generstes a 8-bll sncoding of key
poshiion. Posltion and shilt and contro! status sre
stored In the FIFO, Keya are aulomatically debounced

with 2-key lockout or N-key rotiover.

by CPU

line strobe is transferred to FIFO.

Output Mode

= 8 or 16 character multipiexed displays that can be or-
panized 83 dual &-bit or singte 8-bit (By = Do, Ay = Dy).

» Right anliry or lefl entry diaplay formals.
Other features of the 8279 Include:

o Mode programming lrom the CPU.

« Clock Prescaler

» inlerrupt output 1o signat CPU when thers Is keyboard

of sensor dala available,
* An 8 byls FIFO 1o store keyboard inlormation.

s 18 byle internal Display RAM lor display relresh. This

RAM can also be read by the CPU.

Scanned Sensor Metrix — with encodad (8 » 8 malrx
swilches} or decoded {4 x 8 matnx swiches) scanlines,
Ksy sialus lopsn or closed) slored in RAM addressable

Strobed. Input -~ Data on return lines during control

The lollowing is s description of the major slements of the
8279 Programmable Keyboard/Display interface device.
Reler to the blo?k dlagram in Figure 3.

YO Control end Data Butiers

The IO control section uses the (3. Ag, AD and Wh lines
to control daia fiow 1o and from the various internsl
ropisters and bullers. All data How lo and lrom the 8279 is
enabled by C5. The character of the information, given or
desired by the CPU, s idenlitied by Ao, A loglc one
means the iniormation is a command or sl_élus. A logic
2ero means the Information is data. RD and WR determine
the direction of dats flow through the Data Butlers. The
Data Butiers are bi-directional bullers that connect the
Intarna! bus to the external bus. When the chip is nol
selected (C5 = 1), the devices are in a high Impedance
siate. The drivers Input during WR e C3 and output during
RD (5.

Control and TIm!ng Roglsters and Timing Control

Theso registars store the keybuard and displsy modos and
othar operating conditions progrommad by the CPU. The
modes are programmed by presenting tho proper
command on the data lines with Ag = 1 and then sending
a W. The command is laiched on the rising edge of WR,

T CLK REMT De0.? AB Wk &b A, "o
ATA 1B INSOR

.\?,,‘" O CONTROL RAK

STAtYS
! 8 ]
INTEANAL . DATA BUS It} © 7
: —_—
O1PLAY CONTAOL AND LI -
AQDRELS et TisinG FIEO/AENIOR XEYADARD
ALOIBTANS DisPLAY AEQISTI RS nam otanunct

RAM i AdL

T CONTADL
TiMing
AND
CONTROA
. DiSPLAY {
ALcIsTIng  f SCAN COUMTER RETUAN
*
. . smift
OUT Agy OUT By, N Algr  CNTLIIR

Flgure 3.

internal Block Diagram
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The command s then dacoded snd the appropriate
funchon 1s set The liming conlrol contmns the basic
timing countef chair. The tust counteris a 2 N prescaier
that can be programmaed o yleld an internal frequency
of 100 kHz which gives a 5.1 ms keybosrd scan time and
a 10.3 ms debounce time. The other couniers divide
down the basic internal frequency to provide the proper
key scan, row scen, heyboard matrix scen, and diaplay

scan timss.

Scan Caunter

The scan counier has iwo modes In the encoded mode,
the counter provides A binary count thal must be
exteraally decoded 10 provide the scan linea lor the
keybostd and display In the decodud mode, the scan
counter decodes the lnast signilicant 2 bils and provides a
docoded t ol 4 scan. Note than when the kayboard is in
decoded scan, 50 Iy the dispiay. This means that only the
first 4 characiers in the Disptay NAM are displayed.

in the encoded mode, the scan lines are active high
outputs In the decoded mode, the scan lines are active
fow oulputs,

Return Buflers and Keyboard Debounce

and Control

The B return hines are butlered and taiched by the Return
Bulters, In the keyboard mode, these lines are scanned,
looking for key closures in ihat row. il the debounce
crrcuil getecls a closed switch, it wals aboul 10 msec to
chech if the swilch remains closed. il it does, the address
of the switch in the malrix plus the siatus of SHIFT and
CONTROL are transterred 10 the FIFQ. in the scanned
Sensor Matrix modes, the contenls of the return hines i3
directly ltanslerred 10 the corresponding row of the
Sensor PAM (FIFO) each key scan time. in Strobed Input
muode, i contents of the return lines are translerred to
the Fir U on the rising edge of the CNTUL/STB line pulse

FIFO/Sensor RAM snd Status

This block is a diral function 8 x 8 RAM In Keyboard or
Strobed Input modes. it is 8 FIFO Each new entry s
writlen ino successiva NAM positions and each s then
read 'n order of entry FIFO slalus keeps track of the
number of characters in the FIFO and whether it is tull or
emply Too many reads or writes will be recognized as an
error. The status can be read by an RD with fow and
Ag high. The status logic also provides an IRQ signal
when the Fif O 1s not emply. In Scanned Sensor Matrix
modr. the memory 18 a Sansor RAM. Each row of the
Sensor NAM s loaded with the status of the cntrespong-
ing row of sunsor in the sensor matrix. in this modse, IRQ 18
high it a change in 2 sensor is detected

Display Address Reglsters and Display RAM

The Display Address Regqisiars hold the address of the
word Currenily being wrilleo or read by the CPU and the
two  4-bit nibbles being dispiayed The read/wrile
addresses are programmed by CPU command 1hey also
can be 3¢t 10 auto increment after esch 7ead ot wite The
Display RAM can be directly read by the CP J aller the
correct mode and sress 1s set, The addresses for the A
and B nibbles are utomalicaliy updated by ine 8279 10
match data entry by the CPU. The A and B nibbles can be
entered independenily or as one word, accorGing 10 the
mode that is sef by the CPU Data enlry 10 the display ¢an
ke sel to either let or right eniry. See Inisrface
Considerations for details

SOFTWARE OPERATION

8278 commands

The loliowing commands program the 8279 operating
modes The commands arm sent on the Data Bus with CS
low and Ag high and are loaded to the 8279 on the rise 4
sdge o Wit

Keybosrd/Display Mode Sat
ms8 Lse

[efofofofofx K[k

Whaere DO is the Display Mode and KKK fs the Keyboaed
Mode

Code

oo

0 0 8 8-bst character display — Lell entry

0 t 16 8-tit charncter display ~ Lalt entry”
1t 0 B 8-bil characier dispiay -~ Right entry

t 1 16 8:-brt character displsy — Right entry

For descriplion of right and felt eniry, see Interlsce
Considerations Note that when docoded scan is sst in
keyboard mode, the display is reduced to 4 characlers
ingependent of display mode set

KKK .
0 0 0 Encoded Scan Keybowsrd - 2 Key Lockout*
0 0 t Decoded Scan Keyboard — 2-Key Lockout

0 1 0 Encoded Scan Keyboard — N-Key Roliover
0 1 1 Decoded Scan Keyboard — N-Key Rollaver
1 0 0 Encoded Scan Sensor Malrix

t 0 1t Deccoded Scan Sensce Matnx

1 1 0 Stobed tnput. Encoded Display Scan

t 1 1 Stiobed Inpul. Decoded Display Scan

Progrem Clock

Cods: lojof1]r]rle]r]r]

All timing end multiplexing signals for the 8279 are
generated by an Internsl pfescaler. This preacaler
divides the axterna! clock {pin 3) by a programmable
Integor. Bits PPPPP detarmine the value of this Integar
which ranges from 2 to 31. Choosing a divisor that yloids
100 kHz will give the specllied scan and debounce
times. For Instance, it Pin 3 of the 8279 Is being clocked
by a 2 MMz signal, PPPPF should be sst 10 10100 to
divide the clock by 20 to yleld the proper 100 kHz operat-
Ing requency.

[d
Read FIFOI/Sensor AAM

Code: LO] 1]0]AI[XIA}AI&] X = Don't Zare

The CPU 3sts up the 8279 for a read of the FIFO/Sensor
RAAM by flrst wrlting thia command. In the Scan Key-

‘Owlauit after razer.
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board Mods, the Auto-Incrament tiag (Al) and the RAM
address bits (AAA) are Irrslevant, The 8279 will automatl-
cally drive the data bus for each subsequent rosd {Ag = 0)
In the same saquence In which the data first entered the
FIFO. All subsequent reads wiit be from the FIFO untit
snother command s lssued.

in the Sensor Matrix Mode, the RAM address bits AAA
select one of the 8 rows of the Sensor RAM. If the Al llag
is set (Al = 1), sach successive read will be from the sub-
sequent row of the sensor RAM,

Read Display RAM .
Code: |of1[1]ar]alala]al

The CPU sets up the 8279 for & read of the Display RAM
by first writing this command. The address bits AAAA
select one of the 16 rows of the Display RAM. If the Al
fiag is sef (Al = 1), this row address will bs ncremented
after each following read or write to the Display RAM.
Since the same counter fs' used for both reading and
writing, this command sels the next read or write
address and the sense of the Auto-Increment mode for
both operations.

Write Dispiay RAM

Code: [1fo]ajafalalalal

The CPU sets up the 8279 for 8 write to the Display RAM
by first writing this command. Alter writing the com-
mand with Ag= 1, all subsequent writes with Ag=0 wiil
be to the Display RAM. The addressing and Auto-
increment functions are identical to those for the Read
Dispiay RAM, Ho . this ¢¢ d does not affect
the source of subsequent Data Reads; the CPU will read
from whichever RAM (Display or FIFO/Sensor) which
was iast speciiied. i, indeed, the Dispiay RAM was last
specilied, the Write Display RAM will, neverthelgss,
change the next Read jocation. e

Dispiay Write inhibiVBlanking

"A'B A B
Code: f1]0}1]|x]wlw]aL]e]

The IW Bits can be used 1o mask nibble A and nibble B
in applications requiring separate 4-bit dispiay ports. By
setting the IW flag (IW = 1} for one of the ports, the port
becomes marked so that eniries to the Display RAM
from the CPU do not affect that port. Thus, if sach nibble
18 input to 2 BCO decoder, the CPU may write & digit to
the Dispiay RAM without aftecting the other digit being
dispiayed. it is important to note that bit 8, corresponds
to bit Dy on the CPU bus, and that bit A, corresponds to
bit D,. .

if the user wishea 10 biank the dispiay, the BL flags are

avallable for each nibble. The last Clear command issued
determines the code 1o be used as a “blank.” This code
defauits to ail zeros after a resel. Nots that both BL
flags must be set to biank a dispisy formatted with s
single 8-bit port. '

Claar .
code: [1f3[0fcofCo[co]cr[ca]

The Cp bits are available In this command to cisar alt
rows of the Diaplay RAM 10 a sslectable blanking code
as follows:

Co Co Co
L““T““

0 X All Zeros (X = Don’t Care)

1 0 AB = Hex 20 (0010 0000!

t All Onas

Enable clesr display wiwi = 1 (0t by Cp, = 1)

Ouring the time the Dlaplay RAM is being cisared (~ 180 ,a),
It may not ba written to. The most signtticant bit of the
FIFO status word Is set during this time. When the Dis-

play RAM becomes available again, it automatically
resets,

it the Ci bit I3 asserted (Cp=1), the FIFO status ls
cleared and the interrupt output line is reset. Also, the
Sensor RAM polnter Is set to row 0.

Ca, the Clear Atl bit, has the combined effect of Cg and
Cg: It uses the Cp, clearing coda on the Display RAM and
also clesrs FIFO status. Furthermore, it rasynchronizes
the Internal timing chain.

End interrupUError Mode Set

Code: [1[:[![E]xfxfx[x} X = Don't care.

For the sensor matrx modes this command lowers the
tRQ line and enables further writing into RAM (The IRQ
line would have been raised upon the dotection of a
change in a sensor value. This would have aiso inhibited
further writing into the RAM untii resetr,

For the N-key rollover mode — if the £ it 1s programmed
10 “1" the chup will operate in the speciat Error mode (For
further details, see interface Considerations Section }

Status Word

The status word contains the FIFO status. error. and
dispiay unavsilable signais. This word 18 read by the GPU
when Ag is high and CS and RD sre low. Ses Intertace
Considerations for more detail on status word

Dats Read

Data is road when Ao, CS and AD are sH low. The source
of the data ss specified by the Read FIFQ o1 Resd Display
commands. The trailing edge of BD will cause the address
of the RAM being read to be incremented « the Autc-
increment tiag is set. FIFQ reads aiways increment (i no
8110Of OCLUrs) independent of Al

Dats Write

Data that is written with Ay, C8 and WH low is always
writien lo the Display RAM, The address is specified by the
iatest Read Display or Write Dispiay command. Avio-
Incrementing on the rising edge of WR occurs if Al set by
the istest dispisy command
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INTERFACE CONSIDERATIONS

Scaned Keyboard Mode, 2:Key Lockout

Thers are three possible combinations of conditions
that cen occur during debounce acanning. When akey is
depressed, the debounce logic is set. Other depreased
keys are looked for during the next two scans. I none
are encountered, it is a single key depression and the
key position is entered into the FIFQ along with the
status ol CNTL and SHIFT fines, If the FIFO was smpty,
1RO will be set to signal the CPU that thers is an entry In
the FIFO. If the FIFO was (ull, the key wiil not be entered
and the error fiag will be set. If another closed awitch is
encountered, no entry to the FIFO can occur. )f all other
keys are raleased belore this one, then it will be entered
to the FIFO. !t this key |s released belore any other, it
wiil be entirely ignored. A key is entered to the FIFQ
only once per depression, no matler how many keys
were prassed siong with it of in what order they were
released. If two keys are depreased 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 a8 a single key depreasion,

Scanned Keyboard Mode, N-Key Rollover

With N-key Rollover, each key depression is treated
independently from all others. When a key is depressed,
the debounce circuil wails 2 keybosrd scans and then
checks to sea if the key 13 still down. I it is, the key is
entered inic the FIFO. Any number of keys can be
depressed and another can be recognized and entered
into 1 FIFO. 1 8 simultansous depression occurs, the
keys . « =cognized and entered according 10 the order
the keyboard scan found them.

Scanned Keyboard — Speclal Error Modes

For N-key rollover mode the user can program a special
error mode. This is done by the "End Interrupt/Error Mode
Sel” gpmmand. The debounce cycle and key-validity
check are as in normai N-key mode. Il during a single
gebounce cycle. two keys are lound depressed, this is
considered a simultanecus mulliple depression, and sets
A0 error Hag. This flag will prevent any lurther writing into
the FIFO and will setinterrupt (if not yat set). The error liag
could be read in thus mode by reading the FIFO STATUS
word (See "FIFO STATUS" for further details.) The error
flag is reset by sending the normat CLEAR command with
Cr -1

Seiisor Matrix Mode

In Sensor Matrix mode, the debounce 1ogic is inhibited.
The status of the sensor switch is inputted directly to the
SensorRALL In this way the Sensor RAM keeps an image
of the state of the switches in the sensor matrix. Although
debouncing is not provided, this mode has the sdvantage
that the CPU knows how long the sensor was closed and
whon il was rolesased. A keyboard mbde can only indicate
a validated closure. To make the software easior, the
designer should functionally group the sensors by row
since this is the lormat in which the CPU will read them.
The IRQ line goes high If any sensor vaive change is
detected st the end of a sensor matrix scan. The IRQ line is
cleared by the first data read operation if the Auto-

increment fiag is setl 10 zero, or by the End interrupt
command if the Auto-Increment liag is set to one.

Note: Multiple chonéoo in the matrix Addressed by (SLo-3
= 0) may cause mulitipie interrupts. (SLo » 0 in the Decoded
Mode). Reset may cause the 8279 t0 see multiple changes.

Data Format

In.the Scanned Keyboard mods, the charscter sntered
into the FIFO comresponds 10 the position of the switch
in the keyboard plus-the siatus of the CNTL and SHIFT
finas (non-inverted). CNTL Is the MSB of the character
and SHIFT Iy the next most significant bit. The next
three bits are from the scan counter and indicate the
row the key was found in. The last three bita are irom the
column counter and indicate to which return line the key
was connected.

mss Ls3
T T Y T
[CNI‘LISHIYI SCAN l RIEYURN ]
i i 1

SCANNED XEYDOARD DATA FORMAT

In Sensor Matrix mode, the dats on the return iines is
ontered directly in the row of the Sensor RAM thst

- corresponds to the row in the matrix being scanned.

Therefore, sach switch poation maps direclly 1o & Sensor
RAM position. The SHIFT and CNTL inpuls areignored in
this mode. Note that swilches sre not necesssrily the only
thing that can be connected 1o the return lines in this
mode. Any logic that can be triggered Dy the scan lines
can enter data !¢ the raturs Hins inputs. Eight muitiplexed
input ports could be tied {0 the return lines and scanned by
the 8279.

msa LS8

. 'L nui Aly IRL,J Al I L1959 IRL: ivﬂh l “L:]

in Strobed Inpul mode, the datsis also entered to the FIFO
from the return lines. The data s entered by the rising
edge of & CNTL/STB hne pulse. Data can come from
another encoded keyboard or simple switch matrix. The
return lines Can alsc be used as 8 genere! purposa sirobed
input,

[ AL, Lm.. [m, [m.J ALy I m.,l ALy [ :: ]
Display

Left Entry mode is the simplest dispiay format in that each
dispiay position directly corresponds 1o a byte {0r nibble)
in the Dispiay RAM, Address 0in the RAM is the left-most
displsy characier and sddress 15 (Or address 7 in 8
character display) is the right most display character.
Entering characters from position 1er0 Causes the display
10 fiti from the left. The 17th (9th) character is entered back
in the left most position and filling agsin proceeds from
there. .
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o' .. 14 16 ~Diswlay 0 1 2 3 4 5 8 7<= Diwley
wewy [T L1 M mewy T TTTTTT] ™™
0'___-uls 61234583
9 entry [_‘Il]_-__LL] nd entry lel [ l ] [ﬂ

0 1418

: !
oneety [1]2]° " Tis]rs]

e (3] "]

1nenay [17 18] : :

- :Irs]lo]

LEFY ENTRY MODE
{AUTO INCAEMENT)

Right Entry

Right entry s the method used by most electronic
calculators The lirst entry is placed in the right most
display characier The next entryis alsoplaced intheright
most character alter the display s shifted feft one
character. The leit most character is shifted off the end
and is lost.

1 2 s 14 15 0= Display
st entry | I _I I lll:::'"
23 _1% 01
nd entiy [ i [-.‘_-] I!I?]
14 01 2
Xdentry [ I [_ . I ll 2[]]
01 - 13148
16th entty I Il 2]- o IMIISIIGJ
12 e 1415 0
reny [ 2]3] o [15pefir]
2 3 15 0 )
18th entry IJ]‘ l : : : ‘ I'G[l7[1ﬂ|

RIGHT ENTRY MODE
{AUTO INCREMENT)

Nate that now the display posihon and registes address do
not correspond Consequently, entering a character to an
arbitrary posiion’in the Auto Increment mode may have
unexpected results, Entry starting at Display RAM address
0 wilh sequential entry 18 recommended

Auto Increment

In the Left Entry mode, Auto Incrementing causes the
address whera the CPU will next write 10 be iIncrementad
by one and the character appears in the next location
With non-Auto Incrementing the entry is both to the 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:

U I R

C°w'dlllllllﬂ

10010101

Enter next at Locaton § Auto increment

1 2 3 45 8 7

[ITTIIIxW

(LT ITI

LEFT ENTRY MODE

{AUTO INCREMENT)
tn the Right Enlry mode. Auto Incrementing and non
incrementing have the same eflect as in the Lelt Enlry
except if the address sequence 1s interruplad.

Xd entry

4th entry

t 2 3 4 5 6 7 0-=-Dupley
(TT 1110,
2 3 45 6 17 0 1

o [T 1] 17
231 4 56 7 0

Command [T [ ! ! rlﬂ

15t eniry

100101014 R
Enter nex' at Location 5 Auto Increment
3 4 56 70

>d entsy LI ;JI ! ’l !7 J

4 5 6 1 0t 2
— v T
(i 2] 7]

RIGHT ENTRY MODE
{AUTO INCREMINT)

w

‘ 4th entry

Starting at an artilrary location operales as shown batow

0 ' 2 3 4 5 6 /- Dapuy
Commens [T T 7T Raw
10010101 J i Addceny

1
Enter nent a1 Locabion 5 Auta Increment

1 entry H A i |
i !

2y entry [ J!

Lelsfelr ol [2 ]3]
{slelrTalol2]214]

T s tRY MODE
A0 (M REMENTY

Bth enuy

M entry
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intel . ¢

Entry appesrs to be from the inilisl entry point

$/18 Characler Display Formats

1t the diaplay mode is set 10 an § characier display. the on
duty-cycls is double what it would be for a 16 character
dispiay {e.0.. 5.1 ms scan time for 8 charactersvs 103 ms
for 18 characters with 100 kHz internal frsquency)

Q. FIFO Bistue

FIFO siatus is used in the Keybosrd and Strobed input

modes 10 indicate the number ol characters in the FIFQ
and 10 indicate whether an arror has occurred. There are
two types of errors possible: ovarrun and undecrun,
Ovsetrun occurs when the entry of another characler into a
fuit FIFO is attempted. Underrun occurs when the CPU
trics 10 read an empty FIFO.

The FIFQ status word also has a bit {0 indicate that the
Display RAM was unavailsdle bacsuse a Clear Display or
Clear Al command had not completed ils clearing
operalion.

In 8 Sensor Matrix mode, a bit is set in the FIFO slatys
word 1o 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
fiag and serves as an Indication to whether a simullane.
ous mulliple ciosure error has occurred.

N FAFO STATUS WORD

""*"F!fo Fult
(o Jsafofu]r [n]n]n]
PR
~ - Error-Undeerun

Er5or Overrun
- Seasoe Closure/Ereon Flag tor
Multiple Closures
- - - Dsolay unavasiabie

fodd 4
Nt
emt DALA SUS
MO DATA o
PROCERCR DUt .
FYRITN N
S T V.Y
» { wi “re
LI
{ M' ct
" P

KLYBOARD
ey MaTRIX
conrmot’
[} 8 COLUMNS
RTTURN
LINES 3 Ruws

&
1 BLANK
OIF LAY

— AR,

“Do not drive the keybasrd decoder wilh the MSB of the scan lines.

L3 ADDRESSES
0ECONE0}

DIsPLAY
CHARACTERS

Disr\AY

Figure 4. System Biock Diagram
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature . . ............ 0°Cto 70°C
Storage Temperature ... .......... -65"C10125°C
Voltage on any Pin with

Respect to Ground . ........ vees 0.5V t0 47V
Power Dissipation ... ........ Ceeanseesen 1 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings™ may cause permanent damage (o the
device. This is a strass rating only and tunctional cpera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions lor extended periods may affect device
reliability.

D.C. CHARACTERISTICS [1, = 0°Cto 70°C, Vgg = OV, (NOTE 3}

Symbol Parameter Min, Max. Unit Test Condhtions
Vit Input Low Voliage for -0.5 1.4 v
Return Lines . . {
Vi input Low Voltage for All Others -0.5 0.8 v
Vi input High Voltage for 2.2 v
Return Lines
Vina Input High Voltage for All Othaers 20 |
Vou Output Low Voltage 0.45 v Note 1
Vo " Outpu High Voltage on Interrups 35 Note 2 !
Line j
Vom2 Other Outputs 24 lou = ::gg :: 337799" *
i Input Current on Shift, Control and +10 uA VIN * Ve
Return Lines 100 uA Vin * OV i
T (%} Input Leakage Current on All Others 10 H#A Vin = Voo 10 OV E
tore Output Float Leakage £10 uA Vour = Vcc 10045V
) Iee - Power Supply Current 1 0 mA ) !
CAPACITANCE
Symbot Parameter Typ. Max. | Unit Test Conditions :
;»—_Sm input Capacitance 5 10 pF e = 1 MHr “nmeasurﬂd_é
____Cour Output Capacitancé 1 ,.’9__1 20 oFf pins returnad to Vsg f
A.C. CHARACTERISTICS (15 = 0°C 10 70°C. V5 ~ OV. (Note 3}
Bus Paramaeters
READ CYCLE
; :f T 8 ;-._, _8?79 w!;i79~5 .
Symbol | Parameter . Min. Max. Min, Max. Unit ‘
D tn | Addessutesetoe AEAD  "Tse | T o T T
N Tt L S U R L T
tan "READ Pulse With I T T A BT ns 1‘
tap i Data Delay from AEAD h 300 J
tagl Address to Data Valid {450 L
tor | READ toData Flosting 10 100 10 7
-«‘: >_‘_§CY Raad Cycle Time - ’ 1 S 1 .m I Ast-ﬂ ’ “‘;
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
8279 | 82795
Symbol Parameter Min. Max, Min, Max. Unit
tAw Addrass Stabie Before WRITE 50 [ ns
wa Address Hold Time for WHTTE 2 0 n
tww WRITE Pulse Width 400 250 ns
tow Data Set Up Time for WRITE 00 150 ns
i two Data Hald Time for WRITE 40 0 ng
twey Write Cycis Time 1 H un
OTHER TIMINGS
8279 82795
Symbol . Parameter Min. Max, Min, l Max, Umit
tow Clock Pulse Width 130 120 | nsec
tey Clock Period 500 320 i - msec
Keyboard Scan Time ............ Cerseuaenee . 5.1 msec Digit-on Time ....... TP Ve , 480 usec
Keyboard Debounce Time ....... Ceeseieenas 10.3 msec Blanking Time .................civiiiinn 180 uvec
Kay SCan Time .....ccvvivierernvenvenivea... 80 usec lnmnntClockCyclom ........... [P voes 10 usec
Display Scan Time ........ B 10.3 meec
ROTES:

1. 8279, 1oy = 1.6mA; 8279-5, lgg = 2.2mA.

2. lon = -100 uA R

3. 8279. Vog = 3V 25%; 82795, Vo = +5Y 210%.

4. 8279, Cy = 100pF; B279-5, C = 150pF,

5. The P jer should be prog d 1o provide & 10 us internal clock Cycle.
* For Extended Tempersturs EXPRESS, use MO279A elecirical parameters.

£.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUTIOVTPUT

e

N B seoss
. - Tes roms < . Tt I_; G- vreve

AC TESTIMG mﬁnsw OAVEN AT 24V FTOR A LODIC | AND G asV F
ALOOK, O Timg wt;aunwenvs ARE MADE AT 2 OV FOR AI.OOIC?

I AND 0V FOR A LOGK G - 120 0f

€L WICLLDES 2O CAPACITANCE
t




lnte[ #7-1\

827918279-5
WAVEFORMS
READ OPERATION
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WAVEFORMS {Continued)

SCAN -
e

RN
= | | J L
. B L

AN '
f
DISPLAY PRESCALER PROGRAMMED FOR 1h.
VERAMAL FREQUEMCY « 100 ame 30
o 840 .0 = 84 1g; — e e ] tey = 10us
. L
™
|
Ay " SLANK
achve ma coor oy coot* A coot
“BLANK CODH 18 EiTweE
S URALL I's 08 2o HE
- % oLANS AN
ACTIvE man coot o X c‘o e X » :‘:‘o v
. »” il
:--gJ-, v e I-;,-;:.l. SO
o \ L/ \ |/ /S
o9 o . -
. [u.]n.lM.lm,lau[u.lauln.(u.!m, 1 || A.}n.[m.l -
r 1 e A
st ‘:ﬁ:&m’;‘u‘;ﬁ:om iadd NETURN LINES ARE SAMSLED ONE AT & TiuE AB SHOWS

NOTE: BHOWN 18 EMCODED SCAM LAFY RNTAY

Buby ARN HOT SHOWN BUT THEY ARE BINPLY By DIVIOEO WY 1 AND 4
PPttt Bt A g e SOV . e e v v e——v———



CONNECTION DIAGRAMS ~

‘ . ‘PINOUT A
' S — =y [Hve
545/745240 * 54LS/741.S240 = I T =y
F———"
54S/74S241 o 54LS/74L.S241 g~ iy g
. L3 Y - ot s £33
54LS/74LS244 AN =N
5 e
OCTAL BUFFER/LINE DRIVER E’\\i oo g O
(With 3-State Outputs) D2\ aqu e O
o=
N
awofd b1
DESCRIPTION — The '240, ‘241 and ‘244 are octal butfers and hne drivers
designed to be employed ss memory address dnvers, clock drivers and bus (3 vee
oriented transmitlers/receivers which provide improved PC board density. B ot "
e HYSTERESIS AT INPUTS.TO IMPROVE NOISE MARGINS (C
® 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 SPEED TEAMINATION EFFECTS o
® FULLY TTL AND CMOS COMPATIBLE 73
ORDERING CODE: See Section 9 ?
' pin |_COMMERCIAL GRADE|  MILITARY GRADE PKG
PRQS Ve = +5.0 V, 25%, Vee = +5.0 V, £10%,
OUT| ‘1o =0Cto+70°C | Ta=-55°C 1o +125°C |1 'PE _
Prastic A |74S240PC, 74LS240PC {0 v
e . Gl & <-{ s
DIP (P B [745241PC, T4LS241PC Y4 - @ \ = ‘
C |74LS244PC T : oy \*3,_{,]
Corame A |745240DC, T4LS2400C [ 545240DM, 541.52400M I \ 0]
DIP (D) 8 |746241DC, 74LS2410C | 545241DM, 54L52410M | 4E A ‘“ﬁg‘\ )
i3)
4LS244 : 44 . o
‘ . c. 74L5244DC ' $4LS2440M o d \ 5
Flatpak A" |745240FC, 74LS240FC " | 545240FM, SALS240FM | a] = N\ 3
1) B [74S5241FC, TALS241FC - [ 54S241FM, 54LS241FM | 4F m-oC-‘v \:5.,;_‘
C |74LS244FC BALS244FM ' g - '
INPUT Loanma/rm-obn See Section 9
' : 54/748 (U.L) S4/74LS (U.L)
PIN NAMES : DESCRIPYION HIGHAOW HIGH/LOW
CE, 0& 3-State Output Enabdle (Active LOW) - 1.25/1.28 ) 0.5/0.25
(a]] 3-State Output Enable (Active HIGH! 1.251.25 0.5/0.25
inputs 1.25/0.25 0.570.128
Outputs 75/40 75118
. 1300 7.5
\O

um
Plaern, LI T [Py



TRUTH TABLES

'$240, 'LS240 '$241, 'LS241 ‘1S244
_INPUTS _ outpur NPUTS  louteur _INPUTS | outeyr
0€,. 02 D OE: OE2 O O&). 082 D
L L H L H L - i t L L
L H L L H H H ! L H o
H o X z ihooL fx]oz | oH o2
H - HIGIt VUtiaye Leve: . L O%W Yorlage Leve: A nmalerds } 4 k.gn 1mpecan.e
2C CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE tuniess otherwise specified:
BYMBOL DESCR!PTION 547748 $4/14LS UNITS CONDITIONS
Min  Max | Min  Max
xm | 20 20 v fom ~ -12 mA ‘\’;"fgg:
. T LS
xC 20 20 O 15 mA Veg - Min
Vou Outpul HIGH Voltage XM 24 24 v Vee = Min, Ve 20V
XC 2.4 24 Vi = Max, 10w = 3.0 mA
- Vee =Min, Vi =20V
xc 27. 27 v Vig = Max, foet = -1 0 mA
AR 04 Iop = 12 mA
xXC 04 v oL = 12 mA | Voe = Min
Vou Output LOW Vohage xC [ 1oL = 24 mA
XM 055 1oL ™ 43 mA .
XC 0.55 2V oL “BAmA | veC © Min
los Output Short Circunt Current -50 <2251 -40 2281 ' mA Vee ™ Max
. XM 123 23
240" e 135 23
) XM 147 23
HIGH [ 241! xC 180 23 ) MA Vee -~ Max
XM 23
1’244
2441 ¢ 2] -
, XM 145 441 .
Power ‘U0 | ¢ 150 41 .
Supply . XM 170 PrE .
lec Current LOw}ra4m xXC 180 48 mA Ve = Max
XM 48] '
244
e 46 '
. XM 143 50 '
240y 150 sof
XM 170 541
OFF {124t XC 180 sa] mA Vce = Max
Xh 54
(244} xC 54

W)
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AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C {See Section 3 tor wavelorms and load configurations)

54/74S {* 54/74LS ) b
SYMBOL PARAMETER Co = 50 pF| CL = 50 pF UNITS CONMITIONS
R, =900}
Min Max ]| Min  Max
e Propagation Delay ) 70 14
. Dala 10 Output 2401 70 18 ns Figs. 3-1.3-4
PLH Propagation Delay 9.0 18 ns
LTS Data 10 Oulput 241 2.0 18 Figs. 3-1.3-5
tPLH Propagaltion Delay 18 ns
tom Data to Output 1'244) 18
tPIH Qutput Enable Time 10 . . 3
oL 1'S240) % ns Figs. 3-3, 3-11, 3-12
- —
LEF2 Output Enable Time 12 23 ns Figs. 3-3, 3-11, 3-12
trrL L5240, ‘L5241, 'S24n 15 30 TRy - 667 0 CL S
tpL 2 15 25 . Figs 3-3.3-11, 3-12
tonz Output Disable Time 9.0 18 ns AL - 667 {1, CL = 5 pR (LS!
vt e 3. B K
{ d ' .1
: L
s ! ) ¥ : [T
.- K ' - - .
‘ N * [ )
i : vt ACE Y THIGE

3 v

H
R

S .




54LS/74L.S373

OCTAL TRANSPARENT LATCH

X

\

(With 3-State Qutputs)

DESCRIPTION — The ‘373 consists of eight tatches wilh 3-state outputs for
tus organized systumn apphcations, The fip-flops appear transpdrent (0 the
catla whan Lateh Enable (LE) 13 HIGH When LE 13 LOW, the data that meuls
the setup tmes 8 isiched Dala appears on the bus when the Output Enable
OB is LOW. Wnan OE ts HIGH the bus output 1310 the ighimpedance state.

CONNECTION DIAGRAM

PINQUYT A’
"
OEE - EVC(
O,C): 9 O
s [1] MY
o [¢] 7] o,
o (3] 18] On
20 go«
n,«E 4] 0y
o.E “E]D'
O;E 1210

ono b% [_T_w]u

LOGIC SYMBOL

y
© EIGHT LATCHES IN A SINGLE PACKAGE ; ‘l { I 'i’ 'i' '1 f{
e }STATE OUTPUTS FOR BUS INTERFACING T
"L
ORDERING COODE: See Section 9 1o 08
pin | _COMMERCIAL GRADE| _MILITARY GRADE | o o "*r‘i‘ T "!‘ °[ °I’ "}‘ °{’
1
PKGS | (| Vec = +50V <5, Ve < +SOV 210M | L YR
Ta=0°Cl0+70°C | Ta - -55°Cto +125°C DL
Plastc
DIP P A T4L8373PC 92
Vee » i 20
Coramic A | 74837300 S4LSI7I0M 4E OND - Pin 1o |
DIP D1 '
Flatpak ° .
- A |74Ls373FC 54LSITIFM 4F . 4
i Lep
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions - |
. . e '.
PIN NAMES ; DESCRIPTION “gg&_‘g&;’ :
0o — Oy Oata Inputs 1 . 0.8/0.2% :
LE Latch Enable Input iActive HIGHY 0.5/0.25 '
o] ¥ Qutput Enable Input IActive LOWY 0.5/0.25 . .
O — Or J-State Latch Qutputs t65/15 :
. RUNT &

;_X"”I 3




FUNCTIORAL CESCRIPTION —Tha 373 contains eight D:type latches with 3-stats output buttets. When thod
Laich Enable (LB input)s HIGH, data on the Dy Inputs enters the fatches” In this condition'the latches are™
rransparent, 1e., alatch output will change state each timae its D input changes. When LE is LOW the Watchey’ 2
store the information that was present on the D inpuls a setup ime preceding the HIGH-10-L OW transition of
LE. The 3-state bullers are controlied by the Output Enable (OB input. When OE is LOW, the bulfers are inthe ™
bi-state mode When OE s HIGH the bulters are in the high 1mpedance mode but this does not interlers with

enlering new Jata into the 'alches.

LOGIC DIAGRAM
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE tuniess otherwise specified

SYMBOL

PARAMETER

54/74LS

Min

Max

UNITS

CONDITIONS

ice

‘ Pawer Supply

FF
Current Outputs O

40

Vce = Max, OF =45V
Dn., LE = Gra

AC CHARACTERISTICS: vee - *50 V. Ta = +25°C See Sectiun 3 1or wavelomms and load conbgurationst
. 54/74L.8 b
SYMBOL PARAMETER CuL - 50 pfF UNITS CONDITIONS
Min Max
trun Propagation Delay 18 )
torae On 10 Cn 20 ns Fiys. 3-1, 3-5
K Propagation Delay 30 i
e LE 16 On 20 ns Figs. 3-1, 3-8
P 28 Figs. 3-3, 3-11, 3-12
N Qutput Ensbie Time 16 ns R. = B6T0
tons . . 20 Figs. 3-3, 3-11, 3-12
1o 2 Qutput Drsable Time 25 ns RL = 66711, CL = 5.0 pF
AC OPERATING REQUIREMENTS: Vec = +5.0 V, Ta = +25°C
SYMBOL . PARAMETER SraLs UNITS CONDITIONS
; Min Max
Wity Setup Time HIGH or LOW 0 ns
t to LE
L On to ° Fig. 3-14
112 2 Hota Time HIGH or LOW 10
iy On to LE 10 ns
e 1
: w LE Pulse Width HIGH or LOW ‘: ns -Fig. 3-8




