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GENERAL-PURPOSE PROGRAMMABLE PERIPHERAL DEVICES

PROGRAM DESCRIPTION

This I/0 design usin’g the 8255A in Mode | allows two 0perali09>s: outputting 10 the
printer and data entry through the keyboard. The printer interfacing/is designed with the
status check and the keyboard interfacing with the interrupt.

| In the PRINT subroutine, the character is placed in‘the accumulator, and | the
status is read by the instruction IN FEH. Initially, port B\is empty, bit PC; (OBF)
is high, and the instruction OUT FDH sends the first chara}:lcr to port B. The rising
edge of the WR signal sets signal OBF low, indicating thie presence of a data byte
in port B, which is sent out to the printer (Figure 15.12). After receiving a charac-
ter, the printer sends back an acknowledge signal (ACK), which in turn sets OBFy
high, indicating that port B is ready for the next charaCter, and the PRINT subrou-
tine continues. ] > SR

____If akey is pressed during the PRINT, a data byte is transmitted (o port A and the
STB, goes low, which sets IBF, high. The initialization routine should set the INTE,
flip-flop. When the STB, goes high, all the E}oﬁions (i.e., IBF, =1, INTE, = 1) to gen-

erate INTR, are met. This signal, which is cofinected to the RST 6.5, interrupts the MPU,
and the program control is transferred to tife service reutine. This service routine would

‘k . -
read the contents of port A. enable the interrupts, and return to the PRINT routine (the in-
terrupt service routine is not shown here).

15/1{ Mode 2: Bidirectional Data Transfer

This mode is used primamgnjppﬁwﬁmWMwmpu;ﬂ .

or floppy disk controlier interface. In this mode, port A can be configured as the bidirec-

tional port and port B either in or Mode 1. Port A uses five signals from pert

as handshake signals for.data transfer, The remaining three signals from port C can be

used WM&MQLMMM]4 shows two con.ﬁgura-
tions ode 2. This mode 1s illustrated in Section 15.3. _ : '

i - ILLUSTRATION: INTERFACING KEYBOARD
, END SEVEN-SEGMENT DISPLAY

41y

15.2

\

]

This illustration is concerned with interfacing a pushbutton
ment LED display using the 8255A. The emphasis in this i
the features of 8255A but on how to integrate hardwafe and software. When a key is
pfcssed, the binary reading of the key has almost relationship to what it represents.
Similarly, to display a number at a seven-seg LED, the binary value of the number
needs to be converted into the seven-segment,Code, which is primarily-decided by the hard-
ware consideration. This illustration demefstrates how the microprocessor monitors the
c_hangcs in Hardware reading and conyeffs into appropriate binary reading using its instruc-

k€yboard and a seven-seg-
stration is not particularly on
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Interfacing a Keyboard and a Seven-Segment

1. Check if a key is pressed.
2. Debounce the key. *~
3. Identify and encode the key in appropriate binary format.

4. Obtain the seven-segment code and dispiay it.
“The instructions for these steps can be written in separate modules, as shown in the

next section.

15.2.3 Keyboard
" The keys K;-Ko are tied high througn 10 k resistors,
corresponding line is grounded. When all keys are open and if the 8085 reads port A,
the reading on the data bus will be FFH. When any key is pressed, the reading will
be less than FFH. For example, if K, is pressed, the output of port A will be G111

and when a key is pressed, the
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ing should be encoded into the binary eciuivalem of the digi
A igit 7

This ead!™®  tines. The subroutines KYCHK and KYCODE acco E‘
-complish

\ n!lng;l B’Si“g s;:::g a k pressed and encoding the key in appropriate binary format
{ll: Ii;sk-‘ of © . (ubroutine irst checks whether all keys are open.
e TS = . it checks for a key closure, debounces the key, and pl
K * e reading in the accurulator. See Figure 15.16 for ﬂowfh:::s
'IN pORTA . -Read keyboard ; i i
cPl OFFH . ;Are all keys open? , !
INZ KYCHK -If not, wait in loop - '.
cALL DBONCE If yes, wait 20 ms | !
. PORTA -Read keyboarc : : :
KYPUSH- gﬂl OFFH .Is key pressed? \/ : !'
j7 KYPUSH If not, wait in loop
CALL DBONCE If yes, wait 20 ms
CMA ' -Set 1 for key closure
ORAA :Set 0 flag for an error
1Z KYPUSH Jt is error. check again
RET ERy
0GRAM DESCRIPTION. '

This subroutin€ < based on hardware: when all keys are open _th.e' keyboard reading is

-yl agd-when a Key is pressed, the reading is less than FFH. The routine begins With the

|
o o P

lo9p 10 =k whether all keys are open, and 1t stas in the loop until all keys are open
(Figure 15.16). This prevents reading the same \ey repeatedly if someone were 10 hold

the key for & fong time. When the routine finds that a key has been released, it waits for
20 ms for a key debounce. ;

The loop starting at KYPUSH (Figure 15.16) checks whether @ key is pressed:
When a key is pressed, the reading i< less than FFH: thus, the compare instruction does
not set the Z flag and the program goes to the next nstruction for a key debounce. The

CMA instruction complements the accumulator reading; thus, the reading of the key

nressed : ) .
messed is_set to_ 1, and other bits are set © 0. The next two ‘nstructions check for 2t
The ORA instruc

h it i . "
"y If it is a momentary contact (false alarm). 21l bits will be 0s. instruc
ts the Z flag, and the Jump instruction takes the program back to checKing keys-

KYCODE: Tt .
ODE: '{This routine converts (encodes) the binary hardware reading

. pressed into appropriate binary format according 0 the numbe

v ey
NEXT: 1\[*)1\’1 C.,08H -Set code encounter
| Rilt C :Adjust key code ' _
P A .Place MSB in CY _ \/
XT Af bit = 0, g0 back 10 check next bit
MOV AC -Place key code in the accumulator

RET
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PROGRAM DESCRIPTION
Conceptually, this is an importan!

tine KYCHK in the accumulator W
The KYCODE routine sets register
count to seven. The instruction RAL places bit D7 In
 checks for the CY flag. If itis set, the key K must be press

FIGURE 15.16
Flowchart: Key Check Subroutine

KYPUSH:

t routine; it establishes the relationship between the hard-
example, if key K, is
i1l be 1000 0000 (the reading is already complemented).
C for the count of cightand immediately decrements the

the reading from the rou-

-+ D, in the CY flag, and the next instruction
sed, and the key code (digil Tis

KYCHK
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in register C. If CY = 0, the program loops back to check the next bit (D,). The loop is re-
peated until 1 is found in CY, and at every iteration of the loop the key code in register C is '
adjusted for the next key. If more than one key is pressed, this routine ignores the low-order
key. Finally, the subroutine places the key code in the accumulator and returns.

XKEY DEBOUNCE : -
When a mechanical pushbutton key, shown in Figure 15.17(a), is pressed or released, the
metal contacts of the key momentarily bounce before giving a steady-state reading, as
shown in Figure 15.17(b). Therefore, it is necessary that the bouncing of the key should
not be read as an input. The key bounce can be eliminated from input data by the key-
debounce technique, using cither hardware or software. ' :
Figure 15.17(c) shows a key debounce circuit. In this circuit, the outputs of the
NAND gates do not change even if the key-is rcleased from position A;. The outputs
change when the key makes a contact with position B;. When the key is connected to A,

Al .

+5V ' ; +5V - +S5V

———

AA A
Yy

(a)

(c)

FIGURE 15.17
Pushbutton Key (a), Key Bounce (b), and Key Debounce Circuit Using NAND Gates (c)
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A goes low. If one of the inputs to gate G is low, the output O 1 becomes |, which Makes
B, high. Because line B, is already high, the output of 0; goes low, which Makes A, oy,
Wlhen the key connection is released from A, it goes higl_:. but because A; 18 low the our.'
pit doesn’t change. When the key makes contact with B. the outputs change. This means
- when the key goes from one contact (+5 V) to another contact (ground), the OULut doey
not change during the transition period, thus eliminating multiple readings.
[n the sofiware technique, when a key closure is fqund. the :nicroprocessor waits
for 10 to 20 ms before it accepts the key as an input. The deiay routine s as follows:

DBONCE: ;This is a 20 ms delay routine

' 'The delay COUNT should be calculated based on system frequency
+This does not destroy any rcgister contents - '
\Input and Output = Nsie :
PUSH B Save register contents

FUSH PSW ‘
- LXIB,COUNT  :Load delay count
LOOP: DCXB . ;Next count
- MOVAC '
ORAB :Set Z flag'if (BC) = 0
JNZ LOOP ‘ £
POP PSW :Restore register contents &
POP BC '
RET
- PROGRAM DESCRIPTION

This is a simple' delay routine similar to the delay routines discussed in Chapter 8. The
first instruction loads the BC register with a 16-bit number, and the loop is repeated uni
BC = 0. In this routine, the 16-bit number (COUNT) should be calculated on the basis of
the clock frequency of the system and the T-states in the loop (see Chapter 8 for details.

15.2.4 Seven-Segment Display
Figure 15.15 shows that a common-anode seven-segment LED is connected to port B
ugh the driver 74LS244. The driver is necessary 1o increase the current capacity of
port B; each LED segment requires 15-20 mA of current. The code for each Hex digit
from 0 to F can be determined by examining the connections of the data lines to the seg-
ments and the logic requiremens.
The driver 7418244 (Figy 5.15) is an octal noninverting driver with tri-state out-
Pat and current sinking capacity of 24 mA. It has two active low enable lines H‘G 3‘?‘1
2G), and the driver is permanently enabled by grounding these lines. In this circuit, this
driver functions simply as a current amplifier; whatever logic is at port B will be at the

output of the driver.

To display the number of the key pressed, a routine is necessary that will send an
appropriate code to port B. The routine KYCODE supplies the binary number of the key
pressed: however, there is no reiationship between the binary value of a digit and it



INTERFACING P
\L§ (VQg) AND -
CATONg

erefore, the table look-up technique (ref
ert

ode:
o ¢ b U8 ed 10 find the code for the digit supplied b 0 Chapter 10, Seq;
' 1on

otb 0

e 0 e, DSPLAY. Y the

T{]J) w-l:l;hc next routine: D KYCODE, this i
| .

a .. routine (akes the binary number and converts ot

. gAY :modﬁ seven-segmert LED code. The codes are st hs common.
P ' saquenl'lﬂ“% starting from the address CACODE in memory .

;-lnput: ginary number in accumulator

0u ut NOI‘IB

:M odifics contents of HL and A

X1 [ CACODE  Load starting address of code table

ADDL ;Add digit to lov-order address in L o

MoV L. k- ‘Place code addressinL '

MOV AM :Get code from memory

OUT PORTB ;Scnd‘code toport B

RET ‘

;Common'af!"dc seven-segment: ccdes are stored sequentially in memory

CACODE:

3 40H,T9H,24HL30HL 19HL12H ;Codes for digits from 010 5
DB 02H.78H.00H.18H,08H.03H ‘Codes for digits from 6 to B
DB 461-{.211‘_1.05“105[‘[ © +Codes from digits from Cto F *

pROGRAM DESCRIPTION - . _
ir this routine the HL register is used as a memory pointer to code location. The digit to
ed is in the accumulator, supplied by the routine KYCODE, and the seven-

pe display
segment code 1S stored sequentially in memory, starting from location CACODE. The ba-

c concept in this routine s to modify the memory pointer by adding the value of the digit
1 the base address and get the code location. For example, let us assume that the starting
sddress of CACODE is 2050H and the digit 7 is in the accumulator. The code for digit 0

ntly, the code for digit = is in location 2057H. Thereforc,

is in iocation 2050H; consequentlys
to display digit 7, the routine adds the contents of the accumulator (7) to the low-order
7H in register L, the

* byte SOH in register L, resulting in the sum STH. By transferring 5 .
memory pointer in HL is modified 0 20574, Thus, the code for dig7 15 obtained bY U+ -

ing this memory pointer.

1525 Main Program

Now to monitor the keyboard and display the KeY presse
ports and combine the software modules discussed below:

d, we need (o initialize th

™ KYBORD: Thi
YBORD: :This program initializes the 82554 POr' port A and
- and then calls the subroutin€ modules discuss
PO . previously to monitor the keyboar
PO?TE EQU FCH -Port A address
EQU FDH .Port B address

L
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CNTRL  EQU FFH Control register
CNWORD EQU 90H ‘Mode 0 control word, port A ingwt and port | o#P*
STACK  EQU 20AFH Beginning stack address
LX] SPSTACK ,
PPI: MVI A,CNWORD
OUT CNTRL Set up port A in Mode |
Check if a key is pressed

NEXTKY: CALL KYCHK
CALL KYCODE ‘Encode the key

CALL DSPLAY ‘Display key pr
JMP NEXTKY {Check the next key pressed
PROGRAM DESCRIPTION
Ivés the initialization of the 8255A and the K
address A

This is the main program, which invo
inter. The port addresscs defined here

' STACK (20AFH) is shown as an illustration;

problem is divided into small modules, the main pragram
these modules. ' - -
15.2.6 - Comments and Alternative Approaches
pushbuttbn keyboard and seven-segment display is 2 simplificd -

illustration is deliberately kept simple t0 empha-
and software. However, 25 20 2ppicz-

are from Figure 15.13, and the
it has no specific significance. Because e
consists primarily of calling

‘The interfacing of the
usteation of industrial applications. The
size the conceptual framework between hardware

tion, it has several limitations, as follows:

1. Thcmahodofconncctingthekcyboarddanandlthcnumberofmpombeinpm-
portion to the numberofkcys;onlycjglnkeyscanbcwnnMedtoms-bitpat
Generally, keys are connected in a matrix format (discussed in Chapter 17). For ex-
ample, in the matrix format, lékcys,canbeoonnectedwoncs-bitpatorum,m

be connected to two 8-bit ports.
2. The method of connecting 2 seven-segment LED needs excessive hardware, one port
per seven-segment LED and 2 driver. Furthermore, it consumes 2 large amount of cur-

rent (100 fo 150 mA per display). To minimize hardware and power consumption, the
technique of multiplexing is generally used (discussed in Chapter 17).

In this illustration, the approach is primarily software. I -
:oard,' the de!:.uounci‘ng and encoding are pcrg'mmed )!;y using 1m:uun:wqa-
u:cy;.c interfacing chips are available commercially that can sense 2 key closure debounct
. y, and se:nchg the key In addition, the chip can generate an interrupt sig:'nl when 2
beyal pressed. §:mﬂarly. in the seven-segment display, the table look-up can be replaced
h:nd dccodcrme ficl:m:r. However, the hardware approach increases unit price. On the other
cost.‘Thc .f; Oi\zeart:sapp;;oat:lh mvolvcs.considmblc labor (programming and debugging)
. generally determined by the production volume and the total unit



