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and 9 has the effect of reading the value of the ongoing
eount, and with no signal on PBE, this should continue to be
258 for each register.

To use the event counter to count switch closures, a
debouncing ¢ircuit is essential. Fig. 6.5 gives a suitable cir-
cuit using an NEBSS55 in the monostable mode, It is supplied
by & & voit line from SK5. Each time that the push button is
closed T2's counting registers will decrement by one.

By using the program in Table 6.4, setting up the event
counter on T2 may be streamlined a little. This loads the
ACR with 32, and places 2585 into registers 8 and 9, and
then continucusly monitors their contents. if any change is
detected, it prints out the new contents, suitably deducted
from 65535, so as to effect a count up rather than down. If
no pulses are present, a single zero will be printed. Such a
counter may of course be used with any device producing a
useable voltage transition, such as 8 photoceli or Geiger
counter for example, though in both cases the signals would
nieed to be suitably conditioned before application to PBE. In
the case of an Ld.r. ight sensor, a single transistor amplifier
driving pin 2 of the NES55 monostable of Fig 6.5 should
prove 1o be adeguate.

A SIMPLE FREQUENCY COUNTER

Similar principles may be used to create a simple fre-
guency counter. Table 6.5 gives a program which achieves
this. The signal to be measured is applied to PB6, and the
number of pulses occurring during a one second interval is
counted, so giving the freguency in Hz. The counting period
is determined by the assigned value of Tin line 105, By trim-
ming this value, accuracies of up to about 0-1% should be
possibie, which will be sufficient for many applications.

The frequency under test is calculated in line 180 of the
program from the data in the counting registers of T2, and
then the subroutine at line 2000 is entered. This POKEs the
value of N (the frequency measured} directly on to the
screen at a location assigned in line 2200. The subrouting is
then re-entered at dine 2220 to FOKE up the units of
measurement. in this case these are Hz only, but in 3 later
program the same routine is used to provide an auto-ranging
readout. The routine at 2000 is guite portabie, and may be
used for POKEing to the screen any assigned variable, or if
entered at 2220 will POKE up any assigned string variable.
For use on the Superboard, it should only be necassary to
alter the value of 8, the screen address, in line 2200,

The test signai {applied tc PBS) should be a t.tl com-
patible pulse train of frequency from a few Hz up to about 85
kHz. For greater precision at low frequencies a longer
waiting loop could obviously be employed; while for higher
frequencies a shorter waiting loop could be used, but ac-
curacy would be likely to decline as a result. In any case the
maximum useable frequency is determined by the 6522's
timing characteristics, which require puises on PB6 to be at
teast 2 us in duration, and of 2 ps separation. For frequen-
cies above 250 kHz therefore, 2 prescalar should be used.
Also it shouid be noted that if it is required to use this coun-
ter arrengement for measuring sine rather than square
waveforms, some form of input conditioning will be required
to sguare the waveform, such as a high gain amplifier.

DIGITAL CAPACITANCE METER

The frequency counting facilities provided in the case
above may be conveniently employed to produce a digital
capacitance meter, This uses an NEBSS timer ic. in the
astable mode to generate a frequency dependent on the un-
known capacitor. The cutput of the 555 is fed to PBE of the
8522, and is counted for one second intervals by timer T2,

Fig. 6.6 gives the circuit of the tester, which may be built
on a small piece of Veroboard, and is powered by the 5 volit
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supply available at SK5, which also carries the PBE line.

The output frequency of the 855 in this circuit is deter-
mined by the expression F =0-7/{RxC1), where C1 is the
value of the capacitor under test. The program for the tester
employs this fomula to print out the wvalue of C1 in
nanofarads. it allows for any value of R to be used, and re~
quests the value employed fo be entered at the outset;
although once a vatue {or series of values) has been decided
upon, it may be easiest to write it into the program.

Fig. 6.5. NE555 monostable debounce circuit for use with
event counter
{vec}
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70 REM IKTERFACING UEIDI PROGRAM i3
89 REM 63522 EVENRT CGDNTER

93 REH COUNTS PULSES OR PBS
8% FORZ=1TO16:PRINT:NEXT

96 FRINT,"G522 EVENT COBNYTER"
98 PRIBTIPRIRT:PRINT:PRIKT
100 F=b1344

11¢ PORER+11,25%

130 POKEP+E, 255

136 FQEEP+Y, 255

140 ¥iwY:1ZimZ

150 ¥YwPEEX{P+8}

160 Z=FEER{P+2}

170 IF{Y¥Y=Yi)}AND(ZI~Z1}THERISD
T80 PRINT,B5535.¥-256+%2

200 GOTGIAD

Tabie 6.4. Event
counter program

B REH IETERFAGING UK1CL PROGRAE 14

%6 REM SIMPLE PREQUENCY COURTER USING 6522

$35 REN SQUARE WAVE YNFUT ON P36

26 PORZ=ITOL6:PRINTIRERT

97 PRINT,"SIMFLE FREQUERCY COUNTER™

%6 PRINTTAR(IL}”("P" PRINTS - SPACE BAR EXITS)"
90 PRINTIPRIKT:PRINT:PRINT:PRINY

160 P=61344

105 Te1110

110 POKEP+1LE, %55
120 POKEP+B,253
130 POXEP+9,255
14C FORQ=GTOTINEXT
150 YwPEER{F+8)
160 ZwPEEL{F+2)
FEC Rw65535-¥-15643
200 GOSUR2000

220 E«§410

230 R§m“gz”

A0 GOSUR2Z2D

230 GOSTRIGOO

360 GOTOLLEG

2000 REM

2200 S=54110

2210 NWe¢mSTRS (K}
2226 LwLEN(NS$}
2740 FORHwITOL
1250 POEES4M, ASC{MIDE{NS,H, 1)}

2266 BEZT

2165 IFPEEK{S+M)I=3ZTHERZ240

2270 PORESHM, 32:MmM+11G0TO2263

LZ80 RETURW

3000 REM

1020 POKESSD,]

3030 POKESTOBE, 253

30D IFPLEK{STOFR=230THERPORESSD 0 END
3050 IFFEEE{SFOBB} w253 THENPRINT IPRINT
3060 POEESIN,0

3080 RETURN

Tabla 6.5. Simple
frequency counter
program

T
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1ed
1
115
120
134
i35
14T
-]
158
160
1)
180
190
200
205
19
213
220
225
L3¢
240
50
300

A ttl wave train is then applied at point X, and the
program in Table 6.9 run. This puts the value 160 into
register 11 of the VIA, setting bits 7 and © high, and con-
gitioning T2 for input on PBE, and T1 for the one-shot mods
with cutput on PB7. T2 and T1 are then both loaded with
the value 65535 (by placing 255 into both low and high
order bytes), so setting in motion both counters. After a
wait, the program POKEs the input signai frequency to the
screen with auto-ranging units, then repeats the sequence.

As with the frequency counter described earlier, signals
must be below 250kHz, and be t.tl. compatible. And again a
prescalar may be used to extend the upper limit. As & simple
exarnpls Fig. 6.8 shows a 7490 configured ss a divide by ten
gcounter which effectively extends the range up to about
2 mHz. The accuracy of this frequency countgr {+20 Hz) is
determined by the relatively short period {about 1/20 sec)
during which the sample is taken. The only way around this
with this method is to use software to extend the counting

8¢ REM INTERFACING DXiQ@ FPREOGRAM 16
G REM PRECISION SQEARE WAVE GENERATOR
§5 REN USING 6523 VIA

Febl34e

FORERP+LL1, 192

PEIKT:PRINT:FRINT:PRINT
PRINT:PRINT:PEINT,"PRECISION SQUARE WAVE"
FRYKT,“CENERATOR ~ /P O PBY OF Via®
PRINT:PRINT:PRINT

PHINTIPRINT®  FREQ REQUIRED (10 - 250068 BI}"
IRPYLE

TFFr=1DANDF<w230000THERISG

BFRIFT:PRINT®  GUT OF RANGE — ENTER AGAIR'
GaTRlaC

Ewx{3000QC P12

Bi=IRT{E/2156)

¥I=1HT{R-2562R]1}

EEEEET S RS-

FImSOOB00F (RI+2}

PRIKT:PRINT® EXACT FREG GEMERATED ="
FRIRTFI;® HEZ™

WTTAE(ZIBY 0B ~3
PRI (2ot Table 6.8. T1 fre

PRINTIOEN/FI;T M OBECT

POREP+4, K2 quency denerator
PORER+S W1

QETCLAD prograrn

period to several count cycles of T1,

THE USE OF INTERRUPTS

One obvious application of the 6522 VIA in the personal
computer context is the implementation of a real time clock.
There are many ways of achieving this. About the simplest
would be to set either T1 or T2 counting down at the(f2 rate,
and inspect its count registers pericdically, caiculating the
time accordingly, Such a procedure however will tie up the
rendering the
simuttanecus running of other programs difficult if accurate

Cru

rather

more than is necessary,

timekeeping is to be achisved.

An aiternative approach which does not suffer from this
drawback is to use the 6502's interrupt facilities. An in-
terrupt provides a way of drawing the CPU's attention to &
particular situation at the instant that it occurs, without the
CPU having to waste time in waiting loops, perpetually ex-
amining the state of various registers for a given occurrence.

The 6502 has two interrupt lines: the NMT or non-
maskable interrupt, and the maskabie 1RQ line. When gither
of these is taken low by some external device, the CPU will
shelve what it is doing and start the execution of & separate
set of routines. When it has completed these it will return to
where it feft off, and continue until further interrupts are sen-
sed. in the case of the maskable interrupt, the CPU will only
take notice of the IRQ line going low if the interrupt mask
flag in the B502's own status register is not set (ie at zerol.
This is not the case with NMI, which cannot be masked in
this way, and is acted upon as spon as the CPU has com:-
pleted the instruction that it was engaged upon when NMi

was taken low.

interrupt facilities provided by the TRU line may be used in
a numbaer of ways. As an example, they might be used to
signal to the CPU that new data had arrived at a particuiar
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Fig. 6.7. Nand gates
used in Ti-T2 fre-
quency counter

£0 REM IRTERFACING UKIO1 PROGRAM 17
4 REM FREQUERCY COUNTER USINS ¥1 + 12
91 FORE=1TOI&:PRINTINEXT

9z PRINT,"TI T2 PREQUENCY COUNTER®
g5 PRINTTAR{ILI®('BP’ PRINTS - SPACLZ BAR EXITS)Y
$5 PRINTTAB{13}" -

96 PRINT:PRINT:PRIKT:PRINT:PRIRT

100 Pedlibs

120 POREP+LI, 160

130 LIw285

140 Liw255

154 GOSGRLO0D :

ACCURACY +f- 20 HZ

Fu{Z36*CI4LR) /(2567 LI4L2+1.5}
HeIRT(F*100099+.5)/ 100

im0 TPHCLITHERN# LOGGANRlnl
COSURIN00

Seball
NEaPERZY (1FR L LTRERN§=Y B2
Gosur2il0
COSURIDOD
GOToLEg
REH
s=54110
B§~STRS (W)

Table 6.9.
frequency

LeLEN({N$}
FORM=1TCL

program

Ti-T2
counter

PORES+N, ASC{HIDS(RE,H, 1)}
WEXT
IFPEEL(S+M)=3ITRENZ2SG
POKES+H, 37 :K=d+1:00T02265
RETURN

REM

PORES30,1 .
POEESTGES,25)

TPPEEK (57088} =219 THEEPORES IO, O ERD
TFPEER (57068) =25 FIHERPRINT tPRINT
PORES30,0

RETURN

REM

POKEP+E,255

POEEP4Y, 255

FOKEF-+E, L1

POREP45,L1
FORZ~1TO1000 s REXT
C1m285-PETE(E4S)
C2m255-PEER{P+8)

RETURR
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port, and should be read in at the earliest convenience, Alter-
natively they might be used in the implementation of what is
called an interrupt driven clock. Essentially this uses a coun-
ter to pull the IRQ line low at regular intervals, say 20 times
every second. The interrupt routine can then count the num-
ber of times this occurs, and store the number of elapsed
seconds, minutes and hours in RAM, retuming to the main
program when this has been done. Because interrupt hand-
ling routines are written in machine code, their exscution
times are usually very short. in the case of the interrupt-
driven clock the CPU will only spend a few microseconds
every 50 ms on timekeeping activities, so that this can
provide a very efficient way of implementing a clock function
on & microcompuier system,

Next month we will give a program which achieves this
using the 6522 on the Analogue Board. But for now we will
take a look at the genera! principles involved in using the
tRQ interrupt on the UK101.
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CTXA

CPHA

INC: 5022?'
CPLAC
TAK
“PLA

z .e'next xssua

Tahie 6.11. Table
o3

Y g . Data Sheet. ' :
1g.the E & RSt e_:mha t, 6502 Assemhiy Lazaguage ngr
odé Brogr I rahl : g

N R Zaks, 8502 Appimamns Book.
The sas:eﬂd part of zha m::;atesazwn pr&cedure inveives the R, Zaks, Programeinig zhe B850,
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