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The program described here can measure a frequency up to, mind you, 100 kHz, with a
deviation of no more than one cycle in 65536. The frequency is read out in five digits.
The program was written for the KIM, but is also well suited to other 6502
microcomputers, notably the SYM and the Junior. Once started, the program measures
a frequency continuously when key "6" is pressed, and once when key "0" is pressed.

Vce

D1
AP Overflow

Uit This program makes use of a feature of the 6502 that

112.7413
IN4148

has not been used much until now. This
microprocessor has an SO (Set Overflow) pin, pin 38,
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without involving the rest of the computer. Once the
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through software.
Buffering

Because measurements have to be made directly in circuits, buffering and protection of
the RO input is essential. The easiest way to achieve this is with a Schmitt-trigger gate,
the 7413. This is then given voltage and current protection as shown in the figure. In this
way, signals of any waveform can be measured, provided their amplitude is large
enough and the signal is centered around 2.5 V.



Operation

The program starts at location 0200 hex. First, the interrupt vector is set to the start
address of the interrupt routine (0298 hex). Next, a counter is initialized for the number
of interrupts, after which the display is cleared. Then the timer is set to approximately
1/4 second, with interrupts enabled. For one complete cycle, four interrupts are
processed, which results in a total time of approximately 1 second. To make this time
exact, and to make it possible to calibrate the meter, an extra delay routine of
approximately 3 ms follows. The accumulator and the carry and overflow flags are
cleared, and then the number of overflows is counted, which takes place until the next
interrupt. Counting is done in binary, with the least significant bits in the X register, the
next in the Y register, and the most significant bits in the accumulator. Because this
routine has been kept as short as possible, the maximum measurable frequency is
approximately 100 kHz. The error of one in 65536 arises because once every FFFF hex
counts the accumulator has to be incremented. This makes the counting routine slightly
longer.

When an interrupt occurs, the program jumps to the interrupt routine. In it, the timeris
restarted for 1/4 second, provided this was not the fourth interrupt. If it was, the binary
value in the counter is converted to decimal. This is done only now, because with direct
decimal counting everything would have to happen in the accumulator, and that takes
more time. The conversion from binary to decimal works as follows: a table holds the
binary representation of the decimal values 1, 10, 100, 1000 and 10000, respectively.
First, 10000 is subtracted from the counter value, which is temporarily stored in a
number of memory locations. As long as the result is not yet negative, a "10000 counter"
is incremented. The result is each time put back into the original counter. If the resultis
negative, the value the counter had before the subtraction is taken, and the next value
from the table is subtracted from it. This continues until the counter is zero. The decimal
value is kept directly in the registers for the display. After the conversion the display
lights up, making the value visible. Next, the program checks whether a key was
pressed. If not, the previous key is retrieved. If so, then on a "0" the program stops
measuring, and on a "6" the computer keeps indicating the frequency continuously.

Calibration

The frequency meter is calibrated as follows. A divider circuit, consisting of two divide-
by-10 stages, is connected to the computer's 1 MHz clock. The frequency at its output
will then be in the neighborhood of 10 kHz. This signal is fed to the measuring input and
the program is started. By changing the values in memory locations 021C and 021E of
the extra delay routine, the display is adjusted to 10000. A divide-by-100 was chosen
because the accumulator is then not yet involved in the counting. The meter is thus at
its most accurate. By placing the divide-by-100 circuit between the buffer (7413) and the
RO (SO) input, the measuring range of the frequency counter is extended to 10 MHz. Itis



also important that, to make the timer work, on the KIM PB7 (A-15) must be connected
to NMI (E-6), and on the Junior NMI (12-c) to IRQ (12-a). The timer generates an
interrupt, and this has to be able to be acknowledged.

Changes for the Junior
The program as it appears in the listing works on the KIM. To make it suitable for the
Junior, the following changes must be made:

Address KIM Junior
0203 FB 7B
0204 17 1A
0208 FA 7A
0209 17 1A
0219 OF FF
021A 17 1A
0283 1F 8E
0284 1F 1D
02A0 OF FF
02A1 17 1A
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EBINLEC STR TEMFA  BEWAARR ACCU
STV TEMFE  BEWARR
STH TEMPC  BEWARF X
LDHEIM 383 ZET POIMTER

* w PUS  LDA  TEMFA
- FREQUENT IEMETER - CHPIM $3& 15 DE TELLER
* VOOR OE 6562 * BNE SUET  NOG STEEDS
M * LDA  TEMPE GROTER DAH
* AUTEURS : M. DOHMEN ® CHPAYX TAEHI DE HUIGIGE
" 2. KOEKOEK P BHE  SUET  WFRARDE
« * LOR  TEMFC IH DE
CIPAX TRELG TREEL
SUET  BCC  HEWT  NEEN, HAFL VOLGEHDE TREELWAFRDE
ORG %8200 SEC IR, TREK
LLA  TEMPC DE HUIDIGE
ZEROPAGE ADRESSEN SBCAX TABLO  WARRDE UIT
STR  TEMPC GE TABEL
INTCHT # 38800 LOR  TEWFE AF VAN
ZEROP  * $0a01 SBCAY TAEHI OE
TEMFC $06EQ STA  TEMPE STAND IH
TENFE  * $QOEL LDA  TEMPR UE TELLER
TEMPR  * $aUEZ SBCIN $o6
T $90FS STA  TEMPA EN ZET TELLERSTAND TERUG
N * saoFs ™A BEWRAR DE TABELFDINTER
POINTL * SOGFA PHi IN % GP DE STACK
POINTH * $QUFE LSRA EEFAAL IN WELK DIGIT DEZE
CHAR $RAFE L3RR TELWARRDE MOET KGMEH
1120: @2eR &R TAL DOOR FOINTER IM
TABEL. 11394
TRELD  * ;tgg; TELLERSTAHD DECIMAFL IN DLSPLAY
THEHL  * 1160: 8268 B 04 BCS  TIENT TIENTAL?
) @z8D F6 F3 INCZX INH  MEEN, EEN ERBIJ
TINERADRES Z6F DB 69 BME HOG  EM TERUG
1198: 0271 65 F3 TIENT LDAZX INH  HAARL VORIGE STAND
TINER #176F 1260t 9273 €9 oF AOCIN $OF  EN TEL TIENTAL OF
SNTERRURTUEETOR 1219: 9275 95 F3 STRZX INH  DISFLAY
9840 GZVA €3 NOG  FLA HAAL TABELPOINTER VRN STACK
INTLO  * $17FA TAX EN PLARTS DIE IN ¥
INTHI  # $17FE _ BFL  POS  ALLES KLRART
NEXT  DEX TRBELPOINTER HAFR
MONITOR SUBRGUTINE DEX VOLGENDE WHARDE
BPL  POS  EM TERUG
g430: 6Z6R SCANDS * $IFIF DISPL JSR  SCANDS DISFLAY TELLER
2440: ENE KEY  TOETS INGEDRUKT?
g4sa: HOOFOPROGRAMIA LOR INL  MEEN, HAAL UDRIGE
0480: BNE DI WS DIT NUL?
a47a: GZB A9 OZ INIT  LDRIN $02 DEC  2EROF HEEM, DELAY
80 FE 17 5TR INTHI b1 BNE DISPL JA, BLIJF DISPLAVEN
A9 38 LDAIM $3%  ZET INTERRUPTVECTOR BRCK WP START OPHIEUW
sD FA 17 STA INTLO KEY  LSRA
A3 FC START LDAIM $FC  ZET IHTERRUPTTELLER STR IHL  BEWARR TOETS
35 0@ STA IHTCRT OF -4 JME START CUERNIEUM
A7 o6 LDALN $88
85 F3 STR IHH  MAAK DISPLRY EN DUS 00K INTERRUPTRAUT INE
35 FA STR  POINTL OE TELLEF SCHOOM
a5 FE STA POIHTH BEWRAR ACCU
a5 FS LORIM 3F5 ZET TIMER EM MFAFK INTCHT VERLAAG DE TELLER
8 9F 17 STA TIMER IMTERRUPTS MOGELIJE YIER  ZIJN ER VIER GEWEEST?
$FS_ HEEN, LAADT TIMER EM
ETRA DELAY FOUTIHE 8270 G23F 8D OF 17 TIMER MAAK INTERRUPT MOGELIJK
HRAL ACCU TERUG
A2 93 LDXINM $63  PAS DEZE WARRDEN AAN EN KEER TERUG
Ag oo BULGOP LOVIM %98  UOOR DE VEREISTE UIER HAAL ACCU TERUG
5 §ILOCP DEY HRAUGKECR 1 GHE 10 CHAR  BEWRAAR DATA
ve Fo BHE  BILOOP
ch DEX ZET STACK GOED
ve Fg BHE  BULGOP

CHAR HAAL DATA OP

TELFROGRAMMA BINDEC CONVERTEER
1

3,

oLy soa

Lo $GR

TYA MARK ACCU SCHOOM $00

OUERFL 8UC QUERFL OVERFLOW GESETY $64

[y $@e

IHX H $ES

BNE BUERFL $03

INY H %10

Da F7 BNE QUERFL = 27
62 91 ADC I $@&1

na FX BHE LSRRI



