Digiscope
for 6502 systems

M. Dohmen

Those who have a Graphic Display and a computer system based on the 6502 will
discover in this article that the possibilities of this combination are almost unlimited.
The January 1980 issue described a frequency meter, which once again showed that a
computer can prove its worth in the hobbyist's electronics lab. The program discussed
here, as an addition to the frequency meter, will for many be an answer to the question:
"Should | buy a computer?" What we have here is a so-called "digiscope". This is a kind
of oscilloscope that makes digital signals visible on the graphic display.

This digiscope is fairly fast. Without hardware modifications the maximum measurable
frequency is 71.5 kHz. It has eight channels, so eight frequencies can be measured
simultaneously. With some hardware extensions a mini logic analyzer can be built. If
you only want to measure frequencies and not, for example, pulse/pause ratios, | advise
you to use ordinary divide-by-10 counters to extend the frequency range. A drawback of



the digiscope is that it only knows two states at its inputs, namely "high" and "low", so it
is only usable in experiments with digital components. An advantage is that, thanks to
the eight channels, the position of the signals relative to each other can be seen very
well. The shape of the signal is also easily recognisable with this program (provided the
frequency does not get too high). The program had to meet the following requirements:
1. High speed and high resolution.

2. Eight channels.

3. It must be possible to make the period time visible.

Such a program can be realised in three ways. First of all, use can be made of the
processor's SO pin (sometimes also called RO). This is the fastest method. The SO pin
is directly connected to the Overflow bit in the status register. By making the level on SO
go from high to low, the Overflow bit is reset. Using this pin as an input makes very fast
input possible. For our purpose, however, it is not suitable, because itis one input
instead of eight. Here we will have to use an I/O port. A second possibility is to sample
the input port at fixed intervals and then convert the relevant bits into eight dots for the
graphic display. A serious drawback, however, is the limited speed. Setting a dot on the
graphic display takes a lot of time (64 ps), so the frequency range becomes far too
small. By far the most effective method is to read in 256 bytes in succession, store them
and then convert them into eight graphs for the graphic display. This can be
implemented in two ways. Both will be discussed.
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Implementation

Fetching and storing the 256 bytes can be done in a program loop; see listing 1. The
advantage of this program is that it is very short. A disadvantage that weighs heavily,
however, is the speed. Fetching one byte takes no less than 13 ps. The frequency range
is then only 38.5 kHz. Those who are satisfied with this can type in the program from
listing 1. It uses all locations on page zero, but since the monitor is not used, this is not
much of a problem.

Xis the counter that indicates where the fetched byte is to be placed in page zero. The
operation is now fairly easy to follow. The input port is read 256 times and the values are
stored. When this has been done, a jump is made to the display routine.

The possibility now to be discussed is indeed much faster, but uses no less than 1%K of
memory. For people with a small memory it is therefore not so attractive. Now, however,
the promised frequency range of 71.5 kHz is achieved. In the first method a lot of time



was wasted incrementing X, comparing with zero and the relative branch (about 5 ps
altogether). To gain this time it is necessary to write out the loop completely and not use
indexed addressing. In this way 6 ps is gained, so that the time to read in a byte and
write it away is reduced to 7 ps, which amounts to a frequency range of 71.5 kHz. The
program then looks as shown in listing 2. It would be going too far to type all this in. That
is what we have a computer for, which can do it faster and more accurately. A program
that types in the 1%K input program for you can be found in listing 3.
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Operation

The program for fast input, which must be placed consecutively in memory, is in table 3
in listing 3. Register X counts from 0 to 255. Two locations on page 0 keep track of where
the table is to be "printed". In this case from $0200 to $0700. At $0700 the display
routine begins, which converts the fetched values into eight graphs. The table is four
bytes long and contains: AD 40 17 85.

The fifth byte is the location on page 0 where the byte fetched from port Ais to be
stored. This fifth byte, however, must run from $00 to $FF. Register X takes care of this.
Y is loaded with $04. X is transferred to the accumulator and the fifth byte is placed in
the relevant memory location. Y is decremented by one and then the four values from
the table are placed one after another in the memory area. Now X is incremented by one
and the pointer by five ($0783). Once this has happened 256 times, the memory area is
filled and a jump is made to $0200, where the program just written starts. If in your case
the display routine cannot be placed directly after the input routine, the boxed part of
listing 3 must be inserted. This ensures that a jump to the display routine is placed after
the input routine. It takes three bytes from table 4 of this listing and puts them in
memory starting at $0700. Of course the correct start address must then be entered in
table 4. If your display routine starts at $1000, for example, table 4 must become: 4C 00
10. Note the order, low byte first.



Display routine

No page 0 locations can be used for the display routine, which makes it somewhat
longer. The program sets eight dots for each X coordinate. The Y coordinate of those
dots is determined on the one hand by the channel, and on the other hand by the logic
level of that channel. For this purpose the Y coordinates for the respective channels
have been putin a table, namely a separate table for the "1" levels of the eight channels
(table 1 in listing 4) and one for the "0" levels (table 2). In this way each channel can be
placed anywhere on the screen. This is handy when text also has to appear on the
screen.

The input routine has made sure that the fetched values have been placed in
consecutive locations on page 0. Register X is now used both as the pointer referring to
the addresses on page 0 and as the X coordinate of the dot on the graphic display. With
this knowledge the program in listing 4 becomes somewhat easier to understand. First
the I/0 registers are set correctly and the screen is cleared. Then X is loaded with $00 (X
coordinate is 0, pointer points to location $00) and Y with $07, since eight dots must be
set per byte. By shifting one bit of the byte into the carry each time, each bitis converted
into a dot for the graphic display. For this purpose Y is saved at location $0769. The first
byte is fetched, shifted one place to the right and stored back. If the carry is "1" a high
level must be written; if itis "0", a low level must be written. To do this, entry Y from table
1 or entry Y from table 2 must be putinto Y itself. This is realised as follows. The program
assumes that the carry is "0" and therefore a value is fetched from table 2 ($0728),
depending on the value of Y. The instructions STA, LDA and LDY respectively do not
affect the carry bit, so the carry still determines whether a high or a low level must be
drawn. At address $072B it is now stated that the next instruction (fetch the value from
table 2) must be skipped if the carry bit equals "1". On arriving at address $0731, the X
coordinate of the dot is therefore in X and the Y coordinate in Y. Then a jump is made to
the routine that sets a white dot at these coordinates. The same happens for the seven
other channels, after which X is incremented and a new value is fetched from page 0.
After 2048 dots have been set, a jump back to the monitor is made.

Finishing touches

When everything has been typed in, the program can be tested. Check especially the
"input-routine-writing" part ($076A onwards), because this routine writes into RAM and
there is a great risk that you will lose all your programs if an error has creptin while
typing. Listing 5 shows a test program that gives the result shown in fig. 1 if everything
works. If thatis not the case, something is wrong.
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Extensions

Because of the way the program is set up, it is fairly easy to display, for example, period
times on the graphic display. With the aid of the program "Letters on the graphic
display" by D. M. de Boer (RB, May and July 1979) you can add text and numbers. Listing
6 shows the program for measuring the period time of a signal. The principle is as
follows. Fetch a byte, select a bit and count how long it takes before the bit has gone
from "0" to "1" and from "1" back to "0". First it must be found when the bit becomes "0".
From there on counting must be done. Register X is the pointer that selects the relevant
byte. Address 07FF must contain which channel is selected, in the form 2*(n-1), where n
is the relevant channel. So if channel 3 is to be selected, $04 must be put in $07FF.
When the program shown in listing 6 is run, address 0700 must contain: 4C0008. This is
necessary because the display routine erases the measured values and no period time
could be measured any more.

Measuring the period time

First of all X is made equal to zero. Then a byte is fetched from page 0 and the relevant
bit is masked. If this bitis "1", the next bit must be fetched. After all, counting only starts
at a transition from "0" to "1". X is incremented each time until the bit has become "0".
Then Xis incremented until the bit becomes "1" again. We now know for certain that we
are at the start of a new period. Y is loaded with "1" (we have already had one cycle) and
XandY are incremented each time until the relevant bit goes from "0"to "1". Y now
contains the period time divided by seven, since each dot represents 7 us. The value in



Y still has to be multiplied by seven. This is done as follows. Y is saved in $0801 and also
transferred to the accumulator. The accumulator is shifted left three times (i.e.
multiplied by eight), after which Y is subtracted once. The resultis: Y * (8- 1) in the
accumulator. The value in the accumulator can now be put on the screen with the
program "Letters on the graphic display".

Listing 1 Short input routine.

Listing 2 Long but fast input routine.

Listing 3 Program that writes the fast input routine into memory.
Listing 4 Routine for displaying logic signals on the graphic display.
Listing 5 Test program.

Listing 6 Program for measuring period times.



