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position of the display, and this should be altered for Super-
poard use.”

The clock display program may be exited by pressing the
space bar at any time, and as long as the UJK101 Resst is
not pressed, the interrupt ciock will cantinue to operate.
Other programs may then be loaded, run and saved as re-
quired without disrupting the clock, and these may if desired
access the continually updated time by PEEKing locations
555, 556 and 557 for seconds, minutes and hours respec-
tively. There seems to be just one proviso to this: programs
which use more than the simplest configuration of GOSUB
commands must be avoided, since due to an error in the
UK101's firmware the IRQ vector has been iocated within
the stack. As a result, subroutine calls can corrupt the
interrupt vector at 01C0, and ate in turn corrupted by it itis
for this reason that the program of Table 7.2 avoids sub-
routine calis, and makes use of flags F and F1 to get around
the problems which this creates.

Once the ctock has been started, the whole program may
be erased with 2 NEW command, if desired, so as to save
mamory space, again without affecting the running of the

ook,

Aa with other applications of the 6622, the accuracy of
the interrupt clock is tied to that of the UK101's B8 MHz
crystal. In my machine this caused the clock to run slow by
about 2 secs every hour. This could of course be corrected
by using a closer tolerance crystal. But 8 much simpler way
is 10 altar the value loaded into the low byte of Tt's iatch
register—~this is the last data item {78} on line 210 of the
program of Table 7.2. With this method it should be possible
1o achieve accuracies of the order of 1 sec in 1§ hours,
which should be sufficient for most foreseeable applications.

MACHINE CODE TO BASIC TRANSLATOR

Lines 100 to 340 of the program on Table 7.2, which en-
ter the interrupt clock program in 6502 code using BASIC,
were themseives produced by a transtator program written
for the purpose. Since this program can transiate the con-
tents of any section of memory into BASIC POKE state-
ments, it can be used for saving data or programs stored
anywhere in the machine. The program is listed in Table 7.3.
it first requests the start and end address of the memory
block to be racorded. These may be in hex or decimal, since
a hex to decimal conversion routine is included in the
program. Next it requests the line number that the BASIC
program which it wiil write is to start from, and the title of
the pfogram, tt then instructs the cassette recorder to be set
to record, and writes the program directly on to it. The
machine may then be cleared, and the cassette loaded and
run as if it were a normal program.

 ANALOGUE TO DIGITAL CONVERTER

The fourth section of the Analogue Board consists of a
muitiplexed 8 channei analogue 10 digitaf converter. The
heart of this unit is a ZN427 monolithic A/D converter i.c.
See Fig. 7.1. This uses the so-called successive approxima-
tion technigue to achieve conversion times of some 20us ot
jess. This ts @ far mors efficient means of conversion than the
other commonly used method which simply causes a D/A
converter to sequence its output from zero 10 255, using &
comparator 10 stop it when the output maiches the analogue
signal to be measured. In this case conversion may take as
tlong as 255 clock cycles.

Fig, 7.2 gives the circuit of the A/D section of the
Analogue Board. The B analogue inputs are takan through
SK6, whose full pinout is given in Fig. 7.3, From here they
are applied to IC8, & 4051 8 way anafogue switch. This
selects one of the 8 channels according to the logic states of
its ping B, 9, 10 and 1 1. These in turn are determined by the
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18C ©23g BECH=LTART~T
138 8¥30 HING=START-4
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360 0744 BRIBET STA BECS
340 Q247 T3S CHF $&0
aze 0249 DOZY ENE OUT
330 224B A908  10A 40 S68 4279 10 ERK
a4g GRan BD2ECT 8TA SECE S7E 8z7A $1 BRE
350 G250 A961 LA ¥1 s8¢ 027R §L BRE
364 035N 38 fa i) 596 02FE U6 ERY
370 57T ADNPL0Z ADC HINSG 700 ga7e FINITIALISE CLOCK
38C 0258 BLROET HTE MIND 718 G270 A94AC L 940
395 0uS¥ CF¥3C CHe $40 7€ $2FF BDTOCI SThA $2100
464 BRSE DOV BNE DUY F3L L2ER ATOC LA &$20
A4 §TED ATLD iba 38 F4L (264 8OCINL BTA STil
420 LTRF BOZLGE STA HING FEL 0Z87 ATCD LOA #3032
4730 0242 AF81 Lha 2L F&E 02892 BDLZOL BTA $01CZ
a4 2764 1B cLe FTL QIBC A1 DR 220
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sGf C271 BOTOLR STA HRS B3¢ 0298 598 CLE
S14 6274 EA [UT HOF 840 (290 ATaE 1Da #%4E
oed 4275 EA PO BS0 029F BDAREF STA TL
530 BE7S EA NOF 8B40 UZAL ATC3 LEA #3503
SAL RITY 48 FL& §7¢ 0Zal BLASEF 874 TH
£50 G278 A0 RYI 88l 3Zas &0 RYE
oF
LIng
g0 RO INTERFACING UKINL PROGRAM 19
168 wEd £521 LATERRDPT CLOCK AT D230 HIX
1% RE LOCATIORS 540 TO £7%
110 DATA 72 . 133, 166 , 239, 206 , 42 , 2, 268 , 5% , 163
imnme\ze,'zu,&z,z,1&9,1,2&,10?,&3,2
130 DATA 141, A3 , 2, W1, 60, 208, 41, 167 , O, 14}
160 BATA 43 , 2, 168 , 1, 24, 19, Wb o, 7, MY . 44
!SD!!ATA?,?Di.SG,?.O&,M,i&‘.’,f).‘;-‘43,&k,z
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300 TATA iB4 , 1, 185 , 20, 141, 62, 2, 19, &G, 141
I10 bATA 171, 739, 16% , 1%, 14% , ¥4, 239 , B, 169 , T8
430 DATA 161, 164 , 239, 189, 19% , 141 , 185 , 23% , §&
310 FORCeD TO 118
310 READ 1
130 POVE B0 4C, 1
340 NTXT
00 PRINT:PRINTIPRIATIFRINTIPRIRT
2005 PRINT{PEINT,“IRTERRUPT SLOCKY
a7 PEINT:PRINTIPRINTY ENTER PRESENT TIME" @
1D IRPUT” HOURS™H
2020 INEETY HIRITES™ i
030 RuRuTt SECE™S
0F5 PORESSTH
2040 POERESSE N
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2060 POEZ1Z,3
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2100 $=53663
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4
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TPFeITHERESSE
GOTHIEN
PRINTPRINT (PRINTY

PElEY 7O PESUME DISPLAY, ROW 2100
PORESEE,0

BISPLAY ROUTINEG ERITED
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Table 7.2. Interrupt Clock in BASIC
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The conversion scale of the ZN427 is determined by the
voltage applied to its pin 7. On the Anaiogue Board this is
cannected to the ZN427's precision 2.55 volt reference
source, which results in a very convenient conversion scale
of 10 mV per digit, so that an input of 2.17 volts for example
wil! produce a digital vatue of 217, and so on.

EIGHT CHANNEL DISPLAY PROGRAM

The program in Table 7.4 may be used to monitor the in-
put tevels on all B channels of the converter. Analogue to
digital conversion is carried out in bnes 220 and 230, and
the updated conversion result POKEd to the screen, after
suitable processing. As may be seen from the phatograph,
a horizontal bar graph representation is also produced for
each channel. This latter is only altered in subsequent
passes i a change in input voltage is detected. The program
may be exited by depressing the space bar.

VOLTAGE MEASURING

As it stands, the converter will measure voltages from 0 1o
2.55 volts presented to the input pins of its B channels
de pin: 15 to B of SKB, corresponding to channels O to 7
respectively). For acourate conversion, each input should be
loaded with an impedance of 10k or tess. This is necessary
to ensure an impedance match with the input circuitry of the
ZN427, and also in order to aveid charge carry-over from
one channel to the next as the muitiplexer seguences
through the channels, If for example a voitage is applied to
channet 0, and the input of channe! 1 is left floating, channel
1 will read a non-zero voltage as measured in the display
program of Table 7.4, This is avoided by keeping input loads
below 10k and by earthing unused inputs.

i it is required to increase the voltage range of any chan-
ne! of the converter, this may be accomplished by using a
resistor network, That shown in Fig. 7.4 gives a scale factor
of two so that B volts will give a reading of 250. The
resistors used should be 1% types or better, slthough if
these are not available, lower tolerance resistors could be
irimmed (by constructing series/parailel combinations) so as
1o give a reading of 127 or 128 when point X is connecled
to pin 2 of SK6. This is the ZN427's own 2-65 volt reference
source. The function of C in the dropper network s to keep
the inpul impedance low enough to match the ZN4Z27.
Similar echniques may be used 10 extend the range further.

ANALOGUE JOYSTICK

Each of the 8 channels of the converter may be used with
a virtually infinite varigty of sensors. We will give circuits for
use with some of the more obvious. Fig. 7.5 gives a ¢ircuit
for & two-direction joystick. Each joystick potentiometer is
supplied by the 2-55 volt reference source, and 100nF
capacitors are again used to keep the input impedance jow.
As the circuit stands the two joysticks are connected to
channels O and 1, and very straightforward software could
be used to move a cursor or other character to any point of
the screen in response to the position of the joystick. With
the analogue use of the joystick, as opposed to the digital
applications discussed in parts 3 and 5 of the series, the
cursor could immediately move to the selected spot without
having to traverse all intermediate screen positions first.

LIGHT SENSOR

Fig. 7.8 gives the circuit for an Ld.r. light sensor, With R1
at Tk this produces a good range of cutput, from very dim
conditions {a v.d.u, screen at 1 metre} to brightly lit interiors,
Higher precision in dark cenditions may be achieved by in-
Creasing the value of R1, while improving the range in very
bright conditions wilt be limited by the current drawn.
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PRINT:FRINT
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EEmGEHIE
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TFSH> SITHERSHRSH~B0 1Ot ]
SHeSHARICH
TPSHRZATHENSHeSR-24
COTOZ20D
PRINT,EXIT ¥ROM DATA LOGCER"
GuTe6310
PRINT, "BATA LOGGING COMPLETE”
FEINT,KA; "READINGS TAKEM"
> PRINTTAR(IS)TTINE";TS
PRINTPRINT
PRINT™TO DISFLAY CLOCK, RUE 21007
PRINTMIC RESTART LOGCER, RUW 50007

133 iSAMPLE SCOFE
a6l STaRT=83230
0238 x=START

138 9Z39 P INPUT ROUTINE
140 5230 AEREDZ LOX START-2
156 0233 AD2FI2 BE LDA START-1
163 $234 SDAFEF STR 41319

176 B3P ALIDER LPY BTART-3
188 023C 88 an DEY

19¢ 673D E/ Hoe

258 eIk E4 NEF

715 De3F £a ROP

220 G240 DOFA BHE AR

3G 0247 ADARVEF LDA 8131%

745 $2A5 $DYD0E STA #HIDFDSX
254 9748 Ca DEX

760 0249 DOEE - PHE BE

e uzae 40 X% Table 7.6. Assembler Listing

tzac 48 BRY A
790 0ZAD OU e of Sample "Scope
340 §24E 00 BRE
416 024F 00 BRK
400 6250 JOUTRUT ROUTINE
410 $258 AE2ENZ CC LDX ETART-Z
47f 3753 EDY¥IEZ DB 106 FO02904X
430 0254 BDRGEF STa 41320

T a4 $2TY ACZGOY LDY START-4

50 LISC 88 £E DEY
450 2250 EA RO
a47p LTSE €A nOF
488 £25F LA HOF
455 G240 DOFR  BHE EE
500 §282 04 DEX
51§ 8743 DOEE  BNE DD
528 (74T ACTROZ WP OO

period in hours, minutes and seconds: and lastly the number
of ioggings required. This latter number sets the dimension
of two arrays AS(), which records the rime of each reading,
and AllJ), which contains the 8 data values re

each reading.

The program then initiates the continued POKEIng of the
time to the centre of the top line of the screen, ai the same
time continually checking 1o see whether the start time has
heen reached. When it has, the A/D converier sequences
through its 8 channels, and the resultant data is stored in the
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WEPETITICN PERIOD OF READINGS”

FORQ2=OTO? Table 7.5. Data %.agge?

array for later use. The number of the reading, the time and
the 8 data values are also printed on to the screen. See ac-
companying photegraph. The program then waits for the
duration of the repetition period, and again stores and prints
the data measured. if hard copy or cassette recarding of the
data is required, an appropriate routine may be added at
6200 to be executed after data logging has been complated.
And as with the interrupt clock itself, the space bar may be
used to exit the data logger.

The logger program is highly flexible, and can take
readings at intervais as short as 1 second, or as long as 24
hours, and the number of readings atlowed is limited only by
the memosy size of the machine. A 4k machine will aliow
some 15 or 16 readings, while with g8k this rises to
somewhere above 110,  memory size is a probiem, a con-
.siderable saving could be made by storing the measured
data individuaily in RAM by means of POKE statemants to a
protected area. Alternatively the program could be modified
so as to print out, but not to store, the data, in which case
there is no limit 1o the number of readings taken.

The uses to which the data logger may be put are legion.
It could for example be used to monhitor the temperature,
noise, light and humidity jevels in a given locality: and
checks could be made on the effectivenegss of thermal in-,
sulation by recording inside and putside temperature over a
24 hour period. 1t could also be used to gather data on the
temperature dependence of a resistance, or to record the
voltage decay curve of a CR combination of suffictently long
time constant. Additionally, the togger could be used in con-
junction with the event recorder using T2 of the VIA
described last month, to log the number of events of a given
kind occurring within any period. Those events could
varipusly be counts from a Geiger-Muller tube, passages
across a photocell, the occurrence of sound leveis above &
given threshold etc. Once the data has been collected from
whatever source, the UK101 can then be used 1o analyse it
in anhy appropriate manner, and to present the results
graphicaliy if so desired,

WAVEFORM SAMPLING

The very fast conversion rate attainable with the ZN427
A converter—around 50,000 per second—allows the
sampling and digital storage of waveforms at frequencies up
to a few kHz. Using the converfer a series of samples may be
taken in very rapid succession, and stored in RAM, from
where they may be analysed at leisure. For exampte, Fourier
analysis might be performed on the data, or the sampled
waveform coutd be replayed continuously through the /A
converter for steady display on an oscilloscope screen. Alter-
natively the UK101 VDU screen could be usad to dispiay the
sampled waveform.

For such applications it is obvicusly essential to use
machine code, since using BASIC would only allow some
100 or so samples to be taken every second. Table 7.6 gives
an assembier listing of a two-part program which has a sam-
pling and repiay facility. The first part, which i8 tocated at

'0230 hex, causes a series of samples to be 1aken and stored
in RAM above 0290 hex. The sampling rate, the number of
samples, and the channel number fram which the sampies
are taken are determined by the contents of jocations 022D,
022E and 022F respectively, and these may be set up before
the program is run. The second part of the program, which
begins at 0250 hex, allows the replay of the stored data in &
continuous ioop to the D/A converter iocated at 61320 dec.
The number of samples to be replayed, and the replay vate,
are determined by the contents of locations 022E and 022€
respectively, and again these parameters may be set up
hefore the routing 1§ run.
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wavaform

Trisngular Waveform generated
by the Customised Waveform
Generator, and output through the
O/A Converter

100z waveform bor and after
sampling

NEXT MONTH . . . we shall be publishing
an EPROM PROGRAMMER which may
be driven from this interface system.

Additionally, we will be taking a look at
Chromosonic’s Colour Board in use with the
UK 101

Soreen Photograph of Eight
Channal Display Program

Scraen display of sampled 100H: §

Screen Photograph of Data Loggsr

INTERFACING
COMPUKIT

Screen photograph taken during the
running of the 6522 Handling
Program (Program 12} described
iast month

iﬁ Constructor's Note

in order to improve stability in the offset adiustment on
the D/A converter op amp iC11, 810 on the Analogue Board |
should be increased ta 47k. J

Filling the data®space using the program below widi
produce an even it angular wave made up of exactly 100
samples:

2000 FORA=0T099

2510 B=dx ;

2820 IFA>49 HENB=4x(99—-A)

2030 POKE656+A,B

2040 NEXT

2058 GOTO300

The accompanying photograph shows the waveform
produced using this program, As may be seen, its shape is
good, and since it is constructed of a relatively large number
of semples, its true step nature is not apparent in the
photograph. |t shouid be noted when cresting other
wavelnrms using the machine code repiay sequence, that
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although the storage space for the wavefdrm begins at 0280
hex, this location is the /fast rather than the first to be
accessed, so that the /ast byte of waveforms placed into
these iocations for subsequent replay should be at 0280
hex, the first being at 0290+N-1, where N is the number of
samples to be replayed.

CONCLUSION

Although this is the final articie of the present series, it by
no means exhausts the possible applications of the UK101
Decoding Moduie and Analogue Board. Further applications
are planned for future issues of P.E., and 0t is hoped that
ideas will also be contributed by UK101 and Suparhboard
users through the columns of P.E.'s MicroPrompt.
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