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THROVGH §X3 .0
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Ed]

T CB=74L503

Fig. 5.2, PSG decoding circuitry on Decoding Module Board.

fabla §.1. PSG Control line functions

Function - BDIR BC1
Inactive.. @ ¢
CPLU read from PSG 7] 1
CPU write to PSG 1 @
Lateh address of PSG register H 1

Fig. 5.4. Connection of PSG
pads for normal operation
on channei C, with analogue
output 6n channels A and B.

Fig. 5.3. Connection of P5G
pads for normal oparation.

ARAMOGUE QUT

CHANA CHAN.B.
4 3

EDGE QF ANALOGUE PGB

Table 5.2. Manuat operation of Programmable
Sound Generator.

50 BRI INTERFAUING UKIOI PROGEAR 9

B0 REM AYm3-8910 MANUAL ENTRY PHOGRAM

100 FORSwTO1 67 PRINT NEXT

116 PRINT,"AY-3-£910 POKE/PEEY RODTINE®

120 FRINT,"USING ADDRESSES $1317 & 61318
HT,T{NOTE DATA > I35 CAUSES A READY"

3 KT:PRINT
AmEL310DmE131R

PP S PP
RE¥ ZERG ALL REGISTERS

TORRwDTDLS

o POKEA,X

170 PUKED, D

HEXT

w4 AN »
FOGEE/BLEY ROUTINE
EEGLETER" ;AL

TE
BOREA AL
IREUEY BATAM;DI
240 IFDLFIESTRENIGD
230 POELD,BL
[

"CONTEKTS OF RECViAL;" :

MIPEER (B}

Pragtical Electronics May 1981

to full volume, ard touching the wiper pin. If this produces
hum, then run the program shown in Table 5.2. This has
been written for manually controlling the contents of the
P.S.G.'s registers. It first zeroes all registers, and then re-
quests a register number. When this is entered, it requests
the data that is to be put into it {any integer form 0 to 255),
If @ number greater than 255 is entered, the program will
read from the register instead of writing to it, and print out
the resuits,

Run the program and use it to examine the contents of the
P.5.G's registers: all should be &t zero. Data may then be
placed in registers O to 13, and & check made to verify that
the data has been properly stored. Remember here however,
that certain registers (1, 3, 5, 6, 8, 9, 10 and 13) are only 4
or 5 bits wide, and attempting to place the value 255 say,
into register 1 will cause the value 15 to be stored in that 4-
bit register.

tf registers O to 13 do not read or write correctly, first
check the status of all lines to the P.5.G. {supply, #2, etc.).
Next check the functioning of the control lines BRIR and
BC1 with & 74LS76 latch {or similat} in the manner in-
dicated in part 2 of the series. Their states should be
checked against those given in Table 5.1. If these are in-
correct, then the decoding circuitry should be checked. If
they are functioning correctly, then a way should be devised
of testing the P.8.G. chip itself. This could be done using the
PILA on the Decoding Module, with one port connected to
the 8 data/address lines of the P.5.G. and two lines of the
other port supplying the BD!R and BC1 signals.

Once the registers read and write correctly, it should be
possible to produce some sounds. The, fastest way to make
noise is to enter 15 into register 8 after resetting the P.5.G.
This shculd produce white noise whose colour may be
altered by placing data into the lowest B bits of register 6. To
stop the noise, place 254 into register 7. If this is followed
by placing 100 into register O, a pure tone should be
produced whose note may be varied by changmg the data in
registers Qand 1.

if audio is not forthcommg, but the registers read and
write correctly, then the audio circuitry should be checked,
and pins 4, 3 and 38 of the P.$.G. examined for audio out-
put.

THE P.§.G.'s REGISTERS

In order to produce more subtle sounds, it is nacassary o
be acquainted with the functions of the P.5.G.'s full set of
registers. These are represented diagrammatically in Table
5.3.

Perhaps the most important register is number 7, the
master enabie. This is organised, somewhat inconveniently,
to be active-fow, so that placing a zero into-it enables alt
tone and noise channels, 255 silences them all, while 254
enables tone on channe! A only, etc. Note frequencies must
then be set using the first six registers {two for each chan-
nel); and then amplitudes (registers 8, 8 and 10 for channels
A, B and € respectively). Data from 0 to 15 in these registers
produces differing amplitudes, while data of 16 in any of the
thres registers puts the associated channel over to envelope
control,

Registers 11 and 12 control the time period of the en-
velope, while 13 controls, its shape, and whether it is
repeating or not. For more precise details of this register the
regder is referred to one of the three works cited eariier, but
in Table 5.4 we give a selection of useful data for this
register,

Registers 14 and 15 are two 8 bit ports, whose fum:txon is
controlled by the top two bits of register 7 {0 for input, 1 for
output), The sonnections to these two ports have been taken
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Yable 5.6. Dynamic sound effects.

0 REM INTERFACING UXI01 PEOGRAM 10
20 KEM SOUND EFFECTS FRODULED BY
85 EEM VARYING DATA IN PSG REGISTER A
S0 REM INITIALISATIONRXRwmkthiknpikihhkdki
100 Je613L7
116 Em3+l
10 POKEJ,7:POKEK, 46
130 POKEJ,8rPOKER, 15
140 POKES,G
200 REM FIRSET EFFECTHARIAAREGRtARmehinoks
220 FORADTOLZE
236 PORER, A~BARINT{A/64}
140 POREE, 1264
260 FPOKER,A
Fa e
790 POKER,D
380 FORZ~LTOI0D:NEXT
3sﬁ REM SPCOND EFFESThdokdkddbddhkokithns
390 PORB~1TOLO
400 PORA-OTCZSSETEPLD
420 POKER,A
A4l REXT
450 FEXT
500 POKER,O

% 500 INPUT"  AGATHY[YYS

= - 610 IFLEFTS(YY§,1)="Y THERZD0

Table 5.7. Keyboard organ using the UK101 and
its QWERTY keyboard.

0 EEM INTERTFACIRG UKIDL FROGRAM LI

# AY-3-8310 ELEYBOARD ORGAN

50 Qa=61808

25 QDeGAHL

57088

m.{i00)
FRINT:PRINT:PRINT:PRINT:PRINT,"KEYBCARD ORCAN PROGRAMN"
PIG PRINT:PRINT,™ CONTENTST

130G FRINT:PRINTIPRINT™ 1. To play press P {(or GOTO 2000)."
130 PRINTIFRINTY 2. To haesr press ¥ {or $OTG 4000).M
140 PRINT:PRIEYT™ 3. Te record press R (or GUTO 5000)."
130 PRIFTIPRINT" 4. To load press L {or H0TG 600G)."
153 PRINT:PRINT" HGTE  Bpace Bar Exits Routines”
160 INPOTYS

LFYS-TPUIRER2000

IFYS~"EYTHENAGOD

IEYE="RTTHERS00D

: [FE§="LIRERGO00

220 PRINT,RCT RECOGRISEDM

2%% PRINT,MENTER AGAIN PLEASE"

130 GOTOIEY

2000 REM DRCAR

2053 GOSUEE00G

2007 PRINT:PRINT:PRIST

2020 Il

2621 INPUTT TORE QUALITY 0,1,2 ETC™ XX

FURE PRINTIPEINT, "EEYROAKD READY®:PRINT(PRIRT:PRINT
O3 PORESID,0

2640 FORESIOT

1050 POKZE, 247

060 PwFEENLR]

20E0 FORA=STOLS

2040 READE

2100 IFBwPTHENLwALA=ZT

2110 WEXT

2126 RESTORE

21%% ILFA>ISTHEN2220

21:5 POFEE, 239

2130 P=PEEE{K}

2135 FORA=ITOR

2540 READE

2145 ITB=PTHENL=A: A=2G

2156 WEXT

2155 RESTORE

2220 POEEFR,253

7330 LFPEEK{Ky=Z39THENIGND

4 1PACISTEEN2GID

30430 POERGA,Z

% POKEOD, LA5460

3010 FOREGA,Q

515 POKEQD,L*LD+EH4XE

3020 POREGA,13

3038 POKEGD,G

3040 TPLeLITHENIGSO

3045 L{Z}eLiLl=y,

I0E0 Zeltl

3208 IFZelITHENZDA0

3300 DATAIET,191,728,23%,247,251,7583

300 POKEQD, O

0L Lmi-l

3655 PORESY0, 0

3510 GOTRIO0

2% REM AUTC REPLAY RDUTINE

4000 PRINT:PRINT:FPRINTIPEIRTIPRINT

&7 CORUESOOD

4003 POREGE,D

505 PRINT,VAUTD REPLAY"

EOL0 PRINT,PSEALERCE LEROTH "8

LB1E PRIRT,™ s EAME “;VLE

LG5I PRINRTP BINT

RTINGT ¥ OR NGRS
“ROTE LTRGTET G - 2000MHL
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TOHLNERE

POKES3G,

§ POREZYGES, 253 IFPEEK(5708R) =2 30THERE] 40
4127 PORES3IC,O

4130 WEXT
POKESTORE, 257 IFFEEK {57088 1= 39THERAL40
IFR="YUTRERALO0

POKEQD, &

POKES30,0

GOTDL09

BEM SAVE BOUTIND
PRINYIPRINT:PRINT,"FILE CREATION"
INPUTY  ENTER FILE NAME":FL$
FRINTtPRINT:PRINT

FRINT,"SET RECORDER, AND PRESS™

5 PRINT,"ARY KEY"

IHPUTES

SAVE

FRINTMZZZ™

5045 PRINTYFLY

5050 PRINTS

5685 PRINTXX

5060 FORIGTOS

5070 PRIRTL(Z)

SOBG HEXT

5060 POKES1V,C

5095 PRINT:PRINT:PRINT,"RECORDING COMPLETE"
3100 GOTOLG0

5990 REM LOAD ROUTINE

6000 PRINT,"NOTE SEQUENCE LOADER”

£002 INPUT®  NAME OF F1LE REQUIRED";FLS
6004 PRINT:PRINT:PRINT

6C18 PRINT,"START TAPE, & PKESS ANY EEY™
6070 INPUTXS

6030 LOAT

£032 INPUTFFS

6034 IFFPS<>FLETRENS0ST

6036 PRINT,"FILE “iFF$;™ pomp®

6040 LEPUTS

6045 INPUTEX

6350 FORIwOTOS

L840 THBUTL(Z)

AUTQ WEXT

4375 FORES1S,0

6080 PRINT:PRINTFRINT, LOAD COMPLETE"
60U PRINT, "FLAYI"

6130 GOTO100

BOOD REM AYe3 INITIALISE

8110 POREQA,DTPOKEQR,D

G130 POREQA,}IPDXEQD,O

B130 POVEOA,3:POREGH,0

#3140 POREGA,7:POXEQD, 248

8150 POKEQA,B:POTEQD,16

8160 POELOA,9:POREGD, 16

BI7C POKEIQA, 111POFEGR,D

8160 POKEQA,12:INPUT™ PERLOD";PR:POEEGD,PE
BI00 RETURY

If H is then entered, a replay routine is initiated providing
an opportunity to hear again the sequence just played, and
to alter note length and replay speed. The replay may be put
in'a repeating mode if desired,

There is also a facility to save on tape the sequence of
digits representing the notes played, and, using & load
routine, to reload them on a subsequent occasion.

The save routing uses a file name systern, and when a
tape is reioaded, the program asks for the name of the file
required, and will ignore all other files that it comes across. A
vital part of the SAVE/LOAD routines is the PRINT “ZZZ"
statement in line 5044. This data (ie, ZZ2) is subsequently
read and ignored by the load routine, and ensures that the
loading of data is not confused by random noise or unwan-
ted data preceeding the file name. The sequence of data
used by the routines is as follows: File Nams, Length of Note
Sequence, and Timbre indicator. This data is followed by 8
sequence of numbers representing the notes played.

SEPARATE USE OF THE 8910's D/A CONVERTERS
The 8910 P.5.G. contains three internal D/A converters,
one of which is used for each channel. These may be em-
ployed separately for 4 bit D/A conversion, 1o supplement
the ZN425 converter on the Analogue Board. One could, for
example, use channels A and B each as 4 bit converters,
while retaining channel C for audio output. Fig. 5.4 shows
the wiring of the 8910 pads on the Analogue Board for this
contingency, Channels A and B are then controlied simply by
registers 8 and 9 which, under normal circumstances, woukd
have controiled audio output level, Now, data from § 10 15
in these rsgisters will determine the d.c. voliage on pads A
and B, while data of 16 will place the d.c. voltage under




envelope control.
particularly useful in a number of different applications. Each
of the 3 channels of the P.5.G. could be used to controf the
tavel of banks of lights for example, in which case each or ali
: of them could be brought under envelope control 1o give a

- slew fade, etc: In such an application each channsl cutput

I could be mads to drive a 741 op. amp. followed by an opto
 isolator and thyristor or triac controller. It shouid be noted,
" however, that the PSG's 4-bit converters may not provide
. sufficient resoiution for some applications.

When using the D/A converter in this way the state of
register 7 should be borne in mind. The converter will func-
¢ tion whether the associated channel’s noise or tone outputs
"% are enabled or not, But with beoth disabled a non-

.Th.é envelope facility might prove to be

linearity appears in the transition from 0-1. This is minimised
by enabling tone and noise, aithough the latter piaces some
noise on the d.¢ output. The effect can be raduced by in-
creasing the capacitor taken from the pad outpufs to ground.

A T80 cassette tape containing ail the num-
bered programs of this series is available from
Technomatic Ltd., {see advertiser's indexj, at
£3-50 + VAT and p & p.

1 Constructor’'s Note
i
i

Mext month we shall explore the facilities by the 6522
Versatile Interface Adaptor on the Analogue Board, and will
discuss such applications as frequency counters and real
time clocks.

One or two readers have asked for specific pin
connections for interfacing the devices described
in part 2 of the series. Y,

Interfaces such as the light sensor, sound detector
or joystick controi box described in part 2 of the series,
or the Le.d. indicator or relay ouiput described in part
3 are accessed directly through SK3 or SK4 of the
Decoding Module,

The pin connections of these two sockets (5K3 for
port A and SK4 for port B) are identical, and were
given in Table 1.6 of part 1 of the series.

Bevices which require a single port line, 8 ground
and +5V line {such as the Ld.r. circuit of Fig. 2.10 in
part 2 of the series) should be connected as indicated
in Fig. 5.5.

Pin 8 of SK3 and 4 carries Voo {+5 volts), pin 1
ground, and pin 16 data line D@ of the pon
{sometimes labelled PAQ), if the header wired as in
Fig. 5.5 is plugged into SK3 of the Decoding Module,
and the Logic Tester program of Table 2.5 (part 2 of
the series} is run, D@ of the screen display should
register a zero for dark conditions, and a 1 in daylight.

The joystick comtro! box of Fig. 2.9 of part 2 con-
nects directly to a 16-pin header that may be inserted
into SK3 or 8K4 of the Decoding Modute, The wiring
for this is given in Fig. 5.8. If the header is plugged into
SK3 it may be used in conjunction with the screen

PIN CONNECTIONS TO 5K3 AND 5K4 OF THE DECODING MODULE

"

Similar pin connections are made 1o SK3 or SK4
when using the PIA for dighat output. As an example,
Fig. 5.7 gives the pin connections for simple audio
output from the PIA. Again use is made of the 5§ valt
tine supplied by the Decoding Modute. In this instance
it is used to power the 2ZN28286 audic amplifier. This
circuit should be used in cenjunction with the
programs in Table 3.5 and 3.6 of part 3 of the series.

Other input and output applications use similar con-
nections to SK3 and SK4.

Fig. 5.4. Pin connec-
tions to 16-pin header
> for simpie audio output
from PIA

Fig. 8.5. Pin cennec-
tions to 16-pin header
for use with LDR. The
header plugs into SK3

5PN
HEADER .r

:15/-\~,..m;i

or SK4& of the Decoding
drawing program listed in Table 2.4 of part 2, Module
i
RBaoN FabLE |
A N DA
£y fveet
-~ 38 n
T Fig. B.6. Joystick con-
T *-:Ie 15 PN trol box giving connec-
K HEABER  tions to 16-pin header
=

to be plugged into SK3
of the Decoding Module

\V
‘
&
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