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- 'MAC' MODULE

The' MAC 6502 is a M1cr0processor App11cat1on card des1gned for use-
with software deve]oped on the 'EMMA' 6502. The MAC contains the

. .same hardware as the EMMA, w1thout the cassette interface. A1l the
daddresses of the I/O ports and the RAM are the same as the EMMA
‘jenab11ng the user to deve]op programs on the EMMA and then transfer
"the comp]eted software to a 2716 EPROM using the EPROM Programmer

Module. This EPROM used in the MAC card thus prov1des a ded1cated

m1cr0processor system

Following the application of a 'RESET' signal to the micropr0cessor,
it will go to addresses FFFC and FFFD to fetch. the vectored reset '
‘ address These two addresses must be programmed to hold the start
;‘address of the dedicated. prdgram For example, if the user: wr1tes
a program that beg1ns at address F800 the reset vectors wou]d be

i loaded - .

. Address - Data
CFFFC 00

FFFD - F8

This booklet does not contain programming: information for the 6502
microprocessor. . For: ‘these details the user is referred to the EMMA -
vSoftware Manua] ”




" Resistors:

C'MAC' 6502 - PARTS LIST

8 x.4;7k9‘% Watt.

o Capac1tors -:f’ .

5 X 10nF Ceram1ck

1 x~1OuFVlE1ectr01yt1c orTanta]um

Integrated C1rcu1ts -

Bl X 6502 chroprocessor

1

1

X

X

6522 Versat11e Interface Adaptor
8154 RAM, Input/Output
7420

7408 o

74139
7400

2114 Static RAMs

1 x 2716. EPROM @

‘Miscellaneous:-

3 x 40 pin‘I.C. Sockets

3
2

X

X

14 pin I.C. ébckéts"

16 pin 1.C. Sockets

18 pin I{C.VSpckets

24 pin 1.C. spcket
Pusthuttoﬁ Sﬁitch

IMHz Crystal::

20- way 0.1" Board Pin Str1p
17-way O.]"_Board Pin.Strip

Double-sided P.C.B.

‘Rubber Feet.

P




- MAC 6502

Component Identification
Resistors. - -

These can be' rec09n1sed by standard co]our code bands; The ones supp11ed
‘ are 4.7k2 and have ye]]ow, v101et “fed and go]d bands on them

Capacitors
‘7The 10nF " capac1tors are a’ sma11 ceram1c plate type marked w1th 10n

dThe 10uF capaC1tor is either a 1ow 1eakage e1ectro1yt1c or a tanta]um type
They are bothlnarkedlouF the e]ectro]yt1c has its negat1ve lead marked
(}) whereas the tantalum has its pos1t1ve Tead marked (+). &

Integrated C1rcu1ts

hThe I. C s are identified. by the numbers pr1nted on the t0p The T. T L..
I.C.s: are all of the Low Power Schottky type and will conta1n LS 1n “the ..
1dent1f1cat1on number, (e g. the 1.C. to goin the socket marked 7420
will have 74L520 printed on it). ‘

"P1n T on the I C s is 1dent1f1ed by the cut ‘out at one end of the package
and/or a sma]] 1ndentat1on next to p1n 1, e. g

i .

. | of PINT
N \M-INDENTATION
curout




MAC 6502

p.C.B. Diagram .
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f‘fcapac1tors

MAC 6502

AssembTyMInsthuotions

Inspect the board both s1des for shorts between tracks and j.c. pads, 3
“espec1a11y Where tracks run c]ose together or between pads CLRh

. _So]der in the e1ght 4K7 res1stors

. 5Solder in the i.c.. sockets, be1ng careful not. to short the pads to any
of the tracks wh1ch run between. ‘them. ‘

.‘hSolder in the f1ve IOnF capac1tors, 1f the 1eads need bend1ng to fit
~the holes,. then bend: them using a pa1r of p11ers to av01d break1ng the

.,‘Solder in the 10uF- capac1tor tak1ng care to make sure that it is in

7fthe correct way round - the pos1t1ve 1ead 1nto the ho]e nearest to

”fthe bottom of the board

.i¢Bend the 1eads of the crysta] (us1ng a. pa1r of p11ers) S0 that they
5. are at r1ght angles -to the. body of, the crysta] ' Solder the crysta1¢1n
. 80: that it 1ays flat onto the board.

k]

.JmSo1der in the RES”Tpush buttOn sw1tch w1th the flat side towards the

_topof the board (1f inserted. the wrong ‘way part of the 'RESET' is

;covered)

So1dehiin the‘Strips'of 0.1" board pins. When so]dering in the double

~ row of p1nS, both .rows: must be inserted at the same time. : The p]ast1c

.. piece-on the pins. 1sconvex on one:side. andconcaveon the other,,enab11ng

0

',h,‘the pins to- Tock: together to. form a doub]e row,

Inspect. the board for any so]der shorts or dry joints. A carefu]
inspection at this stage may save a great deal of t1me fau]t f1nd1ng

,4;;1f the system does not work

'P]acevthe 1ntegrated'circu1ts in their sockets, making sure that they .
are the correct way round - see diagram and note on jdentification of

s components




- MAC 6502

Test Notes L o

 Switch on
t:itConnect ov. and +5V to the board (OV to the p1n on the ]eft of the

20 pin. connector and the +5V. to the p1n on the r1ght of the 20 p1n
' connector) The board will requ1re 400nA approx

2. fCheck each 1.C. to make sure that 1t is not runn1ng hot Ifjany of them -
W are hot, switch off 1mmed1ate1y and. check that they are in the. correct
~way round and also 1nspect for so1der shorts under the board

e 3. When any obv1ods fau}ts have been.corrected,‘reconneCt the power:suppTy.f

Testing

To a1d testing;- the 2716 EPROM supp11ed w1th the MAC 6502 kit c0nta1ns a
short program wh1ch will, 1ncrement the 4. 1/0° ports cont1nuously -The . prOQram'
gives a max1mum frequency of approx1mate1y SkHz on the least significant '
bit of each port “halving in frequency on each bit of each port to give a

;3t>‘frequency of. approx1mate1y 18Hz on the most s1gn1f1cant bit of the ports

o To run the program connect pin 2 (A6) on the 2716 to ov. (pin 12) and press
"the RESET button —'the 11nk between pin 2 and 0V. forces the m1cr0processor
‘to go to addresses FFBC and FFBD, 1nstead of FFFC and FFFD to p1ck up the

, ‘RESET vectors

If the system runs sat1sfactor1]y the 11nk can be removed and the user can
’ ,then put’ h1s ‘own - progranm. in-the EPROM and p]ace the start address of the E

» program at the norma] RESET vector addresses of FFFC and FFFD

L Note _If the EPROM is not erased then 1ocat1ons FF80 to FFCO cannot be usedQ

‘,Fault F1nd1ng Sequence

If the system does not’ work, checks to make are as .o]1ows

(1) ~Power supply voltage - should be 5V. +0 25V

(1), . Power supp]y voltage present on each i.c. RE ;
(111) 2, c]ock on the 6502 p1n 39 shou]d be "a 1MHz s1gna1 as shown over]eaf




(iii cont) = - L 'E

i
|
1
1
1
¥

| ( ) Check that @ buffered is present’on: p1n 6 of the 7404 i.c. ,,the‘
‘“:'j:waveform shou]d be as. shown be1ow, and shou]d be in phase with the
:unbuffered s1gna1 : =S ’ ‘

‘ ‘ i 1us . - o
(v) Check that when press1ng the RESET button the fo]]oW1ng p1ns go to
oV, then back to 4V (approx) » S

NRST On*P1'n 36 Of 8154'
RST . on P1n 40 of 6502 -
- RST7 on - P1n 34 of 6522

(vi) A]] the address and data 11nes, except A]1 and A6 should be chang1ng
A Aq shou]d be approx1mate]y 3V. and A6 at ov.

‘(V11) Ch1p se]ect 51gnals on 2716 8154 and 6522 shou]d be as shown be]ow

PIN 20 2716

SOt W )
s o A
' bt e TOOuS upprox SS

100uS approx. Co

PIN3S 8154 .~ - SS

3.8y

100uS approx. 1

" If these are not correct, there may be a fault in the address,decoding.




(vii?conf)~”' g
- To éheekbaddress»decoding:4~‘;?

vRefer to d1agram of address decod1ng and observe the waveform on p1n 6
' and pin 8 of. the 74139 they should be:- - . ~

PING

s s SRR DA
.‘l‘ EROIITY approx. =l
SAE
oV = -
S ]
I

710005 approx.

{viii) To'do a comprehensive test of the MAC system, Logic Analyser (SA1)
may be connected to the bus Tines available on the expans1on connector.
With the EPROM routine runn1ng, the address and data sequence should

be as listed overleaf.




Logic Analyser connections:

_ C]ock to DZ."C1oCk_Edge.t ,:?QUaliffer‘wqrd diéab]ed..7Trigger qua]iFiehji
- Address Qgggilw T- ;t Address ~ Data
‘ _FﬁFBC ‘ 80 ‘ FF96 G EE
. FFBD . FF CoFFO7 20
CFFBO A9 " FFI8  0E-
FF81 -~ -~ - FF ©0E20 - 00
FF82 - 8 . 0E20 00
FF83 22 .. 020 0
FFB4  OE - . FF99  EE
. 0E22 CFF o FFOA o2
FF85 = 8D . 0 FF9B - 0
FF86 .. 23 . .. 0E21 00 -
FF87 OE . o0EL 00
OE23 . FF ... oo 0201
FFB8° . 8D FFC CA
FFB9 . - 03 - FFOD = po
. FFBA 09 FF9 . - Do
0903 s CFF o UFF9E - FD Time -
FF8B e FROF ace | "KSSEE’
FF8C .. .02 . . FFOC . CA o
FF8D 09 .. FF9D. - - DO
0902 O FF FFOD - D0
COFFSE A FFE CFD
FFSF 0E . FF9F a0
FFOO - EE O -
FFO1 T 00
0900 .00
0900 00
0900 o1
FF93. CEE
FF94 01
FF95 09
0901 00
0901 00
0901 S0
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© MAC 6502

‘Listing of Program in EPROM-

 FF80
82
85

. 88
88
“gE

90 -

93
o6
99

9D
9F

k]

‘,MeMOry~Map,Pagesﬁ‘ﬁ~

A9,FF

80,220

8D,23,0E

~8D,03,09
- 80,02,09.
A2,0E

EE,00,09¢fg
- Eggo];ogz*M
“EE,20,0F
“EE,21,0E

CA-.
DO,FD

4C,8E,FF

F8

| F7
FO

OE~

09

02

01

00

‘“fSystEm InFormat1on

 LDA#FF.“
_STA 0E22

STA OE23

~ STA 0903 -

STA- 0902}

CLDX#OE
INC 0900

‘INC 0901

INC 0E20
~INC OF21
DEX

BNE FD

M FFSE
DecodedZFdr'EPROM
Chip select to the fusible Tink PROMs

"’5‘0520 to 0F23 - 1/0 port and D.D.R.s
'OE80 to OEFF - User RAM

‘I/O_port and timers are at 0900 to 090F

RAM




Address Decoding and Connections

A, ;04

A;s®

A®

15

L T

| Connect1ons for 8154 I/O Ports f"‘ 5

are as fo]]ows

The 8154 I/O ports are brought out to a 16 p1n i.e.

Is (FO-ET7)

i . :

] : o : D . V

; (F3-F) Address Decod1hg Links |

I R ;m ﬂ.EERAM_

l/g (00-03) © b o o
o B0 2 o TS0 8154

10 (08-0B) - 7I o b1 len

s o) 8 o Bt 271

_ 11
10 o (57 6522

50cket, connections

PA; and PA, are brought out onto solder pads spaced to take a 0.1"

connector, this will facilitate connection to a cassette interface

~. (in -a manner simﬁ]ar to that used on the '"EMMA') if required.

DS S L
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Pin Connections
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as2[] 1 » [Jos o= 1n
asa(] 12 2 (ose paI~~112
am(]1s 28 (] 08% o1
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Caps(] 15 ™ 28 1087 - ot—q1s
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- _ PAe—=d .y
amo[] w 72[JAasiz, o
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8502
® .
- 2716
ALy hedEY b\’cc
Al 2 A
' Al ol
' Al T [ ve
' I s ESERE Y v [T
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. [R5 AR 1w [JEE -
- \ Agflm oy
u, 1w 16 [0,
! G0, LN LN
S egw wiloy “
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. . L4 QATA BUTPUTE
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] 1 ] ?l T\ ?u : ?r lu
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54L5139I741;5139(-ﬂ, (N}, (W); 745139(N)
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, e B =
2 M | e SR Eot =1
SR T I T N e ey e ] e BT
SRl |elelElElalElg]8 8
Slalala|lala|s5|8|la|Sd|8 |85
S ig|leleleg|o|lololal=|lalalo
<< T . &1 td < : el [+ 4] ~r ~ L
|anc 169 {6575 6D | 7D | 79 61| 711 - : *
AND- | ‘29| 25| 35 2D | 3D | 39 21 31
"ASL 0A 06 | 16 OE | 1E
BCC ‘ 1 190
BCS ' ; ' BO
BEQ | -T0
BIT 2C -
BMI ‘ 30
BNE . | bo
BPL _ » B - 1. l10
BRK o 00
BVC T T 1 50
BVS 1 - K |70
CLC - : , oot bas]
| CLD g . ' D8
CLI : i . ‘ : .58
CLV . | S N B B8 s ‘
CMP - | - co[cs{ps5| - | co|ppn]| D9 , Ccil| bl -
CPX | | EO|E4| EC| - ' T
CPY . T co | ca - cC
DEC | C6|D6| . -|CE| DE -
DEX - | ; NE CA
DEY. B ‘ , 88 | Ba
o EoR. | 49 [ 45 55 lap[sp|s9] | . ]41] 51
INc o [ E6 | F6 EE | FE T
JINx , T 1 E8
INY ‘ Tles | [T ‘
IMP ‘ 4c | 1 ' 6C
JSR . IR 20 | : s : :
“ftpa - | Jas|as|B5| . |AD|BD{BO| . Al | Bl
TLbx A2 | A6 B6 | AE BE
LDY : AO | A4 | B4 | . AC | BC
LSR 4A | | 46 | 56 | 4E | 5F ‘ ~
NOP : ‘ - ' " EA{-
ORA o905 15 “lopf{ipf1a | | lorj11
PHA | R - [T a8
PHP. . , S R 08
- | PLA L e ‘ S 68
{PLP , } e 28
ROL - ~2A 26 36| | 2E|3E
ROR - | 6A 661 .76 | 6E | 7E )
N NN 40
RTS ‘ , L : ‘ 60
SBC " | EQ |E5|'F5]: - |ED| FD | F9 El1| F1
SEC ‘ : o 38
SED. - B "] F8
SEL " - |- ‘ 78
STA- .| ‘ 85 | 95 8D | 9D | 99 181 91
1sTX 86 96 | 8E
STY 84 | 94 8C
TAX ‘ AA
TAY' v : A8
TYA ' - 98
TSX ] BA
TXA o - ‘ 8A
TXS ' 9A
SUMMARY ‘OF INSTRUCTION -CODES AND ADDRESSING MODES . J

A - ——




