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The most appropriate description of
| this new CPU card might wall ba: an
| independent, single-board computer in
| eurocard format. Much effort has

| gane into enwuring that the card is

| truly universal, The choice of a G502
microprocassor is a natural: well-

| known from the Junior Computer, it

| has the advantage that a range of

wall-tried hardwars and software is

readily availabla.

This new CPU card may well be congdersd
the most wvermtils in the Elektor micro-
processor programune. And not without
reason. Howewer, belore we heve a closer
look at jts characteristics, let's see what
applications it offers: that should give you
same idea of its versatility,
8 Single-board contral computer for:
— machine control;
- processing guard;
- miorse decoder;
— talephons sebector;
- simulater or emulator;
~ PROM/EPROM programmer,
® [n combination with other uF cands
with VDU card: a universal terminal
{mee elmwhare in this imae);
— with VDU card, dynamic RAM card,
and a fMoppy disk interface: an in-
telligent terminal (see the article ‘VOU
card’ in cur Seplember 1983 izsue where
this set-ap was already sugpessed).

The block schamatic
The microprocessor is shown at the keft-hand
side of figure 1: it can be either type 6502
of fts CMOS low-power version, the 65002
{s=## “applikator” in our Dotaber isue) The
clock generates frequencies of 1, 2, and
4 MHz: the required clock frequency can be
sabected by masns of & wire hridgs. The
address buy is fully buffered and available
pither direct or inverted. The data bas is
also fully bulfered. The contral bus is not
buffered, but that isof course, normally
Bl ASCHEEATY.
Then follow two WiAs (Versatile Interface
Adapter), 1ype 6522 or 65022, The ope-
ration and oconstruction of thess faicly
complicated ICs are fully described in our
VIA 6522 bock. Briefly, this 1T offers two
B-bit bidirectional inputfoutpat ports, four
handshake lines (by which data interchange
ir controlled), twa programmable 16-Bit
timers or counters, and an 8-bit serial shift
nfout register.
Mo, the 6551 ar 65C51 ACTA (Asynchro
nous Communication Interface Adapter)
is also a varsatile IC. Heve it is used for the
RS 232V 24 intecface (baud rate, serial/
paralle] conversion, error detection, and s
en) In other words, the ACIA arranges the
sorial data wransfer, Some additional gates
are connected between the 6551 and the
RS 232 conmector 19 provides any necessry
level matching (the RS 232 operates from a
positive and a negative supply).
There is space on tha card for ons
RAM-IC and cne EPROM-IC, Faor
the RAM thers is a choios batwesn
a 2kbyte and an B kbyte CMOS
memory. There ane also various
. possibilities for the EFROM:
= 2.4, B or l6kbyte.
" The ViAs and the ACLA have
& comman address decoder, whils
the memory-1Cs each have their own.
Also, all ICs are connected 1o the address
and data buses, and, with the sxception of
the EFROM, to the control bus
A resat circuit ensires that the computer is
automatically reset when the power supply
Is switched on. Manual resstting is also
possible,
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Figurs 1. The bloak
A 64 way connector, inte which the contral ghamatic of the CPL
bus, the buffered :ddn: and data buges, Features of the CPU card card, nm'mu-..
+12 ¥, and +5 V are terminated, is provided Fghor Ol APt
for connection to the Elektor buas. = 5502/65C02 CPU
Raturning to the VIA comnections: on the = 2x6522 VIA
first VIA, port A fs used for a paralle] key. | ®m 1x 6551 ACIA
board connection and port B for a Cen- % Zor8k RAM
tromics connection. On the second, ports A ® 2.4 8 or 16k EPROM
and B are both used for the programming = complete sddress decoding
{by means of shorting-plugs) of the ACIA, ® fully buffered address and data buses
ﬁﬂl‘h:hhﬁ i::ﬂ(uhbhm :“tllmlmm:ym‘
e VDU ), and some others, all
¥ ® cliock frequencies of 1, 2, and 4 MHz
of which are enumerated in table 1. . B kb
The electrical diagram = four 16-bit timers
A loak at figure 2 will soon show that there : ::tmﬂm
is not all that much to add to the description | g ol ) e
of the block diagram, At one side there is | 5 Beomerie! boar o
again the 6502 IC with beside it the three = RS232 5
state buffers N11 . .. N58 for the address = A0k insiad into
and dats buses The clock consists of two = nes term CONNACIors
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ﬂlﬂﬂﬂlmdﬂz,mm‘hymﬂhﬂui. may be connected betwesn poinis P and Q
FF1 and FFZ. Shorting plug PL14 snables  to provide a manual resee facility.
sslection of the required clock frequency. If,  The address decoder for the VIAs {IC2 and
for insance, you want to use an external IC3) and the ACIA (IC4) consists of gate
clock, dividers FF1 and FF2 can ba made H59; that for the RAM (IC5) iz H&0, and
‘ inoperative by connecting point M 1o N, for EPROM IC6 it is N61.
| Clase to the clock you see the reset circult A erysal s connected to the ACIA for the
consisting of gates N71 ... N73, When the  generaticn of various baud rates, Gates
‘ H?ﬂmlyhnﬁmhdmlhnkcm H&2 ... N68 are level equalizers which
R17/C1 ensures a half second delay before  translawe the symmetrical dgnals of the
the resst input of the CPU is actuated, If RS 232 to apymmetrical 5 V ones for the
required, a spring-loaded push-button pwitch  CPU and wice versa,
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When bipolar ICs are used, power dissi-
pation amounts to 100 mA at £12 V and
1...15A at #5 V. If, howersr, CMOS
:Ircummuud current

mmptbndmm
1o about 100 mA overall, so that [t iz then

possble to supply the CPU from primary
al.lwnehr’nrghm

Construction
The ved -cireuit boards for the CPU eard
are ghown in fiqures 3 and 4. Two for a

mm’mwﬂlw Well,

o pre-program the cand) we juit could not
get the whole CPU on one board of surocard
format, and in the end we had to compa-
ks on one largs (eurscard | and one smiall
board,

Both boards are double-sided. so, befare
mounting any components, check with a
multimeter that all through-plated holes are

Figara Z. i1 tha hilocks'

| i Figurs 1 are repleosd

ey 1€ tha circuit diagrem
mmruhhhﬁl
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EPROM is used, the Z24-pin

into their respective ssckets. If &

stripa for which shoming plugs are available:
examples ane ghown in the parts kst

Omnce everything is saldered In place, insert
2716 or 2732

the ICs

“_.:_ uuuu. I

refpective positions. Apart [rom the S5-way
is recommended (o use terminal

conmector, which should be a DIN 41612

sound, If so, solkder all resistors, capacitors,
crystals, IC sackets, and connectors in their

male, it

r QO _-:: ..:..:E.

Figura 3. Thea double
plated malm printed

chtur boand which housess
the CPU, RAM, EFROM,
clook | sred resem logio
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Part list C2.C7.. . CH=100n ICT = 740504
L ICH = THLETA
Aoy c3 OB = 1 n caramig B = T4 LS50
At AZ AN N K10 1€13 = F4L5240
470 01 BEMEnNIUCIONE IC14 = TALE24N
A3, RID, AIA. A18= D1, Di6=1N414s  IC15=745133
i 11 = G802 (65C021 (T ALS1IT)
RIT = 10K IC2, 103 = 6523 (65cyy  'CVE, IC17 = T4LE30
L1 F] A=Wk 164 = G551 [BBCS11 IC1B= 1468 {SN751883
ICS = BE1E, 6554 IC18 = 1488 {SHIE18H
Capacion IC6 = 3718, 2732, 2784, PG = VALEDS
€1 = 47 u'lh v slectrolytic  ITIIR
Tabls 1
connector| insssconnecticn | function PL? J
LI = | parasel smytoara cannection PLE
e | - Cantraniciconssetian p |
mMma o table 2 | ACLA-progrenming FLE
&, 6, 7 or 8 dmabing FL1O
. 1.5 0+ 3 vloghits PL13
rrimrnad fewoernal chock
PLA o Eabile 2 ACHA-DIGGramiming PLIT |
wihatde idiaahle-inerrups
erabdedizshle | RO-line FLIZ
i e -conirod 4 £ T
rernal fechomods | PLI4
wwenodd (o parity
| | ek fmsce-paricy
PLE - oulpsn of DOrT &5 B R |
. 4 linm
PLA on “u neepraal Image forma : ealy in

v
elsawhere in |
i s |

el natian with VDU card

Minceilsnmgun: P& 133
K1 = cryssal, 1 8432 MHI 2% off shaming phags far
X2 = pryunel, 4 MHz sove, #g. Malex
Gy StfnmBciss 1o na, TESS *
DIN 4161 L male
2 G er rabfal Gtrip 40 x 3
pins, 8.9, Mobes
B2 A-102 *
(1S 1 e
1 il terrminal warip 168 x 2
i, e.g. Moles

*Available from
Fechnomuatic Lid

BH24-4. 103 *
| A 232 connectian -
12 I e vl
= | high speed VTETSmrminal
depercient upon | AAM adress decodong
spplicarion Lary snnmpde 1§ geen in

ufdwiial fermenal” slswher e
i this msue

dopencent upon | Eprom sddress decoding (we,

B Catn Fof inuLasss, [P arietie
| ‘urrgme gl terminad =
ook Trequency
L] 4 MHs
12 & MHz
34 | BiHz
M-N inaenonnrsct il ewisrmal
(= B R
L] with gpringJosced push 4urtton

Bor reanusl s ol Perwtis
wve-bruige for ayiomatic
RSO B DO Ton'

IC iz inserted 8o that ity pin 1 mabes with
pin 5 of the sccket. Then, depending upon
your individual requirements, amd with
the aid of Table 1, place the shorting plugs
a5 approprate,

Next, azing threo spacers,
board cnto the rger one.

coanections betwesn the two - DO,
A, .. A%, TED, C51, CBF, 42, RW,

Tatsbe 1. The varous
PrE-PrOTE mening Dok
helitkes of gha CPU cand:
all Feguired comnectsn
wre e lusded

mount the small
The necessary
«' DT,

RES, [RQ, +12V, =12V, +5V, and

11-37
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Figure 4. The auxilary
peimimd cireus board
wwhach coteie the ViAs
and the ACIA,
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| — ghould then be made with short langths
al wire,

Fimally, mount the 1Cs onto the smaller
board and place shorting plugs as appro-
priate, Suitable coamectors, like that for the

{(TTTITIT LIl

RS 232, may be added as required, Do not
forget 1o connect the address decodar NS5
by msans of short wires,

This completes the CPU card, The cholce of
memory capacity of EFROM and RAM, az
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Tahla 2
CONNECTon ] pan nos fanction pin nos funciion
L2 12 | Peatviedd & 4800 Bite 123456 parity it
0 {= openl | 1 stopbit L o mane (— = don't cerel
T = chosesd) | 2 woptsits | 1.5 Tor & word lengih {« J 1 | ocdy)
l A (ol 5 bita) |- Lo bk v
3456 Tword lengsh R ik
[ ] | B bty 1 11 wace
o1 T bats 18 made
LI | B eits a o rsal
| T 1 ;5 bty 11 | #echa
74 baud rate genenator 9101132 tranam fter-contrals
o axtarn 4] a CramamiTEe inierrunt disabled
1 e T S-bwwed Iigh, ranamen. ot
810 11-12 1314 1510 | baud rate: ) transmit. ink, sheblad
o o o ] 50 e RTS ewel low, tranamas. on
(] 0 1 O T8 gl 1 0 | trasemit, g, ddisad e
[ 0 1 1 109 97 baud RT5lewel low, traramil. &f
o 1 o O | 134,58 baud ] 1 | traeven it inf. desabled
0 1 0 1 180 bl | RATS Jevel low, anama, beask
o 1 ] 0 | 300 baud 1314 1RO -interrupt
o 1 1 1| GO0 baud a #nainled
1 0 0 O | 1200 bavd =y | siatsied I
] o 1] 1 1800 baud 1516 recelveT + interrunite
1 "] 1 0 | 2400 baud 0 dlisabie
I o 1 1 3500 baud 1 | anatiin
11 ] o 0 | 4800 baud
] 1 o 1 1200 baud
1 1 1 0 | 650D baud
1 1 1 1 VXKD baud
] a 1] 4] 16 lexrernal clock|

well az of the program the EPROM shall

contaln, is, of course, dependent upon the

application and size of the system in which
the CPU card is to function.
Lastly, we would draw your special atten-

tion to Table 1. This table shows clearly
which connections have to be made for
specific applications and its importance 1o
such a wersatile clrcuit as this CPU card
cannat be owerstated!

Table 2. Espansion of ike
ACIA programmang by
means af short -circuity in
conneotens PLI and PLA

|
|
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.. linking
the computer
to the user

Figure 1. The layowt of ihe
uruiwsnal termanal with sl
Pk oo nme oo,
Comnacting 8 TE&it
wamputer [los sstancs, &
Forca 11 which it hadad an
& BEODD CPU wiskds, 1o

The combination of the CPU card featured alsewhere in this issue and the VDU
card published in our September number, with the addition of a keyboard, a
maonitor, and the necessary software results in 8 universal terminal which is
really inexpensive for its capabilities. The terminal has an RS 232 connection
with WT 52 protocol and can therefore be coupled directly to any computer
provided with such a connection, An example is the 16-bit Force |l which, in
conjunction with this terminal, gives an axcellent cost/performancs ratio.

universal termindll...

This universal terminal thould not be
thought of as just a replacement for the
Elekterminal. Connecting the latter to a
large computer gives immediate probleams
because it does not provide handshake lines.
The present terminal, hewaver, provided as
it is with an RS 232 connection and VT 52
protecs], can be connected 1o a large com-
puter without further ado. (The VT 52 pro-
tooe] is a communication agreemeant extan-
sively used in industrial terminal appli
cations.) As the RS 232 s a serial connec-
tion, it is also possible, by means of a
modem, 1o communicate with a so-called
ot computer anywhere in the world over
a wedephone line.

Moreaver, this universal terminal, in contrast
to tha Elekterminal, provides an adjumable
image format and graphics possibilities.

Construction

The general layour of the terminal is shown
in figure 1. As can be seen, all constituent
parts have already been described: im 'CPU

tha bast of our knowledge, | =ard' elsewhere in this fswue, and in “WDU
vha ehaapen 1l-bit card’ in the September issue Basically, the
rystam e T
1
s WEFIT (TSI
rampE B
- -!lm
| I e _JHJJ W
: | .
'I'wlﬂT i
& o
ramm
e L
- et
amalmied
lll‘hlﬂl
E i baared

N Aeaennid i 2

AR by

i lJ-'l-‘l-J:I]IIl.m‘

construction consists of combining a CPU
card and a VDU card by, for instance, the
Elektor bas board, amd conneciing a monitor
(o noremal TV rectiver) 1o the VDU card,
and a keyboard to the CPU card. The re-
quired scftware for the gystemn can be con-
tained In a 2732 EPROM for which thare Iz
a convenignt slot on the CPU card.

It iz also possible to connect a printer with
Centrondcs interface to the terminal
Furthermore, some preliminary work has
been done towards a light-pen connection,
bt this option will have to wait until &
futare izye

The CFU card is programmed by means of
shorting plags, for instance, as regards image
format and memary index. The shorting
plag positions for these specific applications
are given in table 1. The memory index will
then look as shown in figure 2. The image
format must, of course, be chosen in relation
10 whether a proper moaitor ora TV st is
aged. I the latter, it is recommended that
fewer characters per line are selected than
with a monitor,

The addres decoding of the 2k RAM and
4k EFROM used in the present project is
also arranged by means of shorting plugs as

T
A




indicated in table 1.

Furthermore, a numbaer of connactions have
1o be made on the CPU card between the
outputs of the address buffers and points
A ...J to obtain the chip-select signal for
the various ICs. These connections should be
made by shart lengths of wire soldered to
the appeopeiate connector-ping, according to
the circuit diagram of the CPU card.

The

af the ACIA (PL3 and

PLA4 on the CPU card) should be carried out
with the aid of the manual of the computer
usad, and table 2 in the CFU card article.

Software for the terminal

Appropriate software is, of course, Indis.
pensable for the correct cperation of the

terminal. An

{ES5 525)

associsted program
hmmmmmmm
program consists of the fellowing parts:
® Console Command Procesor, which
engzures that the varkous commands are

axecuted

8 Video routines and sub-routines [cursor
control, and o0 on) which are mecessary
far the proper operation of the VDU card

m Table of commands, which ensures that
keyed.in commands are ‘understocd”

® Camtronics output routine, which
necessary for printer contral

® [mage format table with which the preset

image format is realized.

The Conscle Command Processor reads the
keyboard and distinguishes betweesn normal

2
L]

IEMpTEry Variasion

and painten
[ F]

2k AAM
L1 ]
stack

e
WIEE

VIA T [ICZ]
e
cine

VIA 2 [IC3)
i |

ACIA [1C4)
i
1]

CAT -conirollar

text and commands, a lst of which is given
in table 2.
A source listing of the relevant program =S
together with additional information (VDU 3 4k EPROM|
Paperware) will become available through videa driver
our book service in a few months' time, The
additicnal information refers to the combi- wectar NI {
nation of the VDU card with the CPU board 17 en HES w
and to the CRT controller, the ACIA and " \
the charscter genarator. "] ran,
Tabile 1 Tabls 2
__ joode Meved @ | commend
E_ : = L [ 1] Il:ll ‘”:—n— wiwm
PLE mage dormat Ll T et
T [k rn~ FETALMY | bark pace
R B0 x 74 | 1848 | EER) Ll Fairgs homa
54 B0 26 VIS 58 | se mi rvoe G
34 Bl u 1B SB3 | PESCY ICH i e
34,546 B x4 ABd | EESE (D) e leh
1.2 af x 77 TB4E | GESDI K] ariid 1 osd ot lesd
1.2 548 4= 12 ’rll-!_ﬂlltiﬁllﬂ | wrmia b ed of wreen
1.2, 34 28024 sois | icTALKl | e up
3 = ICTAL: nghn
123458 z"‘"""“ | By | rCTRLG g
MR | ETALE i b s oA i
= 1A | ETALE) chaar ncrwen & Forma
L8] 34, 78,1002 | BAM sddees | W18 | dCTAL) G home
1516, 1920 arting | :h HETALJI U dovwn
PLID mang for mw,‘ 1 | ICTELM nEbecl) dmalect canironss
2 CRM | TOBZ | AESC (M) dalatm L=
PL13 12 QI-UTFF 74 | IESC! isd o orpwr 1 gy
| 3A  HESSI 1] e B T
| 1:5- l::ﬁcl m wem b el o e
P 18 | JESE) I8 i Lo el 2 |
:‘:j:‘-lﬁm 1858 IESCH 1Y) [T b-dnl:-r-!
PL11 12,58 Tor ddressing e | IESC Iyl v 1o enad ol waman
PLIZ | 12781718 | FOOOFFFF | 4082 | (GTALEI | somdameiens htf avpion

unharsal teominal .. .
#lakEar nevienbi’ 1983

Figurs Z. Sumamary of the
mamory ndix.

Tabile 1. Tha dlicas how
tha CPU eard in
programmad for this
applcataan by means of
vhasnineg plugs. Pro-
gramming of the ACIA i
earrind ot with the aid
of the manual of the
eamputer used and tabls T
wf tha CPU card snicls n
Ahisd aus,

Tabla 2. Commuands far the
gursnr contral snd the
wriding af {pari o1 tha

noraEn,
[CTRL . . . msans that o
Wy iv pressed white the
camlral ke H prasssd snd
ESC . . . imdicates the
ICCREEYE priaing of tha
wicaps kay and another an
shown. ]
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