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Power to the bits'and bytesi Here is the Mark-II version of
the popular BASIC computer we published a few years ago.
This time we present an even more powerful system with
more RAM, more ROM, an on-board EPROM programmer,
and many more goodies on a single-sided Euro-size PCB.
Ideal ior small control appiications and software
development, the present single-board computer (SBC) can
work with Intel’s powerfu! 8032, 80C32 or 8052AH-BASIC
processor. The latter has an on-chip interpreter that allows
you to program in BASIC with full access to machine code.

H. Reelsen

ICROCONTROLLERS these days are

silent workers in many apparatus,
ranging from the washing machine to the
video recorder, to mention bul lwo examples
in the home. Nearly ali of these controllers
are mask-programmed and therefore of very
little use for hobby applications since the
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program they execute can not be altered.
And even if we could alter the program, the
information necessary to do so —an instruc-
tion set, an assembier language description
and some basic hardware information — is
often notavaifable or very difficult to obtain.
Also, the fast resort of many programmers, a
cross-assembler, is long sought but never
found. In short, many wmicrocontrolicrs,
powerful as they may be, are not accessible

idéé! ~for software and hardware
‘development
.. Programmable In BASIC, machine :
ode of assembfer Lt
L 8032 80C32 or 8052AH BAS}C
mlcfocontrcller

n~board EPROM programme _
Simple to use serial interface o

Clock frequency up 1024 MHz .
(B0C32) or 15 MHz (8032 [- T
8D52AH-BASICY .- .-
"Low-cost a-c row 64-way DIN -,
connector for serial interface and
hardware extensinns

{but bear in mind that they were not de-
signed to be so).

An marked exception to the above
‘misery’ is the 8052AH-BASIC from lntel.
This microcontroller has features that scem
to make it more accessible than any other
single-chip microcontroller wilh a reason-
able price tag. Consider, for instance, its bit
manipulation  instructions, its  internal
BASIC interpreter, its ability to-program




EPROMs, or load a BASIC program into
memory via a three-wire R5-232C link.

n 1987 we published a single-board com-
puter based on the 8052AH-BASIC (Ref. 13,
and it has been a popular project ever since.

The computer was not only built and pro-

grammed by vast numbers of computer en-
thusiasts, its design concept was also taken
up commercially, witness the sudden influx
of 8052-bascd controller boards and devel-
opment systems foilowing our publication.

The single-board computer described
here is an upgraded version of the 8052AH-
BASIC computer. The improvements are ba-
sically a larger RAM and ROM space of
32 KByte each, a memory backup circuit
witly 2 HA RAM dala relention current, a
12.5-V EPROM programming voltage sup-
ply, and, last but not least, the possibility to
use the ROM-less (inexpensive) 8032 or
80C32 microcontroller. A further boon for
e home construclor is that e printed-cir-
cuit board for the presentcompuler is single-
sided and designed with Q.4-mm wide
copper tracks for easy reproduction. This
allows the cost of the computer to be kept to
a minimum. If a double-sided board had
been used, it would probably have cost more
than all the components on it to build the
8032 version of the computer.

The circuit

The heart of the circuit shown in Fig. 1 is
either the ROM-less 80(C)32 CPU or the
8052 AH-BASIC processor. The LS (least-sig-
nificant) group of address lines, AQ-A7, is
multiplexed with the data, and extracted
with the aid of octal Iatch [C3 when the ALE
{address latch enable} signal is logic high.
The latched databits are fed direct to the data
inputs of the system RAM and ROM, as well
as to buffer [C9. The MS (most-significant)
group of address lines, A8-A15, is not multi-
plexed and connected direct to the memories
and the address decoders, IC1, 1C2 and ICa.
The memory map of the system has the
following structure:
* two ROM ranges, one from 0000 to
3FFFr and one from 800 to BFFF;
* one RAM range from 0000 to 7FFFH.
+ An 1/0 range mapped between ad-
dresses C000p and COFF4.

The structure of the memaery map is ilius-
trated in Fig, 2. Wire jumper Bri when fitted
altocates the range from 0000:; to 1FFF; (a
part of the ROM range} to the internal BASIC
interpreter ROM in the 8052 AH-BASIC pro-
cessor. The wire jumper is removed whenan
external ROM (or EPROM) is used, as re-
quired in most cases with the 80(C)32.

The ROM and RAM ranges have an over-
lapping area between 0000y and 1FFFy. The
PSEN signal allows the processor to usce this
‘shared’ area either as program memory or
data memory. This means that the memory
structure of the 80(C)32 and 8052 is not based
on the ‘classic Von Neumann model in
which the memory areas ailocated to pro-
gram and data are arranged as contignous
blocks in the address space. Fortunately, the
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Circuit diagram of the single-board computer. Note that although a 80C32 CPU is shotyou may |
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V,'shawwau may also fit a 8032 or 8052AH-BASIC. The latter brings programming in BASIC within easy reach if you have a PC emulaling a terminal.




present system does allow for a ‘classic’ ad-
dress division. This is achieved as follows:
access to the lower 16 Kbyles in the ROM
(EPROM) area is only allowed when the
CPU suppties the appropriate address, and
actuates the PSEN line. The upper 16 KByte
range can be selected with the appropriate
address and the RD (read) or the PSEN sig-
nal. This means that the upper 16 KByte
range may (unction as a data memory or a
program memery, whiclk is a requirement
for the storage of BASIC programs. The
memory division is realized by a 74HC00
(1C2) whose gates are combined to form a
kind of decader.

The lower 16 KByte block in the RAM
range between 0000y and 7FFFyy can only be
used as data memory, while the upper
16 KByte block can be used as data memory
or program memoty because it does not
overlap the ROM range. The upper block is
therefore suitable for writing and debugging
programs written in machine code,

The address decoding of the RAMSs is ar-
ranged by 1Ca. Gate IC1h combines address
lines AT4d and A15 to provide an input/out-
put address strobe, IOAD, required for the
signalling of access to the address range
above CO0Cy, Le., the range reserved for [/0
vperations.

Although ICq latches the lower address
bytelike [Cy, itis controlled differently via its
OF input which is connected to the pre-
viously mentioned IOAD line. This means
that the 8-bit address is latched only when
IOAD is actuated. Otherwise, the de-actu-
ated IC cutputs are held at +5 V by a resistor
array and so represent a value TTy.

The datalines are buffered by an octal
threestate bus driver, ICio. The RD signal
supplied by the controller is inverted by [Cae
and dctermines  the data  direction
{read/write) of ICin. To keep the external
bus free from all of the data transfer oper-
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ations performed by the processor, ICI0 is
enabled by 10AD via its G input.

Port 1 is freely available and may be used
to convey outgoing as well as incoming data.
A bidirectional bus driver Type 74HC245
protects the controller and increases the
drive capacity when the port is used as an
output. The logic level applied to the P1DIR
connection determines the direclion of the
data. When P1DIR is not connected, or con-
nected to ground, the port functions as an
output (write). The input function {read) is

- selected by making P1DIR logic high. The

2.7 kL resistors between IC11 and the con-
trolfer prevent overloading when port 1 is
programumed as an output while 1C11 sup-
plies data as a resuit of incorrect programm-
ing. The resistors limit the processor output
current to a safe 2 mA or so in this cutput-
against-output conflict.

A memory backup circuit retains the
RAM data when the power is removed from
the computer. A PCB-mount 3-V lithium celi
supplics the required data retention current
to RAM [Ce via resistor Rin and diode Da.
When the computer §s in normal use, diode
D4 conducts and Da isolates the backup bat-
tery. If you have a sensitive voltmeter, the
data retention current may be measured in-
directly as the voltage across resistor Rin
1 mV corresponds to about 1 A of RAM
current.

The RAM is automatically switched to its
tow-power standby state when the power is
removed. This function is effected by a MOS-
FET, T2. As long as the computer is powcred
by the mains supply, the FET takes the CE
input of the RAM low. When the power is
removed, the FET arranges the CE input to
be effectively connected to the retention volt-
age via resistor Re. In this manner, the RAM
is never allowed to be in a non-defined state
{i.c., CE “floating” while a voltage exists
across the supply terminals) which results in

FFFFH _]

EO00H ]

COtCH —

ROM and

AQGOH — RAM {read)

8000H ]

B000H

40004

2000H ] ROM

RAM and

0000H
EPROM
27C256

RAM
62256 LP2

1O Range

910042 - 12

Fig. 2.

Parls of the memory space in the system are shared by ROM and RAM. A special

kind of memory addressing is therefore required to access the right data or program.

arelatively high current drawn from the bat-
tery.

Interfaces

Programming the board in BASIC essen-
tially requires a serial keybeard as an input
device,and a serial display as an output de-
vice. The two functions are probabiy best
combined into a terminal or a PC running a
terminal emulation or general-purpose com-
munication program {sce Refs. 2 and 3).

The SBC has an on-board serial interface
that works with TTL levels. The RX (received
data) and TX {transmitted data) terminals of
this interface are available on the DIN-VGod
connector, Ki. Although the serial inlerface
of the SBC works basically with TTL levels,
there should be no problem in hooking it up
te a terminal or PC with an R5232C-coin-
patible input/outpul. Designed te work
with £12-V signals, most of these interfaces
wark happily with TTL (0 V/+5 V) signals,
although it must be noted that the noise im-
munity suffers considerably whena relative-
Iy long cable is used between the SBC and
the PC or lerminal,

At the side of the SBC, the signat received
at terminal RX of connector K1 is made posi-
tive only and limited toa swing of 5 V by Kon,
a resistors in 8-way array Rz, and dicde D4,
The RS232C signal is inverted as required by
that standard by 112, The serial signalat the
TX output of the SBC has a swing of 5V, and
is connected Lo the RxDinput of the terminal,
The RX input of the SBC is connected to the
TxD cutput of the terminal or PCL

The two interrupt inputs of the board,
INTU and INTI {(pins <3 and 5 respectively
on Ki) enable the processor te respond
guickly to external events. The use of inter-
rupts is of parlicular interest when the 5BC
is at the heart of a computer-controlied sys-
tem. A software interrupl is acknowledged
by the processor with an appropriate servic-
ing routine written by the uscer.

The SBC may be reset svith an extornal
sigmal via the RES terminal, pin ¢l 1 on K1,
Since 1Ciz contains inverting bulfers, the
write (WR), read (RID) and /0 address
(IOAID signals are active-high on connector
K1 Anexample of the use of these signals for
a data input/output decoder is shown in
Fig. 4.

On-board EPROM
programmer

The 8052AH-BASIC processor is capable of
storing a BASIC program in EPROM starting
from address 808001 The lardware Lo do so
consists of opamp 105, transistor Tr and a
handful of passive parts. The non-inverting
input of the epamp is held at +5V, while the
inverting input is connected to pin al2
(PRGY of connector Kt via a 2.2 k2 resistor. A
low level on PRCG takes the opamp output
high. Transistor Tt then supphes a pro-
gramming voltage of about 12.5 Vto the Vpp
pin of the system EPROM, [Cr. When the
PRG lineisat+3 V, the Vpp pinisat 5 V also.
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Hiustraling byte-wide input/outpul for the SBC. Shown here are two suggested exfernal circuils to effect memory-mapped

input/output operations with the single-board computer. Both circuils are wired to the system extension conneclor. The lefi-hand circuit
reads an array of eight push-bultons in a keyboard, while the right-hand circuit is a basic output device that controis eight LEDs.

The ALE signal must be disabled while
the EPROM is being programmed. This is
achieved by the processor making the
ALDIS line logic low. To program an
EPROM, connect the PRG terminal to port
line P14, and the ALDIS line to port line
P1.3. The PIDIR terminal is not connected,
and jumper Br2 is best removed.

The programming sequence is indicated
by LED Ds, which lights only when the pro-
gramming voltage Is higher than about
a5 V. Wire jumper Br2 must not be fitted
while Da lights.

Which processot?

The choice between a 8UR2AH-BASIC, a
B0C32 or a 80C32 processor is up to you, The
latter fwo do not have an on-chip BASIC in-
terpreter, and can only be programmed in
machine code. It is, however, possible to un-
BASIC  interpreler  from the
B8U52AH-BASIC, transfer it to EPROM, and
run it with a 8{C)32. How this can be
achieved s detailed in Refs. 2 and 3. Inaddi-
Hon te the information provided in these car-
lier publications we print another EMROM
downloader — see Fig. 4.
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The B0C32 can work with much faster
clocks than the 8052 AH-BASIC: according to
the manufacturer, it is capable of operating
at a clock of 16 MHz. A couple of our proto-
types hoewever worked fine at a clock of
24 MHz. By confrast, the HMOS 8052 AH-
BASIC threw in the towel at about 15 Mz,

Power supply

The tnregulated power supply voltage to
the SBC should normally lie between 8 V
and 12 V. To enable the 12.5-V stabilizer
around ICi and T5 to operate correctly, a
minimun supply voltage of about 16 Vis re-
quired when an EPROM is to be pro-
grammed. Provided [Ce is adequately
cooled, the SBC may be powered perma-
nently with 16 V obtained from a simple
mains supply: a 12-V transformer, a bridge
rectifier and a 1,000 pF capacitor shouid do
the job.

The current consumption of the SBC de-
pends on the ICs fitted. When the CMOS
80C32 is used, you can expect a carrent con-
sumption between 53 mA and 150 mA. The
HMOS CPUSs (8032 and 8052 AH-BASIC) will
require the power supply to deliver more

than 300 mA. Depending on the type of
EPROM installed {CMOS or non-CMOS),
add another 100 mA or so to the current re-
quirement.

Practical use

The microcontrotler has its own clock gener-
ator which operates in conjunction with a
quartz crystal. Remove inductor Lt when a
quartz crystal specified for fundamental fre-
Gquency resonance is used, as with the
8052AH-BASIC, which will not go faster
than 15 MHz or so. Since most crystals of
20 MHz and higher are overtone types, Lt
must be fitted when a 24-MHz type is used
with a 80C32 processor. A 1.5-pH inductor
then prevents the crystal resonating at its
Fandamental frequency of 8 MHz.

In case the computer does not function
spot on, the power-on reset capacitor, Cy,
may have to be changed from 220 nF into a
4.7 JF tantalum type. This may be necessary
when the supply voltage rises too slow at
power on.

You wili need software to program the
compitter, and to use the compater in con-
junction witha terminal. MCS-52 assemblers
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and cross-assermnblers are available for use on
a PC, and the object code may be transterred
to the SBC by means of an EPROM. If you
~+ant to avoid the hassle of burning

ROMs, debugging the program, erasing
the EPROM and programming it agoin, con-
sider the use of an EPROM emulator which
forms a direct link between the PC used to
develop the program and the larget system,

in this case, the SBC.

By virtue of its internal BASIC inter-
preter, the 8052AH-BASIC is much simpler
to get going than the 80C32: commect the ter-
minal or PC to the SBC via RX, TX and
ground, set a baud rate of anything between
300 and 19,200, reset the SBC and press the
space bar to initiate the automalic baud rale
timing. The message

Track layout {(mirror image) and component mounting ptan of the single-sided printed circuit board for the computer.

*MCS-51 (tm) BASIC V1

READY
should appear on the console display, and
you are ready to slart enlering or download-
ing a BASIC progran.

One finad notes when the 8BO52AT-BASIC
is used, Jo nol suspect o matfunction of the
mcemory backup civenil if vou lind that your
program has disappeared. The BASIC inter-

CPLEETOR FEECTRONFCS 3AY 190§
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FCR I=0 TO 8191 : XBY(I+8192)=CBY(I) : NEXT I

PRINT MUNIVERSAL PROM PROGRAMMER" : PRINT "WHAT TYPE OF DEVICE 2"
PRINT : PRINT "1 = EEPROM" : PRINT "2 = INTELLIGENT EPROM"

PRINT "3 = NORMAL (50 MS) EPROM" : PRINT : INPUT "TYPE (3,2,3}) - ",T
ON (T-1) GOSUB 340,350,360

REM this sets up intelligent programming 1f needed

IF W=.001 THEN DBY(26)=DBY(26}.0R.8 ELSE DBY(26)=DBY{26).AND.OF7H
REM calculate pulse width and save it

PUSH (65536-(W#XTAL/12)) : GOSUB 380

POP G1 : DBY(40H)}=Gi : POP Gl : DBY(41H)=G1 : PRINT

INPUT " STARTING DATA ADDRESS - ",5 : IF S<512.0R.S>0FFFFH THEN 100
PRINT : INPUT " ENDING DATA ADDRESS - ",E

IF E<5.0R.E>QFFFFH THEN 110

PRINT : INPUT " PRCM ADDRESS - ",P : IF P<8000H.CR.P>QFFFFH THEN 130
REM calculate the number of bytes to program

PUSH (E~S)+1 : GOSUB 380 : POP Gi : DBY(31)=Gl : POP Gl : DBY(30) = Gl
REM set up the eprom address

PUSH (P-1) : GOSUB 380 : POP G1 : DBY(26)}=G1 : POP Gl : DBY(24)=Gl
REM set up the scource address

PUSH S : GOSUB 380 : POP Gl : DBY{27)=Gi : POP GiI : DBY(25)=Gl

PRINT : PRINT "TYPE A ‘CR’ ON THE KEYBOARD WHEN READY TO PROGRAMY
REM wait for a fcr’ then program the eprom

220 X=GET : IF X<>0ODH THEN 220

REM program the eprom

PGM

REM see if any errors

IF (DBY(30).0OR.DBY(31))=0 THEN PRINT "PROGRAMMING COMPLETE" : END
PRINT : PRINT "***ERROR***ERROR***ERROR***" : PRINT

REM these routines calculate the address of the scurce and
REM eprom location that failed to pregram

300 S1=DBY(25)+256*DBY(27) : S1=S1-1 : D1=DBY(24)+256*DBY{26)

PHO. PTHE VALUE ",XBY(S1), : PH1. ™ WAS READ AT LOCATION ",S1 : PRINT
PHO. "THE EPROM READ " ,XBY(D1), : PH1. " AT LOCATION " ,D1 : END
REM these subroutines set up the pulse width

J40 W=.0005 ': RETURN
350 W=.001 : RETURN
360 W=.05 : RETURN

REM this routine takes the top of stack and returns high, low bytes
POP G1 : PUSH (G1.AND.OFFH) : PUSH (INT(G1/256)) : RETURN

Fig. 6. Type in this listing if you want to unioad the BASIC interpreter from the 8052AH-BASIC CPU, transfer it to EPROM and run it with
a B032 or B0C32. The advantages: lower cost and higher speed. The pulse timing in this program is based on a clock of 11.0592 MHz.

preteron resel runs & memory test thatclears Reférences::° : ; : .
altof the RAM content. When the programis - 1. “BASIC computer E!eka‘nr E!ecfr(mus No-' 1. Microcontroller Handbcok Intel Corp
transferred to EPROM, you have the ophion vember 1987: s
lo use the programming mode PROG3, 2. “CMOS replacement fi}r 80524 H- BASEC”_.' 2. MCS® BASIC-52 users manuaI IntE!
wehich forces the interpreter o clear the Elektor Electronice January 1990 ' : '
memory up to the value indicated by MTOP. 3. “ROM-copy for'f ASE :
All data above MTOD is retained. B tlaktor Eiectmnus Septemher 1990, L EIecfrmucs Supplementjuly /August 1990

-For further reading:

1984
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”'_Corp 1984, order no. 270010-001. .
3.4“LCD for 8052 -microcontroller”.




