This article describes an
inexpensive singie board
computer based on the

- popular 8051 microcontroller,
plus a bit of assembly code to
get things going.

By _Steve Sokolowski

M

ORMALLY, a number of ICs having

features in common can be classified
as a ‘family’. Devices such as the 87C541
and the 80C525 can be considered as part
of the 8051 family of microcentrollers from
Intel. Although internal ROM/RAM and
the added presence of EPROM are differ-
ent petween individual chips, they have a
number of common features. Figure 1 il-
lust;ates the main blocks of the 8051 com-
putér family. Our development board is
based on the easily obtainable HMOS
805T; of which the basic architecture, port
funétions, programming, and many other
features are discussed in great detail in
our-8051/8032 Assembler Course, of which
part7 appears elsewhere in this issue.

Ci'gcuii description

The circuit diagram of the 8051 SBC, Fig, 2,
shows that very few components are re-
quired to build a versatile development
system around the Infei controller. In fact,
the:gircuit is probably the absolute mini-
mum that you witl need to start program-
ming the device.

The 8051 clock oscillator is run at
11.0592 MHz to enable the serial interface
of the controller to transmit and receive at
any of the standard baud rates between
300 and 9600 bits 57,

The address latch enable (ALE) signal is
useil to separate the data bus signals from
the ‘multiplexed data/address bus signals
on the AD0-AD7 pins of the 8051. The
latch used is a Type 7415373 octal D-type
flip flop with 3-state output buffers. When
the “output enable (OE) pin is low, the
latched data appears at the outputs. When

OE is high, the outputs are in the high-im-

pedance ‘off’ state. The enabling pulses
are: supplied by the 8051's ALE output.
These pulses effectively enable the
7418373 to strip the low-order address bus
from the eight AD lines by turning on the
latches’ eight 3-state buffer outputs at the
corféct instant, thus allowing only the ad-
dregsing information to be fed to the mem-
ory,

The exterrial access enable (EA} input of
the 8051 (pin 31} is made permanently low

here to enable the controller to fetch pro-
gram code from the external program
memory locations in the address range be-
tween 000CH and OFFFH. Here, the pro-
gram code is stored in an EPROM, 1C3.
The serial interface is formed by the
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well-known MAX232 RS232 level con-
verter, which is connected directly to the
serial input and output pins of the 8051.
The MAX232 has on-board positive and
negative step-up voltage converters that
obviate a symmetrical supply. The IC gen-
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Fig. 1. 8051 family micracontroller architecture.

ELEKTOR ELECTRONICS OCTOBER 1992

Fig. 2

eratps
ina:
outpi:
A
cord
the R
side
latchi
dard
at the
refer

ELEK




8051 SINGLE BOARD COMPUTER 41

Pon‘rs.zﬁi Nt BOST
1] =——
PonTs.eg—a INTH

5V VIIIIIIIIIIIIIIIIIIIIIIIIIII/IIIIIIIIIIIIIIIIIIIIIIIIIIII/IIIIIIIIIII?
0 Z sV 7
7 Z
, ? ® 7
4 Z
n ’ Ic2 o 3
c3 72 /
® g 7415373 1128 127 ]
2.2 ” VPP @ PGM ]
H 39 ADO PN ADT 3 \vd PR A0 10 26 %
0.0 3 1B . A0 NG = %
9 eeser po.g |38_AD1 7 LI 5 Al p/m X W) f,’
poz |E7_AD2 g AD2 7 6 A2 \?’Az 8] aa ?
1 . "l ap3 b oAby s 9 a3 A az 7 oo L AR
PORT1.0 fF——1 Pi.0/T2 P0.3 % 7 A3 S——
2 . 35 AD4 /BN AD4 18 19 a4 A48 € m %
PORTI.t 7 P1.1/T2X PO L Aps Aaps 17 16_as N 26 M n2 2202/
3
PORT1.2 —{ P12 PO.5 4 _"—\?‘/—5 A5 15 ADZ /Y
4 33 AD6 YA\ ADS 14 15 A6 W4 A6 4 D3 4
PORT1.3 F—] P1.3 P06 4 ——\//——-—— a8 EPROM o4 z
32 ADT A\ AD7 13 12 a7 Y ar 3
poﬂﬁ,qﬁ—-——éu P13 1c1 PO.7 //— A7 ’ .
i T a8 25 D5 f
PORT1.5 —— P1.5 % ag 2764 g
7 - D5 2
PORT1.6 J—— P1.6 g a0 3
8 4 a0 21 o7
FORTLTg— P1.7 7 A10
Y A1t 23
7 Atl
? Al12 2 Al2
4 e o
/ -
80C31 z el =
7 22 |14 |20

P2.5 L,()’Pomz.s

t4
PORT3.4 —— T0
a4, p2.6 L — s PORT2.6
PORT3.5 O 16] s p2.7 22—y PoRT27? K1
Poma.aﬁ—1 WR 2
ponTa 7 F— ] AD PSEN 1 _o\
axp 1 14__._.....0
N teaiie ™o 1t 2 ;'cs 2o
[ ] 5
1 Vi 10 BV 1o
e X1 X2 cé gm Ci+ 16 3
20 f9 18 ® @ g _OO
m'h ci- IC4 c4 telephone 4_"0
11 14 = i ]
c2 &1 i mout 5 |ai ]
X1 2] gsour T RCEIT Y N sl
aop 30p 2 paout rain (8 yellow 18|
® 10} o T20UT |L , OUF of ©
— ca —H cov 1 red 1°
re: 1
2NN g
MAX232 15 GND | 7
s - o 0
a7 cr black 20
RJ- 11 8
™ 2 Ve
2
——0
Ho
2]
1)
23
. Lo
Centronics Female 14
Connector 24"'0
0
12
12v e
250mA 5]
1
Ho
L 920102 - 12 /

erates internal supply voltages that result
in a swing of 20 V (£10 V) on the R5232
cutput line.

A short length of inexpensive telephone
cord is used to connect the 8051 board to
the RS232 port on the PC. At the board
side of the cable is a 4-way miniature
latching telephone cord plug, while a stan-
dard D25 sub-D connector {female) is used
at the computer side {for pinning details
refer to the circuit diagram).
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The power supply of the SBC is a classic
one designed around the 7805, The mains
transformer could be a small mains adap-
tor with a.c. output. Such and adaptor will
in many cases be cheaper (and in all cases, -
safer to use!) than a discrete transformer.
The current demand on the adaptor wiil be
between 250 mA and 500 mA, depending
on the circuit fitted in the extension area
on the 5BC board. In any case, the 7805
will run fairly hot, so it must be fitted with

Fig. 2. Circuit diagram of the 8051 single-board computer, its power supply, and the serial interface connection to the PC.

a heat-sink.

Building the $BC

If you are interested in building the pre-
sent 8051 development system, you:have
two optons: {1} produce the PCB youiself
{using the artwork given in Fig. 3).and
purchasing the components from your
local stockist, or (2) purchase a complete
kit from Suncoast Technologies. -




: The following few paragraphs are in-
tended for those of you who wish to as-
gemble the 8051 SBC on a home brewed

printed circuit board, which will probably
not be plated through, contrary to the one ~

supplied by Suncoast Technologies. Since
2 {air number of PCB through connections
s required, it is best to use Molex clip-type
tonnectors for the IC sockets. These clips
can be placed in the holes provided for the
IC pins, and soldered at both sides of the
board before they are removed from their
tnetal carrier. The resulting pin strips then
form an IC socket. To reduce cost, you
fnay want te use Molex connector strips
for the EPROM socket only, and solder the

B051, the 7418373 and the MAX232 direct -

on to the board, making sure that alf pins
are soldered at both sides of the board.
Capacitors Ca and Cs are electrolytic
types and require proper placement on the
board. Mis-insertion of these polarity sen-
sitive components can spell disaster for
the part, so take care while fitting them.
The R]-11 telephone jack was designed
in such a way that it can be inserted on the
board in only one way. Carefully line up
the four ‘pig-tail’ terminals with their cor-
tesponding holes. When lined up, care-
Fully press the jack on to the board until its
mounting clips protrude on the opposite
side of the board. Solder the four contacts
at the solder side of the board. Finally, fit
the crystal and the two ceramic capacitors.
Note that the SBC has a large prototyp-
ing area. To help eleminate the need for

8:pin.IC sacket (se

rinted, circuiit board
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extra wiring of the voltage buses, the
board also contains a common ground and
positive supply bus etched in. Tt is this
area where the required interfacing com-

ponents for future projects can be
mounted, The power supply may also be
hand wired in this section.

Inspect the completed board for solder
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Fig. 3a. Component side and scider side track layout of the PCB.
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splashes, dry joints and solder bridges.
When all is to your satisfaction, the 5-volt
power supply can be connected to the
board.

Testing the SBC

Shown in Fig. 4 is a test program in assem-
bly language. When programmed into a
2764 EPROM, TEST.ASM will determine if
all address and data lines are wired cor-
rectly. It aiso checks the serial cable to the
PC, and the wiring of the MAX232.
TEST.ASM uses the serial output fea-
ture (CHR _QUT) of the 8051 to print any
character on the computer screen. It also
allows keyboard input (CHR_IN] to be
echoed to the screen. Both CHR_IN and
CHR_QUT check out the operation of the
MAX232 chip. If either feature does not
work, double check the wiring of IC4 and
that of the interface cable assembly (which
also includes the Rf-11 telephone jack).
TEST.ASM was written to be assembled
into machine code with the A51 assembler
(version 1.4 or earlier), an inexpensive
program that can be purchased from just
about any shareware distributor. Once as-
sembled, TEST.ASM is converted into a se-
ries of hexadecimal numbers (TEST.HEX).
Although converted, TEST.HEX can not be
loaded into an EPROM just like that
Further conversion is necessary, and for
this ~ HEXBIN.COM is  proposed.
HEXBIN.COM takes the hexadecimal for-
mat of TEST.HEX, and transforms it into a
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8051 SBC Yest Program
; by: Sunccast Technologies
Spring Hill, Florida

;
¢ Program set to 1200 Bauds

JEQU £5C,H'IS
LORG H'0000
INIT: Hov AR
MOV SP,A
kA
MoV PSW, A

i

; THITIALIZE SERIAL PORT
KoY SCON, #H' 52
HOM THOB, 420
Hov TH1,AH'ES
SETB TR1

i

; PRINT GREETINGS

;
HENU: LLALL,  XSTRING

.08 e
.be "8051 single Board "
.0 "Camputer Test Program"
DB “\rinin"
.08 ESC
LOOP_1: LCALL  XSTRING
.08 "Hit a kay - I will echo ¥
0B “the character ‘ninir"

.oa ESL
LOOP 2: LCALL  CHR_IN
CIHE A HBT13, L0082
DB £st

LCALL
.08

LJHP
,: 'PRINT!
i
ASTRIMG: POP

POP
SRT_1: LR

My
DB ESC

PROGRAH

XSTRING

LooP_2

DPH
DPL
A

HovE A, A+DPTR
sTR2: N TI*
e m
Moy SBUF, A
INC 0PTR
LR A
HOVC A,A+DPTR
CINE A HESC,STR_2
HOV A1
JHP QA+DPTR
H
: SERLAL  1/0
THR_IN:  JNB RI*
LR R1
Hov A, SBUF
AHL ALHNTE

ACALL CHR_QUT
RET

H

CHR_OUT:  JNA 1%
CLR T
Hov SBUF, A

RET
JEND

92010213

Fig. 4. An assembly language program to test your new 8051 single board computer.

binary file {TEST.BIN), which is pro-
grammed into the 2764 EPROM.

Once programmed, carefully insert the
EPROM into its IC3 lecation on the board.
With your PC running your favourite
communication program (QMODEM, PC
TALX, Procomm, etc.) at 1200 baud, take
the mains adaptor and plug it in. Within
an instant the SBC will display the follow-
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gram, and was not meant to be. It s in-

- state-of-the-art programs. R

Fig. 3b. Compcﬁent mounting plan,
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ing:

8051 Single Board Computer Test Progfam
Hit a key — I will echo the character .

Now, just for fun, type “Hello there” on
the PC keyboard, then press the ENTER or
RETURN key. The keyboard input wiit be
echoed and printed on the next line. When
the 25th line is reached, all text is scrOlled
up by one line.
If you wish to start programmmg to
8051 single board computer, 1 suggesf you
obtain the collection of ‘start up’ progiams
contained on a floppy disk suppiled by
Suncoast Technologies. This 54-inch
MSDOS floppy disk (3%-inch not avall-
able) contains the following conversion
tools that can be run on any IBM PC or
compatible running under DOS 2.11 or
higher: :
- simple communication program
- program editor
- A51 program assembler
- D51 program disassembler
- hex-to-binary conversion program '
- 8051 test program in .ASM and .BIN

Final thoughts
TEST.ASM is not a very elaborate: pro-

cluded here so that you can quickly,and
easily determine that your 8051 SBC is
functioning. As the programming of the _
8051 chip becomes easier, you will no
doubt start to come up with your. own

Price and ordering information relevant to'.
the 8051 single board computer and the as- -
sociated software is available from .7
Suncoast Technologies, P.O. Box. 5835, -
Spring Hill, Florida FL 34606, U.S.A.




