
Constructional Project

GINORMOUS
STOPWATCH
NED STOJADINOVIC Part 2 ____

1

Now you're "up and running", why
not add some Giant Displays to
your events Stopwatch.

Tins Large Digit Display unit v a.
originally designed for use with the
Ginormous Stopwatch module pre-

sented last month. It has 178mm (7 -inch)
characters and can use high brightness
I.c.d.s for dazzling daylight performance.

It can also be driven from a standard
computer serial port with the optional
adapter, allowing it to be used as a score-
board, bingo number display. clock, etc.

CIRCUIT OVERVIEW
The heart of the circuit is a PICI6C54

microcontroller and this has two relatively
simple tasks. The first is to receive serial
data from the Stopwatch module or com-
puter serial port. The data reaches the
micro via an optoisolator (IC4), as dis-
cussed in Part I. and the individual digit
modules can be daisy chained together up
to a maximum of 16 modules.

The software responds to all 16 address-
es but the Stopwatch module only uses
seven of them. Downer, when driven from
a computer using the Serial Port Convener.
the Large Digit Display units will respond
to all 16 addresses.

The second task is to switch on the
various segments on the display to form the
digits 0 to 9.

SOFTWARE
In keeping with the author's stated objec-

tise of designing without designing. he used
two pieces of software from the Parallax web
site at wwwparallaxinc.com. These were
from application notes concerning receiving
serial data and utilising a jump table to dis-
play digits on a 7 -segment display. Readers
are referred to these notes.

It is interesting to note that it was easiest
to choose the same crystal frequency as the
Stopwatch module (3-2768MHz). This
allowed the author to play with the soft-
ware's "bit_k" constant without worrying
about serial link compatibility between the
Stopwatch and Large Digit modules.

Of course. large display modules that are
to be driven by a computer must comply
with the standard computer baud rates and
everything has been standardised at 9600
bits/sec.

It was necessary, though, to come up

with a protocol to address the correct
module and tell that module what number
to display. This turned out to be quite easy.
and it can be done in one byte.

First, consider the number to be dis-
played. In binary you need four hits to dis-
play the digits 0 to 9. like this:

Decimal Binary
0 0000
1 0001

2 0010
3 0011
4 0100
5 0101
6 0110

0111

8 1000
9 1001

Completed -7-segment- Giant Display
module. The figures measure 178mm
by 100mm approx.

. II

. it

Actually, four bits will allow you to
count front 0 to 15 (binary 1111). but we
only need to count up to 9. Let's call these
hits "n". as in "nnnn". Similarly, four bits
will allow aL to have modules numbered
Irons 0 to 15. call these bits "d".

Computers and PIC micros like to deal
in bytes. which are eight bits, so the soft-
ware makes the "nnnn" and "dddd" hits
into artificial bytes:

dddd becomes dddd0000, which is one
byte

nnnn becomes 0000nnnn. which is
another byte

The two bytes are ORcd together
(inclusive -OR) bit by bit to form a single
byte which looks like ddddnnnn. This
single byte contains both the module
number and the digit to he displayed.

For example. to make module I display
the number I. the output byte would be
(X1010001. To nuke module 2 display the
number I it M. ould he 00100001.

CIRCUIT DIAGRAM
Referring to the circuit diagram in Fig.',

data is received via the optocoupler IC4.
The driving device (e.g. the Stopwatch)
switches an Le.d. inside the optocoupler on
and off and the light from its l.e.d. shines
onto an optotransistor. switching it on and
off in unison.

Resistor RI holds the output of IC4. pin
5, at 5V until the transistor switches on and
shorts pin 5 to ground. Pin 5 is connected
directly to the PIC microcontroller 1C2 at
its pin RB7, which is set up as an input pin.

\\'hen output pin 5 of 1C4 is at OV. it
switches on transistor TR1 and. via current
limiting resistor R3. causes current to flow
through optocoupler 1C4 of the next digit
module. In this way the modules are daisy -
chained one to the next.

Dual -in -line switch SI to S4 is used to
set the digit's module address number by
placing the relevant code on the PIC's RAO
to RA3 data pins. Pins RAO and RAI are
normally held at OV via resistors R4 and
R5: pins RA2 and RA3 arc normally held
at 5V via resistors R6 and R7. This method
of biasing was done simply to make the
board design easier and the software takes
it into account. When the appropriate
switch is closed, the logic level seen by
pins RAO to RA3 is inverted

The status of the switches is read when-
ever a serial data byte is received by the
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PIC via its RB7 input. The 4 -bit status code
forms the -dddd" bits referred to earlier. SERIAL INTERFACE LARGE DIGIT

DISPLAY
Pins RBI) to RB6 of the PIC are used as

the 7 -hit output to the seven sets of 10
I.e.d.s that make up the seven segments of
the display. The PICI6C54 cannot by itself
handle the current required by the I.e.d.s
and so 1C3 acts as an intermediary. buffer.

This device is a rugged little chip intend-
ed as a solenoid driver and can handle
almost 50V and 500mA, and is nice and
cheap as well. It is essentially seven open -
collector Darlington transistors that can be
turned on and off by the 5V and OV logic
level voltages from the PIC.

The I.e.d.s are arranged in pairs in a
series/parallel arrangement, meaning that
one pair is connected in series with the next
pair. There is a voltage drop of nearly 2V
across each l.e.d. or pair of I.e.d.s in a par-
allel arrangement and the five pairs arc
arranged in series.

Thus the five pain will drop the I 2V sup-
ply by 5 x 2V. or about 10V. leaving the bal-
last resistor with 2V (12V - 10V) to to
Leto. The I.e.d.s run well at about 20mA and
so a simple application of E = IR gises a
value of 100 ohms for the ballast resistors.

The value of the ballast resistor is not
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Fig.2. Circuit diagram for a simple Serial Port Converter Interface add-on. The
values of resistors R18 and RI9 should be 330 ohms for 9V and 560 ohms for 12V

critical and the I.c.d.s will put out good
light from about OhnA to some 3OmA.
which is the maximum for most I.e.d.s. If
you need to save power. try putting in 220
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Fig. 1. Circuit diagram for the Giant Digital Display module.

ohms ballast resistors and see how the light
output looks.

The decimal point and colon I.e.d.s are
done the same way except that the I.c.d.s
are all in series as there are not as many of
them. These I.e.d.s are not controlled in any
way and arc simply connected across the
I 2V power supply. via limit resistors RI5
and R16, constantly remaining on while the
power is on.

SERIAL PORT
CONVERTER

The digit modules can also be driven
from a computer serial port with the aid of
a converter module interface (see Fig.2).
This is simply a Darlington transistor
switch (TR2) which converts the ±I5V sig-
nals from the serial port to voltages of the
correct polarity to drive the optocouplers.

The transistor also provides the reason-
ably heavy current required by optocou-
plers connected in "star" configuration I see
the last section of this article).

The convener has its own power supply
because it has to provide power to the inter-
nal I.e.d.s of the optocouplers. The battery
used can be 9V or 12V merely by changing
resistors RI8 and RI9. The values should
be 3300 for 9V and 560Q for I2V.

The convener also has an l.e.d. on board
(D79) to indicate serial port activity and is
a great help for trouble shooting.

CONSTRUCTION
The printed circuit boards for the Large

Digit Display and optional computer Serial
Port Converter Interface board are mailable
from the EPE PCB Service page. codes 247
and 248, respectively. The component
assembly and track layout details for the
boards are shown in Fig.3 and Fig.4.

There is nothing difficult about the con-
struction but the I.e.d.s are, as may be
expected, rather tedious. It is suggested that
you test each segment as it is finished.

Start assembly of the Large Display
board (Fig.3) with the top right segment.
Insert all the I.e.d.s and make sure that they
arc all the correct way around. noting that
some high brightness I.e.d.s have different
orientations to those of ordinary I.e.d.s. If
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Fig.3. Display module printed circuit board
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page) full size copper foil master pattern. The
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in doubt, you can check by temporarily
connecting the I.e.d. in series with a I kf2
resistor across a I 2V power supply.

Flip the board over and solder only one
lead of each I.e.d. When you have done
that. go back and grasp both leads of each
I.c.d. and re -melt the solder while gently
pulling upwards on the leads. This will scat
each I.e.d. onto the circuit board and gener-
ally make sure it is pointing straight out
from the board. This is important as high
brightness l.e.d.s only appear bnght when
you look directly onto them. if they are tilt-
ed they look dull and this makes the display
look patchy.

Go back and solder each second lead and
give the first soldered lead a touch up with
fresh solder if necessary. Now solder in all
of the ballast resistors (RS to R16) and
some power leads for the I2V supply.

COMPONENTS
DIGIT MODULE

Resistors
RI 47012
R2. R4

to R7 10k (5 off)
R3. R15.

R16 2205 (3 off)
R8 to R14 100Q (7 off) PEW

All resistors 0.25W

Capacitors
C1 . C2
C3. C6
C4
C5

See

TALK

15pF ceramic
100n ceramic
470:i rad, al elect. 16V
471 rada' elect 10V

Semiconductors
Di to D78 rea i.e.a . 5mm. normal

or high brightness
TR1 BC558 pop transistor
ICI 78L05 +5V 100mA

voltage regulator
IC2 PIC16C54

microcontroller,
preprogrammed

IC3 ULN2003 7 x Darlington
driver. common emitter

IC4 4N25 or 4N28 optoisolatc

Miscellaneous
Si to S4 4 -way ortPoff switch
X1 3.2768MHz crystal

(see text)
Printed circuit board. available from the

EPE PCB Service. code 247; 6 -pin d.i.l
socket: 16 -pin d.1.1. socket: 18 -pin d.i.i
socket: connecting wire; solder. etc.

SERIAL PORT CONVERTER
Resistors

R17 1k2
R16. R19 330D for 9V. 5600 for 12,.,

Semiconductors
TR2 80681 (or eqt.;.va:ent.

e.g.TIP141 or
TIP142) npn
Darlington transistor

D79 red I.e.d.. 5mm
080 1N4148 signal diode

Miscellaneous
Printed circuit board. available from the

EPE PCB Service, code 248: connector
to suit serial port lead used.

Approx. Cost
Guidance Only £35

(Standard l.e.d.$)

Table 1: Module Selection Switches
Module Switch Settings

No. 1 2 3 4 Display
0 off oft off off *
1 off off off on hundredth seconds
2 off off on off tenth seconds
3 off off on on seconds
4 off on off off ten seconds
5 off on off on minutes
6 off on on off ten minutes
7 off on on on hours
8 on off off off ten hours
9 on off off on
10 on off on off *
11 on off on on *
12 on off off off *
13 on on off off *
14 on on on off
15 on on on on

* Used in computer version with the Serial Port Converter.

DISPLAY TEST
'lb test the segment, connect the I 2V

supply and connect a flying lead to ground
((IV). Touch the flying lead to the end of
resistor R 13 that is nearest to the bottom of
the board. The segment should light up nice
and bright.

If it does not, look for I.c.d.s the wrong
way around, broken tracks, or the wrong
ballast resistor %Are. in that order.

If all is well, continue inserting I.e.d.s,
testing, inserting. testing...

If any I.e.d.s are a tight tit at their skirts.
gently tile down their sides until there is

Completed control and power supply area of the Display p.c.b.

1 I TR2 rho

b ,g

Iamemaxameme****

17, Z122

GO

DATA

V

Fig.4. Printed circuit board details for
the Serial Port converter.

room for them to sit without colliding with
their neighbours.

Because the colon and decimal point
I.e.d.s are intended to be permanently
turned on. they (and/or their ballast resis-
tor) should be omitted if those functions arc
not required on any of the boards.

Put in all the other components and
sockets for IC2 to IC4, but do not install the
i.c.s yet.

TESTING
Power up the board and at the 1C2 socket

test for 5V and ()V at pins 5 and 14. This
will test the power supply regulator ICI.
and will also show up any solder -splashes
or broken tracks to these pins.

Switch off the power and insert IC3.
the I.c.d. driver device. To now test the
operation of the various segments, take a
flying lead and connect one end to 5V,
say to the link wire immediately below
ICI. Touch the other end of the flying
lead in turn to pins I to 7 of IC3's socket
and you should see each of the segments
light accordingly.

If you have connected the colon or deci-
mal point I.e.d.s, they should have turned
on when you applied the power.
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Now power down and carefully put the
PIC (pirprogrammcd, of course) into its
socket, being very careful about orienta-
tion. Remember that it is a CMOS chip and
so be sure to briefly ground yourself to dis-
charge static electricity before handling it.
Also insert IC4.

Turning on the power should now give
you a nice big figure "0" and if not, imme-
diately power down and start looking for
causes. The Stopwatch article last month
has some tips on troubleshooting this type
of circuit.

If you are using the Stopwatch module.
connect it to one digit board via a handy
length pair of leads, being careful to con-
nect signal and ground wires the correct
way around. Select the module address
number via the d.i.l. switch (SI to S4) as
per Table I. Note that the software
-knows" that switches S3 and S4 are con-
nected in order of RA3 and RA2 (instead of
RA2 and RA3 as might be expected).

Power up both boards and start the
Stopwatch. This should immediately start
the digit board displaying the selected time
unit. If it just sits on "0". use a logic probe
or similar to test for a fast changing signal
on pin 5 of the optocoupler. IC4.

PORT INTERFACE
If using the Serial Port Convener. con-

nect up the digit board and power as above.
Now run the QBASIC demo program, mak-
ing sure that the module d.i.l. switches are
all off. Put in a different switch setting from
the list each time you run the program and
the module should immediately display the
correct number.

You will know if the converter is work-
ing by observing its Le.d. Whenever serial
data is being transmitted it will flash quite
noticeably.

STAR CONNECTION
The digit modules are designed to be

hooked up in "daisy chain" configuration.
see Fig.5a. and this should work well in
most cases. It is possible. especially when
many modules are used for the signal to get
a bit lost in its trip down the chain:
remember the design allows up to 16 digit
modules to be used.

In this case, use the "star" configura-
tion in Fig.5h where the driver transistor
in the Stopwatch or Serial Port Converter
switches all of the optocouplers directly.
Note that this will put quite a strain on the
battery of the Serial Port Convener or
Stopwatch module as it now has to power
all of the optocouplers at the same time.

To select a battery size, assume that each
module uses about 15mA when running
and plan accordingly. For example, 10
modules times 15mA is 150mA and so a
batten of l-2Ah (amp hour) capacity will
drive the display for eight hours.

COMPUTER
SERIAL PORTS

While developing this project the author
came across a strange fact: not all comput-
er serial ports operate at quite the same
speed and the modules will consequently
malfunction on some computers.

For those programming their own PIC
and wanting to drive the modules from a
computer port, try varying the value of
"bit k" in the software for the PIC. The

SOFTWARE
The software for the Large Digit module,

including the QBASIC demo program. is
available on a 3.5 -inch disk from the Editorial
office (see EPE PCB/Software Sen-ice page
for details and cost). and free via the EPE
web site.

Preprogrammed PICs for this module are
available as discussed in Shoptalk.

Note that since publicaton of Part I the
software has been revised by the author.
The new version is on the EPE disk and
website

)

11
(a)

Fig.5. Suggested method of connecting the Giant Display modules to the Stopwatch
(Part 1) or Serial Port Converter. (a) In -daisy chain- fashion or (b) -star-
configuration.

comments section in the source code tells
you how to do it.

If you only want to drive the modules
from a computer, a slightly different
source code for the PIC has been includ-
ed (called serin4.src) which requires the
use of a 4MHz crystal instead of the
3.2768MHz one, and operates at 2400
baud. The slower baud rate is unnotice-
able to our slow human senses and results
in a design which is forgiving of long
serial cables and bit rate errors in the
computer or micro.

One Display module being driven by last month's Stopwatch.
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Completed circuit board showing the lour link
wires and the op. amp C2 mounted in its holder.

made in the case. Most moving coil meters
require a 38mm round mounting hole and
the easiest way of making this is to use an
adjustable hole cutter (also known as a
"tank- cutter), and these are available from
many DIY superstores.

Alternatively, it can be cut using a fret -
saw. coping saw, or miniature round file
such as an "Abrafile. Another method
would be to mark out the cutout. drill a
series of small holes just inside this mark
and then "join -up" the holes to form the

required cutout. With any of these
methods it is advisable to cut just
inside the perimeter of the
required cutout, and then enlarge
it to precisely the required sue
using a large round file.

Four smaller i 3mm dial mount-
ing holes are also required. The
positions of these are easily Itx:ated
as they are at the corners of a 32
millimetre square having the same
centre as the main cutout.

INTERWIRING
The hard sk inng is reasonably

straightforward. SKI is a 3.5mm
jack socket, and most sockets of
this type have a built-in switch
that is not required in this applica-
tion. Accordingly. one tag of SK I
is left unconnected.

The Hall sensor (ICI) is
mounted externally and connect-
ed to the main unit by way of a
piece of twin -screened cable
about 0.5 metres or so in length.
An entrance hole for the cable
must be drilled at a strategic point
in the case, and if a metal case is

used the hole should be fitted with a grom-
met to protect the cable. The screen is used
to carry the ground (0V) connection.

Rather confusingly, the plastic encapsu-
lation of the UGN3503U Hall effect sensor
chip seems to be completely symmetrical.
The only way of identifying the three leads
is to use the type number on the body of
the device as a reference point. see Fig.5.

Connect the sensor to the screened lead
and use insulation tape or Nice% ing to

ensure that the soldered joints cannot short-
circuit together. The sensor w ill he neater if
it is built into a probe, based on an old pen
for example, but this is not essential.

TESTING
When the unit is first switched on it is

likely that the meter will be driven fully
positive or negatise. With careful adjust-
ment of Balance control VRI it should be
possible to zero the meter. and placing the
probe near any magnetised object should
then produce a suitable response from the
meter.

The meter movement itself contains a
permanent magnet, and placing the probe
near this should produce full-scale deflec-
tion of the meter. Placing the opposite face
of the probe near the meter should then
produce full-scale deflection in the oppo-
site direction.

As explained previously. applying the
pole of a magnet to one of the four smaller
surfaces of the sensor will not produce a
significant output signal. In use the orienta-
tion of 'the sensor should therefore be
adjtisted to maximise the meter reading.

Placing the probe against the power
cable of virtually any mains powered
device that is switched on should produce a
50117 "hum- from the earphone.
Alternating fields will not produce an indi-
cation from the meter because the meter
will register the average field strength. This
will normally be 7cro due to the opposite
poles in the signal cancelling out one
another.

The circuit is reasonably stable, but
occasional readjustment of VRI will be
required.

SHOP ---11 TALK
with David Barrington

PIC Micro -Probe
The component listing for me PIC Mrcro-Probe calls for a piece of c.

holder' type strgboard. with a central channel, devoid of copper. running
across the copper tracks. This will cost you around £5. but for Just under £2
you can use a rd and cut away the copper tracks as
necessary. The rest of the components shou'd be readily available.

The PIC used in tits protect oe Inc 10.1.Hz version For those who
want a "p'ug..n and go- preprogrammed PiC16F84 one .5 ava1able from
Magenta Electronics is 01283 565435 or MO: magenla2000.co.uln for
the inclus4.* puce of £5.90 (overseas readers add El for pos'age. For those
who wish to program their own PICs. the software is ava ,actra from the
Editorial Offices on a 3.5in PC-compatite disk. see EPE PCB Service page
937 If you a -e an Internet user. it can be downeaded Free orn our FTP she
hp: ftp.opomag.wlmborne.co.uk pubs PICS microprobe

Magnetic Field Detector - Starter Project
Just a cape of po -g pixy- is of components forme Magnetic

Fed Defector, this none, s sta-ter peer. The firSICOnCerhS the 100iiA 'centre
zero meter, some readers may has, difficuly in Iccatng one The meter used in
the prototype came from Sampan (it 01702 554000. code RW98G

If you have trout* tracking down the UGN3503U Hall effect sensor the
above company kat one as order code GX09K. They also supplied the OP77G
precision op amp. code ULO5F. The alternative TL071CP low -noise op amp
should be stocked by most of our component advertisers

Glnormous Stopwatch - Giant Display
Ths month we compete the Stopwatch protect with the cOnstruction of a

Gant Oval aspay module. Most of the component supply 'tugs' were
ironed out last month.

The high voltage 4N25 coo-cotow. code AV44. and the ULN2003 Darlington
array, code AD938. are listed by Maple The BD681 Darington transistor maybe
hard to find. but the suggested alternatr.e TIP141 and TIP142 shoud be readily
wahine. Nose the diffenng prions for the TIP devices (Fg 2 lag month).

Ready programmed PICs are available from the author for the sum Of £10
each (lo- either Ihe ()splay module or Slopmith) or £50 for six WI any oacriana-
ton, with free postage to anywhere in me world. Payments should be made out
to N. Slojadnovic. HaE-mail address is: viadkningu030rionemetau or
writs b: 11k. N. Stolecilnovic. PO Box 320. Woden ACT, 2606, Australia.

A programmed PIC16C54 is also available from Magenta Electronics (it
01283 565435 of http.wmagenta2000.eckuk) for the inclusive price of £5.90
(overseas readers add CI for postage). For those who wish to program they

own PICs. the software is avadabe from the &Menai Offices on a 3:5in . PC -
compatible disk. see EPE PCB Sennce page If you are an Internet user, it
can be downloaded Free from our FTP site

Itptrittpapemegiwimbomcco.uk pubs PICS stopwatch
The two printed brewt boards are available from the ERE PCEI Servce.

code 247 (Digit) and 248 iPort Corn.).

Loft Guard
Most of the components catred-up for the Lob Guard protect shOuld be

readily available from your usual supplier. The only problems that are likely to
crop up may be find ng the high value resistors

The owl', 100 megohm resistor 0371 was only found listed under the 'cer-
met film' range stocked by Eliecfrontalt (19 01536 204555 or RS
http:Wswww.con). Quote code 158-222. As the ante points out. you could
use three 33 megohm resistors On series): the pcb 5 also designed to
accept mese- This resistor (33M) came from tne Moulin 'nigh voltage' metal
film range. order code V331.4

Note that to make up the 20 megohm resistor (RIO) you AA need two 10
map types Once organ. the 'MOOS' peal have been included on inepcb

The lest mentioned company also suppled the miniature ight-cleponclent resis-
tor dr.), code AZ83E and Me Itch power vanity banor, code FK84F.
Asmoup most el cis oxiborionts advertisers should be We to ono someew'ig
sin tar. you mulct d course. use the good old standard ORP12 I dr. if you wish

Even though the semiconductors are specific versions, they should be in
plentiful supply. The p C b is avalabe from the EPE PCB Service. code 249.

Teach -in 2000
yOU nave only lust pit-ed up on our new. Teach -In 2000 serves with this

issue. and berg a newcomer to electronics. you may feel a bit apprehensrre
about Ordering the various parts for the demonstration 'Pei -erases' Fear not.
some of advertisers have put together component and hardware packs ape-
ciaity for the new series A few more will be added as the series progresses.
but we do not eirrect that to be until at least part seven

To date. part.cipat.ng advertsers are as follows and readers are advised to
contact trern roe more de'w's

ESR Electronic Components (ft 0191 251 4363 C web
flip: vnvw.esr.co.uln Hardwararrools and Comocre7ts Paz..

Magenta Electronics (le 01283 565435 or hap: wbvbv.magenta2000.
co.uk - _ - and Components Kit 879

FML Electronics IV 01677425840) - Basic Components Sets
N. R. Bardwen 0114 2552886) - Digital Multimeter special offer

PLEASE TAKE NOTE
Demister One -Shot Nov '99

Page 844 Fig 4. On the pc.b. competent layout diagram. the 'body' °Ones
Cl capacitors Cl and C2 should be transposed - see photograph at ot Papa
845. The eiectrolytic. sixrwri as a ord., shcaid connect to Me ICI pit 8 copper
track (*) and the common GNO track The actual annotaDom are correct
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