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It's that time of year again when all those Christmas lighting devotees start planning and building their

displays for the festive season. They might have dozen
they will be thinking about buying even more. Is this yo

lights in time to music? Well now you can!

Our spectacutar Digital Lighting Conteolier,
which we presented fast year, could drive an
impressive array of incandescent globes.

But while i proved to be very poputar, no
snaner hail we gone 1o press than many
custnmers started refninding us that most
Christmas Lights are now made of 12V LED
strings. O'oh!

5o now we've made op a new Slave
Controller. | suils the orginal master uniit but
cafi oW drve up to eight stnngs of LEDS,
each siring with completely individual control.
&g yorr can have up to four slaves so that
you can driveup fo 32 channels

W noot

Furifiormare, If you run the whole shebang
from 24Y DC nstead of 12V DC; you can
fraye twice the number of LED stnings, by
running LEL snings in senes.

Wow! Think of the possibilities. You can
contral thousands of LEDS!

fArother — those days fairly sigruficant -
advarlage of going LED s {hiat conirolling 1ots
ol incandescent lamps means that you are
gning to get a big eheciricity Dill for the Estve
coason, | FOs are & much cheaper

proposition.

Digijtal LED control

Before we get down to the details of the Slave
LED Controflzr; we need fo roview the man
foatures of the Digitai Lghting Contraller
presented lash y=ar.

The whole system 15 controlied by the rmigster
it which s hotssed i a smait plastic bow
Uiz i controlled vig @ hand-netd rereote 200
takes an 50 card {or MMC ar SDHC card)
This contains WAY music filels) and
saguencer files) (which you sef up) and it
cends serial commants via a Cath/b cable Lo
the slave lighling contreffers. These can drive
ncandescent lights or as presanted m ihis
arbiche, lots of | ED siringz.

Yo can have up to four slave units and S¢
you could have, Tur example, three slave units
gach drving LEDS and one slave drving
incandescant lamps. Or any other
commbmation wvahang up ta four staves.

Eor the rest of this arlicle we will concentrais
an the stave LED controfler |Fyou want gl the
intormation wivabang e g andescent
controlier and the masinr unit itsedt, yiou will
niecd 1o refer back o the onginal adicles HER
(cinber, Novemnber & Decermber 20100

< — if not hundreds — of different light arrays and
u? Have you thought about controlling lots of your

If you don’t have these issues, you ©an
nurchase them from SILICGH CHIF or you
can acoess them on our website

(for a small tes).

Going to the Masker and skave LED
controllers, Fig.1 shows the averall sel-upwills
o maslker and up o four slaves.

The slave urifs are dasy-cnamed va (a5
othemet cable, aseach has 11145 inpul and
toop oul jack sockets,

Iir additie, to.enabie a large LENENE display
to be set up, the connecling cables can be up
to 30 metres lng.

This mearns you can have e master unit
safely nside your home and the slave umils
can be a long way dhstant, provided you can
lead 17 ar 24V DC to them to power he | ED
strinegs. Whils the incandescent light slave
coriratler is housed i a relatively farge [Haslc
\nstrument case (a3 it has tn accommodats
gight Triac circuis and eight IEC power
cockets), the LFD slave comtrolier comes 1n.a
cormpact glastic case about fhe same nize a%
the master uml.
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Thes rear-view inside shot shows the complate
year. By comparisan with last year's slave, the hi
down the middie - the Trizcs are now replaced

Pulse width modulation

The brightness of the LED strings are
controfied using pulse width modulation
(FWM), e, DT power to the LEDs is switchad
onand off rapidly. The swilching frequency is
Iwize mars freguency, so T00Hz far
Australia, New Zealand and the UK {or
BOMHz/120Hz in many other pars of the:
planet)

The ratia of the an-time ta the switching
perod (10ms) is knowr as the duty cycle and
the bugher the dity cycle, the brighter the

| Flis appear
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The onginal incandescent Nt slave unil
switches the 230VAC fo the lights usinga
shightly different method known as phase
cantrol,
For phase control, the swilch-off always
oecurs at the mains zern crossing as the Trize
swilching devices remain in thair conducting
state whitcever the current through them s
abowve a threshold, There are two zero
CrOSSINgs per mains cycle, hence the 100Hr
frequency (or 120Hz for 5 60Hz mains
SEIpIpy)
to determine when the Triacs should be

gital Lighting Controlier LED Slave — it uses the same master unit as published this time last
ggest difference is the size of the box — it's much smaller —
by Mostets,

and the row of semiconductors

switched on, the mains vollage wavetor s
mionitored and they are triggered &t &
particular phase angle, hence the tenm
"phase controd”, Ihe power delivered to the
load s proportional to the RMS voitape across
i, which 15 refated to the area under the

Parial sinewawe.

Since PWM and phase contiol are quite
similar, the master unit software only needs
mingr changes {o suit both. The changes are
(1) holding the outpuis an tor the ertire an
period ratler than just an mitizl polse 1o
trigger the Triac and (2] calculating the o

230V AL 12V D B4
AC SLAVE UNIT DC SLAVE UNIT DC SLAVE UNTT £
18 AC OUTPLITS} |8 DC OUTPLTS) {8 DC OUTPUTS)

HHHTH

T B n MAINS
FOWERED [ESHIS

HHHH

T3 5 x V2V DO IED
IHEHT STRIMNGS

HHHH

P8 x 24V DC LD
LSHT STRRGS

HitHH

0 8« 12V BC IFD

LT STRINGE

Fig.1: the bluck diagram shows how four slaves can be connected to the measter umit, for
up ta 32 individually controlled lighting channels, This s one example of 3 slave inoup;
you can mix and malch as needed.

i
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These pluggable right-angle screw connectors
make setting up {and modifying) your
masterpiece real aagy!

penod based on & square wave rather than a
SiEwae,

Antecipating a DC slave, these options were
budt into the origing! master unit software.
The "triac turmofl <slave> = delayed" (where
=slave> is a number from 1 to 4} option
forces the outputs te stay on for the ertire an:
time.

For AC staves, this option increases pOWEr
consumption but the DC slave has no
optocouplers 5o this case it wan'l.

The previously undocumented “slave fype
=shave> = DC” aption tells the master unil lo
compste on-imes for 3 square wave {PWIM)
rather {Han a sine wave [phaze control).
Without this aption, the DC slave will sfill
nperale but with less linear brightness contral,

Connectors

We decided |0 use plugeable terminal blocks
for the DU power into he slave unit and the
LET sirings. These are readily available, have
# sufficient current rating {12A) and are £asY
I make connections to. The right-angle PCR
mouniing types aliow the connectors o
profruds through the front and rear panels of
the case, so connections can be mads
without removing the lid.

singe the cight cutpet corneclors are
weniizal, 1l's-alsg easy to-swap LEDs around
(or even Detween slaves| as necessary.

For the communicalion poris. we are WSIng
the seme “lype " BPEC (R145) connectars
35 i the oniginal (AC) slave unil.

Circuit description

Refer to \he circult disgram, Fig 2. The sorial
interface is wiriually idenfical 1o that of the AC
stave published previously. Fhis consists of
[CY andd ICE, BEEC (RI-45) connaciors
CONLO & CON11 and some 3sspciated
PASSHE COMpenenls.

A Cath ype cable runs from |he master unit
ta CON1. The eight canductors carry low
wvoltage D power (3.3V and &Y), senal data
from the master and a "chain length sense”
ling which allows the master to detect the
mumber of slaves connected,

The 3.3V ral pownrs the slave's digital logic

1ED SLAVE

DIGITAL UGHTNG COMTROUER R

14110111
B 5 STP1 SNEDS

T S S

}: 2 ¥ m
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i o
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Fig.3: all components mount on ane PCB. as shown here and in the phota at right. The con-
trol inputs and outputs ([CONIO and CON11 1. the DC powsr input (CONS) and the power indi-
cator (LED9) go on the rear panel while the cight ulput connectors (CON1-8) and indicator

LEDs (LED1-8) are fitted to the front panel.

ICs while the &V provides power for
eptocuupler LEDS, tsed anly by AC (mains)
slaves. The 3.3V rail has a 100UF bulk
Bypass capacitor and 1000F high frequoncy
bypass capaciiors for each connected 10,

The serial lines are; bit clock (SCLK, mn4),
data {SERIAL DATA, pin 5), master clear {pin
2 active low) and latch (pin 7). Each sty
recewes eight bits of data on this bus and
when the latch line goes low, the dulput state
Is updated to'reflect the ladest data teceived.
The master clear line is used tofurn all
nutputs off 5 power-up.

Because the cable belween units may be up
to.30m long, the four senial iines are
terminated o graund with 10K resistors. This
forces some currant 1o flow whes the lines
are driven high, reducing switching glirches
due to the fransmission ling nature of the
ranling.

Lach stave connects pin 1 0 3.3V viaa 10k
resistor, These are therefore Inparallel, A
resistor ivthe rraster unit-fromm this gin to
ground forms & voltage dwider with them and
biy sensing the vallage at the junclion, it can
fell how many slaves are connected. When
fewer slaves are connected, fess dala pesds

to e iransmilted to update the output state.
COM11 15 the daisy-chain output and may be
connected o another stave unit, aliowling up
to-four lo be controlled by a single master, as
already noted. This avoids the need for
muitipte outpets on the master unit and
simiplifies he winng

The three power lines and the chain leogth
senso line pass trough directly from COMT0
te CONIT hut the four senal lines are
ballered, The bl clock; clear and tatch signats
each pass through twa 7AHCOL inverier gates
{IC234).

By inverting each signal lwice the palarity i
preserved. Smce (he lines are huflered by
each slave, the master outpul only needs o
drive one length of wire, L00L) senes
resistors form RE fillers with the cable
capacifance, filtering out swilching glitches.
The senal data from the master unit {or from
the daisy chain Cal5 cahle) passes through
IC1, the 7T4HCH3S sereHoparallel latchiIC,
dilaying it by eight clocks. As & resulf, each
slave receives a differen! porlion of the data,
which is.stored n 1C1's cight internal lziches.
When the lsich (LGK) line goes low, this data

is transferrod o ks oulpot lsfches, appeanng
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swing will be close 1o 12V,

This level shitter configuration is iVerting, (2.

i . e whon 1C1's output goes high, the

g STEISNEDS - comesponding transistar coflector goes low

; ﬁ and-vice versa. So we invert fe signal again
g with CDA063 CMOS inverter (Cs.

Output drivers

Each ADGY inverter drives a Mosfet gate viz a
99  yesistor. This resistor forms an RC filter
with the Mosfet's mput capacitante,
eliminating gate voltage spikes that couid be
caused by stray inductance In BB fracks and
compunant leads,

For efficiency, il's best to switch Wosfels
gales rapidly, since during gach switching
iransition the Masfet is in 3 state of parhial
conduction and this increases the average
dissipation, Ta achigve rapid switching, figh
current drve is needad o quickly.charge and
discharge the Mosfel's gate capacitance.

The output current of the 4069 jnverter is
typically about 8mf, much [ower than &
purpose-designed Mosfed driver, But this i=
mitigated by the low switching frequency
(100Hz) and the relative low gaie capacitance
fong 7AMED4q \ c_rf the Masfets we have specified of around
iDaisy Chatn - o \ Ta0pF (compared o 1960pF for an |RF540N
‘Gutput LA § oty 2 e or 548001 for an IRFL405)

ol TR Fig.3 shows a scope grab of the Mosfel pate
and drain voltages duning switching, The
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Thern is a difference between this prototype photo and the diagram al left: the green power yeliow trace 15 the gate vollage and the green

LED (LEDS) has been moved to the rear panel to give more space o the front panel connec- irace the drain. The rise in gate veliags briefly
tors, Othenwise it's identical. halts as it reaches the or-hreshold due 1o

at GAOH [pins 15 and 17) 110 = ~300pA. gate-drain {“Miller”) capacitance. tefore andd

atter the actual transition, (he pate voitage

Each collectors has a 47k pullup resistor to
slew rate s fimiled by gate-source

Level shifting \he 12V rail, so to be driven into saluration,
These culputs then control & oht Mosfets the (ransistors must 5K around 12V /1 47k capacilance; Ihe sources are connecled o
which switch power o the LEDs. Whena latch 7 255pA. Theretore the colleclor voltage ground.

utput is high, that LED string s Turmed on
and when the ouiput is low, 1t 5 oft.

Since |01 runs from the 3.3V rail, i outpuls
swing between OV and 3.3V, While fhis iz
sufficient Lo furn On same Muostets, the types
specified for this praject require af least BV o
turm o fully. bven “logic fevel” Mosfels
gypicaily reguire at l2ast 45V for full
canduction.

=o we st “level shift” the 0-3.3V output
signal of the 74HCE35 1o O-12V [or 5o} Lo
drive thie Mostets. | RS s achieved wWim wight
MPN transistors (Q3-Q LB}, two hex CMOS
imvarter 105 (IG3 and 104} and some resisions.
Each of IC1's sulputs drives he hase of an
NEN tramsistor via 8 TME2 resistor. When an
oulput |8 high, the corresponding transishor 15 i

drivent with abuut {3.3V - 0.6V) = 1M AT

2.2yih. The minimum RFE for 2 BCSA9 < his time shown from the front (and without the onnectors in situ) the PCB mounted inside

- - iy e i H 5
fronsisiorat iy mrm”_ﬁ e, Eﬂ i ihe case. The eight paned LEDs mimic the controlied LEDs.
avpert s coflector jo =ik at least 2. THAR

FITTEEY
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the Mosfet is being switched on. The Mosfet gate voltage rises at a
rate determined by the current CLapability of the driver and its inpLt
Capacitance, until it reaches the threshold voltage. At this paint the
Mosfat starts to turn on and its drain voltage drops but the gate
voitage rise is temporanly halkted dus to the Miller effect. Once the
Maostel is fully on, the gate voltage continues to rise to the full drive
voltage, reducing the channgl on-state resistance to its minimum,

By adding up the positive and negative fransition fimas fthe fatter is
slightly langer than the furmer) we can see that the Mostets spend
araund 205 switching every 10ms; ie, 0.02% of the time. This increases
the Musfet dissipation by a negiigihle armounit compared to fhat due to
their on-state resistance while carrying the Inad current.

Mote that Fig.3 shows the fransition lme tor 2 light Toad; it is longer for
higher currents since the Mosfet must be turned on harder, But even if
this doubles the switching fime, it's sl very shor.

The specified Mostets have an on-resistance is around 0.1 -and Ihis is
what ultimately imits LFD string RMS currert, At the rated .54,
dissipation for each Mosfef is around 0.1 x 2542 = B25mW; much
minre. than this and the TO-220 pachages will got hot, - since they do no
have heatsinks.

Since the tull supply voltage 15 apphed acrss the LED string when the
assoriated Mosfet 15 .0n, each LED string needs toincorparate a current
firuting reststoror active currens limiter. This limileris wsaaliy
meorgtrated in the strng,

As well as drving the outputs, the Mosfets alsp pull curren! through red
indicator LEDs {LEDs1-8), Thesa are powered from the 12V rail via 1k
current bmiting resistors. They are useful for checking and moniforing
e operalion of Ihe device. Depending on The DG supply volfage, they
are: driven with 812mA each,

Power supply

BC power far the LED strings ard driver circuifry is connacted to CONG,
anoimner pluggable terminal block. A 104 infine fuse protects aganst a
board fault, shorted culput or current overload, The DC inpul can be
12V or 24V, Just remember that for & 24y supply, your 12V | ED strings
must be connected as serios pairs.

The power supply used need not be rated for The full 10A your LED
strings, when combined, will not draw that mich. An easy and cheap
way to gel a kigh current [10A+) 12V DO SUpply 1% to use a sparg
compuler power supply, see our article in the January 2011 issue of
SILICON THIP on how to modily ane for standalone use.

23 Sibee B = ' Nes BT :
A | - =

Fig 4! the Mostet gate waveform {vellow} and drain voltage (green) as

The 12V rail is derived fram the BC supply by REGL, a standard 1
terminal 12V linear regulator with associaler L Bypass and outpat
filter capacifors, It 15 protected fram reversed supgply polarily by diede
D1. This dees mot protect outputs CON1-CONS but since the connected
LED stongs act as diodes. fhey won'l cenduct unless fhe supply palanly
15 corract anyway,

It the DC supply is 12V, REGI will Bz in dropaut and so the nominaily
12V rail will actuatly be a lower. Lnregutated volizge (around 10V), The
Mostets and their drivers operate normally under this candition.
Regulation is only neceszany o protect 10534 and 01-8 from damage in
case the supply voltage s above 15V or 20V resoectively.

A green power LED across the 12V supply (apainwith 2 1k current
limiting resistor) indicates whan sUpply voltage is present. On our
prooype, itis on the front panel but it has heen moved to the rear
panel of the final version, <o aliow ihe autput connectors to ha spated
further apart,

While this circuit has two power supplies {3.3V from the master unit angd
12-35¥ for the LEDs), it does nol maiter in which order they are appiied
If the master unit is powered up first, 1C1 can switch transisiors 09-15
on bul they will have no callector voltage and so fhe inputs of 103 and
IC4 will remaimn at OV

Alternatively, if power is applied to COND before fhe master unit is
switched gn, LEDS will light but the inputs to 103 and ICA will rermain
high, as there will ba g current from 1C1 1o turm on Q3-16. Thera will
therefore be no gate drive voliage for Mosfets O1-8 and <o Phey will
remam ofi, Normal operation beging only when both the master #nd
slave units are powered up,

Construction

Al parts mount on dsingle 103 x 118mm PCB, coded 16110111,
Referring to the overlay diagram (Fig. 2}, begin by installing the sighl
wire inks using 0.7mm diamater linned copper wire, I you have a
double-sided board, like ayr prafotype, these may be omitted,

Mext, install they resistors. ehecking the value of each with a DMM sel io
Uhms mede {since the colour codes can iHe fiard o read). A standard
iead bending jig can be used excep! for the gight 12 resistors adjacent
to Moskets QT-08 which have a closer pag spacing. Follow with dipde
D1, arentating it as shown on tho overlay diagram.

Fit the four ICs nex), paying careful attention i ther orediaton {IC2
faces the opposite direction to ICL and IC3). 11 using tho opticnal IC
sockets, sotder them i mstead

Tha sight Mosfels ard the repulator EG i nest {don’t ged them mined
upl) First bend the TO-220 package’s leads down 90° abaut Brim from
the tab 2nd then mount it with a 10mm M3 mach ne SCrew passing up
from the underside of tho board, with 2 shakeproot washers under the
head and undear the aut. This is vital since the outpul current passes
through the mounting screws.,

Make sure they are lully tightened bafore soldering the leads or else you
couid damage the board,

That done, install the eight BC549 transistors, cranking the leacls out
with small pliers to suil the pad spacing, The four MKT capacitors can
g0 in nexd, followed by the thres lactrolytic capacitors, wath their longer
leads through Ihe holes nearestthe “+" slgns on the averiay diagram
Don't get the two differant Tvpes mined up.

Then solder the fuse clips, laking care that they are poshed right down
on the PCB and that the locating tabs go towards the cutside.

Follow with the-eight right-angle terminal block sockets. ernsurng that
they are all flush agains! the board and perpendicutar to its cdges: The
ninth dees nat have a shroud and goesin ‘Fower In'_ Il you msfalled the
(- sockets earhier, plug in the ICs now, carcful with their origntation.




Fil the 104 fuse, then soider ihe W 8PSC (RI-45) connectors in place,
making sura they are tlush wilh tne PCB.

Ihe red LEDs ga in next, Install them with the maximum lead length
possibie, with just enough through-{he bottom ol board 1o solder to. In
sach case, the longer lead goes thirough the hole towards the bottom of
the PCB.

For the gresn LED, tirst bend its leads by 90° 5mm from the lens.
Check |fs correct gnentation nefore doing so (its longer lead also goes
rgwards the bottom]. Solder it 50 that the honizontal portion of the leads
& Amm ghove the surface of the FCB.

Assembly

The botlom of the case has aight moulded plastic posts. The PCB
attaches to the four ouber gnes Dut the inner posts would interfore with
soider joints so remove them using side-culters or a file. Thien fit-the
panels al both ends of the PCB and lower the assembily it into the case,
fiing 1 place with four seliiapping screws

Piug in the nine termingl blochks and attach the fid and the unitis
complete.

Testing

Apply 12V or 5o fo the supply connector, ohsenving the marked patarity:
The green LED should light. Check That the current draw is around
15mA, It it is significandly more then swilch off and check the board for
faults.

Connect the slave's control input to the master unit and play fhe test
sequence With he slave powered up, the red LEDs should show the
expected patterns. Ensure that they all light and that their brighiness
yares correctiy,

Dan't foreet to sat up the DC slave in Ihe confipuration file. Assurming
this s Ihe first fonly slave attached, t should confain these lines:

iriac turnoff 1 = delayed

siave lype 1 = BC

Viou can then remove power, attach LED sinngs to the outputs, supply
the appropriate voltage and check that everything is working as
exoected.

Using it

Ear reliable operation, ensure that the current rafings are Not pxceeded.
[hese are specified as RMS figures since fhe light output will be
constantly changing. The pesh current can triafle excend livese hmits.
While each channel can defiver 2.54 RIS, the incoming supply currem
< firmited to 10A RMS and so you can't drive all eight channels at this
current simultaneously (B X 2 5a = 20A). |f the total driven LED currerd
ran exceed 10A, be careful that it only does so biriefty 1t at all,

The fuse limits the peak supply current. While 2 10/ fuse will not blow
immediately at say 15A, repelitive exCursions far ahove its Tated current
an weaken the fuse wire-and eveniually lead to faiure. A slow-Diow
fuseprovides more leeway.

Fuen sa, iI's best 1o keep the peak current 1o a reasonablevalue {53y,
shout 154 for one second) o avoid awarheating and damaging the PCB
fracks.

RGB LEDs

A well as single-coiour LEDS. the LED slave can bie prmed wWith cCormmion
annde BGB LED stirps. Connect the three cathodss [red, green and
hiue] 1o the negative odipil terminals of separate channels (ideally,
consacuive channels) Connect the comman znode o any ol the three
correspanding positive oS-

K 5887 LED Christmas Light Controller

Pansst oot

PCB coded 16110111, 103 118 mm

ABS piastic enclosure, A0 %110 x 35mm

front panel label

rear panel tabel

low profile PCB-mount RI45 socets

PCB-mount 2-way horizonfal piugeable terminal blocks,
5.08mm pitch

4 9.way plugzable terminal block sockets, 5 08mm pitch
2 M205 fuse clips
1
9

AT e

M205 10A fuse
M3 x 10mm machine screws and nuts
18 M3 shakeproof washers -
4 No.d x Smm selttapping strews
1 200mm length 0. 7mm diameter tinned copper wire
1 16pin DIL socket [optional)
3 14.pin DIL sockets (optional)

| 74HC595 octal senaktoparaliel latch IC {IC1)
1 74HCO4 hex inverfer IC (1G2)

7 CD406Y hex inverter ICs (IE3, 104)

1 7812 12V 1A linear regulator (REG1)

8 STP1GNEQSor MTP3055E Mosfets (Q1-8)
& BC549 NPN ransisiors [09-16)

1 1NACO4 1A diode (D1]

8 3mm red LEDs [LEDS1-8)

1 3mm green LED (LEDS)

Capatitors: :

2 100pF 16V electrolytic

1 A7uF 50V electolvtic

4 100nF MKT

Resistors

8 IMD 847k 5 10KQ

9 1k 41000 BZ2Q

The sequence then determines the caiour of the LED=! by turning two
oF three outputs on at once, with varying brightness, a wide range ol
cofours can be produced. 1he PG software can be carfigured fo dispiay
ihe channels as red, green and blue as appropriate [see the Decenmber
20140 i=sue for Trore intormation on how to use this software).

Since sach RGE LED sknp takes up three channgls, you can drive up o
{wa strips with a single slave leaving two-spars channsig), five sirips
trom wo slaves (wilh one-spare channel), gigh! strips from three slaves
and ton strips from four slaves (with bwo spare channels).




K 5887 LED Christmas Licht Controller

No. Value  4Band Code (1%) ‘5-Band Code 1%)
8  IMQ  brown black green brown brown black black yellow brown
B 47kQ  yellow violet orange Brown yellow violet black red brown
5 | 10kQ  brown black orange brown brown biack black red brown
g 1k browi-black red brown brown black black brown brown
4 1000 - brown bizck brown brown brown black black black brown
g 27102 red red Back brown red red black gold brown
—

Important Note:

Please note that we can offor a
warranty only on the components
supplied with this kit, Because we are
unable to guarantee your labour, thera

is no warranty on either partially or
~Hulhe buile kits. We ars abla to offera =
repair service, but once canstruction
has commenced, this servige is
chargeabls. :

Dear Kit Constructor,

At Altronics we take great pride in the
quality and presentation of our kits. If
you find any deficiency in this kit or
have any constructive comments
whatsoever, please write to us.

Altronics

The Kit Manager

P.0. Box 8350, Perth Business Centro
W.A, 68490

Or email:
kits@altronics.com.au




