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Summary

The projed described in thisreport is amicroprocesor-controll ed lighting dimmer that
could be used in thearica or other applicaions. The projed consists of aphysicd

hardware prototype and associated firmware to exeaute on the projed's processor.

The report begins with adescription d the austomer requirements for the projed. These
were developed into functional spedficaions. The report then describes the design
processfor the projed hardware and firmware. The testing methoddogy and results are

asoincluded.

It was concluded that the projed works as expeded and as required in all material
aspeds. One of the modes of operation could na be fully tested due to the lack of
available test equipment. It isrecommended that further testing be completed and some

minor design issues be redified if another version d the projed was to be built.
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1. Design Abstract

The Microcontroll er based Multichannel Light Dimmer (MM LD) is amicroprocessor-
controll ed lighting dimmer that could be used in thedricd or other applicaions. The
projed will consist of aphysicd hardware prototype and associated firmware to exeaute

onthe projed’'s procesor.

The devicewill accet inpu from awide range of interfaces: RS232,DM X512 (a
thedricd lighting standard) or RS485,and the Musicd Instrument Digital Interface
(MIDI). The devicewill control a number of lamps by using some form of AC power
control. The firmware in the microcontroll er would hande dl functions, from decoding
the protocol on either of the inpu interfaces through to timing the firing of power triacs

for the output.



2. Project Plan and Milestones

2.1. Design Challenges
The dimmer hardware will present some design chall enges due to the large airrentsiit

will berequired to hande (upto 15A). Thiswill require caeful attentionto comporent
seledion, circuit design, printed circuit layout, and assembly technique. The dimmer also

operates with AC mains patential (120V) so careful attention to safety will be required.

The dimmer will have anumber of control interfaces, and ead of these must be

compliant with relevant standards to ensure interoperability with ather equipment.

The dimmer’s firmware has two main aspeds: respondng to dataviaits control
interfaces and turning on the output switches at the @rred time relative to the AC line
voltage. It isanticipated bah of these aspedswill present hard red time problems.
Failing to processthe control data asit arrives will result in the dimmer having incorred
intensity values on ore or more dhannels, andfaili ng to turn onthe output drivers at the
corred time will result in erratic or incorred output voltages. It is anticipated that these
red-time requirements can be met by careful code design and the use of microcontroll er

resources (such astimers and interrupts) for dedicaed tasks.

2.2. Milestones
Table 1 detail sead of the anticipated major milestones for the projed, including the

target completion date and the adual completion date if the milestone has been

acomplished.



Table 1: Project Milestones

Milestone

Target Date

Status or
Completion Date

Customer Requirements

January 15, 2001

January 17, 2001

Functional Spedficaions

January 22, 2001

January 22, 2001

High Level Design

January 29, 2001

February 4, 2001

Comporent Seledion

February 5, 2001

February 18, 2001

Schematic Design February 12, 2001 March 1, 2001
PCB Layout February 19, 2001 March 11, 2001
PCBs Fabricaion February 26, 2001 March 16, 2001
Prototype Assembly March 5, 2001 March 26, 2001
Initial Firmware Complete March 12, 2001 April 1, 2001
Prototype Testing and Verificaion March 19, 2001 April 20, 2001

2.3. Expected and Known Requirements

2.3.1. School Resources

The projed designer has accessto work spaceoutside of schod so the requirement for

schod lab spaceshoud be minimal. The labs may be used duing the testing and

verificaion stage for accessto equipment such as oscill oscopes.

Shoud the schod’s circuit board milli ng madine be operationd, it will li kely be

employed for the fabricaion o PCBsfor the projed.

2.3.2. Industry Resources

It is anticipated that surfacemount devices, including fine pitch devices, will be

employed in the design and construction d this projed. The hardwarelab at Cisco in

Waterloo will be used to solder these parts to the projed’s circuit board.

2.3.3. Software

The projed will be developed using Open Sourceor fredy avail able toadls, so commercid

software will not have to be purchased. Firmware written for the projed’s

microcontroll er will be developed in C and complied with GCC, if GCC has suppat for




the dhosen microcontroller. Otherwise, a microcontroll er will be dhosen that has free

asemblers or compil ers avail able.



3. Customer Requirements

The projed shall be an intelli gent lighting controll er that will provide auttomatic control
of the brightnessof lamps attadhed to it, for amateur thearicd or home gplicaions. At

least four independent channels of lighting control shall be provided.

It shall provide standard eledricd sockets that these lamps can be plugged into, and will
itself be plugged into awall socket for power. The projed shall operate on (at least) the

AC power suppy avail ablein North America

For househald appli cations, eath dmmer channel shall have apower handing cagpadty to
allow two common table lamps, or one large floor-standing lamp, to be onreded. To
allow for thedricd use, ead channel shall have a caadty to alow onelarge or several
smaller thedricd lightsto be mnneded. The overall cgpaaty of the dimmer may be

limited to the power avail able from one standard wall socket.

The projed shall be cmpatible with standard dmmer control interfaces and shall also

allow easy conredionto a standard persona compuiter.



4. Functional Specifications

Based oncustomer requirements, the functional spedficationsindicéae the scope of the

design and include relevant documentation for all i nterfaces provided by the projed.

4.1. AC Power Input
The nominal power suppy from a standard AC outlet in Canada and the USA is120v

alternating current (AC) with afrequency of 60Hz (60 cycles per second). To alow for
variations due to load and aher fadors, atolerance of 10% shall be dlowed onthe
voltage and 3% onthe frequency. Thus, the dimmer shoud operate on 108/ to 132/ AC

and 57to 63Hz.

A standard wall receptade drcuit providesupto 15A of current. Sincethisdimmer is
intended for home or amateur thedrica use, thisis the maximum current the dimmer may
draw. Thedimmer’sinpu shall be fused with a 15A fast-blow fuse. This providesfor a
maximum conneded load of 1800watts aadossall dimmer channels, excluding power

required by the dimmer itself.

4.2. Dimmer Channel Outputs
The dimmer shall provide one standard pover recgptade per dimmer channel. The

receptade type shall be in acordancewith the National Eledric Manufadurers

Associationtype 5-15R [1].



Severd residential |lamps were examined to determine the power handling requirements
of asingle dimmer channel. Table lamps mostly used 60W bulbs, with the maximum
being 150W in orefixture. The highest power bulb, at 500w/, was foundin afloor

standing halogen lamp.

The dimmer shoud also be usedble for amateur thearicd productions. Table 2 provides
asummary of thelightsin use & The Centrein the Square in Kitchener [2]. Thisisa
professonal thedre but gives agoodindicaion d the types of lights used for thearicd

lighting. Asindicaed, aimost al of the lights are 1000/ or less

Table 2: Light Quantity by Wattage at The Centrein the Square

Light Wattage Quantity of Lights Per centage of lights at
Wattage or below
500V 6 1.1%
575W 194 37.%%
1000V 321 97.%%
1500V 8 98.9%
2000V 6 100%

Based onthe power requirements of these thearica and hane lamps, eacy dmmer
channel shall be capable of handling 1000V with some margin (which will be
determined by the avail ability of comporents). At 120V thisrepresents a aurrent of
8.33A. Thedimmer also shoud na have aminimum load requirement per channel. The
small est reasonable 120V bulb isa5W Christmas-treelamp so this may be taken asa
pradicd minimum load if desired. Each o the dimmer channels must be individually

fused at a arrent lessthan the capability of that channel.



The dimmer must be ale to vary the brightnessof lamps conneded to ead channel by
changing the average or RM S power delivered to the lamp. The wntroll able range
shoud be aswide a possble, bu shoud be & least 10% to 90%. Phase control [3] will

be used to vary the gplied RMS voltage.

The dimmer shoud incorporate dedricd interferencefilt ering comporents s that it does

not adversely affed other eledronic equipment.

4.3. Electrical Safety
Because of the high vdtages (AC mains potential) used in the dimmer and for the

channel outputs, the dimmer must adhere to eledricd safety guidelines. Galvanic
isolation must be provided between any comporent conreded to the AC line and the rest
of the drcuitry andinterfaces that are not. Any devices used to provide such isolation
shall have anisolationrating of at least 2000 vdts. Cregrage and cleaance distances on

the PCB shall be & least 0.125inches to ensure adequate isolation.

4.4. Control Interfaces

44.1. RS-232
In order to provide eay interfadng with a standard personal computer, asindicated in the

customer requirements, an RS-232 pat shall be provided onthe dimmer. Thisisthetype
of port commonly referred to as a “serial port” onaPC. RS-232is more wrredly cdled
TIA/EIA-232-F and adually spedfies only the physicd layer eledricd interface[4], bu
in common wsage it also indicates that asynchronouws srial datais being transmitted and

receved, at one of many standard baud rates.



No requirement for the protocol used by the RS-232interfacehas been set; therefore a
simple menu based system will be used to all ow system configuration and setting dimmer
channel values. The baud rate will be 38 400 lits per sescondwhich shoud allow menus
to be displayed at areasonable spead. (A menuwith 10lines of 40 charaders ead would

take 40 * 10/ (38 400/ 10) seands, or roughly 100 milli seconds.)

The RS-232 pat shall also be used for debugging andinitial system testing. In order to
fadlit ate debugging of the other control interfaces, the RS-232 pat must operate

independently of, and concurrently with, the other interfaces.

The RS-232conredion shall use afemale DB-9 conredor, allowing a @mnredionto a
personal computer via a ‘straight-through” serial cable.

4.4.2. MIDI

The Musicd Instrument Digital Interface(MIDI) is aspedfication describing a protocol
and eledricd interface andistypicaly used by eledronic musicd instruments. The
dimmer shall be wntrollable by MIDI datain order to allow the dimmer to beused in

performances by eledronic musicians.

The dimmer shoud respondto MIDI standard “note on” and “note off” messages. MIDI
“note on” messages contain avelocity (volume) level; thiswill be interpreted asa
dimmer channel brightness ®tting. The dimmer shoud be &leto be mnfigured to
recave one MIDI channel and have adifferent note number asggned to eat of the four

channels.



MIDI spedfiesthat asynchronows srial communicaionis used at a baud rate of 31 250
bits per second[5], and the datais transmitted via a @rrent loop. Current flowingin a
MIDI conredion corresponds to the adive, or space state. An absenceof current
indicates an idle, or mark, state. The MIDI interfacewill use standard female five pin
DIN conredors and provide opticd isolation onthe recave channel [6]. MIDI data shall
bereceved onaMIDI In pat, andthis sall be passed through to aMIDI Thru pat to
allow daisy chaining with other devices. A MIDI Out port may aso beincluded although
at thistime it is not anticipated that the dimmer will generate its own ougoing MIDI

data.

Use of the MIDI interfacemay be mutuall y exclusive with use of the other interfaces
(with the exception d the RS-232interface.

4.4.3. DMX512

A very common interface ad protocol in thedricd lighting is DMX512[7], which
spedfies how datais caried from lighting controll ersto dmmers and light fixtures. It

allowsupto 512individua dimmer channelsto be controlled by one mntrol cable.

DM X512 spedfies asynchronows srial datatransmitted at arate of 250 000 s per
seoond wsing eight bits per byte, two stop btsand no @rity. The datais transmitted
using a balanced scheme, eledricdly equivalent to RS-485. Male five pin XLR

conredors are used for input and female five pin XLR connedors are used for outpui.

10



DMX5124aso spedfiesthe low level protocol used onthe interface A seria “bre&” is
transmitted for at least 88 US followed by at least 8 uS of idle (mark). A start code of

0x00 is then transmitted, foll owed by upto 512eight-bit dimmer intensity values.

Use of the DMX512interfacemay be mutually exclusive with use of the other interfaces,
except for RS-232.

4.4.4. RS-485

SinceDMX512iseedricdly equivalent to RS-485,an RS-485conredion may easily be
provided onthe dimmer via screw terminals. RS-485 spedfies the use of abalanced
interfacewith two data signals that are identicd except for pdarity [8]. Thisalowsfor a
high degreeof noise immunity when compared to more cmmon serial interfaces sich as
RS-232. The datarate and protocol used onthe vanill a RS-485interfacedoes not neal to
be defined and the interfacemay be provided for future caability only. Use of the RS-
485interfacemay be mutually exclusive with use of the other interfaces except for RS-

232.

4.5. Firmware Functionality
The firmware has threefunctional tasks. system configuration, receving protocol data,

and controlli ng the output power drivers.

The system configuration system operates over the RS-232interface ad must al ow the

user to chocse which o the cntrol interfaces the dimmer will respondto. Aswell, any

parameters for the spedfic control interfacemust be user settable. The MIDI interface

11



requires that the MIDI channel and nde numbers be settable, while the DM X512

interfacerequires that ead channel can be asggned to adimmer number.

The firmware must receve and processprotocol data onthe seleded interface and

interpret that data within the time taken to transmit the foll owing control message.

The firmware must monitor the AC line zero crossng to determine when to turn onthe

output drivers and then adivate them at the gopropriate time.

12



5. High Level Design

5.1. Phase Control

The dimmer will use the technique of AC phase angle mntrol, where the output loads are

turned onfor aportion d the total AC line sinewave period, as shown in Figure 1. If the

loads are turned onat the beginning of the AC cycle, they will recave gproximately the

full power avail able from the AC line. If they are not turned on duing an AC cycle, they

recave no paver. If theloads are powered for some portion d an AC line gycle, they

will recave a orrespondng portion d the total avail able power.

AC Line Resultant
S ; Waveform
S -
S
/
/
|
\
\
AN
\\
5 T
IS
(@]
© off on off On off

Time

Y

Figure 1: AC Phase Control

We define a as the phase delay between the AC line zero-crossng and the instant the
output channel isturned on. Therange ona isthen zero to 180 agrees, with O degrees

correspondng to full power an 180 akgrees correspondng to zero power. The average

and RM S voltage gplied to the load, as afunction d delay angle, appeasin Figure 2

[9].
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Figure2: Load Voltage vs. Delay Angle

Clealy, the gplied vdtage to the dimmer’sloads can be varied from essentialy zero to

100% of the supgy voltage by changing the delay angle.

5.2. Hardware Block Diagram

The block diagram for the dimmer appeasin Figure 3. The aiticd comporent in the
dimmer isamicrocontroller. A microcontroller provides alow-cost methodto easily
implement the required functiondity of the dimmer. It can simultaneously processinpu
from any of the required control inpus, and control the power eledronicsfor the
individual channels. The microcontroll er usesthe inpu from an ogticdly isolated zero

crossng detedor to determine how much time to delay before turning onindividual

channels.

14
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Figure 3: Dimmer block diagram

5.3. Firmware
The firmware has threemain tasks. The primary task isthe red-time phase axgle control

of the output circuitsrelative to the AC line zero crossng. In addition, it must process

intensity messages on the various control inpus. Finaly, it hasto hande system

15



configuration and management tasks (such as sleding which inpu isadive). Itis
intended that ead of these functions be implemented as autonamous modues and ke
primarily interrupt-driven to avoid the downsides of palli ng schemes.

5.3.1. Phase Angle Controller

As mentioned, the dimmer will be based ona microcontroller. Most microcontrollers
include timers and external interrupt cgpabiliti es. Many microcontroll er timers provide
compare and capture functionality, often providing a mode where aspedfied adion can
occur oncethetimer incrementsto a cetain value. The phase agle ntrol system will
make use of these interrupt-driven resources to provide red time TRIAC firing withou
burdening the procesor.

5.3.2. Debug / Supervisory and Control Inputs

All communicaions between the dimmer and external devices will be viaone of two
seria ports. One seria port (UART) is dedicaed to debug and supervisory tasks and will
be implemented as an RS232 pat, while normal MIDI and DM X/RS485 communicaions
can share another UART. A software-settable aontrol signal shoud be provided to
fadlit ate the switching between the two uses of the one UART. Both of these UARTS
shoud be completely interrupt driven to reducethe burden onthe processor.

5.3.3. Supervisory Tasks

The dimmer requires sme supervisory control, which will be implemented via amenu
onthe debug and supervisory RS232 pat. The supervisory tasks include the seledion d
the adive cntrol mechanism (MIDI, DM X512etc.) and system configuration (such as
enabling or disabling line termination). In addition, intensity control data will be

acceted onthe supervisory and debug port to all ow for system testing and personal

16



computer (PC) control. The supervisory and debug port shoud provide some
adknowledgement after receving arequest so that any associated control software can

determine that the dimmer is gill conneded and operational.

17



6. Low Level Hardware Design

The hardware design began with the seledion o comporents for the power supply, zero
crossng detedor and ouput drivers. The comporent seledion and design processwill be
described in the following sedions. Comporent designators (i.e. U3 o R7) refer to the

schematicsin Appendix A.

6.1. Component Selection and Schematic Design

6.1.1. Power Supply
The dimmer isto be aself-contained unt and thus requires a power supdy to provide low

voltage DC for its eledronics from the AC power line. Because the aurrent requirements
of the dimmer’s circuitry will be quite low, a standard linea topdogy was chasen. The
comporents used in the dimmer will be standard, conventional parts that will use a
suppy voltage of 5V. These spedficaions dictate the use of alow-cost, ukiquitous linea
regulator -- the National Semicondctor LM7805[10] as U3. The LM7805requires an
inpu voltage of at least 7.5V in order to guaranteeregulation, so the unregulated powver
supdy shoud suppy at least this voltage under worst-case aurrent consumption, assumed

to be ebou 200mA.

Because afull-wave bridge redifier will be used for efficiency (diodes D1-D4), we can
asume that abou 1.4V will belost aaossthe bridge (0.7V per condicting diode). We
therefore neal apedk voltage of at least 9V from the power transformer. Because the
RMS voltage of asinusoidal AC signal is0.707times the pe&k, a power transformer with
a6.3vV RMS secondary isrequired. A Tamura Corporation 3S-312transformer was

seleded as T1, which hasa6.3v RMS secondary at 400mA [11].
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6.1.2. Zero Crossing Detector
In order for the dimmer to determine & which pant onthe AC cycleto turn onindividual

channels, it needs areferencefor the AC zero crossng. For safety reasons this zero
crossng detedor must beisolated from the low voltage dedronics. Thisisolation can be
achieved at low cost with an opoisolator, a mporent which uses light to provide
gavanicisolation. Typicdly, alight emitting diode (LED) will be used as the light

source and alight sensitive transistor as the receptor.

U5 isthe optoisolator used as the zero crossng detedor andis a6N138from Fairchild
Semiconductor. It uses adarlington (dual transistor) output stage for high gain, providing
a aurrent transfer ratio (CTR) of typicdly 2000%. That is, the output current changes by
200timesthe dhangein inpu current. The part is therefore useful for diredly driving
logic level inpus. Thetypicd inpu parameters are: forward vdtage V=1.30V, forward

current I = 1.6mA. The maximum forward current is 20mA.

The zero crossng detedor works by first full-wave redifying the AC line using diodes

D5,D7,D8 and D16. Full-wave redifying before the zero crossng detedor guarantees
that the output waveform at the loads will be symmetric in the positive and regative half
cycles, which isimportant for powering some types of loads sich as transformers. This

produces pasitive-going half-sinewave pulses at 120Hz. The pe&k voltageis
120/ x+/2 =170V . By using 20K of series resistance, basic Ohm's law determines the

- - -V/ =170/ -1.4V =
maximum current through the optoisolator to be | %Q /20000:2 8.5mA.

The AC line voltage & which the optoisolator is guaranteed to beonis

19



V =IR=1.6mAx20kQ =32/ . Thispoint onthe sinewave @rresponds to

S’n‘l(32‘%70/):11° . In pradice the optoisolator will probably turn on much ealier.

6.1.3. Output Power Drivers
Triacs Q1-Q4 are used as the output drivers due to their low cost, small size and

ruggedness The BTA216X-600B devicefrom Phili ps Eledronics was chosen, dwe to
some excdlent charaderistics. It comesin afull y-isolated padage, which makes
hedsinking easier and safer. It isalso aso-cdled “snublerless’ triac Most triac @reuits
require aresistor-cgpadtor (RC) snubker to prevent false triggering when driving certain
types of loads. The Phili ps siubkerlesstriacis very resistant to this false triggering due
toitsdesign. (The schematic has provisions for such a snubler as a @wntingency if the
Phili ps parts could na be obtained intime.) The BTA216X-600B is rated for 16A which

easily allows for the 1000/ per channel power requirement.

In order to provide isolation and ease triggering of the triacs, MOC3011 opoisolators
(Fairchild Semicondictor) are used. These ae designed to dredly drive atriac s gate
inpu, and the output circuits are basicdly copies of Fairchild s applicaion nde [ref!].
6.1.4. Microcontroller

The heat of the dimmer isU7, an Atmel AT90S8515microcontroller. This
microcontroll er was chasen for several reasons. The projed designer has extensive
experiencewith the AV R series, as well as development tod s for the parts. The GNU
Compiler Colledion (GCC) targetsthe AVR as a aosscompil er, all owing the projed to
be developed in C. The part also has eight kil obytes of flash memory for program

storage, all owing for reasonably sized programsto beloaded. The AVR seriesisasoin-
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circuit programmable which eases the development cycle and all ows for incremental

firmware design. U7 runs at 8MHz, afrequency determined by crystal Y1.

The ‘8515 fas me alditional feaures beyond dher members of the AVR series. It
provides two external interrupt sources, ore 16 hit and ore 8 kit timer, abuilt-in UART,
and a synchronots periphera interface(SH) serial port. One of the interruptsistriggered
by the zero crossng detedor. The 16 bt timer has an interrupt on compare match mode,
and can be used for controlli ng the output turn-on pant. The built-in UART is dedicated
to recaving and transmitting on the wntrol interfaces (MIDI or RS485DMX512).

Finally, the SR port is conneded to a separate UART, to provide aseria port for
debugging.

6.1.5. Debugging UART and TIA/EIA-232 interface

The dimmer design includes an external UART in arder to ease the bring-up (initial)
phase and all ow for debugging of the dimmer, even when the internal UART is being
used for the control interfaces. The UART isU8,aMAX3100from Maxim Integrated
Products. Crystal Y2 provides a 3.6864VHz referencefor U8. Thisfrequency is chasen
asit isan integer multi ple of the baud clock required for standard asynchronous

communicaions (e.g. 9600 laud a 57600 laud).

U10isancther Maxim part, aMAX202. This part converts transistor-transistor logic
(TTL) signa levelsto the bipdar voltage swings required by the TIA/EIA-232interface
It has a built-in switched capadtor voltage cnwertor to generate the necessary +/- 10V

suppies.

21



6.1.6. MIDI Interface
The dimmer can recaeve ntrol datavia aMIDI interface to alow it to be used by

eledronic musicians and controlled by existing musicd gea. The MIDI interface
consists of a6N138 opoisolator (U13), anda 74vHC125 quwad bufer (U9). MIDI
spedfies an isolated current loopinterface which is most easily acamplished with an
optoisolator. Thelogic output of U13isbuffered by U9A, where it is made avail able to
Ull,a74vHC157 quad two-to-one multiplexor. This multi plexor allows the
microcontroller’ sinternal UART to be conneded to either the MIDI interfaceor the

R3A85DMX512interface depending onthe state of the SERSEL signal.

The MIDI input is passed to bufer U9B to provide a ‘MIDI Thru” conredion, to all ow
daisy-chaining of additional gea. The microcontroller’s UART transmit signal is
buffered by U9C to provide a ‘MIDI Out” conredion. The dimmer will not make use of
this conredion at thistime; it is provided orly to allow for future expansion.

6.1.7. DMX512 and RS485 interface

DMX512is smply an RS485interface athe dedricd level so these two control
interfaces will share the same hardware. They will differ only in the mnnedor used and
protocol details. These interfaces will be mlledively referred to asthe “RS485

interface”

The RS485interfaceis based onaMaxim MAX487transcaver. The MAX 487 converts
between TTL level serial signalling and kelanced RS485levels. The MAX487 can bah
convert TTL to RS485and convert RS485to TTL, depending on the state of two control

signals, DE and RE. DE enables the transmit portion (TTL to RS485) of the cmporent,
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andis conreded to the microcontroller. Inthe arrent projed this sgnal will not be used
becaise the RS485DM X512 poat isarecaver only. The RE signa enables the recever
portion d the comporent, andis conneded to ground the recever is permanently

enabled.

Because R$485and DM X512 spedfy a balanced, controll ed impedance céle,
terminationisrequired at the endpants of the network. To simplify install ation and
predude the necessty of separate terminator plugs, the dimmer incorporates oftware
controll able termination. 1200hm resistor R32 matches the dharaderistic impedance of
the cdling spedfied for RS485. Relay K1 conredsthisresistor aaossthe RS485 bis

when the TERMEN signal is high, indicating that termination is desired.

6.2. PCB Layout
Due to safety concerns and the high vdtages and currents involved in the dimmer project,

aprinted circuit board (PCB) will berequired. Any sort of prototype wnstruction would
likely be too fragil e (all owing a user to be expased to high vdtages) or not robust enough

to withstand the high currents.

The drcuit board places al of the high vdtage mmponrents along one side of the board
and the low voltage cmmporents over therest of the board area The only comporents
allowed to bridge the two areas are the i solation comporents (optoisol ators and
transformer). A red line 0.125inches wideis drawn aaossthe board indicaing the gap
between the high vdtage and low voltage sedions, andto indicéae the required cleaance

distancefor safety regulations.
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A standard copper thicknesson PCBsis 1.5a& (0.5 of copper and 1.0a of plating).
Using these thicknesses, and allowing a 20 degreeCelsius temperature rise, an orline
tracewidth caculator [12] suggested a minimum tracewidth of 235Mils (0.235inches).
For thisreason all of the high current traces on the PCB design are gpproximately one

quarter inch wide (250Mil s) or more.

The PCB layouts appea in Appendix B of thisreport.
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7. Low Level Firmware Design

7.1. Real-Time Phase Angle Control
The primary task of the firmware is the red-time phase angle @wntrol. Thisfirmware

modue must perform threetasks: cdculating the delay between zero-crossng and
TRIAC turn-on, turning onthetriac d the gpropriate point in the AC cycle, and turning

off all triacs at the AC line zero-crossng.

The microcontroll er's 16-bit “Timer/Courterl” is used for timing the turn-on pants for
eat o thefour output triacs. Thetimer’s clock source can be set to ore of many inpus,
including the procesor’s clock or external inpus. Thetimer isincremented onead
clock edge. The microcontroller’s clock will be used as the timer’s clock source, so that
the timer court will i ncrement at a mnstant rate. In addition, the zero-crossng edge
interrupt will reset the @urt to zero, resulting in a wurt value that starts at zero oneadt
AC line zero crossng and increments throughou the AC haf-cycle. Thisis shownin

Figure 4.

AC Line

A\

Voltage

Zéro Cross
Interrupt

\

ETimerl

Count

\

time

Figure 4: Phase Angle usage of Timer/Counter1
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The microcontroller’s clock can be prescded (divided) by certain powers of two between
one and 1024 lefore being routed to Timer/Counterl. Sincethe dimmer’'s gpedficaions
require it to work with afrequency of 60Hz £ 5%, the maximum periodis

1
Te = Sonz-59
Z2—-5%

=175mS. Thus, ore AC line half-cycle hasaduration of 8.77mS. The
8 MHz clock of the microcontroller has aperiod o 125 rf5, so there ae & most 70175
clock cyclesper AC haf cycle. Timer/Counterlisal6 Lt timer, so it has a maximum
value of 65535. If the microcontroller’s clock was not prescded before being routed to
Timer/Counterl, the court value would overflow within the AC haf-cycle, which is nat
acceptable. The next-smallest divisionratio is by eight, so that value will be used. The

terminal count of Timer/Counterl (at 60 Hz — 5%) is then

=8.77mS~+ 1 =8772, and at the nominal 60 Hz the terminal

County, 8000000 Hz,

court is8333.

The timer has two compare registers associated with it, knowvn as Timer/Counterl Output
Compare Register A and B. The microcontroller hastwo 16-bit comparators, which
continually compare the Output Compare Registers with the arrent value of
Timer/Counterl. Several adions can be performed by the hardware on a match,

including the generation d an interrupt, or changing the state of a port pin.

The phase angle mntrol modue uses the interrupt generation cgpability. The compare
match interrupt serviceroutine (ISR) is resporsible for taking any adion required at the

instant of amatch. Initialy, the mmparison value is st to the count at which thetriac

26



shoud turn on. An interrupt is generated when the Timer/Courterl court equals this
value, which occurs at time (a) in Figure 5. The Compare ISR would then set aport pin
to turn onthetriag and reset the wmpare value so that the next interrupt occurs just
before the end d the half-cycle. At time (b) in Figure 5 the Compare ISR again exeautes,
and cleasthe port pin to turn df thetriac The compare register is reloaded with the

turn-on value, and the gy/cle repeds.

AC Line

Zero Cross
Interrupt

Voltage

Compare Timerl
8000 i
Y ¥

0 7 >

Compare
Interrupt

Count

I I | .
(a) (0)  time

Figure5: Phase Control Comparator Operation

This procedure can be extended for additional channels. By sorting the turn-on
comparison courts, the ISR simply hasto switch onthe gpropriate triac in the sequence

and reload the comparison register with the next value in order.

Theintensity control structures will be held in global variables. In order to avoid arace

condtion, all of the ordered compare values must be updeted at the beginning of the
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cycle. Thislealsto the zero-crossISR pseudacode and global variables hown in Figure

6.
struct
L .
integer time
integer port_setting

} intensity _data;

intensity data new_intensity data[5]
intensity data cur_inten sity data[5]
boolean 0_update_intensity_data = false

ZeroCrossISR()

{
TimerCounterl _value = 0;
if (g_update_intensity data)
copy (new_intensity_data, cur_intensity data)
}
CompareValue = cur_intensity_data[0].time
}

Figure 6: Zero-Cross Interrupt Pseudocode

The compare interrupt then becomes quite simple. On ead compare match, the next
port_setting iswritten to the triacoutput port, and the CompareValue is st to
the next time vaue. If the port_setting corresponds to turning off all channels, the
current_step is st bad to Oin preparation for the next half-cycle. Thisresultsin

the ISR pseudocode and ore aditional global variable & shownin Figure 7.

integer current_step =0
ComprelSR()

TriacOutputPort = cur_intensity _data[current_step].port_setting
if (port_setting == all_channels_off)

{

current_step =0
}else {

current_step = current_step + 1
}

CompareValue = cur_intensity_data[current_step].time

Figure7: Compare Interrupt Pseudocode
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The only remaining task for the dimmer firmware modue is to compute the
intensity_data structures based onthe desired channel intensities. The minimum
intensity occurs when the dhannel isnat turned onat al, whil e the maximum intensity
occurs when the channel isturned onright after the AC zero-crossng. Thus, lower
compare values correspondto greder intensities. Given an 8-bit intensity value anda

Timer/Counterl termina court of 8000,the delay before turning on agiven channel is

cdculated as TurnOnTime = 8000%— Intensity

E The dimmer firmware modue provides

aset_levels functionto perform this cdculation. Oncethe delay is cdculated for
ead channdl, the delays must be sorted from ealiest to latest. In addition,to simplify the
comparison ISR, channels having the same intensity (and thus the same delay) shoud be

coaescad into ore. The pseudocode gpeasin Figure 8.

integer intensity[4];
set_levels()
for (i = 0to 3)
{ new_intensity datali].time = 8000 — (8000 * intensity[i] / 256)

new_intensity_datali].port_setting = set_bit(i)
}
sort_data (new_intensity _data]])
coalesce_data (new_intensity data[])
last_element(new_intensity data[]).time = 8000
last _element(new_intensity data[]).port_setting = all_channels_off

Figure 8: Level Setting Pseudocode

7.2. Debug / Supervisory UART
Asindicaed the hardware description, an external UART is provided for debug and

supervisory tasks. ThisUART communicaes with the microcontroll er viathe serial

peripheral interface(SR) bus, a synchronows sria bi-diredional bus. The Atmel AVR
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microcontroll er has built-in hardware suppat for the SH bus, simplifying the task of
communicaing with the UART. The SH hardware generates an interrupt after
transmitting and receving eight bits. The driver for the external UART uses two circular
buffers for receving and transmitting data on the debug / supervisory port. The SA
interrupt initiates adummy write if no detais avail able to be transmitted, o sends the
appropriate dharader if any is. Aswell, if a charader wasreal duing the transadionit is

enqueued onthe recave buffer.

Simplified pseudocode for the UART driver appeasin Figure9. The adual driver is
somewhat more complex becaise the UART uses 16 kit words, requiring two SH

transfers per charader.

circular_buffer rs232_tx
circular_buffer rs232_rx
SPI_ISR()

{

word spi_in, spi_out
spi_in =read (spi_ data_register)
if (rx_flag_is_set (spi_in) AND NOT (is_full (rs232_rx)))
rs232_rx.enqueue ( data_byte (spi_in) )
}
if (byte_available (rs232_tx) )
{
spi_out = transmit_byte (rs232_tx.dequeue() )
} else {
spi_out = dummy_write
}

write (spi_data_re gister, spi_out)

Figure9: SPI ISR for UART Communication

The debug / supervisory ISR is not resporsible for processng the incoming data; instead,

it smply places recaved datain abuffer and takes data to transmit from a buffer.
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Standard functions are provided to interad with these buffers. Their pseudacode gopeas

in Figure 10.

/I print out a character
rs232_putc(char c)

while (rs232_tx.is_full())
do_nothing

rs232_tx.enqueue(c)

}

/I re adin a character
rs232_getc()
{

while (rs232_rx.is_empty())

{
do_nothing

return (rs232_rx.dequeue())

}

/I is a character available
rs232_hasc()

{
}

return (NOT rs232_rx.is_empty())

Figure 10: Debug/ supervisory high level interface pseudocode

7.3. Control UART

The interfaceto the control UART israther smple, becaise the UART isbuilt-in to the

microcontroller. It provides an interrupt when a dharader isrecaved, and when the

UART isavailable for a charader to be transmitted. Sincebaoth MIDI and DM X512 are

unidiredional protocols asfar asthe arrent scope of the dimmer projed is concerned,

the transmit cgpabiliti es of the internal UART will not be used.
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Unlike the debug / supervisory UART, the receve interrupt is resporsible for processng
the incoming data acording to the protocol associated with the seleded control input.
The pseudocode for the UART receve interrupt appeasin Figure 11, and the two modes
of operation are described below.

7.3.1. MIDI mode

The MIDI mode requires the UART to be set to 31250 fits per seand. MIDI consists of
status bytes and data bytes, which are distinguished by having bit seven set or cleaed
respedively. The status byte indicaes the MIDI channel and message type, while the
data byte(s) indicate the data associated with that message. The dimmer respondsto key
down and key release messages. Key down messages are sent when anate is darted, and
consist of the nate number (eat pitch is assgned a unique number) and the velocity, or
volume. The dimmer interprets the note number (moduo four) as the dimmer channel,
andthe velocity asthe intensity. This allows gandard music compasition padages to
control the dimmer. MIDI provides no error cheding data.

7.3.2. DMX512 / RS485 mode

DMX512isaunidiredional protocol using aseria interface aaspeeal of 250000 hts
pre seaond(or 0.25Mbps). The RS485 potocol adopted by the dimmer will be identicd
to the DM X512 potocol, except that the baud rate will be 19 200 bts per secondto make
it compatible with standard terminal software. The protocol consists of a bre& signal
(continuots adive, or space state onthe serial line) followed by amark (idle) state. A
start code is then transmitted which indicaes the format of the foll owing data bytes. A
start code of zero indicaes that 8-bit intensity data follows. In this case, zero or more

intensity values are transmitted as sngle bytes, correspondng to global dimmer channels
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zero through n-1 where nis the number of bytes transmitted after the start code. Oncethe

n bytes are transmitted, a new breegk signal can be transmitted to begin the next update.

The DM X512 potocol includes no error cheding data.

UART_RX_ISR()

{

character ¢ = UART _rx_byte()

i f(serial_mode == MIDI)

{
midi.process(c)
if (midi.channel == DIMMER_MIDI_CHANNEL)

if (midi.message == KEY_DOWN)
{
intensity[midi.keynumber MOD 4] = midi.velocity

}
else if (midi.message == KEY_UP)
{

}

1
o

intensity[midi.keynumber MOD 4]
}
b _
else if (serial_mode == DMX512 OR serial_mode == RS485)

if (UART_rx_break_detected)

{
dmx_active = FALSE
dmx_channel= -1
}
else
if (dmx_channel = -1)
if (c ==0)
{
dmx_active = TRUE
}
}
}
dim mer_channel = dmx_channel — DMX_START_CHANNEL
if (dmx_active AND 0 <= dimmer_channel <= 3)
{
intensity[dimmer_channel] = c
}

dmx_channel = dmx_channel + 1

Figure 11: Control UART receive | SR pseudocode
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7.4. Supervisory Control
The final asped of the dimmer firmware is the supervisory control code. It isresporsible

for initi ali zing the hardware, al owing the user to choose and configure the desired
control input, configuring the hardware, and setting intensity values for manual testing or

dired computer control.

After initializing and dsplaying a menu, the ntrol firmware waits in an infinite loop,
paling for either areceved charader or azero-crossng. If azero-crossng is deteded,
the dimmer firmware’'sset_| evels functioniscadledto updite and sort the intensity

data.

If a dharader isdeteded, it isreal in and processed acording to the smple menu
scheme. Sending a “0” through “3” indicates that the intensity value for that given
channel will follow as atwo-digit hex value. Other single charaders are assgned
configuration tasks as indicated in the pseudacode of Figure 12. Sending a “m” or a “d”
followed by atwo-digit hex value @mnfigures the MIDI channel or DM X starting channel

respedively.
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main ()

{

initialize__hardware()
display_menu_and_config()
rs232_putc (*>")
do_forever

if (rs232_hasc())

{

c =rs232_getc()
if (c=="1)

toggle_termination()
else if (c ==‘c’)
select_next ¢ ontrol_input()
else if (c =='0"to ‘3)
intensity[c] = get_hex_value()
else if (c =='d")
DMX_START_CHANNEL = get_hex_value()
else if (c =='m’)
MIDI_CHANNEL = get_hex_value()
else if (c =='?")
display_menu_and_config()
};3232_putc (*>"
%f (zero_cross_occurred())

set_levels()

Figure 12: Supervisory Control Pseudocode
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8. Assembly and Testing

8.1. Component Acquisition
The bill -of-materials for the dimmer circuit assembly along with the bill -of-materials for

the complete projed appea in appendix C. Eadh comporent indicaes the source, and the
price (estimated and adual) if it was nat avail able & asample. Most of the cmporents
required for the dimmer were obtained as samples from various manufadurers or their
representatives. The projed designer grealy appredates the suppat of these companies,

which arelisted in Table 3 along with their contributions.

Table 3: Project sponsors

Company

Contribution

Atmel
Clarsand Ltd.

Microcontroll er samples

Cisco Systems (Waterloo)

Lab space ad equipment for surfacemount
soldering

Fairchild Semicondctor
Candian Source Corporation

Optocouper samples

Keystone Eledronics
EMX Enterprises

Screw terminas

Kingbright LEDs

Surfacemount LEDs

Maxim MAX3100UART
MAX202level shifter
MAX 487 RSA485transcaver
Mill -Max Surfacemount PLCC sockets
ON Semiconductor Logic IC samples

Phili ps Semicondtctors
Tedr-Trek Limited

Triacsamples
Logic IC samples

Samtec

Surfacemourt 0.1" headers

8.2. PCB Fabrication

It was originall y intended that the printed circuit board (PCB) for the projed would be

fabricaed by the Eledricad and Computer Engineeing department’s PCB milli ng

madhine. However, attemptsto oltain accessto the macdhine to producethe drcuit board
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proved ursuccesgul and an external quick turnaroundPCB fabrication company (Alberta
Printed Circuits) was employed instead. This dramaticaly increased the aost of this
portion d the projed. However, it resulted in having a professonally produced circuit
board in ashort period d time. A high quality board isimportant, considering the high

currents and vdtagesinvalved in this projed.

8.3. Prototype Assembly
The prototype drcuit board was hand assembled at Cisco Systems of Waterloo and at the

author’shome. The small surfacemourt circuit comporents (such as sme integrated
circuits, resistors and cgpadtors) were soldered at Cisco using the alvanced soldering
equipment there. Larger comporents such asthe triacs and aher through-hole parts were

assembled at home.

8.4. Hardware Errors
During assembly and subsequent initial testing, several hardware design errors becane

apparent. These were dl schematic-entry isaues, and nd higher level design isaues.
Each o the erorsisdescribed below.

8.4.1. UART crystal ground connection

Due to the use of an incorred groundsymbal, the groundfor the UART’ s crystal and
asciated capadtors (Y2, C13 and C14) was not conneded to the global circuit ground.

Thiswas correded by adding ajumper wire to the proper ground,as $own in Figure 13.
C13
1 -
Y2 - . 33
[ F——

3.6864 [ Cl4 l— Jumper
o= S

Figure 13: UART crystal ground problem
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8.4.2. UART pinout
Initially a surfacemount UART was to be used as the debug UART. However, this part

could nd be obtained before the drcuit board was sent out for fabrication, so athrough
hole dual inline padkage (DIP) part was substituted. Unfortunately, the surfacemount
part includes two extra pins, which are not to be mnreded externally. When the part was
changed to a DIP part, these pins remained and the ad¢ual UART had fewer pinsthan its
socket. In addition,the RX and TX pinsin the comporent library were reversed. These
issues were resolved by cutting the incorred copper PCB traces with aknife, and
soldering jJumper wires onto make the @rred conredions. Theincorred and corred

pinous are shown in Figure 14.

Debug UART Debug UART
+5V +5V
T c12 T c12
._| _|
100n 100n
us us
= —
© MAX3100xEE -~ MAX3100XEE
; DIN S RX ﬁ ; DIN S TX%
3| pout © TX s/ pout  © RX
>SCLK >SCLK
Acs RTS [ Acs RTS 2
6 CTS 5 cTS
RQ 10 RQ 9
7 2 X117y 6 & X117g
SHDN o X2 SHDN o X2 ——

Figure 14: Debug UART pinout - (a) correct (b) incorrect

8.4.3. Triac pinout
Dueto amisinterpretation d the triac s datashed, their pinou was also incorred, as pins

1 and 2were swapped as iown in Figure 15.
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Q1 Q1
BT216X 3 BT216X

(a) (b)

Figure 15: Triac pinout - (a) incorrect (b) correct

The resolution for thisisaue was to carefully bend the pins, such that the triac sadua pin
1 went into the pin 2 hdein the drcuit board, and pn 2went into the pin 1 hde, as

indicaed in Figure 16.

O

Figure 16: Triac modification to correct pinout

8.4.4. Logic gate U9C
Logic gate U9C in the MIDI output sedion d the schematic was placed badkwards, with

theinpu and ouput conredionsreversed. Figure 17 shows both the incorred
conredions as implemented in the PCB and the desired conredion. To fix this problem,
pins 8 and 9 reed to belifted from their associated copper pads onthe PCB, and small

jumper wires ldered in to make the rred conredion.
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-g)%t,\éllh?l% | Microcontroller

@)
i

(b)

Figure 17: Logic gate U9C - (a) incorrect (b) correct

8.5. Debug UART Testing
After the hardware issues were crreded, the debug UART driver was implemented and

tested. It wasimportant to have the debug UART operational at an ealy stagein order to

fadlit ate the completion d the rest of the design.

Initially the debug UART worked in the transmit diredion bu naot the recave diredion.
The hardware mnreds the UART’ s IRQ output to ore of the general purpose external
interrupts on the microcontroll er; the original intent was that the ISR for the external
interrupt could initiate areceve or transmit sequence only when the UART required
service However, it was foundthat the UART would keep the IRQ asserted even after
the byte was read from it. In order to get the debug UART working quickly and reliably,
the externa interrupt was disabled, and the SH interrupt rewritten so that as sonas one

transadion with the UART completes ancther oneis garted.
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With this new driver, the UART seamed reliable. A short test program was written and
linked with the UART driver that would echo badk receved charaders after avariable
delay. Thisworked properly indicaing that the transmit and receve functionality

worked and that the debug UART buffers were operational.

8.6. Dimmer Testing
The next dimmer modue to be verified was the output drivers and control sedion. To

test the dimmer functionality a small program was written to receve four sets of hex
values over the debug UART and then set the intensity values for ead of the four
channels. A desk lamp was conreded to ead channel in turn and it was verified that the

brightnessmonaonicdly increased with increasing values.

The next step in the testing involved conreding a 100W load to the first dimmer channel,
and applying incrementing values to the dimmer. After ead new value was <t, the
voltage & that channel’s output was measured with a Fluke model 12 multimeter. In
additionl, the voltage suppied to the dimmer, measured at the outlet it was plugged into,

was 114V. The measured dataisrecorded in Table 4

41



Table4: Dimmer voltage test results

Setting  Percent Measured Percent
Full Scale Voltage Full Scale
0x00 0.0% 0 0.0%
0x10 6.3% 1.923 1.7%
0x20 12.5% 6.72 5.9%
0x30 18.8% 12.96 11.4%
0x40 25.1% 20.8 18.2%
0x50 31.4% 30.06 26.4%
0x60 37.6% 40.47 35.5%
0x70 43.9% 51.2 44.9%
0x80 50.2% 61.5 53.9%
0x90 56.5% 71.5 62.7%
O0xAOQ 62.7% 81.1 71.1%
0xBO 69.0% 90.1 79.0%
0xCO 75.3% 98 86.0%
0xDO 81.6% 104.5 91.7%
OxXEO 87.8% 109.2 95.8%
0xFO 94.1% 112.3 98.5%

The results are presented graphicdly in Figure 18. Note the simil arity between the shape

in the graph, and the theoreticd results from Figure 2.
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Figure 18: Output voltage vs. control input
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Severa |oads were wnreded to the dimmer in order to verify its current handling
cgpability. Theseloads included a500W halogen lamp, two 60V desk lamps and
approximately 200W of assorted reading lamps and Christmas lights, for atotal of 820W.
Thisload was attadhed to ore dnannel and the dimmer was <t to 0%, 50% and 10®% of
full brightnessand operated at ead setting for 20 minutes. No undwe heding or other

problems were observed.

Unfortunately fuses and nase-suppresson inductors could na be sourced in time for the
completion d the projed. A case has been constructed for the projed that includes a
hoefor afuseholder to be added in the future. The dimmer did na cause undwe noisein
neaby audio equipment even when operating with 1000V loads. However, suitable
inductors $houd be alded and tested in the future to ensure the dimmer will cause no

problems.

8.7. MIDI Input Testing
In order to test the MIDI input, the four notes depicted in Figure 19 were entered into

Midisoft Studio for Windows, a music sequencing program. Windows MIDI mapper was
configured to ouput onthe mmputer’s external MIDI port, which was conreded to the
dimmer via astandard interface cale. In MIDI, middle C is note number 64. Sincethere
are 12 ndes per octave, every C note number moduo four will equal zero. As expeded,
when the measure shown was “ played,” each of channels oneto four turned onand then

off in order.
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[ 3]
 RnL

Figure 19: MIDI lighting test measure

8.8. RS485 and DMX512 Input Testing
The R$485 control input was tested by manually simulating the DM X512 format datain

aWindows terminal emulator, set to 19 200 ks per semnd. TeraTerm isafredy

avail able terminal emulator that all ows abreg signal to be sent (by pressng Alt-B), in

additionto arbitrary charaders. In order to mimic the DM X512 potocol, the keystrokes

as fiownin Table 1 were entered in TeraTerm.

Table 5: Keystrokesto simulate DM X512 protocol

Protocol Element Value | Keystroke
Brek <Alt-B>
Null start code 0 <Alt-000>
Dimmer channel 1 intensity 65 A
Dimmer channel 2 intensity 97 a
Dimmer channel 3 intensity 90 Z
Dimmer channel 4 intensity 122 z

When this data was entered, the dimmer channels were set to vdtages consistent with the

expeded values.

Unfortunately accessto proper DM X512 transmitting equipment could nd be obtained,

so DM X512 potocol data & 250 000 lis per secondcould na be tested. However, the

protocol appeasto function properly at 19 200 lits per second.
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9. Conclusions

It was concluded that ead channel of the dimmer output can take on any voltage between

zero and 98% of full scde, meding the spedficaions of at least 5% to 95%.

It was concluded that ead channel of the dimmer can independently hande a1000V

load as required by the speafications.

It was concluded that the debug / supervisory RS232 pat on the dimmer works as

expeded, and can be used to configure the dimmer and set channel intensiti es.

It was concluded that the MIDI input works as expeded and MIDI note data can set the

channel intensities acording to MIDI key number and MIDI velocity.

It was concluded that the RS485 pat works at 19 200 fits per sesaondand deaodes
DMX512 chtainto channel intensities, hovever red DM X512 dita & 250 000 [is per

seaondwas not tested.
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10. Recommendations

It isrecommended that the DMX512inpu be tested at the full 250 000 It per second
rate. Thiswill probably require the asgstance of agroup pesesingabDMX512

transmitter, such as the Drama department at the University of Waterloo.

It isrecommended that the hardware issues and pnou problems addressed in sedion 8.4

be mrreded in anew version d the printed circuit board.

It isrecommended that fusing and oupuit filters be added to eacy dmmer channel.
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Appendix A: Schematics

Pages:

1. Power supfy, zero crossng detedor and ouput drivers
2. Microcontroller and debug UART

3. Control input interface omporents and level shifters
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Insert schematic page A-1
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Insert schematic page A-2

50



Insert schematic page A-3

51



Appendix B: PC Board Layouts

Pages:

1. Copper layout, top layer

2. Copper layout, batom layer
3. Dirill drawing

4. Comporent placement guide
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Insert PCB B-1
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Insert PCB B-2
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Insert PCB B-3
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Insert PCB B-4
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Appendix C: Annotated Bill of Materials

Pages:

1. Circuit board assembly

2. Circuit board assembly (cont’d)
3. Complete dimmer assmbly
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Qty Reference Designators  Description MFG & Part No Supplier Est.  Price

Capacitors
1C1 1000u lytic stock $0.00 $0.00
18C2,C3,C5,C6,C7,C8,C9,C12, 0805 100n stock

C15,C17,C18,C19,C20,C21,
C22,C23,C24,C25

$0.00 $0.00
1C4 47u lytic stock $0.00 $0.00
4C10,C11,C13,C14 0805 33p stock $0.00 $0.00
1C16 1u 10V lytic stock $0.00 $0.00
Resistors
4R1,R4,R7,R13 150R 1/4W TH Axial Sayal $0.00 $0.20
4R2,R5,R8,R14 330R stock $0.00 $0.00
4R3,R6,R9,R15 47R 1/2W TH Axial Sayal $0.00 $0.40
2R10,R12 10K 1/2W TH Axial Sayal $0.00 $0.10
3R11,R24,R33 2k21 stock $0.00 $0.00
9R16,R17,R18,R19,R20,R28, 500R stock
R29,R30,R31 $0.00 $0.00
1R21 100K stock $0.00 $0.00
5R22,R23,R25,R26,R27 221R stock $0.00 $0.00
1R32 120R stock $0.00 $0.00
1R34 OR Jumper stock $0.00 $0.00
Diodes & Discretes
8D1,D2,D3,D04,D5,D07,08,D16  power Diode 1N4005 stock $0.00 $0.00
4D6,D14,D15,D21 Signal Diode 1N4148 stock $0.00 $0.00
9D9,D10,011,D12,D13,D17, Surface Mount LED kingbright
D18,D19,D20 $0.00 $0.00
4Q1,Q02,Q3,04 Triac BT216X Tech-Trek $0.00 $0.00
1Q5 Small signal NPN ~ 2N3904 stock $0.00 $0.00
Connectors & Misc
6J1,J2,33,J4,35,J6 Screw Terminal Keystone 7693 EMX $0.00 $0.00
4J37,38,39,J10 Surface Mount Samtec TSM-105- Samtec
Header 01-S-DV $0.00 $0.00
1K1 Relay DPDT 5V coil unknown Supremetronic
DIP $2.50 $0.00
1T1 Power Transformer Tamura 3FS-312 Longman Sales $0.00 $0.00
1v1l 8MHz crystal 8MHz Sayal $0.00 $1.00
1y2 3.6864MHz crystal ~ 3.6864MHZ Sayal $0.00 $1.00
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NOTE: Transformer 3FS-312 from Longman Sales did not arrive in time for the project to be completed;

a "wall adaptor" power supply was substituted instead
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Qty Reference Designators Description MFG & Part No Supplier Est.
Integrated Circuits
4U1,U2,U4,U6 Optocoupler Fairchild MOC3011 CSC $0.00 $0.00
1U3 Regulator LM7805CT stock $0.00 $0.00
2U5,U13 Optocoupler Fairchild 6N138 CsC $0.00 $0.00
1U7 Microcontroller Atmel AT90S8515 Clarsand $0.00 $0.00
1us8 SPI UART MAX3100xEE Maxim $0.00 $0.00
1U9 Quad buffer ON Semi ON Semi
74VHC125D $0.00 $0.00
1U10 RS232 Level Shifter MAX202 Maxim $0.00 $0.00
1U11 Dual 4-1 Mux ON Semi ON Semi
74VHC157D $0.00 $0.00
1U12 RS485 Level Shifter MAX487 Maxim $0.00 $0.00
Misc
1X1 PLCC Socket Mill-Max 540-99-  Mill-Max $0.00 $0.00
044-17-400000
Total Component Expense: $2.50 $2.70



Qty Description MFG / Part No Supplier Est.  Price
Board
1PC Board Custom Alberta Printed Circuits $0.00 $125.00
1PC Board components Per BOM pg 1 $2.50 $2.70
Assembly
1 Power cord Sayal $1.00  $1.00
51m length of wire (5 colours)  T-90 14 gauge Home Depot $2.50 $2.00
12 Crimp-on screw lugs Home Depot $2.40 $1.20
2 Standard receptacles Home Depot $2.00 $1.00
1 Electrical box Home Depot $2.00 $4.00
1Electrical faceplate Home Depot $0.50 $1.50
Cabinet
1 Mounting screws 4-40 by 1.5" Student Machine Shop $0.00 $0.00
1 Aluminum, bottom of case 16 ga 8" x 20" Main Shop $0.00 $0.00
1 Aluminum, top of case 18 ga 8" x 14" Main Shop $0.00 $0.00
Total Component Expense:  $12.90 $138.40
Total Component Expense (Excluding PCB):  $12.90 $13.40
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