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1 Introduction 

1.1 Background to the Research Project 

Overland conveyor systems [oml an integral part of modem industrial transport 1be)' are 

used in mining and mineral processing industries to move raw material from the mine to the 

processing plant. They can range in length from a few kilomelres to <IS many m; 15.6 

kilometres, which is !he length of the loogest single flight curved steel cord conve)'nT in the 

wocld. ThiR record is held by the Zimbabwe Iron and Steel Company (Zisco) overland 

conveyor which transports iron ore from Ripple Creek to a crushing plant in Redcliff in 

Zimlmb"'e (Fig. 1.1)_ 

lIigu ... 1.1, Zi",o o".r1 .. ~ Com'<yo, NY''''. 

This ov<,loOO OOIlV<)'Of ' )'mm is 1 ~ .6 km loog "010 i< .st~ to uaI\>"port iron ore t>IcnoJ. 
ti<Hn itjl'rl, Cr«k to , ,ru~lino 1'",;1,,) elf 11" /;,no.\"" I"", ,,,,,I Ncd ("m~"', 
(/;<,,<)1 I",,"ted in R .. 1c1 ilh l 7; ,n Ottb,," IT,""" lrom " un lolL LX ,) III-

Conveyor systems have been gaining popularity in recenl years as a reliable alternative to 

discontinuous lransport systemR Ruch as lrucks. High fuel, labour costs and increasing 

environmental concerns have made overland conveying a more uesirable option as opposed to 

conventional truck hauling [2[. 

1 
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2 Chapter 1: Introduction 

Til<l initial capib] outlay to in~lal1 a long overland conveyer belt system i~ high, howevCT once 

the >}stem is in place it is one of t!J;, mo,l ecowmica! methods of transporting material from 

one point to another. The belt i, the single most expensive item in a ~onyeyor >},lem and can 

account fur more thun one (hird of the total installation cost [3[. lbcrel0.-e, it is vital that it is 

w<'ll maintained in order to keep operating costs as low <I, possible. Tbe conveyor belt system 

links two major parts of the procc:;sing inlrastmcture. It is essential that it operates 

continuously when necessary as a stoppage would result in large io>ses for the ~omp"ny 

involved. The system mll>! be well monitored und maintained s.o that potential problems can 

be identified and c<)rrecwd eurly. 

lbcre are several pos>ible failure modes Ihal can OCCur wilh overland conveyor belting. Some 

ofthcse will he discussed in more detail in Section 3.1.2 and Chapter 4. and include: 

• Flell Tracking Failure 

• llclt Reinforcing Cable Failure 

• Idkrs Flearing Failure 

leads to edge ofhelt damage 

leads to helt breakage 

leads 10 idlers >elzwg. which 

causes friction, abrasion, overheating, 

possible fire damage and ripping or the 

""" 
failure modes tlrnt resuU in signili~ant belt damage are problemalic as belts arc usually 

custom madc for a specific conveyor system and arc costly and time consuming to repair and 

reploce. 

Most existing methods or WC<ll" detection focus on monitoring the cuooition of the belt itself 

This is achieved by examining cover wear, carcass damage and cover hardnes~. Thi>, together 

with rip detedion, can im:rease the lifespan of a belt. 

There are ~urrently a nwnber of compallles who produce belt monitoring systems. They 

employ various techniques to determine the condition of the belt. These range from portable 

mab'lletk reluctance probes which measure distances to the steel cahles in lhe bell [41 to 

uilra>onic lran>duccrs which measure belt width [3[. 
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1.2 Objectives of the Research Project J 

One of the most common methods of belt rip detection is to embed small ligure eight 

conductive loops in the bottom cover of the bell (Fig.I.2). 

fi~.,. 1.2: CORd.";v. hop Ri, 0<1«00" ~yst<l" 

Conducti" loop, II1C cmbctldcd throoi:h oot ibc: le"~lh uf tho C""YO}OT bell. rullO' "'0 
outptlllOCi hy th<: a,tocto,", when' continuo", loop pw= oH:rbcad, ro:;c'!itlil ' rimor. If 
there i> "br .. ~ ;" " loop and the",f"", th<: helt. U,' timer will time out ond <top .t.: 
COll'~. 

These loops arc placed at regular intervals and extend across the entire belt width. Detectors 

are placed on the structure oflhe conveyor after an area of potentially high risk. The detectors 

output a pulse if a continuous loop passe~ ovcr them which resets a timer. If there is a break in 

the loop, the timer will time out and stop the conveyor [5). 

The disadvantage with most of these systems is that they only identify a firilure in the belt 

once it has occurred rather than isolating a potential problem before it has time to causes 

signilicant belt damage. It would be preferable to have a method which could detect idler and 

tracking failure before these failure modes can cause lllliior system damage. 

1.2 Objectives of the Research Project 

1.2.1 Purpose of the Research Project 

Online vibration monitoring is one technique that could be used to detect idler bearing failure 

[6]. Thi~ system woukl monitor changes in the vibration profiles of the idler bearings. which 

would give an indication of their type and level of deterioration. In most machine condition 

monitoring sy~tems a vibration sensor would be placed on each part of the system that needs 

to be analysed 17]. It is not possible to do so in this casc due to the large number of idlers in 

the system. It would be beneficial if a suitable online vibration detection system could be 

implemented without the expense of having a vibration sensor on each idler. 
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4 Chapter I; Introduction 

A po>sible >oiulion to this prublem is to embed a v.irele>s vibration ,CIl>Of in the actual belt. 

The purpo~ of the research project is to investigate the feasibility of ~llch a sysl<'ll1 by 

designing a vibration >ensor that could be used to detect faulty idlers in a conveyor system. 

__ • _____________ .'[=-- N. tworl: 

0; Ot - Sou St.tlon 

I Radic> link 

Fil"" 1.3: A Simplifl<d Sch<",atic ofth. r.,.h.dd«l Vib,.tion Son,or Sl"t.m 

A wird"" "i~""ioll ",IlW ,('OM be cmbc(\(\C~ iI' tOc belt .00 po'lcrcd h)' 
<icwomagnoti< ir"~"'LiOl1 "" il p""", OYC~ dwging "-.. ;00" RFiD ta;\' or" u«d to 1oc>1" 
Ihe 1'0>;1;"', of lhe [oulty Hllcr. Rcodin;.' 01'< <torcd OllbMrd til< ... """r .",1 arc 
tlu"'T11M<kd to C>.1em.1 h'" =,ion, ,';a. ,:><I", 1;[ ..... '11_ base ,M;"n,"," holed to" 
d:ilob<t>o get.,," who,-e all 1M" '~n be ,tOTed ond "",,1},!lCd 

The embedded sensor would measure th~ vibrali(m lcvds of the idler bearings and would Ix: 

pow~r~d within lh~ belt u>ing electromagnetic induction Passi"", Radio Frequency 

Identification (Rl'IO) tag~ could hi' u.s~d as po:;ition indicators on each idler throughout th", 

~y~t<;ml (Fig. 1.3). 

On" or more external base stations would bt: pl!lCl'd around the conveyor system. \Vh~n thl' 

sellSor passe~ by Ihese ~lalion:; il would download the stored m"'''l~ur",nwnts via a radio link. 

Th" base ~latiollS """Quld be connected to an ~xl"""al dalabase :;wler. "here alllh" n:su1t~ can 

be stored and analysed. 

1.2.2 Problems to he Investigated 

Th", obj<:etiws of the project were to: 

1. Research the various onlilll' viOC!ition monitoring methods in the literature and 

unden;tand the theory and COl\C~pl~ involved. 

2. Understand the basic design of an owrhmd conveyor belt ~yskrn. 

3. Understand the hardwar~ subsystems that are used in lh" eon:;truction of a data 

logging vibration s<m:;or. 
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3 

3.1 

3.1.1 

Rolling Element Bearing 
Monitoring 

Rolling Element Bearings 

An Introduction to Rolling Element Bearings 

A rolling element bearing is made up of round or rolling elements placed between two pieces 

of material. The most common lype of rolling clemen! ocanng is the hall bearing (Fig. 3.1) 

and this, like most other bearings in this class. is ma<le up of an inner and outer race with the 

rolling elements fOWld in the b'Toove furmed between the races. A bearing cage holds each of 

the rolling clements in place within the bearing. 

Outer Race 
Rolling Element 
Inner Race 

Cage 

Hgu,e3.1, A Sche.,",ic Ill'g,"" ofa Bon lI<.d"g 

,\ rolling d"mont b<>ring j, m.de up of"" inn<r ond 0""" ''''" ,,'ill, TOII;n~ <k""",,,,- in 
'j,j< <= 0.11" klund", '"" """"-0 belw",", 100m (\1.-..Jj""~ lIom M"\oo, y,,, al. 2000) 
IISI· 

Rolling clement bearings arc critical me<:hanical parts in mo~t ;ndu~trial equipment. Their 

/idlure i~ con~i<lere<lto be One of the large~t causes ofbreakdo"'TI in rotating machinery 1161. 

Rolling element bearings support the idlers and pulleys in overland conveyor belts. A brief 

outline ofthc main rolling element bearing monitoring methods is laid out in Sections 3.2 3ml 

3.3. 

10 
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l.J I'redietive Maintenance 9 

• Long lerm breakdo ..... n dala can be ustd 10 IIm,l~ downtime and Ihis then allo" '!! 

mllnl1b""nJ<:Tl1 10 plan betler preventative In:ainlenanre sl:'-dlegie.. 

/<,'lon;wring lhe condition of the aclu~l oonveyoT!le1t in <lJl ov~rland oonvc}or system is vi I:!! 

itS t>o:lting is tll<: single most expensive item in the ~yMem_ 11 th~rd~m: n~cds to be kepi in 

gO<.>d "or1:ing ~llndili<Jn. Idler tJt,aring fallure has been identified a~ one of lhe C<.,mmon 

cau:<;C!; of belt failure [14[ and i~ lht:r~rure 11 muin focus in this thesis. J 00 conveyor belt 

system ~ its components arc examined in mo~ delllil in Chapler 4. 
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4 The Conveyor Belt 
System 

4.1 A General Overview ofthe System 

Cooveyor belt systems pIa)' a y;lal wle in most modem processes, whether it is to transport 

coal to a power station, rotatc grain in silos or even Jll()VC baggage in an airport; they fonn the 

backbone of many different types of transport systems. 

As sla1&l b)' G. Davies (1981) [351, 

"The conveyor is taken for granled as an obediem servam ready fO move moun/aim al [he 

louch of a bz;//on," 

11 is therefore, essential that the conveyor !leI! system runs as ~;m()()thly <IS possible v.ithout 

any major problems. Conveyor belts were first used as carly as 179S to transport grain over 

comp;rr<llively short distances. Th~)' have since b'Town ill Jenb"th, size and carrying capacity 

[351· 

A conveyor belt is made up of two end pulleys with some form of continuous material, knfmll 

as <l bel1, looped arn(1nd them. The belt rotates around the pulleys which arc driven by drive 

motors and is supported. along its distance. by stands whieh contain idlers. This s)'stem 

provides a means of transporting material from one poiot to "nother and is used in many 

dillerent "pplieations in industry and agrkulture. Due to advances in helt materi"l desib"'. it is 

now lXlssiblc to make longer and stronger conveyor helting, therelore making overland 

eonve)'()i" helt ~y~tems a viable alternatiye to rail and road in bulk material transportation in 

the mining and mineral processing industry [36J. 

19 
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2. Chapter 4; The Conveyor Belt System 

A con>eyor hell system can be divided into three main sections: 

I. The Tuil - 1hc material 10 be transported is red onto the conveyor belt in this section. It is 

important that the mk of feed is controlled to prevent damage 10 the bell and the s}stem. 

2. The Middle - This is the longest sedion in a conveyor belt system and contains all the 

support stands and idlers. 

3. The Head f hc material is ejected at the head of the system. In a single drive system, the 

main drive is located at the head and Ihis drives the primary drive pulley. 

Roof 

Carrier Idl ",, __ 

Return 101 ",, __ 

Figu,. 4.1: A ~i",pl;fi<d llI,t,"m "" tho Co.nyor Bolt S}'lIt<m 

rh , <I3n<h fmOl (1" ><tueh""i >UppOfL of tile 'ystcm. ' j he)' ore placed . 1 "~Lll"' inl""-,,!> 
Il""'J~loool 1h" l. n21h oflh< OOIlVC;"Of belt , y >l<nl. I~. typi ,al di ,,,,n," \>0(" """ . lond:> i . 
, \>001 ~ nt. 

The conveyor belt sp"ciilcalions for the belt conveyor CV-08 ror the Savmorc Colliery arc 

given in Appendix B and were u~d as a guideline in the vibration sensor design [37]. These 

values are typical of conveyor belts of comparahl~ length and tho~e that transport similar 

mat~riaL A brief description of the subsystems in an overland conveyor helt i~ given in the 

follo"'ing ~ections. 

4.1. J The Belt 

Ibe helt is the most expensive itcm in a conveyor belt system and can con~titu(e up to 40 

p"rc~nt of the total installation cost [2]_ Stre~es form in the belt as it moves through the 

system. These include lh~ following: [35,38J 
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1. Tram-ient Stres!!e!! form in lhe bell during slarting and stopping of Ih~ ~y~lem. 

2. Longiluditwl Stresses arc generated in the belt by the drive pulleys during operation. 

3. Bending Stresses arise in the belt as it moves around a pulley 

4. Flexing Slren'e!! <xc-ur <IS the bel( mov~~ ov~r idlers forming a nexuml tnms~= wave. 

This abo adds a larg~ dynamic loading on thc idlcrs and idler bearings which increascs 

their ~hunce offailure 1381. 

5. Indelaminale Siresses are brought about by the 10<ld impading on th~ bdL 

It is imporiunt Ih<ll the nominal tensile strcngth rating of thc belt is at least 6.7 times greater 

thun th~ operating tcnsion of the belt to acoommod<rt~ <Ill unknown dynamic elre~t~ [391. 

The bell is made up of a top and bottom cover with a belt carcass in between them. 

Historically, the belt carcass 'was made from multiple layers of woven cotton. Today, belt 

carcasses arc made of layers of mono or multi-ply semi synthetic or synthetic woven fabri"", 

separated by l<lyens of rubber; or alternatively. a single layer of parallel galvanised stcd cables 

embeddcd in rubber 1401. Steel cord belts. illustrat~d in Figur~ 4.2, hav~ lill1lly <ldvanl<lges 

over other belts and these include: an increased tensile strength which enables them to he used 

ovcr longer distances: increased flexibility du~ (0 the rubber and ~teel ~arcass which <lllows 

them to be used with deep troughing idlers; and thicker covers due to the constnlCtion of thc 

carcass which incrcases belt life [351. 

Belt Widlh'·~::::~:::"" 
fi~"," 4.2: Th. Str.etu" ofa St •• l Cord 1I00t 

The bell i, mad< lip of. lop COVeT, ' botlom cmCf ond st",1 calli ... rho ~~<I c. ble, 1("," 

the helt """""" ond ",infoTCc the hek (\-iooificd from FIc-:<teoi 0.11. oomtructi"" r",," 
Goooycar Industrial Proollc,,) I~ll 

The type of material that covers are made out of depends On the function of the ~onveyor belt. 

Belt covens prok~t lhe belt ~an;~~ from weather damage and impacts from material being 

transported. Ihey must also be resistant to high temperamres and sub8tance~ such <18 oiL 
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4.1.2 The Idlers 

An idler is made up of a roll or rolls held in place by a bracket which mayor may nol be 

supported on a basco The cylindrical mll consists of four main parts as ~hown in Figure 4.3: 

the OUier shell, the shaft, the bearings and the seals. 

-------- Outer SheH 

-;:===: '"'' ;:. Bea~ng 

~--- Seal 

figge. 4.3: Th. Sln",'""< ofoo W .. RoN 

An idler roll 00",;,,, oftou, ",.in oolnp<ln"",,, th< (JOlter ,;Mil, tho ,It.tt tho hearing,' .'H1 
(he _I>, (Modilioo f,om O<hom Eng;I><'rc<I p,,,,,,,,,, SA (Ply) Ll~, :;.,n", 25 conv"}'"" 
idl<r ,v<6ficaliun'l 1421 

lbe outer shell is made from steel piping and its diameter vanes according to the 

requirements of the conveyor. Outer sheJl diameters can range from about 100 mm to 180 

mm. The ~haft i~ made from mild steel and is supported by the hearings, which are housed 

inside the shell. The bearings arc shielded from du~j and dirt by the seals. 

The roll arrangement in an idler depends OIl the whether !he iuler i~ on the carrying or rerum 

side of the conveyor sy~tem. Carrying idlers are usually troughcd in some way to ensure that 

the transported material remains centred on the belt. The typical carrying idler arrangement 

consists of One horizontal centre roll with a roll on either side of it as i11ustnlted in Fib'lll"e 4.4. 

The trough angle between the centre and the side mils can vary between 20" and 45" [211. The 

rerum idler arnmgement con~i~ts typically of one flat horizontal roll or of two rolls angled in a 

'V' ~hape. 

s •• 

Cenn .. Roll 

Fig"" 4.4: Th. Curier Idl., Arroogo ... nl ill tIIo C.,,..,)O, Boll 

lh" 'ido Klier mil ' .r< ..... ng<~ '1 '"' ""I:Ic of 20' tu 4So 
to the centre idl<f ",It ~1 <""". 

that 11", Inato,;",l being 'rnmporl«l Tcormi", OCIltrcd 011 tOc hek. 
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It is vital that the belt rum centrally on the idlers and pulley, throughout the conveyor belt 

system a, an untrained belt will run into the ,teel frame work damaging the edge of the belt. A 

b<. lt i, trained by adjusting the pOlitiom of the idlers. pulley, and load 143]. The two main 

methods us~d to train the b<.lt with troughing idlers are: ,hitting the idler axis with rcspectlO 

the direction oftrav~l of the b<.lt and tilting the troughing idler torward which eausc, the belt 

to self-align 1~41. 

4.1.3 The Drives and Pulleys 

Th~ drive motor or motors drive the pulleys which move the conveyor belt around th~ system. 

A conveyor be lt system can e itocr have a single head drive or multiple drive.'. A ,ingl~ he ad 

drive is expen,ive a.' it ha' to be large in order to provide enough power to move the be lt It 

do~s havc the advantage, howewr, that all the rnaiGl" operating machinery is located in one 

position which reduces mainlenanc·~ operations. Multiple drive sy.'tem' mill' have drive , 

locate-d in the hcad, tailor some intenn~diale position. They are less expensive than .,ingl~ 

head drives arnJ the rating of the belt m ed in the system Can be lower as there is less ten,ion 

on it 12]. 

tbe conveyor kIt i, pulled through th~ .,ystem by the drive pulley,. It is important that th~ 

diameter of the pulle, i., not too small as this will causc a large amount of str~ss and distortion 

of the bell. Goodyear Indu,trial l'nxiucl\ [44] recommends that the pulleys ar~ lagged. in 

other words that they ar~ c·over~d with \.OTIlC material. Thi, will improv~ the eoe ffJci~nt of 

friction between the bdt and th~ pulley. rcduee slippage of the belt in wet condition." increase 

the life of the pull~y arnJ the bottom cover of the belt and help prev~nt the build up ofmatcrial 

on the pulley whic·h causes belt wear. The face width of a drive pulley in a convcyor system i, 

usually made 50 nun greater than the belt width for belts of 1000 mm and less, and 75 mm 

greater than the belt width for belts gr~ater than 1000 mm [43]. 

4.1.4 Failure 1l1udes ufthe Comf/lmenl.\· ill Overland COllveyor Belts 

There arc several failure m{xies that Can occur with overland conveyor be lt,_ Some of these 

were briefly mentioned in Section 1.1. tioodyear lndu.,trial Products [H] provide, a 

compr~hen.<iv~ troubleshooting manual which give , possibl~ problems that can occur with 
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overland conveyor belt s~'stems and soilition, 10 these problems_ This li,1 can be found in 

Appendix C. 

Some of these problem, include: untrained belts running into the conveyor mudurc 

damaging the edge of the bell; extreme belt stretch putting strain on tile belt and on tile be lt 

cable" c.~cessive bell Cover wcar in variou, form, rrom grooving of the cover to bell cO\'ers 

cracking; pulley lag wear causing belt damage; and idler fail\lre which cau ,," ' overheating and 

belt cover damage_ 

These problems may be prevented by monitoring the condition oflhe system. '!lIe following 

charte" focus (m the design and construction of a vibration data logging board which can be 

med to monitor mechanical vibmtion, SO\lnd and temperature which are good indicators of 

'}'lem "ear. 
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5 Hardware Design: 

Vibration Data Logger 

S.l An Overview of the Design and Requirements 

Vibration sensing was proposed a~ a possible technique for monitoring the condition of idlers 

in a conveyor hell system [6]. The purpose nfthis projccl was to design and build a prototype 

vibration data logging board with digital signal processing capability that could be used as a 

condition monitoring ~yslem_ This chapter provides a detailed look at the hardware of the 

sensor lIIlU each of the subsystems a~ well as the design cnn~iderati0/ls behind the sele<;tion of 

the components for system. 

5.1.1 General Reqllirement5 of the Data Logging System 

A data loggitl£ device is used to measure. n:cord and store a specified numher of samples of a 

particular parameter in a system. It requires the following subsystems: 

1. A sensor measures the desired parameter with some form of transducer which converts a 

real world parameter into an electrical signal. 

2. An analogue to digiral converter (A1X) converts thc anal()gue elu'trical si~al which 

comes ll-om Ihtl senoor into a digital sib'Tlal. The sampling rate of the ADC has 10 satisfy 

too "yquist-Shannon Sampling Criterion (liq. 5.1) which stale~ that the sampling 

lrcquency U;) must be allea81 twice the m!!Ximum frequency (j~) in a system I() prevent 

aliasing of the signal. 

(5.1 ) 

The ADC can be a stand alone device ()f huilt into a microcootroller chip. 

25 
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3. A processor controls the actions of tile device and can Ix: anything frum a microprocessor 

to a digital signal controller to "orne I;)fm of higher processing unit. 11 is used to perfonn 

calculations on I~ measured data. to transfer and retrieve data from memory and 10 

control cOllummicatioo. 

4. Memory is used to store the collecte<l data until it is needed. It is interfaced with the 

processor and must have a large ellOLigh capacity to store the required number of samples. 

5. An interfacing and indicaror system provides the user with a means 10 imeract with the 

data logging system. The inle.-face system can consist of inpUl and output systems. The 

input system enables the user to select or alter onboard parameters while the oLllpLil 

system connects the data logging device to an external system, often some fonn of 

personal compLiter (PC). All the collected data can then be transferred to the extemaJ 

device for further processing and analysis. The indicator system provides the user with a 

visual or aural rcprcscmmion of the condition of tile device 

6. The power supply provides the power to run the device. The type ofpowcr supply depends 

on the nature of the data logging instrument; for example, a stand alone systtml requires a 

fonn of battery power. 

R .. I World 
Signolo ""'%.t 

DATA LOGGING DEVICE 
--------- - - - - - - ----------- , 
, , 

~ow.r 
, 

- -Supply , 
, 

, 
, 

1.- Memory , 

~ 
~ , 

SanoolO P,oou.or 
, 

r- , , , 
I I ...... Dor. Ratti., .. 

i ~ ~ 
SY' I<m 

, 
, , 

'""' ""'- , 
Condllion. Indl, ",o," , , 

L _______ ,- , -----~ 

Fi~u", 5.1: !, Simplified Sy' '"'' ni.gr.", or. Du. I.0n ;n = D .. ~", 

• 

A d. L. IOl>i!cr i, ">cd to me"",,,. re""," ""d " "' •• p",am"" 0< p",ame''''' , D,"-a "", ,,",~,,,,,,d 
wi~, ' "" """" "",iy",d b), lhe prOCC, ,,,", ond ",""cd in >Om< f",m of ""'m"'}" unit. 0aI.~ <"" h< 
"piQ~ Lo" p"Thon, i compolcr through a d_ ,,".,.,..1 'Y.",m. I"h< pow,," ,urr1y un~ p'JW"" . 11 
tho , u.,)"'lc= . 
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5.1.2 Sensor and Data Capture Requirements 

The vibration data logging prototype board mu~t be able monitor the condition of the idlers 

and their bearings to determine their state of wear. The following three parameters were 

selected as wear indicators: 

1. Vihrarion - As described in Chapter 3, mechanical vibration of the bearing and bearing 

housing i~ a good indicator 01" bearing delects. Due to the position 01" the board any 

vibrations coming from failing idler bearings will be dampd as they pass through the 

belt, as rubber is a damping medium. The belt will experience many different vibrations 

and stresses during the operution of \he conveyor su~h as: small random vibrations from 

the movement 01" the transported material; vibration spikes as the belt travels over idlers; 

and transient strcsses during starting and stopping of the conveyor; amongst others 

(Section 4.1.1). Signal damping and surrounding environmental vibrations will hide small 

vibration signals emanating from failing bearings. Transforming a signal from the time to 

the freqllcney domain can counteract this by isolating the bearing freqlleneies from 

surrounding noise. However, the jj-equen~} 01" a sib'11al loom a vibrnting source, in this case 

lhe bearing. will still be subjected to a Doppler shift rclathe to a moving device. TIus will 

cause some Irequency modulation or the bearing frequencies which will complicate 

analysis using high frequency resonance teclmiques (Section 3.2.2). 

11 is assumed in this project that only late damage will be able to be sllCeessrully detedeu. 

by time and Irequeney domain methods as these te~hniques are unable to distinguish the 

small vibration signals that occur dllring early damage from environmental noise. This 

method will still provide maintenllllCe managers with enollgh early inlonnation to ,top 

potential belt failure due to faulty idlers. The vibration data logging board's me~hanical 

vibration sensor design takes these limitations into ac~OWlt. 

A time based technique. in this case RMS vibrational acceleration, can be used to measure 

mechanical vibration. This technique has been selected as it is simple to implement: is nOI 

alTe<.ted to the same extent by conveyor movement as freql!el1cy meaSlirements; and has 

been shov>1lto be suceessflll in detecting late damage in bearings [191. 
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As a bell moves over an idler, it experiences horizorrtal and vertical displacement relative 

to the bel(s motion (Fig. 5.2). This change in the direction and velocity of the bell resulL~ 

in ilCceleration in both horizontal and vertical directions. 

" -
" 

_____ Bell 

Idler 

~'ig"re ~.l, _Vl"",mo.t of Conveyor lieU Around on Idle. 

,\, ~ I><lt In,,"" 0\''' OIl idlor. "<'ron,,,,,« a verti<. 1 ",><1 Mri",,".1 ~i'fl"".ment ","'ive to lhe 
hoi,', roo,'Ome"'. This 'M'2e in Lt.: ulreoli<JrL _I .<Iocil~ ul"lI", boll ",>uli, in """olor,\;"'[ jll both 
,·cnic.lond horizontal dire",i""" 

A faulty idler bearing may seize or cause excessive idler vibration resulting in increased 

horizontal and vertical acceleration of the belL Vibrational ac<;eleration must therefore be 

measllred in the direction of the belt travel, represented by y in Figure 5.3 and vertical 10 

the belt. represented by z. 

Direction of Travey 

Conveyor Belt 

~';g"," ~.3, /);"<1""" of M.ti<.>n on tb. B.U 

Vibntiooal occcJc,.tim mu,," hoe m,,,,<ureoJ in 1JJt, oJi",olML of tbo bolt trHci IJI) and v.<lb.1 to tho 
belt(,,). 

In tbis study, an ADXL202F. ± 2g Du.II·Axis Accelerometer 1451. is used as the transducer 

to pick up mechanical vibration. This is discussed in more detail in Section 5.3. 
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2. Sound - This parameter can be used as an indicator of ad,·anc"d ooaring w"ar as a badly 

worn bearing may crcat~ an audibl~ 'OlLnd. An d~clrc( condcn",r microphooo is lLscd to 

pick up sound (Section 5.4). 

3. ·/"f'mperalure - Thc temperature 01" tJoe belt" ill iocrease as it begins to fai I due to sei7.ed or 

badly worn idlers. Tem)X'rature is lh~rcfom a parameter that can be used as an indicator of 

idl~r 1:1ilure. A MAX660~ low voltage analoglLc lcmpera(ure sensor [461. is used to 

mea,lIre temperature (Section 5.5). 

Each of (he three parameters require' a diff~rcnl ,ampling rate as the transducers each ha'·e 

diff~rcnt maximum ii"eguencies that they can meaSure. The maximum freque ocies and the 

required sampling rates are gi,en in Table 5.1. The maximum frequencies of the signals have 

been given once they hav~ pass~d through anti-aliasing filtel"'i. 

r.bl, ~.l, ~'mpli.~ F",q,.,.ci .. r", E..,~ T"",d""e< 

hoh ~,"~u,"<r requ~" , !loff",,,, ",,,,,,ling ho~"'nc) '" [boy <ocll I",,·. ilitl",no: ""","mm 
fiTqOCncics. TOo: ,,"',liun "r ,",~I;,¥ froqu,""y ,,>0," "tidy tbe .~~~"i3'-SIo,,",,,,, (h","" LE~ 
\ I). T1>< """"0'''' fi·eqococic3 ,/OO"n in It,i, ","I, "," r", ,100 ,jE"al , ooce tbe)' ll ... , p""""l 
,aOOi""""_!Ili,,ing fil"'" 

'----,--=:---- _._--
!'>L\XIMlN SA.\IPLI'iG 

FREQUESCY fREQUENCY 
TR.-I.'iSI)UCER DESCRIPTlO'i 

Fh·/rd Col!(k""er 
.\4im)ph"", 

M~X6«!8 

, 

DC 

IHI=) 

'" 

Thi, i, a d"ol-oxi' ""ccle<omoler and lb<_j 
oIl ""n,fu.·i<!<" at pillS x}." ,nd X" i, (, kHz. 
The "'[J\j1lin& f'oquo""y at each pin mu« b< 
at least 12 <1 17. (rq . .I. I) ,.,d j. >elCClell lo 
b< 16 kII, per cil",,",,1 h e""" 0] 
calculatioo, 

The ban<l",id~) of an elect",t microphunc;, 
l),piC,lIy SO Hz - ]) kHz, Th< ,"[npl;n~ 
fre'l"ooc), i, ,.Iec~~d '" b< 20 Iill< which 
""i,fLc~ lho "; '1u;>!-Sha"Mn Cr;te,i"", 

Tk lC"rt'pcr.\CO'~ SCnw< '''e," lemr<'",turo 
ro..Jingncr; 10 "-"00"", 

Anti-aliasing iilter> must be used on the output signal, of lJoe accelerometer and electret 

conden.er microphone betore they ent~r too AOC (0 limit high frequeocy noise anJ ~nsure 

that aliasing oftbe signal Joc, nol oCClLr, Alia,ing arises when a continlLOus signal is samplcd 
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at too Iowa frequency causing the fe,ulling signals to be illdistinguishablc ,rolll ont another. 

Tht signal therefore cannot be p",]X'rly reconstructed from its samples_ 

11 is important to select a hillh resolution ADC to limillhc qlJ:ln(i,ation error in a signal once 

it ha, b<:~n digiti,~d. Tlw qlJanlisalion error is the difference in value between the actual 

analogue signal value and the appr()ximal~d digilal valllC of (hal signal once it has been 

converted. The 12-bit allalogue to digital converter onboard the dsPIC30F6014A digital 'ig11al 

cOl1trolkr [47J was sekcted for use on the vibration data logging hoard, providing a resolution 

of 806 ,uY for a 3.3 V supply. 

5.1.3 Processing Requirements 

The processor controls all (he system function, in a device alld pcrfonns all the llec~s'ary 

cakulations on the Illeasured data. II muSl be faSI ~nough to handk all these processcs. A 

processor can have extra onboard pcriplwralllloduks, such as all allalogue to digital convert~r 

(ADe). a universal asynchronous receiver transmitter (lJAKI) or a s~rial peripheral int~rfac~ 

(Sf'l). This simplifies the programming procns as the t'.:'luired pcriph~ral regist~ rs and 

function libraries alr~ady exist and do not have 10 b~ con'trl1Cl~d. n,~ proc~s"" in this design 

must ha'· e digital signal proc~ ssing capabilities as this simplifies the programming of more 

complical~d mathematical t~chniqu~s. sud as Fast Fouri~r Transform, (FFT,) and m{willg 

avcrag~ calculations. 

A dsP1C30F6014A digital signal controller [47[ was sdecled as th~ pmce,,,,, for lh~ 

vibratioll data logging board as it had: a large selection of onboard peripheral modub; the 

capabil ity to perfonn a variely of digital signal pI"{x:e"ing calculal ion,: a rdati vel)' low cost; 

a large program Ill emory storage capacity (l44-kbytes); numerous inpuUoutput (110) pim: and 

a maximum processing speed of 20MIPS (million i",lruction, per second) f()r a supply 

voltage of 3.3V (Section 5.6). 

5.1.4 Memo/)' and Datu Storuge Requirements 

The various memory syst~ms in a data klggrr are r~quir~d to SlOre the program used to nlll the 

sysl~m. and 10 h()ld allth~ captured data. "i11ese systems Illust have a large enough capacity in 

order to fu ltil these requ iremenls. 
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Th~ program memor), i, slored in llt~ pr<",es,or unil whi~h musl ha,'e a ,uilable ""'mOT)' ,iz~. 

Th~ pmgram memory musl k n()n-,'olalile, in ()lher w()nk llt~ dala mUsl not be I()Sl if llt~re 

is no power supplied to th~ devic~. 

The c.ollected data must be stored in a non-v()lalile e"lernal memor), d~vi~e. Th~ resoluti()n 

and sampling rate of the signal, wijj determ i ne the size of the memory. There aTe a number of 

non-volalile memor), devke" Thcse includc battcry powcred ,tatic RAM, EEPRO.\1 and 

"'lash. A 32-\lbil Serial Datalla,It" ~hip AT45DB32lC [48J was chosen because of its high­

density, low power consumption, low w,l, and reduced number of dala and address lines. Thc 

capacity was selected based ()n ~akulali()n' j()und in Appendix D and it provide, 

approximately sixteen minutes of data rewnling timc. Th~ specificalion, jor the belt com'cyor 

CV-08 were used in the calculations (Soclion 5.7). 

5.1.5 Data Retrieval Requirements from the Data LORR;/Ig Device 

The data which are coll~~lcd in a data Jo~ging system must be transferred to a I'C for further 

analysis. One ofth re'luirom""ls in this design is to usc some form of se rial link between the 

device and the Pc. A s~rial dala link has fewer conn«tions than an equivalent parallel link. 

rhe data are lran,f",""d bil by bil down One data linc a, opposed to having a data line for 

n ay bil as is lh~ ~asC with a parollel connection. Thi, reduces the compl~xity of lh~ 

connection betw-"en lh~ lwo communi~aling devices at cost of communicatkm ,p~. An 

asynchronous smial link requir~s no dock line which furthcr reduces the number of 

connections between devi~es, allhough lhe lronsfcr ,peed must be set in both devices before 

wmmuni~alion commCneCS. A RS-232 link was selected as it is an asynchron()us serial 

protocol which is oftcn used when an external device is linked 10 a personal compuld, s~rial 

communication port, This rL"<luir~s lhat all dala ,ignals are converted to the RS-232 ,tandard 

bdbre they are s~nl down lheda(a line. Thi, is achieved with a SPJ222E true -3,QY to -5.5Y 

RS-232 Transceiver [49J. 

The data mus( be (ran,feIT~d ,,1 (h~ fa,lest possiblc role. The maximum transfer rate that could 

be handl~d by (he device is 576O(j ba ud which means that 32-Mbits of data wi II b<o transferred 

to a PC in approximately nine and a half minutes (S"Ction 5,6), 
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5.1.6 input Parameter.l" and Oulpulindicators Requirement.\ 

The vibration data logging board must be able to record, send and era,e data. A user must be 

able to select ",lien the device performs each of thc,c operotions. A dip switch with four 

switches was used 'IS tm, input to the dsPlC30F6014A procc<;S.or on the prototype board. Only 

three oflhe four swilehe, were u,ed to sekcl [rn, input parameters. 

It is alway, useful on any prolotyping hoard to have M>I11e fonn of ,'isual indication of the 

onhoard rrcx;.,ss.es. 'lhe user of the vibration data logging device needs to know when the 

board is recording, sending Of erasing data and three light emitting diodes (LEOs) are used for 

[his pU'1'0,e. Four extra light emitting diodes are als.o provided as general purpose indicator 

lights. 

5.1.7 Power Requirements of the Device 

The vihration data logging prototype board is a stand "lone device which means that it must 

he hatter), powered. A power supply must have ~Ome fonn ofvolwge regulation which will 

provide a constant output voltage despite nuctuations of the input. Ballel)' life must be 

maximi,ed by minimising the amount of current drawn fmm it while still providing enough 

power to the devi,e. 'Inis ,an be achieycd by u,ing some fonn of switch mode power ,upply 

which i, di-;cu"ed in nlore detail in Section 5,8, 

Most digital integrated circuit, (IC,) now run off 13.3V as opposed to the traditional +5V, 

thus the power supply on board the device must prmide an output voltage of+3.3V. A 3V 

lithium coin ,eli is used with a LM26231X:iIX: Boost Converter [50J to produce +5V which 

is then converted to the rcquired +3.3V '''ing two \.<1W Voltage Dropout Conyertcr~, the 

TCI264 151 J and the TC2lS5 [521 which provide power for the digital and analogue circuits. 

5.1.8 Physical Requirements of the Del'ice 

The devices circuits nlust be made on a printed circuit board (PCn) as this makes the device 

more robu,t. The digital and analogue circuitry mu,t be i,olated from ea,h other in order to 
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prevent interference between the signals. Thc [lCccicromcter circuit must be constructed on a 

separatc board as its axes must be vertical and parallel to the main board. 

5.2 A General Overview of the Vibration Data Logging 

System 

Thc vibration data logger was de~ign~d as a prototype board which could be u~ed to mooitor 

the condition of failing bearing:;. It was not designed to be embedded in an a<;lu;ti belt but 

provide a guideline of a possible system that could be used. A complete system diagram of 

thc vibration data logging prototype board is illustrated in Figure 5.4. 

"-
I ~ 

se, uo" ., .. "', , 

t 
I ""cop_ r--- 12·1111 *~ ,oc 

I 

l 

U ... ~r Unl. ~S·"2 

I 

... NALOGUE POWER SUPPLY DIGITAL POWER SUPPLY 

POWER SUPPLY UNIT 

Fi~ ... SA: Th. S~.l.m Dilo l ,"m ~fthe Vibr.tin u.t. Lo.:ging 800rd 

Tho vib<,'ioo d~, l"lll:in~ protolype boord ho., three ",n, or, which mca.' UTC mcch..,ic.">l ';Or"io" 
:.><Jll'"j and Lc:rnp<r3ture. TI,,>c ~l" varamc(erl arc fLitcrod '" reduce Il;gll m ql"""Y 00;,. ",xl 
prc"ent . Ii""n! . TIley.r< tocn oonv<T'od to d;g." ,,,hoc.' by. J2-bil ADC which i, bllilL into !he 
dlI'IUOF6()14,\ dig.iw '~n:ll controlkr, 'I"hc d<;>ICJW60l . ... ,"",iy'" lh. ual~ , nd >tore, it in llIl 
Mo",] n_MNl [J,,,atl;t;h eilir v," '"' onboor<J "'ml p<riplJemi lnterr",e. The dau, COIl then oc 
lLpk>o~.~ 10 • p,,,,,un.l oompLJter "i. a ooiH"",l "-,)nchro,.:llL> recci,'CT trllll.>Jnincr i,,'eiface. 

'1hc complete circuit diagrams of the vibration data logging prototype board can be found III 

Appendix F. 
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5.3 The Vibration Sensor 

5.3.1 An Introduct;on 10 'he ADXL202E 

Accelerometers are transducers de~ib'l1ed to m~asure vibrational acceleration and are often 

used in vibration monitoring systems. There arc different types of accelerometers. These 

include: piezoelectric. integral electronics pie:me\ectric. piezoresblive, variahle capacitance 

aml servo force balance ]531. 

All ADXL202E ± 2g Dual-Axis Accelerometer was llsed as the transducer to monitor 

vibration on the vibmtion data logging board. It is an inleb'nlleu Micro Electro Mechanical 

System (iMEMS~ and consists of II micro machincd spring-mass system and a variable 

capacitor. The ma~s i~ connected \0 a movable central plate which lies between two fixed 

plates of a differential capacito.-. The fixed plates are driven by an 180" out of phase square 

wave. TIre ma~s is deflected when the accelerometer experiences acceleration cau~ing the 

central plate to move, ~od\ICing an output square wave whose amplitude is proportional to 

the acceleration of the device. h is then possihle to use phase -;ensitive demodulation to 

e~tablish the direction of the acceleration 145]. 

C, " W I 

n!;UN 5.~, Til< _~DXI_102f I'v.,I""'.1 Di.g,.m 

The ADXLlO2E llIl> both ... "l~ ood digitlll ootput<. Ti>< .11.10;"" nL>lput; "'" obl".>od ., Ill< x .. 
ond .'J« pin'_ II. 12"1 in"mal "'*10< tog"""" with Hll exl<m,,1 ""paciLO< ""I the bondwidth of the 
,",e,],,,,"""",_ no< po;rH)d oftb< pulse widill mOOu\at,d "luore .. -av< i, "" by • resi .. OI" cOOIl<:ctcd '" 
Pin 2 (Tolen from A".kJg Dc"ice. ]oco!T"". tcd llat. Sh<<I, ~KX)II45J-

The ADXL202E provides two output options: an analoguc voltage or a digital pulse "idth 

modulated (PWM) signal "hose duty cycle is proportional to acceleration. It can measure 

ac;ce1er"tion in two directions and their orientations are shown in Figure 5_li_ 
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x 

1[;] lW., . 
• ottom Vio;' 

F~u. 5.6, n. Orientation. oftbe ADXL202E Accel ... tioo Au. 

rhc ADXI.202h con mca,ur< .""I.,.;"io. in two dir<qi",,,_ l"he ori«.';lIion oflhe>< .'.,. ;,; ,h ... "n 
fwm lIle lxlHom ,i<k "i"lhe 'hip_ 
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It comes in a 5 x 5 x 2 nUll S-le&! hermetic leadless chip carrier (LeC) package and can be 

powered uff of I 3V to 15.25V. 

5.3.2 A Description of the Vibration Sem'or Circuit used in the Vibration 

Data Logging Device 

The ADXLl02E circuit (Fig. 5.7) is powered otT the i3.3V anwob'lle supply (AVLJLJ) 

gcncrated on the main vibralion data logging Ixmrd and is ~onnel1~d to the analogue ground 

plane (AGNLJ). A small 75(1 ferrite bead \vas inserted in th~ supply line tugeth~r with 

d~cuurling ~apacitors to tUrm a 10w-pa~s filter to redu~e any high frequcney nois~ on the 

power snpply. The accelerometer circnil was designed according to th~ procedures laid OUi in 

the ADXT.202E datash~et 145]. 
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,\n A])XL202E = 2~ Du,I-Axi, Accc[crometer "'''-, "<00 OS 'h. l~",,;du'.r on the .ibratim data 
h'l:Jo:in>: boor<! to monitor "tn.t;"n_ 
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As m~nti()ned in S~cti()n 5.3.1, the ADXL2U2E has both analogue and digital outputs. 'Inc 

analogue output was selected as it provides a bandwidth of up \0 6 kHz as opposed (0 500 liz 

of lh~ digital rWM output. This will provide enough bandwidth to me"",ur~ the me~hankaJ 

vibrations of falll\y bearings. However. this did ha~e the disadvantage of added complexity on 

lh~ liltering and analogue to <ligital comersion side. 

The analogue outputs arc obtained ,,1 the Xjill mul Yjill pins. A 32ki"l internal resistor togcth~r 

with an cxtcrnal capacitor ronn~ a passive low-pass filter which sets the bandwidth of the 

accderomeler (Fq.5.2). 

(5.2) 

j; i~ the ~U( oJT frequency, R is the val"", of (he resistor and C is the value of the capacitor in 

the RC filter circlliL 

A 1nl' ceramic capacitor WdS sdected to set the dcvicc~ bandwidth to 5 kIIz using Equation 

5.2. 

1 
j , = litRe 

c= i 
2nR· f.-

1 
2" ·(32x 10')(5 x i ( 3

) 

=O.9947/1P 

"'inF 

Th~ analo~,'u~ outputs must be buJr~re<l by a voltage follower ~y~km as they are not designed 

to drive a load directly. 

The period of the pulse width modl.liateu sqoare wave is sel by a resistor connected to Pin 2 

and is ealculatoo with Equation 5.3 [45[. 

" (5.3) 
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T, i, the PWM period and R,,, is t~ value oftfle resistor conneckd to Pin 2 in Ohms. 

The resi,tor is necessary even if the digital output is not r~quired. A 1 MO re,i,tor was 

connected to this point giving a I'WM period (}f 8 ms. 

T _ R"" , -
125M!] 

IMD 
125M!] 

8rm 

'[h~ AOXL202E has a sclftest pin (Pin I) which can b<' used to test the functioning of the 

chip_ When it is connected to A VOO it causes a deflection of 800m!:'. In this system a jumper 

(JP9) is used to test the ADXt202E. When the jump"r i, c(}nnecl~d, th~ ,elfte,t fuoction is 

activated. The self test circuit is located (}n the main vibmt i(}n data logging: hoard. 

Vibrational acceleration must be measu",d venical and parallel to t~ vibrati(}n data I(}gging 

board. The ADXt202[ circuit had to be built on a separate PCH in order to achieve this as 

the axes are parallel to the chip. It was connocted using a lOx 2 pin right anglod mnnector 

which fits in socket on the main board. It can he removed "flen it is not needed. 

rhe outputs fwm th~ accel~romder circuit are conneckd t() anti.1Iia,ing fille" belOr~ 

entering an imerting amplifi~r, bia",d at 1.65V. with a g:ain of 2.2. The filtering: system 

consists ofa 5·pol~ low-pas> Bes,eI Filler with a cut 011 frequency 5 kHz (Fig. 5.8). A Besscl 

filter wa, selected becau,e its ""rforrnance in the time domain b very good as it provide, a 

constant time delay in the pass-band which c"',,",sponds to a linear phase-shift tor all 

frequencie, in the frequency domain 1541. 

~ f,rst pole of the anti-aliasing filter is the RC ootpm stage of the accelerometer. connected 

to a voltage follower circuit. This is then followed by a 4-pole Sallen-and-Key low-pass 

Bessel ftlter. It is possible to amplify the signal in t~ tilter by adding resistor, to each ,1a;::>, 

to creak non-im'erting: amplifiers. However, it was decided that the signals were to b<' 

amplified by a separat~ inverting amplitier which meant that the gain of t~ circuit could be 

altered simply by changing t~ vallK' of nvo resistors as opp"'ed to all of tfle re,i,1ors and 

capacitors in tfle tilter stages. This mad~ gain altering ea,ier. 
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5_pok B,,,,,,1 k>",'-Pf'l' fill<n .co ,..eO 00 It.> outpull of to. ADXLl(l2F, "' ,~"" "'"' b,gh fr,queocy 
",.",,, C(>On)l<l"""" ""J preven< ali"l!lil. A _ ... fiI'<r " "" .. Ie<t,d '" it p<Ifonm will in tbo tme -. 

The values of the resistors and capacitors wh~re calculated using the standard SaJlen-and-Key 

low-pass filter equatiorn; (Eq, 5.4 and Eq. 5.5) and the Bessel Filter table found in Appendix E 

[55J. 

1 

FSF .2,,) R,R,C,C, 

) R,R,C,C, 
Q 

R,C, +R,C, 
(5,5) 

k is the required cut off frequency, FSF is the frequency scaling factor, Q is the quality factor, 

and R, and C. are lire resistors and capacitors making up the Sallen-and-Key Filter Circuit. 

The outputs of the filter are co~c!ed to the processor via jumpers JP4 and Jf'5, which meanS 

that they can be disconnected when they are not needed or for cin:uit troubleshooting. Test 

pins are provided on the signals ACCX and ACCY which com~ [rom the accelerometer. and 

ACCX_flLT and ACCY_FILT which are me outputs of the anti-aliasing filters. An 

oscilloscope probe Can be connected to these points to view the signals. 
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The anti-aliasing filter is con<lrucled u<ing Microchip's MCP6024 operation~l ~mplifiers 

[56J. Inesc were <,elecled a, lhey {)ffer single supply operation down to a volmge as Iowa' 

2.S\', Il~ve ~ gain bandwidth product of 1 0 MH" and a rail-l<J-rail output swing, Tiley contain 

four operational amplifier< per chip which reduce< lhe size {)f the cin:uil {)n lhc PCB ~nd 

come in surface mount l4-lead pia'tic small outline (SOIC) 150 mil packagc<_ 

5.4 The Audio Sensor 

5.4.1 An Introduction to Electret Omdel/.~er lWlcroph(lIIe.~ 

Microphones convert wund into electr ical ener&y_ There are many different type< of 

microphones most of which w.e some fonn {)f fl exible diaphragm_ Condenser microphones 

use capacitance to conv'ert sound waves into electrical signals. The diaphragm act< a.' one 

plate ofa capacitor and vibrations caused by sound cau.-.e the distance between the plates to 

.~ry. Tile plates ~rc kept ~t constant cllarge ~nd therefore the voltage across the capacitor 

changes as tile distance changes, Electret condenser microphones have a dielectric in between 

the capacitive pl~tcs, Tile dielectric is given a permanent charge and is known ~s an electret. 

TI,Cse microphones do not rcquire power to polarise tile plates, however they do often contain 

a preamplilicr which requin:s power. 

5.4.1 A Description of the Audio Sensor Circuit used in the Vibration Data 

Logging Di!l'ice 

An eleclret c<Jndenser microphone i., useu on the vibralion dala logging board l{) pick lLp 

audible noise. The microphone is connected to ~ stereo jack pl~g whicll c~n be inserted into 

tile stereo socket on the board, The socket has three connection." bias, signal and grounu_ 
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The microphone's preamplitier is poweroxl by +3.JV (AVDI)) connected via a current 

limiting 2.2kO resistor. The ground signal is connected to the analogue ground plane 

(AG~D). The output signal from the electret condenser microphone is AC coupled to an 

im'Criing amp liller. bia.",d at I .65V, wilh a gain of 2.2 by a lOJ,F capacitor. The capacitor lets 

the AC signal pass through it while blocking the DC bias voltage. The signallhen passes into 

a single-pole low-pass tilter with a cut off trcqocncy of 10 kHz. It is then buttered before it 

enters the AOC module ofthc d,PIC30F6014A 

The amplil)'ing and bufiering circuit IS constructed using :VlCP6022 dual opemtional 

amplifie rs [56J. 

1lJe amplifkd and filtered output signal is connected to the processor via a jumper J 1'6 w hieh 

means it can be disconnected if ncce>sary. Test pms are provided on signals MIC IN, th~ 

output of the microphone, and M IC _ AIX which is the amplified and Ii Itered Olltpllt. 
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5.5 The Temperature Sensor 

Tel11[lt'rature senso," take many forms. An analogue temperature >ensor is an integrated 

circuil "hose OUlpiit .ollage is proportional to temperalure. 

,woo 

L, 
T"" 

" ,") 

.\L\X(.~("'t: 'f;. f 
-'- ~,-

Fi=u" 5.1U: "I b. romp".,tI.'. ~".io,o; ClI'cuil 

A ),fAX""~i k1w "'~"'~ .,,,h>e,"" kmpen lure "'J"[If i< .... d 10 "" .. " . " tl>< ""'1"''''.' of U" 
,'",ration do" lo~ill.l boud It >cn'o, ". ""'" dio tempo"'''.' "",I l>U!pU(' " ",it,!" l"Qpmil'uoi '" 
LI"'L ""'f"",>1"", 

A MAX6608 low vohage analogue temperature s~nsor [461 i, us~d to m,,,,"ure Ihe 

t~111peralure of the vibration data logging board. It 'ien'ieS ils own die temperature and can 

ae-curately ~nse l~mperaturc throllgh its leads as these pro, ide a good thermal path to the te. 

Th~ transfer funclion of the chip is given in Equation 5.6 ",here 0"(, equals 500 mV and there 

is a chang~ of I 0 111 V/'C. T is the die temperature. 

V,~ = 500mV ~ (r x IOmV/'C) (5.6) 

Thc J\IAX6608 circuit is setup as suggested in the data,h~d 1461. ·t1t~ outpul of the 

MAX6()(I~ i, filt~r~d with a InP ~~ramic capacitor. This removes any AC signals on that line. 

It is c(mn~cled to Ihe processor via a jumper JP7 and a test point is pro"ided on the signal 

TEMP j\DC which is the output of the device (Fig, 5, !O). 

T1le MAX61)1)8 ~(~l1e, in 5-leaJ Small OUlline Transistor Package (SOT-23) 
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5.6 The Digital Signal Processor 

5.6.1 An l11froduclion to Ihe dsPIC30F6014A Digifal Signal Controller 

Digital signal c(mtroliers are specialised microprocessors with digital sign~l processing 

capability M;cr()Chip's dsPIC30F6014A general purpose digital signal controller has 16-bit 

moditied Harvard Architecture which mc~ns th~t it uses separate slOmgc and ,igoal p~lh"ays 

for instructions and data, This h", lh~ advantage thaI in,[ructi""s can btl impl~m~nled and 

data acccs,cd ~t [fie ,arne lime. The cisPIC30F6014A contain< 144 Kbytes orFlasb pmgrarn 

memory, 4 Kbyrc. of d~ta EEPROM and 8 Kbyle<; ,,[RAM. 

The DSP engine contains a 17-bit X t 7-bil multiplier, 40-bil arithmetic logic lLnil (AUI), tW() 

40·bil ,alurating accumulalOrs and a 40-bit bi-directional barr~1 ,hift~r 1471_ These unit, make 

DSP optlralions mOr~ ~mci~nl. 

l~ dsl'IC30F6014A c(mtain, a number of peripheral modules which 'implify design and 

programming. Thes~ incilLde: a 12-bit AIX:, tim..r units, SPI modul~' and t,'ART modul~' 

amongst (lthers. 

l~ dsPIC30F(i{l14A can be p(lwered (lll a +2.5V to a --5_5V supply_ '1m, supply V(lltag:~ will 

affect the speed oft~ processor and a dsPIC30F(i{l14A powered with -3_3V CUll reach a 

maxi'num speed of 20M IPS. 

The dsPIC30F6014A comes in ~ 14 x 14 x I mm 80-lead pl~stic thin quad tl~t package 

(TQFP), 

Micf<:>ehip's dsPICDEMT" 1.1 Development Board [57[ was used to !cam about the 

dsPIC30F60 14 processor during the design ph~sc of lhis project. It contains a dsPIC30F60 14 

processor which is connected to a v~riety of different devices such ~s light e'nitting di(ldes 

(LEDs). potentiometers, push blLttons, RS-232 devices, ~ CODEC and ~n external 

microcontroll er which connects to an LCD displ~y, The device was programmed using the 

ICI)2 In-Circuit Debugg~r which is connected to a PC with a USB conn~ctor. II p[(lvid~s in­

circuit debugging irom the "IPLAB" graphicallLscr [58[, 
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5.6.1 A Description of the Pmc£\",\"ing Circuit used in the Vibration Data 

Logging De~'ice 

The dsPIC30F6014A pnxoes,or circuit waS d~sign~d ba:>\::d on the system integralion 

suggestio~s tou~d in the dsPIC30F(i014A data.,heet [471 and the circuit diagrams for lh~ 

dsPICOEl>F"1.1 Development I:loard 156], 

Th~ dsPlC30F6014A processor h~s jive positive po\~er 'upply and five ground conn~clions, 

all of which muSI be connC)l;tcd. Each side of the chip ha.' a digital wpply arK! a ground 

connection. These arc connected to the -'-3.3V digital supply (VOD) and the digital ground 

plane (OND) r~spectivel~i.lhe remaining lwo power supply connections pro"ide power to the 

12-bit analogue to digital convert~r modlLle and are conocctcd to the +3.3V analogue sUl'Ply 

(AVDO) and a~alogue grou~d pia"" (A(JND). Thi, enSureS lhal the high spe~J digital circlLits 

do oot interfere with the analogue 'ignuls 
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A 10 1<1Hz cr)'stal is connected across pin 49 (OSCI) and pin SO (OSe2). A 22pF ceramic 

capacitor is connected fnHn each pin of the crystal 10 ground (GND). This together with an 

internal feedback resistor and an im'erter in [he dsPIC30F6014A foml a cr)'stal oscillator 

circllit which produces the 'y,tem clock ,ignal (Figu!"C 5.12). 

,- --- ---- --- -- ----- ------ -------, 
, To Int.rnol Logic ' 

'0 MQ 

d~PIC30F6014A , ___________ .l 

OSC1 o~, 

XTAL 

HOle-
c, C2 

I I 
F;g.", ~.1l: no Cry,,,1 (h,m,,", c;",.a 

.\ cry"', oxilloto .. <"''''''' of. (jUlY'" cry"' •. """ "poe;,o"." >-""",,,k rc,;"", '"'" "" i",~"" 
T~ '" PT ('3 Of 6<J I .j A ., d ''''' .,i l""'1 ",n bo ~"'""."'" ,",;"g U>< "i".il "',m" 

The dsPIC30F6014A contains an internal pha'e led IlXlp (PLL) circuit which Can be used to 

multiply the primary oscillator's frequency by 4, 8 or 16. In thi, ci!"ClLitthc clock mode i, >ct 

to XTwiPI..L X 8. A test pin is connected to OSCI and can be m~d to "icw the clock signal Or 

to connect an ~xtemal clock, 

The process.or is programmed using an ICD2 in-circuit debugg~r module. Tfle ocvice is 

programmed thmllgh pin \<) (l'(iC) and pin 20 (NiD). Thes~ line, together with the devices 

master reset, pin <) (MCLR) are connect~d to the ICD2 in-circuit debugger module using a 6 

pin RJ-12 right angled modular jack plug, An extemal push button is connected via a iOkO 

pull-up resistor to the :>1CLR signal line and can be lLs~d to reset the device. Te,t point' ar~ 

provided on the P"(:C, I'Gl) and \-tCLR signal line" 
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The dsPIC30F6014A contains a 12-bit analogue to digital converter module which uses a 

slJCcessivc approxirnatioo register (SAR) to convert signals. All sixteen ADC inputs are 

multiplexed into a sample and hold register "hieh is the inp"t 10 tfle converter which 

generate< the result [47J. The analogue supply lines are US<lJ as the voltage references in 

conversions. The outputs from the SCnSOrS arc connected to the 12-bil ADC at too foliowing 

localioll': the temperature sensor is connoclcd to pin 27 (ANS), the outputs from the 

accelerometer circuit arc connected to pin 28 (AN9) and pin 29 (AN10), and the output from 

the microphone circuil is connected to pin 30 (ANIl), 

A dip switch provides three input signals which are used as SEND (pin 61 - RDI); RECORD 

(pin 62 - R1)2) and ERASE (pin 63 - RD3) signals. These are used to start the recording, 

sending and erasing processes. 

Seven light emitting diodes (LEOs) are used as indicator ligflt' onboard the ,'ibmtion data 

logging board, A green LED (pin 7 - RG7) is used to indicate SEND. at\ orange I EO (pin 8-

RG8) is u<ed to indicale ERASE and a rcd LED (pin 6 - RG6) is used to indicate RECORD. 

I'he four remaining red LED< are general purpusc and used in the testing of the boan!, l'hey 

are connect.:d to pins 2·5 (RC I-RC4), All LEOs have current limiting IHl resistors, 

The d,PIC30F6014A is connected to a 32-Mbit Oatafia,h'" chip, AT45DB321C. These two 

devices communicate using a "flccitk synchronous serial connection known as thc serial 

peripheral interface (SPI). An SPI ha< 3-wires: serial data input (SDI); serial data output 

(SDO); and serial ch}ck (SCK)_ A serial connection mCanS that data are transmitled bil by bit 

down a line. A clock signal (pin 45 - SeKI) i, connected between the de"ices in order 10 

synchronise data transfer. The de"ice that pr""ides lhe clock signal and c(}ntrols the dala 

trat\ste r is known as the ma<ter while !he Olher device is knm\-n as the sla~e, The 

dsPIC30F60l4A is the masler device in lhi<case, The SOl pin from the dsP1C30F6014A (pin 

44- SOil) must be connected 10 SDO pin On lhe AT45DB32lC and the SOO pin from lhe 

dsPIC31lF6014A (pin 43 - SOOI) mu,l be connecled to SDO pin on the AT450r1321C 'Iesl 

pins are pro"ided (}n SOil. SOOI and Sex. 

The dsPJC30l'6014A contains lwo lIniversal asynchronous transmitter rece i~er (UART) 

modules, Data arC retrievcd from (he vibrati(}n data l(}gging boan! 10 a PC via OnC (}f these 
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modules, UART is a serial interface "iith separate lines for transmission and reception. As no 

clock liM is connected bcnvcen device, it i, important that the transfer speed is set in wth 

devices l>efore tran,mi"ion lake, plac~. Data arc Iransti;:rred at a rate of 57600 baud, with 8 

data bits.. one ,top bit and ll<l parity bit. 

.. L 
',m 

L 
I" .. , 
"" - "" 

.~ - " , 
& 

~ 

1 
li~ .... 5.lJ: III< t>.(, I<<tr""'( Cio-, .. , 

r>..L, "" "''''''''" [,mn Lh, "il".,.li,'n d"L. I"~~it\f ]x""" vi •• unim,:>! ,-,),ocbr""""", tn'l\!nutMf focoiver 
iWUl.Ti link, Tho l'~)n m<>.lule 00""",0 , ~ ;"j'TC)(lf60I~A i, '''''''''''''0 to , SP)n, F RS_IJI 
L"" ,e,im ,,1,101, I, i" " Kn CI"u",c1," 10 a 9-ritl I<tml. 'l<ri:>! ce<ntlllloicU;'lO p<:<t which '0" b< ,,,,,,.,,ted 
t",PC 

Th~ d,PIC30F6014A's UART module is conne~1ed 10 a SPJ222E trlle +3.0V to +5.5V RS-

232 TraJ"cei"~r [49] via TX_IK (pin41 - UITX) and RX_OUT (pin 42 - UlRX). This RS-

232 system ~on"~rls a +3.3V logic one to -sv and a OV logic lew to +5V using a series of 

charge pllmp convertern. Tne SP3222E i, ~onn~~led to a rig:ht-angled 9-pin femal~ ,erial 

commllni~ation port with 'ignal line, TX_OUT and RX_IN. 
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F;~" ... ~.J4: S. .. i,1 Co,,","ni,,!i"", Port Conno<,ion., for a Rs.-:Ul I;n~ t •• PC 

D"" f< <or.< '" 11", PC 0"' ~in 2 .nd recd"," from UlC 1'1.' IJtl Vi.n). Pi",,, "m!" .. , hoked 108""'" 
,Dd pill 1 I"""j"" ,1>0 l'"",,,higooJ, 

lhe SP3222E chip was selected as it ~an run otlofa -+3.3V ""ppl), and can work with. -'-3.3V 

digital logic levels. It was ~O!1structed according lC> the Jatas~el "pecificalio", [49]. It is 

powered with the +3.3V digital supply (VDDl and is c(~mect"J to the digital ground plane 

(GNO). The disable pin I (EN) i, connected directly to ground and the do DDt ,hltldown pin 

(SHDN) i, CUllllCCICd directly 10 -'-3.3V. Four O.I,uF ceramic capacitors are used in the charge 

pump converters, Tile IXJl'>' and RX_OLJT signals are cunnecleu!o lh" dC"icc via ajumpcr 

(JPS) and test pins are provided on the following signal lines; TX_1N, RX OCT, TX_OUT 

and RX IN. 

5.7 The Memory System 

5.7,/ An Introduction to the AT45DB321C 32-Mbit DatajIaskE Chip 

Memory devices COme in many form" ,C>tne of which are volatile which mean, they lose their 

data whcn no power is reccived, or IlOn-\'c>latile which means they ,tore their data e,'Cn in thc 

absence of powcr. Flash memory is a type of lIOIl-vc>latile memory which is el""tricaliy 

programmed and erased in blocks. It pro~ides a cheaper alternative to EI'I'ROM. Typical 

Flash devices use a parallel interfacc and address lines tC> program and read data. 

AT45DB321C 32-Mbit Datatlash'" chip is a serial tlash chip which can be inlerlaced 10 a 

processing dniee using a 3·wire SI'I. The AT4SDH32IC', memory is organiscd into 8192 

pagcs of 528 bytes cach. It also cCllltains two sn byte SRAM bltffer, which can be used to 

,lOre data while the main memory is programmcd [-18]. The Datatlash'" ~hip does nor require 

+SV digital logic levels and can be ltsed with logic levels of .,.2.7V or -3.3V. It requires a 

power supply of '""2.7 to -3.6V and call operate at a maximum clo~k rale of 40 MRl. 
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Til~ AT45DB32lC 32-/I,lbit Dalaflash'" chip c.omes in a 28-lead plasti~ thin ,mall outline 

pad.age (TSOP). 

5.7.2 A Description of the Dutu Sturage Circuit used in the Vibration Datu 

l.ogging Device 

The A "1'45 llH321 C 32-Mbil Dataflash'" circuil was desigll ed based on rec.ommenuation< in 

the datasheet 1481_ It is powered ofT Ihe -3.3V digital power supply and is connec.leu to the 

digital gmUlld plane. Th~ devi~es logic signals are Iherefore +J.JV (logic (Hle) alld OV (Iogi~ 

lero). 

As described ill Section 5.6.2, lile Dataflash'" chip i> conncrted 10 the dsPIC30F6014A with 

lile SDJ, SDO and SCK pins. The Sill pill (pill~) oflhe Dataflash'" chip is connected 10 111e 

SIX) pin (pin 43 SDOI) of the process.or and the SIX) pill (pin 7) is connectcd to the SDJ 

pin (pin 44 _ SDI I) of 111c processor. The SCK pins of the two uevi~es arc linked and 111i> linc 

provides the dock signalloc shifting data in and out of the two d~vi~~s_ 

The Datatlash"' is enabled through Ihe ~hip sclcrl pin (CS) and a higil-to-Iow transition on 

tili< line will begin data transfer between the two device<. The CS pin (pin 4) is c.onllec.ted to 

pin 54 (RDS) oftile dsPIC30F601 4A. 
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fip .. 5.15: The .\I •• ory Sl<>np Ciruit 

An AH5DB321C 32·Mbit D.t""b,h~ ,!up i> ",od .. on 0XIcInaI data "'<11' ,hip _d the 
,it:<.ti .... ta 1<lU'''S _d. It t, «mneCled to tho d<P1C30F6014A U>ing. J_w!re SPl 

The write protect pin (WP) of the AT45DB321 C can be used 10 prevent (he fiTSt 256 pages of 

the main memory from being programmed. The WP pin (pin 25) is connected to pin 57 

(RDll) of the dsP1C30F6014A and for normal programming operation this pin is pulled high. 

The reset pin (RESET) is used to SlOp the current operation and reset the internal stale of the 

device to idle. This pin (pin 24) is connected to pin 56 (ROlO) of (he dsPIC30f6014A and is 

dr; \'~n high for nonnal operation. 

The AT45DB321C's READYIBUSY (pin 23) indicator line gives the status of the device. 

This line is pulled low internally wilen tile device is in operation. It is connected to pin 55 

(RD9) oftlte dsPIC30F6014A via a 11<0 pull-up resistor. 

Tcst pil1~ arC providcJ (}n "II th~ t\ T45DB321C's conncction~ to the dsPIC30f60 14A. 



Univ
ers

ity
 of

Cap
e Tow

n

5.11 The I'ower Supply System 51 

5.8 The Power Supply System 

Power supplies are us~d to provide electrical IXJwer to a load or many loads. They come in a 

variety of forms, Ttw three that were used on the vibration data logging protot>re board arc 

discussed in more detail in the fo!iowing sections. 

5.8.1 An Introduction to Batteries 

A battery is a devi~e that eom'erts stored cflemical ~n~r&y inlo dectrical energy and consists 

of one or mOre voltaic eells, A battery's capacily is m~asur~d in ampere hours (A'h) and this 

means thaI a ballery with a capacity oj' IA-h ean supply a load wilh a ~urrenl oj' IA tor one 

hour, Hatteries lo,~ charge even ij'they are nOlused due to chemi~al r~acliom within lhe celL 

These reaction, occur at a gr~aler rate as tempcrarure increases and therefore it is important to 

store haneries in a CO<lI environment. 

Therc are many different types of ballerie, which use difterent chemic·al reactions to store 

charge. Batteries can be split into two main group,: di,posablc. which are discarded once they 

have been used. and rechargeahle which can b~ r~charged and used again. There are many 

dij'ferent lypeS of disposable ban~ries, Th~,~ include: zinc-carbon; zinc-chloride: zinc-air; 

a lkalin~: silver-oxide; mercury: and lilhium. These dill'crent types of batteries each ha"e 

di ffemnl clJarg~ ,toring putential and lifetimes, 

A 3Y lithium cell is used 10 power the vibration data logging board. Thi, lype of cell WaS 

selected a, it produces lwice the voltage of a typical zin~-carbon balle!").'; has a lifetime of 

approximately 10 years; ha, a rdalively nat discharge curve whic·h means that il maintain, a 

C[lOstant voltage a' it discharges 1541 and is made in a 20mm coin cdl fmm whim provides a 

smaller and Iow~r profile on the PCB, 

5.8.2 An introduction to Switch-Mode POlVef Supplies 

A switch-mode power supply (S!I.1PS) uses a saturated tran,islor Or MOSFET to switch the 

full unregulaled voltage across an inductor for short inlervals. This causes the inductor's 

~urr~nl to build up during each pulse; ,loring en~rgy in a magnetic tleld. This energy is then 
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lransferred to a sInooll1ing capacitor al !h~ ()u!pul. A control circllit alters the pulsc \\·idm or 

,witch jj-crJucncy in order to maintain a constant 011tP11t [54). 

SWilGh"m{)d~ power suW1ies are more effICient Iha" iirear reglliator:<; as they switch the full 

supply voltage wilh " "ariable duty cycl~ a< ()ppo.,~d to bt.ing p"nnanenlly on. This results in 

less energy being wasted in the form of ileal. They do have th~ di.,adv"ntag~ lhat they o!len 

contain SOIne <witching noise on the output. S"IPS can be 11sed as DCiDC voltage converter, 

and these are divided into three main group.,: 

1. Step-d()wn }/eguiatnr,< convert" higber !X~ voltage into a lower DC voltage. A Buck 

c()nVGrt~r is " type of step-down regulator, 

2. Srep-llp Regulators con"erl a lower DC voltage into a higher DC voltage. A Boost 

con"~rt~r is a type of step-up regulator_ 

3, Inverting Regulal~r,' in"~rt a DC voltage, 

A LM2623 general purpose !X:IIX: Boo't converter [50] is u o;ed onlxmrd the vibration data 

logging board 10 regulat~ and 'tep-up +3V from a lithium cell. It was se lected as the voltage 

from Ihe -3V lithillm ""II has to be stepped up to +5V which is th en inputted to two low 

dropoul regulalor, which regulat~ the voltage to -'-3.3V, the voltage that all the integrated 

circllil, on the boan:J arc powered, A SMPS mw;imises the battcries lifc as it is highly 

dficienL up to 85% efficiency at an input voltage of +3V. This particular S\1PS has few 

~xkmal compon~nt' and ha' internal MOSFET switdles which simplifY circuit design. 

Thi, chip i, specifically de.,igned for low input voltage applications and can accept an input 

voUage oclw~~n O,8V to 14V and conv~rt it to a regulated output of l.24V to l4V. It draw., a 

typical operating current of 80pA which means a battery with a capacity of 100 mA·h \\'ould 

lasl 1250 hours which is appro~imately 52 day'_ 
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Sem',"mdocc,~ ("'J'«"';'''' Do.l. '>tI<ct ,004) I~~ 
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A functional diagram of th e LM2623 is giv~n in Figure 5.16. The LM2623 u,e, a 'Ratio 

Adaptive Gated Oscillator Circuit' to comp;onsat~ for ~hang~s in the input/output voltage ratio 

1501. An intemal N-dlannel poVvu MOSFET is u,cd a, the ,witch in thc regulator. 

The I.M2623 come< in an 8-pin mini ,mall outline (SO) pad<age. 

5.S.3 An Introduction to Low Dropout Regulators 

A low dropout regulator (I.DO) is a type of linear voltage regulator whi~h ~an hav~ a ,mall 

differen~e between it, input and oUlput voltag~,. Linear voltagc regulator, use some form of 

transistor or field effed transi,tor which acts a, a variable rc,;'tor. A lot of powcr is 

dissipated across this devie<: which redue<:s its efficiency. Ilowever. they do not use any limn 

of switching device which means there is significantly Ie" nois~ on their output a. opposed to 

a SMPS. 

Two LDOs are used onboard the vibration data logging board '" post regulator. from the 

SMPS. They are lr;~d to reduc~ the ripple on the output of the SMPS ,0 producing ,lable 
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-3.3V ,uppli~, for (he digital and analogue circlLit~_ No;'e j, reduced in the 'yslem by naving 

d i ITcrcn! voltag.e reg.ulated supplie" for (m, al1a[oglle and digital ~ircu ilry. 

A rC1264 800mA +3.3V fixed OIl1p.n C\lOS LDO [51J is used (0 regulate the +5V ti-om the 

SMPS lO +3.3V tonhc digital supply. Il w~s selected as it provides a fixed +).)V output and 

is ~ble (0 provide enough ~urrcllI (0 (he digiwl cir~!lj[s, H ~omcs in a 3-pin DDPAK. 

A TC21R5 -.UV 150mA CMOS LOO [52J i~ used (0 regulate lile Qulpll! of the SMPS to 

-J.3V for the analogue ~upply. It comes in a 5-lead plastic small outline transiqor package 

(SOT-23), 

5.804 A Descriplion oj the Power SUJlJI(\' Circllit Il,~ed In rhe Vihration 

Data LOKKinK Device 

The powe, ,'lLpply circlIil ol1hoard 1m, \'ibralion data logging hoard consi"ls of a lilhium cell, a 

I.M2623 iloo't converter, some p'l8t regulaliol1 LC fdler" two low dropoul rcgulatoL', 

TCI264 and Te2IES, arid dccoupling capacitors. 

The LM2623 BooSI converter circuit u-;ed on the board was laken from Nalional 

Semi~orlductors Ratio Adaptive Gated Oscillator Cookhook 1591 Tm, SMPS swit~hing 

trequcrlCy is set with R.l, a l50ko. re~i~tor. A 4.71'1' ~eram ic capacitor allow, 1m, duly 9de of 

the internal oscillator 10 be programmable and Ihis together witil R4 allows the dmy cycle to 

dynamically compel1,ale for change~ in the il1putioulpt~ vollage ratio [S01. 
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<~C"it! OIl ,be ro.-d "'" J!<""eIOd off. 
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," 

The output voltage is set using a re,jslor divider made up orR1 and R2 which are connected 

between the output, the feedback pin (pin 4) and ground. R2 is -;elected to be a 1 OQkO rc,jstor 

and R 1 is cl1o'on based on Equation 5.7. 

~ 'R,[(~l-ll 1.24 I 

A3')<)kn resistor was selected for Rl in order to get an output voltage of +5V. 

V.., =5V 

R, = 1 OOkO 

= 303~~5,8 

'" 300kil 

(5.7) 
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A ST'Vlicroclcclronics STPS130U 40V, lA Schottky diode i, ll';ed as the output diode as it 

can be swilched at high ,peed,. A 4.7.t,f{ DOI81JP-472HC Coilcraft inductor is used a, tile 

current storing element in the SMf'S. 

A 22pF lanlalum dccoupling capacitor is connected aero" [he ballcry' ~ inputs and a 68pF 

lantalum occoupling capacitor is p~ed across the outpul or the S\1PS in order 10 reduce 

oUlpul ripple. 

A green led is connected with a lko. currelll limiting resistor across the output of the SMf'S 

and is used as a power "" imlicalor light 

Hie S'VlPS is connected via ajlll11per (JP1) (0 (he low dropout regulators. This means Ilia! it 

call be disconnected rrm, the syslem for (roubleshooling or if an alternative voltage input is 

required to the I.DOs. 

Connector pim are placed on the input ,."llage (YIN) and g",.md (GND) conncction>, These 

mCan thaI an external DC power ,uppl~' unit can [", used 'IS the input voltage >ourcc in:;tcad of 

the lithium cell. A test pin i~ provided on tile output of the SMPS (YOn _ SMPS). 

Two sma1i7SQ ferrite beads were in~erted in the output of the SMPS and this, togetiler with 

lwo lOOp"- tantalum decoupling capacitors, LOITn lo"-pa>s rille" which are ",ed to reduce 

any noise on the power supply, 

F ."",, ~.I S, A LC L.~_ .... rm" 
A "",," I '.m 1'err;I< """'~ ;, ;",,-,",,<1 ;" '"" "'''I'''' ,,( ,ho ,\iPS ".-,d '"~ "'1'"""'" w;" " 1 oo,~r 
toLl tUUJIL oc<o"rILLl~ <"f'OCitor fonr, 10"""",,,' I1lt", ",,1m" In mod'" rc ib;;, .. \~ ~l'l''' "" '"" 
pow,,. !ll j)flly 
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The outputs orthe LC low-pal's tllters are then inputted into tl-.., two low dropout regulators, 

TCI264 and TC2185. 

JiJurt ~.l~: rho J)j~i"l S.!>fJlr Ci".~ 

.~ lCil61 ~OOrnA ~J.JV Ii"," ""P" CMOS I,,... <kOj>Q\It "ol«'B' 'OBui;,",,;' ""J [0 «guIOI' tilt 
~w I,,,,, tn. SMI'S 10 ~ l.lV fc< he Ji~il,i "W) 

A 1111' tantalum deeoupling capacitor is plac~d at tl-.., input to the TCI264 (pin I) and pin 2 i, 

conn~eled to the digital ground plan~. The back lab oUlle chip i ~ also connect~d 10 th~ digital 

ground plane, A lfd' tRntalum decoupling capacitor is used as the output decoupling capacitor 

for II-.., TCI264. Ajumpcr (JP2) links the output of the TCI264 to tloe digital p<)w~r suppl:­

line which is the pow~r "Lpply line for all the digital circuils onboard Ihe vibration dRta 

logging board. A te,t point is provided on the output of Ihe TC 1264 (VDD], 

-

.• "m 
" 

~";-~-----'t-'~A.,~l,::-· ---")',~~~' 

•. -~ 

1
~· ,:. ,,. 

." In,,, ,,,' 

r~ .... ~,lU: Tilt .\"'I.~.' s.Pr>i)· C;"'K 

,., TOIS' ~J.JV LS()m~ 01O~ 10",111",,01>: vol,,[« "Eli"'",;' ,""" Lo ,<~,."'" [ht o"'~ut oft'" 
>~n'~ to ~ J.l V for tt.< ,""ioE'''' "'rpi) 
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A If'!' tantalum d~coupling capacitor is placed at the input to til<' 'l'C21R5 (pin I) and pin 2 is 

connected \0 the analogue ground plane. The do not shutdown pin (pin3 - SHDN) IS 

connecled directly 10 the input to ensure T10nnal operation and th~ Bypass pin (pin 4) is 

connected to ground u,ing a lOuF Ci<ramic capadtor whi~h improves the power supply 

rejection ratio. A l,uF tantalum decoupling cap.1citor is used as llle OlLtput dccolLpling 

capadtor for th e re21 R5. Ajlllllper (JP3) links the output of the 1.00 to Ihe analogue power 

supply line Ihat supplieo all the anaklgllc circlLits onboard the vibration data logging Ix,anl. A 

test poinl is provided On the Olltptll oflhe Te2185 (AVOD). 

l)ecQupling capacitors are supplied throughout the board between all p<,,,er 'ignais and 

ground planes, Small O,I,uF cernmk capadlOrs are used to tilter out high rrequency noi ~ 

while larger IOOpF tantalum capadtor, are used to tlIter out lower rr<CqlJencie,. Decoupling 

capacilm, are placed a, do>e to thc p<,,,er pin, of the device, as possible. They are then 

connectcd di",ctly to thc ground plane throllgh a ,ia. E,'cry IC ha, at least One decollpling 

capacitor 

5.9 Printed Circuit Board Design 

5.Y.1 An introduction to tile Printed Circuit Hoard De.~jgn 

Electrical circuits are constructed on printed circuit Ixmd, (PCB) which are e,>entially layers 

of copper laminated on to layers of insulator. I;)(l(;tronic clHnp<mcnt, are soldered onto the 

PCB and the connections between thcm are etched Ollt to f(lIln traces. Layers are connected 10 

each other through small plated ho les known a' vias. Originally. all components had pins 

which " ere ~oldcrcd into plated holes on the PCB. Surface mounted devices are now 

becoming the new mean, of conn(l(;li ng clHnp<,"ent~ to PCBs. The,e devices are connected 10 

the PCB by soldering a lead onlO a pild rhi. mCans that the devices Can be made very small 

as pin siu is not a limiting factor. PCB, are graded according to the laminate material. This 

dctennine, the qllality of the board. PCBs can be single-sided. double-sided throllgh holes, or 

multilayer boards depending on the appl ication and complexity of the circllil. 

To ensure thaI noise in a circuit is kept al a minimum, it is adviscd that ground lines are made 

into ground planes which mean that an entirc plane of copper forms the ground conne~"tion. 
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5.9 Printed Circuit Board De...ign " 
Connections to the ground plane are made throu£h vias which shortcns the palh !o ground, 

The ground plane also provides some shielding against noise from external sourccs [60]. 

It i, important to ,cparatc the analo£llc and digital ground plane, and connect them to the 

pow~r ,upply using a ,ingle point connection, This further reduce, noi,e on th~ board. The 

analogu~ ground plan~ mu,t not o;'~rlap 1m, digital ground plane as tm, distributed 

capacitance wi II coupk high speed digital noi,~ into the analogu~ circllitry [60[, 

POWER: CJ 

O 
': CONNECTOR---' HtGH'" 

SUPPLY > 
~ Vee [ w i ""- DIGITAL:O 

~ ",,~l~ ~ 
~ ~ i '" LOW" 
~ . _______ ~-L--------------

1 4'· ANALOG 

o H!GH • FREQUENCY cow • 
Fir; .... 5.1t; .~. [" .. pl. of," Id .. t ,",yoot ror • Pdn(,d C;".it R"",d 

Sc~.,."'in~ ,he "'WOi"' onJ Oi,,,,. ~"".'" plm.:, "'""''' ""'''' "" , feR. n",,,, pl'I>:' "" 
""'"""'" tco tho )I<""'~ '~r l,· vi • • 'ingl< )\<lint eoo",c';oo. j, il TtcommtOOto tilOl compOIl<llt! "" 
pl,",od 00 'oc I'CI) ,,,,,,,,..(lin~ '" lOCir >peed (1'''''". from M"""ini. R .. l(02) 1001. 

\1ancini (2(){)2) [riOl recomm~nd, that components are placed on the PCB according to their 

,peed and an ~xampl~ ofa well d~signed cireui! board layout is given in Figure 5.21. 

5.9.2 A Description of tile Printed Circuit Board used in tile Vibratiun 

Dutu Logging Device 

The vihration data logging prototype board was de'igned with Allium De,ign Explor~r ,'er. 

7.2.85, Thi, program wa, used to draw the schematics, create printed circuit board drawin£s 

and finally to produce the munufacturin£ Gerher files. All the printed circuit hoard diagrams 

can he fOlLnd in App"ndic~, G and H. l'oolographs of the board, can k found in Appendix J. 
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'lh~ vibrdtion data logging printed c;n;uil was manutactured on 150 X 120 X 3 mm double 

\ided plated lhruugh-h{)l~ lxlard. Th~ PCB material was FR-4 which is name resistant and 

made from glas., c_]oth and ~r()"y, TIle mini accelerometer board wa' mad~ from the same 

materi~l on ~ 25 x 25 x 3 Illill d()ubl~ ,ided plated throlLgh-hole board. Tile coppe' thick",,", 

was 70 ;41\. Both top and bottom sides were covel"" u wilh a ,,,Ider mask. 

Ground planes were ll1lIde on beth ,id~, of l~ board [0 provide maximum shieiding_lkre 

arc three separate ground planes: power, ~nalogue and digital. 'Il,e p<lwer grmmd plane is 

linked to tile digi!<ll ground plane at tile lop edge of the hoard and to the analoglLe plan" at ~ 

bottom edge of tile board through single point connections. 

All of the digi!<ll components and digital signa l traces are placed on tile digital ground plane. 

The dsPIC30F60 14A is plac.ed on tr., edge of !h~ analogue and digital planes as the analoglLe 

plane lies under the ADC pin' of the d~vice. All the analoglLe component> and analogue 

signal traces are found <lll the analogue grolLnd plane. ICs are all placed On !he top side ofthc 

board. 

Signal traces arc placed. where possible, on the top side of the board while the power supply 

line" are placed on tr., bottom oftr., board and linked to the components using vias. Signal 

traces are On average 0.4 mm wide with the higher curren! power supply traces being I mm 

wide. 

The PCB trace, for the SMPS ,,-ere laid OlLt according!o the 'p"cifications found in National 

SemicondlLctors 'Layout glLidelines for ,witching power ,upplies' [61[. Thi\ ,uggest> that 

plane\ are used inste~d of traces to c-onnec-t 'ignal' ~nd tflat the high freq lLern;y components 

are placed far away ITom the f""dback line. It is al", import to make sUTe !he trace, in­

ktween component\ are as short as pos.,ibk. 

The S\fPS is linked to tile LC filters and tllen to the LlXls uSing ~ 5 Illill trace. The 

c-omponents used ill the ~nalogue and digital supplies are connected to tfle IC, u,ing planes 

ral~r than [race, which further l'educ." lloise. 
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2. to ..,,,,, .. ..,, ... or 

"nn""", .. "'.n.',,, on 

store it 

3. to traIlsm.it 

to a 

is to contents 

DiJIIIIJ .. lIlM ofthc Main Function 

The main software consists of four parts: the functions; the record function; the send 
function and the erase The proc:ess,or the main and checks to see 
whether any of the functions switches to the function . 

.. " .. ,,"''''.'''' is set 
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erase runctlc)n 

to run 

are: 

1. 

macros to 

c 

3. names on 

5. as 

as constants are Cleltinc:~CI one 

are 

to 
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Dedicated Pori Module 
r----------- -, 

Read TRlS 110 Cell 
r----' 

I I 
I I I L ____ ...1 

I 
I 
I ____ -II 

E,..a1 __________ ...I 

6.2: Strudure Block DlIIllram of III GenenllnllluU4[)utput Port 

are 

Table 6.1: Name, DlrKtion and Initial Value oUbe GenenlllO Ports 

The direction and initial value used onboard the Vibration data 
board are set with a function table the names of the 
the are connected The initial values are set the PORTx 

SIGNAL 
PORT NAME INITIAL 

NAME VALUE NAME 

SEND RDI 0 LED] RCI 
RECORD RD2 0 LED2 RC2 
ERASE RD3 0 LED3 RC3 

LED4 RC4 
RD9 0 

CS RD8 

RESET RDIO 

WP RDll 

RG6 
RG7 
RG8 

6.1. 

0 
0 
0 
0 

0 
0 
0 
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am~cuons were set 

were 

was set to zero. 

Table 6.2: FUDCtiOD for tbe GeDeral VO Pom 

The values of the function ports in the 
dsPIC30F6014A processor are 

REGISTER NAME HEXADECIMAL BINARY VALUE 
VALUE 

TRISA OXOOOO 0000 0000 0000 0000 
TRISB OxOF03 0000 1111 0000 00 11 
TRISC OXOOOO 0000 0000 0000 0000 
TRISD Ox020E 000000100000 1110 
TRISF OxOl04 0000000100000100 
TRISG OxOOOO 0000 0000 0000 0000 

PORTA OXOOOO 0000 0000 0000 0000 
PORTB OxOOOO 00000000 0000 0000 
PORTC OXOOOO 0000 0000 0000 0000 
PORTD OxOFOO 0000 1111 0000 0000 
PORTF OxOOOO 0000 0000 0000 0000 
PORTG OxOOOO 0000 0000 0000 0000 

COilitail1S a sixteen A ..... vl ......... to converter ..... , ........... 
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\W!F+ 

\l1li&'. 

ANO 

AN1 

AN2 

AN3 

AN4 

ANI 

ANI 

AN7 

ANa 

ANI 

AN10 

AN11 

AN12 

AN13 

AN'" 

AN15 

6.3: Structure Block mtbe t:z·bit ADC Module 

The dsPIC30F6014A contains a 12-bit converter module which uses a successive 
to convert sixteen ADC 

to the conYerter which generates result. The 1II11l~Uglll'l: 
references in conversions. The outputs from the sensors are cOlmelcted 

folllo'l\rin,R locations: the sensor is connected to 27 
outputs from the accelerometer circuit are to 28 and 

from the circuit is connected to 30 1) 
Tel~I:In'Dlol~ Sheet, 

are to ",..' ....... ,,.., 

are: 

1. is to set 

set source; auto or 
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2. AIX.'ON2 (ADe Control Register 2) is u,ed to select the vollage rer~rmc~ sourc~; S<:l lh~ 

num1x:r or samples per interrlLpt; ,et tm, hlLrrer configuralion: and sel whc(h~r [0 uS<; 

l1lulliplexer A (\1LTXA) s<;tlings or to aHernate hetw~en MUXA and mulliplexer H 

(MUXH) , etlings. 

3. AIK'ON3 (ADC Control Rq;islcr 3) is used to s.ckct ADe conversion clock source; and 

the acquisition and com·e.,ion (im<.;,. Tocs" arC us<:d to s<:[toc automatic sampling rate of 

lhe A[)C l1loduk. 

4. AIX'IIS (ADe Input Select Regi,ter) i, lLsed to selecl the inpul pin' [0 th~ sample and 

hold amplifiers. 

5. ADPCFG (ADe Port Configuration R~giskr) is used to configure the input pins as either 

analogue or digital. A digital pin acts as a general input/outplLt pin of I'ORT H. 

6. AIX.'SSL (ADC Input Scan S~kction R~gislcr) is used to set the sequence of the scanned 

inplLts. 

Sampling can be manual or alLtomatic. 'l,.tamLaI ,ampling is achicvcd by clearing tile SAMP bit 

in the AIX~081 regi,ter. "111i, ,tart, dala comnsion. Sampling continu~s onc~ thc SAM}' is 

sct again. Auto sampling is ~nabled hi , etting [oc ASAM bil in th~ A£)(~ONI l\:gister. 

Sampling hegin' il1lmediat~ly after comersion. Th~ auto sampling rate is set using the 

SAMC<4:0> (Auto Sample Ti".., Hits) and lh~ A£)('S<5:0> (ADC Conv~rsion Clock Select 

IJit,). An analoglLe clock (T~D) muSl havc a minimum period of 668ns as defined in the 

Microchip T~chnology Incorporated [)ata Shed (2005) [47[. This ~nsures lIlal lIle sampling 

capacilors '" ithin the ADC do not 10,," charge. T' D controls lh~ convnsion liming" hich must 

tx at lea't fourteen clock periods long. Etjuations 6.1 and 6.2 are used to calculate the 

conversion clock p<:riod [63]. 

(6. I) 

(6.2) 
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Where TAD is the period of the analClgue to digital converter clock in seconds; T,., is the 

instruction clock pcri(}d in <;ecc"'.;!' and T SAM!' is the tOlal sampling period in seconds. 

ADCS<5:0> and SAMC<4:0> are the decimal values orthese bits. 

• _TCONV------'_ 

,me __ J-----'--___ S-----'---____ .r-
Fit"'" ... ~, T"in~ Di'I"m or lh, Au'" <; ... plin~ \lode u' th. ArK: MoO.l, 

"'<110 , .. npli"l " c",i>!cd ",,' >c"jn~ tbe .Js.;.<J 'it i. ,t.;, AOCON! Tegi".,.. S.mpling IH:gi'" 
i""''''~;'Ldy ,tier 00II,'''',;''". Tt .. ""-" ""'nplit1l rol< i, «, """i til< SA,\K- (A"" >amp!e Time 
Ili,,) ,00 tOe ,ilK'S (ATX' Coov,~,;on (10<;. ',1<.,,, Ai,,). An .""Ioguc d""k iT,,,) ".,t,," tho 
n",",,;"n Lim,"! (~JJT "',) "",I tloe ",,~",,~;,m '.n. (T,,,,,,). TO. .IAM/, h i, dar." .utoo,"""ll)' 
"""c «lnvmi"" ocliJJ> (AJoptc~ from Microdlip Toctnolog)' locOfpor."" Rd,~'n'" M."",l, 
200J) 1(..)1 

The results (}j" an ADC conversion are stored in a read-only 16-word buffer called AIJCBUFO 

- ADCBUFl5. TIle bliller can be split into tWCl 8-word I:>uffers. An intelTupt will ()ccllr once 

Ii"t 8-w()rds in thc buJTer are filII; data are then loaded into the <;cc()nd 8-wmd buffer. The 

usCr Can aCtt" data from the first buJTer while the second buffer is filled, providing more 

processing time between interrupts. 

The buffer is 12-bits wide and data are represented in fClur different Iii-bit data fmmats. These 

arC: Imeger; Signed Integer; FraetiClnal; and Signed Fractional (Q 1.15). 

Iniu1DCI2 was llsed to configure the 12-bit analogU<' to digital C(>nvertcr modlile for use Cln 

the vibration data logging board; o;.etup the unalogU<' to digital convertcr interrupts and to start 

the ADC modlilc. An InjlADCl2.c function wa~ written fClr the different anal(}gue ,enSOrS as 

cach require, dif!i:rcnt configuration settings. A general descriptiCln ofinitiali'ing fundi(}n, 

for each of the anal(}gllc >Cn>orS is given below: 

I. Acce!eromeler - The ADXL202E has two Clutputs ACCX (AN9) and ACCY (At>iIO), 

which must each be sampled at 16 kHz. All other A1JC pin' are sC( as digital outputs. The 

ACTS bit in ADCONl rcgister >elccts the alternatc inPlit sample mClde. This all()ws the 

ADC lCl alternate inputs to the sample-hold amplifier after every ,ample-hold sequence. 

The ALI'S bit i, set in this c",e and the ADC allernates between the ACCX and ACCY 
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inputs, The incoming signals mllst be sampled at twice the required rate to enwre a 

sampling rate ot 16 kHz_ Only half the >amples from a pmticular signal wiill>e available 

when both signals are collectively sampled at 16 kHz. The sample rate is tllcretore set to 

32kHz. 

Automatic sampling j" enabled and lhe "ample rale i, sel by lhe SAMC<./:O> (Auto 

Sample Time Bits) and ADSC<.5:U> (Ail' Conversion Clock Selecl Bits), These values 

are set to 

ADCS <.5 :0>= 57=1 1 1001. 

SAMe <. 4: 0::> = 8 = 0 1000, 

Th~ au!o sampling cakulations can be found in Appendix], 

Th~ oulpul data [onnal Ii-om lhe ADC i, "ign~d fraclional. This produces number" in lhe 

range 0.9995 10 -1 which ensure" lhalno ov~rflow Can occur in mullipli~alion operalion, 

such as in RMS ~alculation'. 

S Id10 I d9 dB d7 d61 dsl d41 d31 dzl d1 dO 0 o o o 

lir:or< 6.3: ~i~n.d Ir,<I;o",1 (01.1:1) P"o formo, of t~, 11-~ .. \lIC Modul. 

11" 12",jt ,\OC ,,,"It ;' r<p'" ",", d in 0<>< oHcm dLffclCLU l&-bi< number ton",,' •. TI>o '-11.1 ~ d .. , 
r otIDaL 1<'11 '"'" ,; II" ),;, unJ r; I\<.-en '"''" oi '-', "-', ;n ,hi, eo", onl)' I I _0;" "'" "",J Ii~ 01"", 

Interrupts occur after the sixleenth sample-hold "'quence. Thi, all",,," ~ight sample, 10 be 

col1~CI"d from ACCX and then trom ACCY. The result butter is conflgured as one 16-

\\'ord butter. 

r.bl. 6,): • 0"";0. N"~i,t'" 10, 'he AIlC wi" .~'''''''''m'''' inr"h 

rile ",1,,-,, of lh, fUM;"" «~i,jOo-, ,,,,J", "mli~"", Lb" AD, , .. >oJ"", ",),;'h i, ",.=",01 L" Lb" 
""colcrornotor. TI>o)' ,,< ~Lvcn in hc,.,kcimol ""I b~' 

REGtSTERN.-\ME HE,ADECnIAL 
II""RYVALIJE 

VALUE 

jOCOSI OxOJEO 0000001111100000 
JOCOSl 0.,003D I)()JI) IXlOCl 00 J 1 1 t I) t 
_~DCON3 I)xOAJ~ 0((11) 1010 00 t 1 1Of)] 
ADellS O,OAO') O((lO looll)()Jl) 1O((l 
;/JI'('I,r;- O,f9H 1111 lOlll 1111 1111 
AOCSSr. OxOOOO 0000 ()Ooo 0000 0000 
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2, Fieclrer Cnndenser ,;,!icrophone - TI-.., output of 1m, Electret Condenser Microphone is 

connected to AN II. All oth~r A[x,' pin' art' s~t as digital ompUls. Automatic sampling is 

enabled and set to 20 kHz using ::':4MC<4:1» and AfJSC<5:(» bits. The)' arc: 

ADCS <5:0>= 57 =1 j 1001, 

.s:1MC<4:0>, 21 IOiOl, 

Data are output a, a ,igncd fractional and the AIX: result buffer ADCRUF is splil into two 

8-word burf~rs. Int=upls occur after (he eighth sample hold sequellc~, 

T,bl • •. ~: F.nc'ion Hog;".., for 110: ADC ,,;,h • """'~'~O"t I"p.t 

TOe ,',In" oftllt fimctLoo TC~"tc" lI oed \OJ wnriSlx, ,I>< AIX ,, 00.,(, v.hkll i, c,"u" md to tbe 

""'''''"''''''', Th,y"," given in hh . .. ,;tn;l]1Jld !>mr)' 

101)(:0,'11 
';1)(:0.\'2 
MK'ONJ 
ADCIIS 

ADPCF0 
ADC'iSI~ 

JIEXADECIMAI, 
VALn; 

JlJNARY VALl!K 

Ok03EO [(I()O 0011 11 HI (j{)(]() 

OxOO21 [(I()O 0000 11(11 (J (J(l](J 
(JxilJ9 [(I()i OlDi (1(111 1(1(11 
Ox(JO'JB 0000(1(10000001011 
(JxF7FF 111101ll Jill 1111 
0,0000 UOOO (1(100 U()(l(I ()(l()(l - .--=='---==~ 

3. Analogue Temperalu/"e Sen<or - Th~ outplll or the l,,1AX6608 analogue temperatur~ 

sensor chip is connected to analogLIt' to digital converter via pin AN8. All of the other 

ADC pins arc set as digital outputs. 

Data t(Om the tcmperature >ensor mll't be updated ~"er)' ten second. The AIX~ module's 

samplcicon\>crsion sequence is manually set in thi< ease as the sampling period is 

relatively high. "Ill;s is achieved hj' placing a ,uilable delay between the >etling and 

elearing of the SAMf' bit in AIX'Or's I. 

Data arc outputtcd as integers as there are no largt' mliitiplications in the tcmperature 

analysis. Intcrmpts are not u>ed in this ~ase . 

o I 0 

Fil.'" 6.6, U"'I~".d I."~" D, .. to,.,"'! of t~. 11_'"' MlC ~!<odu" 

no 12-bit AlX " >,,it i, ,<[,«",",,;n ,,"," "r n"" Ji[f'n",' lli_!>it t\UllliJ.« lil",,,,,, U.: uns;v><d 
i, •• ,,, Jato h.m" "" 1", ,j"" bit aJ>d Il·!>it! of do .. 
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6.3.3 

T .l~, ,.~: ,"0"",0 R'~;"'" f., tho AI)(; "';th • 'hOlpt'"'U'" S,.,. , In",,1 

Th< ,,~"'" ,,[ tI>o fo"",i<lll '''!lister, ",ed '" ,onlljure th" ,\j)(' module wlu," i, <ooT, ,,,,d '0 'he 
"'Ll"",r," '~' ,,,",or n,,)' ,,< ~;"'"., loo,'&',imoi.oo 0 .... , 

REGISTER '.~M~: 
HEXADECIMAL 

B!N,~RY YALUE 
VALliE 

_4DC()NI a,aooa 0000 ()(.'()a ()()(.'() IlOOO 
_4DCON2 a,aooa 0000 IlOOO ()()(.'() iJ(.'(){) 

JDCON3 U,U 00 2 00 00 00(1 0 I)():.I(I 00 1 0 
ADCHS U,U OO ~ 00 00 I)():.I(I I)():.I(I 11)(XJ 

ADPt:FG O>JFLl- lllllllllllUllll 
ADCSSL U,U OO O 00 00 IlOOO I)():j(} UOOV 

Setup Universal A,~)'lIchrOllOu,~ Receiver Tran.~mitter Mudule-

InitUART/ 

The dsPICJOF6014A colllain, lwo univ~rsal a,ynchronous receiver transmitter mooules. 

UARTI was used in this stlL<ly to trammil the coll""led dala from the vibration data logging 

board to a personal computer. The modlll~ i" made up of an asynchrono-us transmitter. and 

asynchronous receiver alld a baw "'l~ gen~ralor. 

- BOl."J Rote Generalor 

UART R"""'''er • 

• IJA,RT Troo.""t\er 

~;K"" ,_" Sh'o"." motk l)io~,. •• '.1 tho L\ln I _'lod.l. 

rile module" Lllll(I, up or "" .. ),,,I~o",,'" ",""miI",,', ood :lS),LlCbrOOOU> rcceiv<r .nd, ..... 1 ,~, 
g"""""~' D.<. ar, '[lifted "' <'<><lout of tiT< U.-\"T moM < " • ),,<><1 ,,1, ,." 0) tlle), :..j j", 
" ..... ~'"'" (AJ-.pt,<1 I, .. " \li,,,,,l,;p TcduT<>lo!:y ]",c<por,"ed K,r,~,,,,,, \1 ,".,..l, 2001\ 1&11 

1 'h~ \JART modllies arc controlled with the fo l1()wing r~gi'ler." 

1. UxMonF. (t}ART" Mode Regisler) i, lIsed to enable the module; set the "ize, parity dam 

alld lh~ Ilumber of SlOp bit~ of the data_ 
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2. UxSTA (UARTx Status and Control Register) is used to cnnhle ;ntemLpls and mOllitor the 

conditkln of the UART module. 

3. lixBRG lUARTx llmld Rate Generator Control Regi,ter) is used to control the period or a 

fre~ running 16-bit timer, The baud rate can be calculated with Equation 6.3 [6J J: 

Baud Rale 
F 
" (6.3) 

16x{UxBRG < 1 S: 0 > +1) 

Where F", is the in,truction cycle clock frequency and UxBR(;" 15.0> is lhe d~cimal vnlue of 

the UARTx Baud Rate Generator Control Register. 

Each UART module contains a 4-word deep First-ln-First-Out (FIFO) transmit buffer 

(UxTXREGJ and a 4-word deep 1'11'0 receive buffer (UxRXR£G). Data are loaded in the 

transmit buffer by the user. This is then shifted into a transmit ,hift register (UxTSR) where it 

will be transmitted althe baud rate set by the baud rate g.:nerator. The UART receiver module 

is not used in this projoct. 

InilUARTI i, used to initialise the UARTI module onboard the d,PIC30r6014A. The values 

of the fWlction registers are given in Tabk 6.6. 

·(".bl< 6." luo<lioI R'I ;'t ... for tho VARTI Mod.to 

Ttl< .. 01 .. , of the !Wcoon ",,,,om "",d to <O<ltii\lIC thi: VARTt m<>do.', in 1110 ,,"PTC3(lFNlI4A 
<lillit'" ,jznol pro<CIl'OC ore iii""" in t.:XiI""<Hno.l .nd hi"")". 

R[GI5T~R ",,\ME 

U/MOot; 
U/SrAT 
U/BRC 

HEXADECL'I1AL 
VALUE 

81NARYVALUE 

I (l()() I)(l()(I (l()(l(I 0000 
00)() I)(l()(II)(l()(I QOOO 

0000 I)(l()(I 000 I 0 1 0 1 

The data size is set to 8-bit. with no parity and no ,1op bit. The module can continue 

operation in idle mode and no intelTupts are enabloo. The baud rate is set to 57600 bits/secOIld 

and the value oflhe UxBRG register is calculated to be: 
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6.3 Thc Setup FUDctj"D" 

F 
UxBRG<15:0>= " -I 

16 Baud Rare 

20x10' 

16x57600 
=20.7 

'" 21 
=OxOOI5, 

75 

Thi< gives a baud rate of 56818. 18 bits/second. TIle error hem·een the d~sir~d haud rate and 

the calculated board rate i, d~lem1i,...,d wilh Equation 6.4: 

6.3.4 

" ,v,' (C,,/cu/aled B"ud Rille - DesiNd Baud Rare) 100 
L.)1·or, ,"oJ =. x 

lk.H/"ed Baud RJ1I~ 

= (56818.18-57600)xIOO 
57600 

=-1.36% 

Setup Serial Peripheral Interface -lnitSPI 1 

(6.4) 

The dsPIC30F6014A contains t"o serial peripheral interface module, which can r,., u<ed to 

connect to other devices. SI'11 i, u,ed onhoard the vibration data logging board to 

communicate ,,·ith the AT45DI:l32lC Dalaflash"' Chip. The SPI module, are setup lIsing two 

function registers: 

1. SPlxCO}l (SPI Control Regi,ter) is u,ed to set up the functioning of the SPt n"xiule. It 

can enable Ji'arned SI'I; di>able the SDO pin; <elect ,,·helher the word length is 8 or 16·bit, 

long: select whether the dsPIC30F6014A j, a maSter or a ,lave; set the SPI mode and set 

the serial ctock 'peed 

2. Sf'lx.~TAT (S~I Status Register) is used to give the <tatu, oflhe SrI device. 

The SPI module contain< a buffer called SPIxBUF which is internally compris~d of two 

>ep~ra(e unidirectional register, SPIxTA"B (SPI Transmit RutTer) and Sf'lxRXH (SI'I R~cdve 

I:luffer). These lwo registers are connected to th~ SPIxSR (SPI Shill Register) which shifts 

data into and out of the device at the serial clock speed, Vr'hen data ar~ wrinen to th~ 
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SI'I.,8UF il i. written 'nlcrn~lI} to the SPh TXB register oml when data arc read from 

SI' !;,l1fJF It is re3d from Ihe SI'/xIlXH regisl..,.. For =vcry b)le ~iftcd out or a serial pcri~r~t 

IIllerf~ce, one byle j~ shi fted In. 

-~-

L. .. 

, 
~, 

, 
i i 

------ ... _- ----,-----_. "-----------_._----- -" 

f ie .... 0 : ~\ ".<,." m •• ~ 0;.; .... ,~,I>< S~ll .... "_ bt ..... n 110< '''~I('J~n.O I~ , 
_00 ,10< .\ ll~llll.llir VoI'n.. •• • flo;,-

)1'10 ~r l _ole .... ,.",. • buill;> 0;011«1 SPJ,RVF .. h"~ ,, ,oln'n>lly rompn>«l of two XjWM, 
................ '"I""<" <;f'hTXIl (~l T, ......... 1Mf<J) ..., Sl'loXfS lSI' R.'«"I'~ lIuJT .. ) llr.< 
'"'' ,.,~ .. " or. , ......... .., \I> Ibt :>I'l>!iR l~rJ ShIn R'"p'I<r) wh,dr .,"fl> ................... of "'" 
.... ,« .. til< _01 <1 ..... .-.1 Tho .1l_'J)(ll2IC J~-Mbo. IJo<>lIa>b* clup;'. ,,,oaI fl"",.,-" 
""<10 .... '" _b. ... 0') ' I"O<OO.III& .... 'VO« _ • 3-.. "" Sf'] Th< A H'iIlJ!.311r. _J is 
OIl""'" """ '191 .-ol'la Io)t....- """',_ ""'0 }21 byIe SJU\N b.IJ<o .. _ < .. 
bot _ ....... Ilol> _ "'" ""'" .... JnOJl. i. prop .......... 1'\Jopo:d _ ~inv<h'P l..t.v110f! 
_ ..... .;..Il«r«<1WI< M3ruIllOO3j IQI ..... I .... nrl Cooparaooo u...!>beet, ZO:;~) IlSl 

The SPI mod\lk suppocI5 f(lur SPI clocl: mOth " hich are defined as ':\PI Mode 0, Sf'1 Mode 

1; SPI Mooe 2 and SPI Mode3, I he liming di" gr:nl1~ for each of tlu:sc ... !IIks an: , iv: n in 

Figure 6,9. 
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"" lCKF~O 

cKfC 0') 

.= (0<".1 
C!<.£o.) 

"'" :CKP _ O 
CI\C ~ 11 

"'" IC~P = l 
c >:f. 0'1 

.~ 

ISM" = oJ 

SIl', 
:S,,"P = 1) 

,"" 
S.mple 
'S,,",," ].) 

SP1.1f 

u,"' ~""" ,.,. ,." 
" ..... O~ ... '"'..,..· 

t t t t t t t t 

I 

9 

t t t t t t t * 

1 ~.t"""'"'''' ~ "'""'" ., .M 
s",. EF 'oo "" 

SPlxSR """'''' 
,"" SPhl'X, 

< c~, 

~­
I~O<' 

""''''' "' It>< SGK, 

~ " " ...... " --, 

,~­
.. ,I,t><. 
. we -I ~,,-

) _4) 

ISP"STAT<O') l. __ _ 
.. 
1'-----_ .••. . _ - ---' 

t 
Fi~.," •. 9, T;'.ioK m.g,.m, fo, th. F"", SPI Mod .. 

n" SP! ).f".k "<]><:I'" ' ,." 11 .. 01"". pot,";ly «(:1<1'), 11", '<l~o QI" Iho <I""" ,;"","1 (eKE) OIl "hiei, 
dat. III< O!ltpuOlro and Ill< <law irL]>!" ,mll]>!< ph."", Tho AT1~DBJ21 C ooiy ""wort. srI moO<' 0 
.nd ] which"", indico<cd in rcd in tOc abo" do..grom (Token from Mk mch", TccoooJ.-.gy 
In<~~ Rek",,,,,, ~l .. n,. I, 2(1)]) I~I' 
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The srI Mode depends on the polarity of the clock (CKY) in an idle state: the edge of the 

clock signal (eKE) on which data are outputted and the whether the input <h\" are =npk<.! at 

the middle or eml uflhe <lata output time. 

initSl'il is used to initialise the srI] module onboanl \he d"PIC30F6014A for 

communication with an AT45DIl321C Dataflash'" chip. The dsP1C30F6014A is SdCC1Cd <IS 

the master device with framed SPI support disabled as another general I/O pin RDS (CS) is 

used <IS the chip sekcl pin. Communication is 8-bits wille and sri Mode 0 is used. This 

implies that the polarity of the idle clock state is low; data are shifted in on the rising edge of 

the clock and that d<im are srnnpkd at in the middle of the data output time. 

The value of tll:: serial clock is generated by scaling the instruction clock Irequ~ncy with a 

primary and secondary prcscalcr. Thc clock. in [hi, C<I~~. i, set to 1.671vlIlz. 

F SCIX = .,. ._--
(Pr imary Preseater xSecondary Preseater) 

(6.5) 

20 x 10' 
~ 

(i;4) 
= 1.67 MHz 

labl. 6.7, ~O"""'" RoZ;""'" for tho SPll '1odul. 

The value> of tbe fimcti<>t, r<liQ""1 ,",,,I !o con!i~LI" ,be SPIJ rno.>dtllc in the d!'l'IC:WF(,(j14A 
diliral ,ignoll"""""" oro ~iV"L in h""od,cim ... 1 ond 1>inory. 

REGISTER NAME 

SPflC()N 
SPII.~TtT 

HFXADECIMAL 
VALUE 

(lx(~136 

(lx~(XXI 

BINARV VAWI': 

0000 ()()()(I 00 [[ 0 110 
1(1(1(1 0000 0000 0000 
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6.4 Gelleral FlIlIctions 79 

6.4 

6.4.1 

General Functions 

Tile Send and Receh'e FUllctioll for the Serial Periplleru/ Interface 

jl10dule - SendReceiveByte 

·I"he SendReceil'eByle function is used to send an 8·bit data b}te to the AT450B321C 

Dalaflash'" chip ,·ia serial peripheral interface I on the dsPIC30F6014A ami it returns the 

received byte in SI'IfHUF. Thi, function utilises the SPI property that for every b~1e shifted 

out of a master dev ice via a serial peripheral interlkc, OnC byte is shifted in from the slave 

de,· icc. 

["he input data b)lc is wrirtcnto SPllBUFand the SPI! module i., enabled. Thi, will transmit 

thc data via thc SPI output data line to the slave de,·ice. The function mmt then wait until the 

transfer i, complete and a byte has been received in SI'IfHUF via the SPI input data linc. The 

receivcd byte is then rcturned by the function .. I"his program "a., aclapted Ii-om code by Stowe 

(2()()6) 165]. 

E"AIllE 

'"' 

lig.,.. 6.1" I _. s)",,,, .. n;.~ ... ", ..r Ih< S ••• R,«i".B}'" r .. ctio. 

Th, &ndR«,fwfiy" r,.",li,n ;, ""'.! I() "nd." S·bit Jato h)" lO tl>< A'J'4lDlIl21C l)",.fl",h~ 
,r.p vi. J<,iol pcript,onll iu<rf>c, 1 011 ttl< <kPTCJOf6() I H ,"xl it "'un,, tlo< ,.""i".! h)," ji",,~ in 
Sl'IIAL'f 
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6.4.2 RMS Culculation FUlIction - RMSCalcu/afj(}lI 

The R}'fSC(llcu/w'on function is used to cakulatc the RMS value of an array of number" \I 

value, long. lls inpul arguments are a pointer 10 the beginning of an array of inleger, and lhe 

length of the array N. The RVIS vallie is calculated using Equation 3.2. The RMS value is 

then converted from a Ql.l5 signed froctional number to all \lnsigned integer u,ing the 

Q 15tolmeger function described in Section 6.4.3, This value is then returned by the function. 

I RMSCoioulllll<>l1 J 

INiTIALlS~ 

Local V.riat.!e. 

All Oota 

'" SUMMED? 

00 

SQUARE Dot. 

SUM Dot. 

Fi~d AVERAGE 

SQUARE ROOT 
on. 

I Q15tolnt.~" J 

I Return I 
fil"" 6.11: Tiot Sy"'''' o;.~ .... oHio. ZMSCal,"I .. io~ r.""tion 

lb, R.I/SCaic"iali(m FlnCli", i, w.~ ,<> , alcu]'" ti>< RMS ":>I\lt f()( "" u"y of "'l\lll! N. All do" 
P'""-' "'" "j"",od .",1 ,urnme<lI ,,,,,,,I,,,,, The .n,,"!" ,of II", >.Un, " (I><" c"(cYL,,d. T1" «jW<' mot 
01 tbe ."'''~< " convo,,<d to "" i"" il'~ :md rcMncd by ,I>;; Imctio" 
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6.4 General Functions .1 

6.43 QI.15 Signed integer to Umigned Integer C(mver.~ion Function­

Ql5to/nteger 

This function converts the 12-bit result in 01.15 signed fractional format from the AJ)C 

module to an unsigned integer. To convert a QI 15 munbcr to and unsigncd integer the 

following sleps were taken as illustmted in figure 6.12. The converted value is then returned 

by the function. 

Q1.15 value l , Id,o l d9 1d8 1dT I d6 l d~ I d4 l d3 I d2 1 dl I dO I " c 0 0 

Value» 41 0 0 0 0 , Id,o l d9 I d8 1 dT I ds l ds l d4 1d3 1 d2 1 dl I dO I 

AND 

OXOOFFI " 0 0 0 , , 0 0 I ' 1, 1,1 , 1,1 ,1,1,1 
value_ByteS12 1 " 0 0 0 , 0 0 0 I d7 1d6 1d5 1d4 1d3 1d2 1 dl i dO I 

Value» al " I , 0 0 " 
, , 0 I ' I , 0 I 0 I ' 1'''1 +, I 

+ (x >- OxOaOO) DR o (x < OxOaOO) 

oxoaool , I , I 0 I 0 I , I " 0 , I " 0 0 0 1,1"10 1 0 

value_Byte3 1 " I , I 0 I 0 I " I , " 
, I " 0 0 0 [dl 1[ dl0 [ d9 1 d8 1 

Value_Byte3« 8 1 0 I " I 0 I " [dl1 [d'o l d9 1 dB I " " 0 0 1"ICIOlol 
• 

value_Bytes121 " " " " " " 0 I 0 I d 7I d& l d5 I d~l d3 I d2 I dl l dO I 
Integer Value I " , 0 0 Idl1 1dl0 1 d9 1 dB I d7 1 d6 [ d5 1d4 1d3 1 d2 1 dl I dO I 

Fi~" .. . . 12: Q 1.15 Fc.ctioul Foem.lto . D L' • • i~n«l IIIt'll« Co.,-.... o. ton,t;.. 

6.4.4 

A Ql 15 futction. 1 ",Iuc con be com'crtcd to OIl UL"i;ned in1<ger u, inS th< """y< 1"OCMU"'. 

Output from the ADC Module to Volts in ASClI Format Function -

Q!;'ciiVoltsConv 

The omput from the AJ)C is a 12-hit value which mnges in value from 0 - 4096 (2'2). It is 

therefore necessal) to convert this value into a voltage value which can he analysed more 

eusily_ The asciiVoltsConv function convcrts an unsigned integer into rour ASCII char.lcters 

which can he easily ~nt to a PC ~ia the UARTI module, 
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If [he [l-bi! valuc is greater than I V, it i~ divid"'" by Ox04D9 (I V output from the ADC is 

1241" = Ox04D9h). The (juoticrJt is eq1l31 10 the number of voltages. This value i~ lhen 

convened to an ASCIl character by [he asciiConv flUlction described in Sc~tion 6.4.5. The 

remainder is passed on to the next step. This is rep"atcd lor I {)(lm Vs. 10m V s and 1m V s . 

6.4.5 

.. <lV,"'Co n' 

t HTlALISE 
Loeo[ V.,j,bl .. 

REMAINDER 

R.Oum 

OI~Jby 

.. , I Co"v 

l00InV. 

.. " Co,,, 100",V • 

YE~ OIVlOiby 
l!1mV. 

DMOEby 

figu ... 6.\3, A[K Outpo, to ~ .~S(;ll VGI"'g' V~lu< (:<HlV<""'. t'un'tio" 

I"" output ITom ,h o AIX: ,"" i>< """.""~ 10 the <""i,'olenl V<>I~lgo ;'01"" u>in~ !he 'IJ;O<ithm 
illuS(rol'~ ol:>o,e. 11>< orit inai ;'"1"< i , >q".-",cd mto fOllr ASCII ,.,>ltogc valoc. ",hien """ "" 
di,pl"ycd ""'ily OH. PC. 

Integer to ASCll Conver,~'ion Function ~asci;Conv 

Tbis Jimctioo converts a 16-bit value to an S-Nt ASCII c1UlTa~kr whi~h ClUJ be viewed easily 

On a Pc. Thi~ is achicv~d by sck~ting the first four bits of the value and adding lhem to a 

suitabl~ ofTsd of ~ilher Ox37 lor numbers greater than 9 or Ox30 for numbers less than 9. 
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6.5 Erase 

TIle erase function is activated by enabling swilCh 3 on the vibration data logging board. 11 is 

used to erase the entire contents of the AT45D13321 C Dataflash'" chip. It does th is by erasing 

blocks of eight pages at a time. TIle default re>el state of all the vallLes is OxFF. Tliis code was 

adapted rrom code wriHen ror the AVR335 Digilal Sound Recorder [661 . 

. , ... 

r;~"" '.14, Th, S,",ra n;,~ra", .r 'h< Etas< Functio. 

n, I'raH' !\:OC<l'" " ""~ to cr= the Ol>lirO colllen" of1l>< I\H~1l1)321C l.lll1.fi'~ll~ ""LV by 
O'",'og bI,d, or Oi~"L r"l'''' ... time. TI>< dcf"ulL ""'" ,,"" of.1I ~)t YlJu" il Uxf. 
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The crase function docs nat have any input parameters and it docs nOl return a value. The 

Erase LED is used 10 indicate when the crase function is in operalKlll. The Era>e functkm 

,h[)uld be aCli,'aleci before any data logging takes place as it set all the bits in the Datatlash'" 

chip to a kn[)wn Slale. 

A block crase of the AT45DB321C Dataflash" is achieved by enabling the Dataflash'" chip 

(CS = Q), transmitting the block erase opc<><k c[)mmand Qx50h foll[)wcd by two rc'>Crved bits, 

nine address bilS, and thirteen don't care bits via the serial peripheral interface to the 

Datallash"' chip, and then disabling the chip (CS ".1). 

Iclclclcl~I.I.I.I.I.I.I.I.1·j·lxlxlxlxlxlxlxl·lxl·lxlxj-j 

F~.r< '_1~: Hlod h,,,, In.'!'''''';." ~"" •• ( 

,~ ldoc~ "~,, ,,~,,",,;.," fo<!he .~H5DHJ1IC I)",.~"'"' <oo";,,, of . four !lit op<00< (C), 
follo",d 'Y lwO ,.."",,·,d ,jt< (R), n;r>e :>d<h .. , h;t< (A) ""d th,rt«ll OOo', me hit! (X) 

This proce» must be repeated 1024 time, in order for the entire Datatlash*' chip to be erased. 

A 'talic block colll1ter is initiali",d 10 ,tore the add",,, of the block to be urased and this is 

incremented every loop. Afler each loop the Dataflash's'" Re"dy j Bw,y line is checked to sec 

if the current block erase [)pcration i , complete. 

6,6 Record 

The record function is ",lected by enabling switch I on the \·ibration data logging board. II i~ 

used to record data fi:om one of the sensor devices until the A T45Dl\321C Datafla,h''' chip' 

memory is filll. A rccord LED is used to indicate when recording lakes place. 

This function enahlc~ the AD( to collect 8 samples from one of the onboard sensorS. The", 

values are stored in the AD( buffer. The voltage offset of 1.67V is ~ubtraeted from each 

value in the buffer and then the resulting buffer is com·erted into a ~ingle RMS value. This 

value is then written to the Dataflashi:' chip using the Wn/rloDawFlash hmction described in 

Section 6.6.1. 
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6.6 

( Roo,," , I 
Tun "",',,' 

'EDCN 

U r;.lI£E 

'0""''''',,,,, 

T"nt."" 
crJ 

A 
,.""""",, , , 

f U"' ' 

"Y 
~~, 

RI',," " , '"" 

"" 'lE'-
"o"',,,~,," 

"""FI" 
"T>FT 

"""''' '''' 

~ c, ,, ,,, ,*,,, '" OJfJE' 

,-.s 

,,~ I 
"""~w-.o 

~U " TR' cl 

A 'O' h o, 

"II'~'~ . ,, " 
,\",-,-",.Eu' 

tn I 

'-'E,j' 

"~~c~,,"',," 

-,v,' to 'oB.,"" 

T,,,, R,,,,' 
l>D " Fe 

"~ 

riO'" '_1';, n, S, ""n Il;'~ ".m 01 (~, R«"," FO"";"J] 

TI~ R" "" ,jf "' ~L'" ,,,II,,,, , ;g"L ""''Il),'' :;'Hn ~" M'C ,,,,>dole 100 "I,,,:,,,, , nc llM:; ",,1\1< of 
,,~'" ""l"" TI~ PMS ",1,,0> m Lhon , L.~",J '" "'" AT ,SDnJ2] C D""I1 .. ,,· "" jI it j, full, TIlL' 
prc:-c,,, " 'o<n ropc. M 

8::; 
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6.6.1 The W,it~ ,,, lh~ AT.f5DB111C DU'Qj1/lSh~ Chip Flmcflon -

W,itetoDutuflus" 

Thl~ fllll~'ioo is uscd by the Rf'ff>f'fI fUI\(."!l jm \n -.lOfC al l the calcllhnffl RM5 ,'a lues in Ihc 

.... T450l'l)2 1C chip. Dala 3,. writt(;n tC'l Ihc (Jata lbhlO device's ma in IItemQ'), via SRAM 

butter I. This program was ada):(<.:d troll' Aim el C "rpnralion Applicallon Note (2005) r 66]. 

This function fiN "flecks whether the 111 . l11 oty is full ~f()", it comm"nc~s with ~ writ . 

operJlinn. Dal:;! 3'" fiN. lran, rlYTed 10 SRAM hu tTer I , Data are only written to th~ main 

memo!)' \\'h ~n fl uff., 1 ;, rulL 

A tmnskr It> butTer 1 ofth. AnSDB321C l)atflfltih~ is achiC'"O"Cd by enabll ng lh. D.:lla lbsh" 

chip (CS" 0 ). I11ms/JllTl ing Ibe "me 10 buffer I opcodc command Ox8~ loll" " cd f""""",, 

doo'! car" bit.'l. k n addn:ss hit!" and ei~hl b it~ Olf data via the seria l peripheral imerfacc \0 th 

Da\~llash· chip. and then disabling th~ chip (eli' '" I) . T~ position ofth~ duta in the buffer ;' 

set b) a bllrler collnter. 

I ...... U l, "' ... , ,. A.a.,. 1 1"",..'Io.I"e .... " 

... ,.TO" ... bulr ... 1 """""""" ,.,.. do< ,\I '.<\ltI'l ,(; ~ .... ' cunw.." uf. ro..c ~" 0l><"O<I< (C~ 
foIkr\o..:d ~ r.~ ....... <s< ..... 0:\:....1 .... _ ... "'" iAJ 

Once b"lf~ 1 con\aill.~ 5211 by\~"S 01 d/I[a, a write daiB rrom burfer I III ms in memory without 

~r3 s.c command is issued. Thii i~ :>e hic"ed by laking CS low. lrnnsmittiog a p'~ram main 

m~mory "illlOut crase opco<ie O~MM, f<l I I O\<~d b) one r~Sl:r\'oo hit. thineen adJre!>.~ bilS and 

t~n don" t care bits. The chip is the n di o;ab]ed. This proc~"" is repealed SI92 linles until ai ll fle 

p3g~s in the Dataflash" arc full. A memory is full nag: is th~n set indicating that dJl~ must be 

tr ftnsrc rr<Xl nr crase hdOfe annther '" rite opt:l'IItinn can lai<~ place. 

1~6.. '" .... rio. ~.rr .. I ' . ~I ....... 'Y [ .... _, ... ~ ... _ 

A .. nk ""rr". 1 ............... "'l' ........... _ , ....... A "~l)IUZJC~I""'· ........... ~,~ , .... ~. 
-""" (C). fi>JIuw<d It> _ '<"><n«lt.t. (R). ~ ooiIr ... ~ ... iA) :nI «II ..".., <u< '- (X) 

"The runclion th.:n rdurru; In the record fuocli.ln. 
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DilIII!rlUD oUbe W~ftlttoDatt(fll'li.ih Function 

to write a character of data to main memory 
is full. 

buffer 1 
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6.20: The of the Send Function 

The Send function is used to all the data stored in the AT 4SDB321 C UII'UUIWSll toaPC 
computer via the UARTt 
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7.1 

u. ....... , ....... was aa.apl:ea 

to f'rQ1r1<::ti"''' 

6.11: to Buffer Transfer Instruction Format 

to buffer transfer instruction for the AT4SDB321C consists of a four bit 
one reserved bits thirteen address bits and ten don't care bits 

one r~~'~T1If~(J care is 

Dl!IIlIIrram oftbe Pa.lireto'B~"er FUDdloD 

The l'al~et('BIf,,,er 
buffer 

one page of data from the main memory to the active 
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KeI7111rmnJi:um?r rulnct:ion was aGlllpte:o itis to 

6.23: Read from Buffer IDStructlon Format 

A read from buffer instruction for the AT4SDB321C Dataflash"" consists of a four bit 
followed fourteen don't care bits and ten address bits 

is traIlsm.ittillg a 

1- ten aoaress 

is 

are a is 
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6.24: The 

The Re!wfl'om!Bulf/er function is used to read data of a spe1cifilld " ... .,c ....... address in 

a 

to a 

two 

one 
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are UU~~I.I~I)I;'U as 

X.XXX 

.... J ....... .., is occur 

one 

are sent to 

6.1S: The DllliIlnm of the SendtoUARTl FUDdioD 

The SendtoUARTl function is used to transfer collected data to a PC via the UARTl module. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

IUrlCtllOnaUlr;y was to momt()r 

next sec1tion,s. 

1 

1. 

an LJ"~"&.J 

were on 

was II ... ' ............. on as 

OPt)OSC~a to 

3. were no to separate .. "V ....... ""'" test were ..... rn"" .. " on 

to were 

5. was on 



Univ
ers

ity
 of

  C
ap

e T
ow

n

ver 

6. were not 

7. A 

a was 

on 

8. A was to 

as to a 

---
9. on reset was on 

7. 

r----------

c 

L _________ _ 

7.1: External Power on Raet Circuit used 011 VDL Board ver. 1.0 
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111 ()sc()oe was 

ver. 1.0 was as 

test. connect 

CODlIlel::1CO to two 

unIIT':Ul,,,. was set to 

VinSMPS 

LI 4.7uH D1 STPSI30U 

DOl 813P.472HC 
40V 

VoutSMPS 

11 

Figure 7.2: Switch Mode Power 

The Switch Mode Power Board ver. 1.0. It 
was isolated from the rest 

to the rest of the board. 
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7.2 The Power Supply 99 

The input of the SMPS ,"vas conneeted to the I lewlett Packard E3t.30A DC Power Supply 

Unil. T!Jt, O-t.V, 2.5A output wa~ used. The input (V,nSMrx;) and output (V,,"SMI>:;) RMS 

voltages (V"",) of the SMPS were monitored using the Agilent Technologies DS03!52A 

Digital Storage Oscilloscope. The oscilloscope was given 30 minutes to wann up as suggested 

in the OS03000 oper~ting manual in order to provide the best resuHs. The ambient 

temperamre wa~ approximately 18nC. 

The input was monitored on channel I (CHI) and the output ,"vas monitored on channd 2 

(CH2). Roth probe~ w~re xlO probes and the acquisition mode orth~ oscilloscope was set to 

NO]{Mj\L. The scopes automatic measuring mode wa., used to find the RMS voltage ol"both 

channds and this was displayed on the oscilloscope scre~n. 

The input to the s",itch mode power supply was swept from 1)....5V in approximately !DOmV 

intervals and the input and output RMS voltages were recorded at thesc different valu~~. A 

graph could then be plotted ofthe input versus the output RMS vollag~ . 

. , 
•• . , 

~ ~.5 

• 
~ " 
• " • " S 

, .• 
~ 

" 
,. 
, .• 
, .• 
, .• . , •• " 

,., , .• , .. ., •• •• •• 
Input RMS Volta!lu (Vrms) 

t"jguro 7.3, Inp'" RMS V<>l .. ~< >s. Oulput RMS \'01tl20 for tho ~MI'S (3..3\') 

Hie input , ,,I"S0 In ,ho ~,,~<h \\000 Po","," Stlpply (SMPS) Wi., ,· ... iOO b.m.con II atl(l W "' 
HXlmV in(ervofs on<Ill,o vulput R.\fS vvlUW-"> wc~c Teoor<kd HI< OCY;« oporat<s ,,,,,",lIy in Il, c 
I .2V 1<> 3.W ,ullaJIC Tonge. 
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Chapter 7: Hardware Testing 

... +----"---------------------' ••• .. , " 
, . " ,. " ., ,. " ••• 

Input RMS Voltage (V) 

fig"r< 7.9: Inpu, RMS \Iolta~. YO. Output RMS Voltag< foc tho TC2185-3.3V 

Til< IC218S·.1.JV tum, OIl" UV It "'gul"," the ""'ppl), to 3.311 wh<n tOe input voltage rcae"", 
"l'1",,,im...,ly 1.411 

., 

The device produces the desired 3.3V output at an input of approximately 3.3V in the above 

figure. This agrees with tlx: calculated value of 3.302V (h = IOO,uA) and proves that the 

device functions as cxp;;x:tcd. 

7.2.5 Signal to Noi.~e Rutio Testing 

lbe ~ignallO nois.e ralio (SNR) or the SMPS (5V) and the LI:>Os was tested. rhc signal to 

noise ratio gives an indication of the power of a signal to the power of background noise at a 

point in a circuit and can be calculated with Equation 7.2. 

SNR=2010g{~~) (7.2) 

Where S.I·iR is the signal to noise ratio in decibel~ (dR), V, is the voltage ofthc signal and V" is 

the!="Cak to peak voltage ofjhe noise. 
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7.2 The Power Supply 107 

An Agikm Technologies DS03152A Digital Storage Oscilloscope was used to monitor the 

signal and noise strength. The ,igllal Wa" monitored 011 ch:\l1l1~1 I (CIII), The ro-obe w,,-, ill 

xlO mode and the acquisition mode of the oscillo'i.Cope wa.' ,et to NORMAL. The .,cope" 

automatic m~asuring mode WaS used to lind the RMS voltage of the signal and the peak to 

peak value ofth~ noise. This WaS displayed on the oscilloscope screen, 

The SMPS (5V) wa, pow~red by a +3V input voltage generated by the 0-6V, 2,5A output of 

the liP b:3630A DC row~r Supply Unit. The 5V output from the SMPS then provided the 

inplLt for botb low voltage dropout regulators, The RMS voltage of the signal and the peak to 

peak value of tile noi,~ Were measured at th~ input and output of the SMPS (5V), and at the 

output, of the IIXl<. 

Tal"" 7.1, TIo< ';1""1 ,. "'0;" R,.".,. ro, Ett~ ,,r 'he r."" S"~I'i" '1001.1., 

The ,~".I v"I "'~'C " oJ 1"'''' ,,, 1"'" .. ~'" Itv<1 w"", .. """",,d roo ,,,,I> "f U", I""'" "'I'rlY 
m;)d ul." Tilt SNR, ~ or. tl><Jl coicuJ.<ed lJ.1jJl~ h Q,),l -" hi~r " i ll>! 10 00l'" rot;" ;' 1n-.-wc..tCS. 
"rDIl1i" " gnol'o ""i>< ",01 ,L Lh .. P"" or lk <,,,,,,;L 

SIGNAL NOISE SIGNAL TO 
SIG'iAL \OLTACE VOLTAGE NOISE RATiO 

(V) (mVp_p) (dll) 

Inputfrom HP EJ6JOJ },O.I W 34 
O"'putfrom SMPSi5y) ~m , ~ 

Outl,", from Te{]64·J, JV },31 " " Outputfal'm Tel ISS·J, JV },32 .1.1'06 J~ 

The SNR value increases through the power "upply module" with th~ I'C2185-J.JV low 

vollage dropout regulator providing the be,t value. Thi< te,t ,;hOW" that the IIXl, provide an 

enhancement on the Sl\R of the SMPS whi~h will impnw~ ripple rej ection on lfle p<Jwer 

,upply line,lhis will creat~ more "tability illlile boards functioning. 

The remodelling oflfle vibration data logging board took all ofthe te,t re,ults of the VDL ver 

1.0 into account and low voltage dropout regulato)"; were induded on th~ outplLt of tfle SMPS 

to decrease the amount of output ripple 011 the "lLpply lin~. They decreased the outpul riwle 

vallLe from approximately 1 Vp-p to WinV which i, a more acceptable value. 
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108 Chapter 7: Hardware Testing 

7.3 The Anti-Aliasing Filtering Circuits 

The fUllCtioning of the anti-alia,jng filters (Illboard the vibration data logging board ver. 2.0 

was tested. The input alid output voltages were monit()red mer a wide frequency range in 

order to plot a gain vcrsus input frequency graph. 

7.3.1 The 5-pole Low-p(lsS Bessel Filler Testing 

The 5-polc low-pas. Bc .. cl anti-aliasing filter used to filter the ACCX output from the 

accelerometer wa, "lili,cd in the function test. TIJ(, acccierumeter board was di.connccted and 

the jumper (IN) linking the anti-aliasing filter circuit to the dsPIC30F60 14A proceswr "'liS 

removed. Thi. j,,,lated th~ anti-aliasing fi Iter from the rest of the board. 

The 0-6V, 2.5A ()utput of a Hewlett Packard R3630A IX: Power Supply Unit was connected 

to the SMPS onboard the vibration data logging board. It was 8et at +3Y. This powered the 

power supply module of th e board which in tum powered the anti-aliasing filler with +3.3V 

sing le suppl) voltage. 

A Hewlett Packard R3312A. 15 Mllz FunctkmiArbitrar)· Wa,·cfonTI Generalor was u.cd to 

produce the input .ignal to circuit. The input was 8et a. a 1 Vp-p sine" ave" ith a DC othet of 

+1.61Y. This was then connected to te8t pin ACCX as thc input to thc filler and te,l pin 

ACCX _ ADC wa. the output of the filler. The ti"cqococy oflhc ,ine wave wa, swept from 0-

25 kHz in 200Hz interval8. The corre8ponding input and oulPllt vollage, " ere recorded. The 

gain of the filter was then calculated using E<jualion 7.3 and plurtcd again,t inpllt frequency 

(Figure7.10). 

(V \ 
Gm,,(dB)= 2010gJOl~J 

2.2V,., 
(7.3) 

An Agilenl Tcchnologie . DS03152A Digital Storage Oscillo,cope Was used to monitor the 

input alid outPllt voltages. The inpllt voltage was monitored on chalm" l 1 (ClIl) and the 

output voltage was monitored on channel 2 (CH2). The probe wa. in xlO mode and the 

acquisition mode of the oocilloscope was >et to l\ORMAL. The SCOpe8 automatic measuring 

mode was used to find the voltage of the input and output vollage signal,. 
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7.3 Thc Anti-AliRsing .,'illering Circuits 

•• 
••• 
·5.' 

·10.' 

m 
E -IU 0 • 0 

_20.' 

-2$.C 

-3U 

-35.0 

, 

, '00' 
Input Frequency (Hz) 

t ';gUI"< 7 10, Bod. I'klt fOT the 5_Pole Low_paM 8 .... 1 HI«, 

On< oftoc 5-polc Iow-p." B.,,,l OIlli-aJiosinl: Jill"", "n'''<ltd th' vibralion "'LI.l"lII:i~ boar~ "OS 
uoed 10 test filter functioning. Tk input o1"tbc Ilk" "OS oonncctcd [0 a >i~1Il !CTIcrator ootj>LJtting • 
lVr-p ,ill ' wa,'o offiCI .t I L61V ne illptlt freqococy " ... , . wocp frMl (1-25 kU, in ZU() II, 
inlemlls. ·I~. ~oin 0[(1., oi'ouit "'as thal compared 10 illptl' freqt><t.c)' 

109 

100000 

The filter circuil ha~ a gain of 2.2V set hy an inverting amplifier. The output voltage was 

normalised by dividing it by 2.2. Th~ gain of the circuit was then plotted against frequency 

u~ing a logarilhmic sealc. rhc graph illustrated in Figure 7.1 U, follows the typical low-pass 

Bessel lilter curv~ and the -3d8 value i~ al approximately 7 kHz. 

7.3.2 The RC Low-pass Filter Testing 

The RC low·pass anli-aliasing filter used to filler !k outpul of the electret condenser 

microphone was tested using the same procedure as the 5·pole low·pass Bessel filter. The 

gain wa~ calculated u~ing the different input and outpul voltages and was plotted against 

frequency using a logarithmic scale Fib'ure 7.11. 
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, 

" '00 1000 10000 

Input F',qulncy (Hz) 

Fi~u ... 7.11: Rod. I'lot for tho RC LOw_p,,, FIIt« 

Ihe RC I<lw-p"", ..... ,-.Iia<;"!: fik.", <>nI.1(I.'lf'(j the ,il'noIion OOta )(I~in~ _ w", """d 10 Ie", filter 
fuoc'iO<lin~. rhc i"l'111 of til< fi~ .. w"-, ,'OIl"",,«d 10 • ,il>l'l.l ~"''''''''<>r wtPLlUllli:' IVp-p ,;nc ",no 
on"" "' +1.61 V, TIL. inpul I~c"cy "., >"''"'P from 0-21 tllz in 200 Hz inter .... I •. The goin oflhc 
,irouil WM ill<" compared 10 i_, fr"'lOCIlC)'. 

100000 

"Jbc filter circuit bas a gain of 2.2V ~el by an inverting amplifier. The output voltage was 

normmised by dividing it by 2.2. The voltage gain values were calculated using Equation 7.3 

and then plotted against Irequency u~ing a logarithmic scale. The graph illustrated in Figure 

7.11, follows the typical low-pass RC filter curve wilh <l very slow drop-off rate. The -3dB 

value is at approximately ]() kH~ .. 
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1. 

a. mm 

11 mm 

c. mm 

mm 

e. mm 

f. 1 mm 
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1. 

2. 

3. 

5. 

6. 

a. mm 

1 mm 

c. mm 

e. 

f. 1 

mm 

mm 

mm 

a. mm 

C. 

e. 

f. 

a. 

c. 

e. 

f. 

11 mm 

Omm 

mm 

115mm 

1 mm 

mm 

1 mm 

Omm 

1 

1 

mm 

mm 

mm 
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33 10 3 

Belt 34 33 31 10 4 

Belt 34 31 33 

Excessive belt stretch 41 42 43 12 32 35 

cover 13 14 15 16 

Excessive top cover wear, unifonn around belt 19 20 10 8 36 

cover wear 4 9 10 17 II 27 

or of bottom cover 4 10 9 33 

Covers harden or crsck 23 37 

Cover swells in spots or streaks 21 

Belt breaks at or behind fasteners; fasteners out 24 22 12 23 

38 30 12 17 25 

Excessive 8 10 40 7 

18 25 26 

star breaks in carcass 16 17 
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1. Idlers or with ceoter lioe of 
belt: 
Readjust idlers in affected area. 
2. frame or IIItructure crooked: 

affected area. 
3. staodilinot ceotered 00 belt: 
Readjust idlers in affected area. 
4. Idlers: 
Free idlers and improve maintenance and lubrication. 
5. of material 00 idlers: 

maintenance, instlllli 

oot 
Remove 
7. Bowed beH: 
For new belt this condition should diSIlMle1lf 

in rare instances belt must be stnligl:iltened 
and of belt rolls. 

Adjust chute to on center of belt; discharge 
material in direction of belt travel at or near belt 
9. 00 drive 
Increase tension thru screw up or add ...... " .. t."""'.i .. l.t· 

increase arc of contact. 
aod builldulP: 
transfer install 

Reduce 
idlers. 

instlllli impact 

17. Material 
Install 
18. 
Same oo'Tectiol~S 
more clearance. 

on return run 
00 strudure: 
3; install limit switches; 

19. stuck, or misalil!:oed 
Remove accumulations; 
cleaning 
Return rolls, improve maintenance and lubrication. 
20. Cover too low: 

of heavier cover gauge or quality 

or too 

technique; set up schedule 

condition. 
for 

GocKiye'af Handbook of 

from 

("nlmntl~"",'",ll!ht too 
oolmtlmNeiliht or increase screw take-up tension to 

calculations. 
CouD1tenlVe~l:bt too 

"nJIIU.,rw,,,illlht to value mquired calculations. 

34. Insumc:lent traction between belt and 
drive increase belt wrsp; 

under belted: 
Rec:lalc:ulate belt tensions and select proper belt. 
36. Exceilisive between Idlers load to work 
aod IIIhuffie on as It palla over idlers: 
Increase tension low; reduce idler 
37.lmll1mnel' 
Refer to Oo(xh'ear 
instructions. 
38. Belt iml1lroperly 

area: 
and 

idlers on the return run prior to tail pulley. 
IIItructure: 

on carrying and return run. 
belt lustaDation apparent 

stretch: 
Pull belt through counterweight with a tension to at 
least 
Empty tension; run belt in with mechanical 
filsteners. 
a ~~ 

Check for 
recommended 
43. IUlllumdeut ~OIIDtie"reil~bt 
Consult Conveyor and Elevator Belt Selection 
Manual for recommended minimwn distan~. 
44. Structure not level: 
Level structure in affected area. 
45. Cover cuts or small cover 
Make repair vulcanizer repair 

46. Excmive cover gauge ratio: 
Use a belt with a lower gauge ratio andlor a thicker carcass. 
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Appendix D 

External Memory Calculations for the Vibration Data 
Logging Board 

An Atmcl AT450ll321C 32-Mbit lJataflash'"' Chip was selected as the memory storage 

device 011 th~ vibration data logging boord ill"l this ~i~" or storage capac;ity was ~d~cled due 

to the following cakuJalions: 

5.75 mts 

0.152 m:L 
r----- 4. ,; m - -'I 

~::: Belt 
... Idler 

Fi~n ... P: s.,-"" O,.rl •• d 11<11 c:."v.~"' C"-1J6 

I-to< parom<t<'" ftom the Sa, """" Oycrlond ("",cyoc Bolt CV -{IS were U>Cd 10 oak"]",-" !be ,;zc of 
lho m<:m,,,.y ""rag< d<vic<_ 

The ~~<l oi"lhc bell is assumed to be 5.75 mis, the distance between idlers is 4.5m and the 

diameter of an idler is 152 mrn. Th~ ma'(imum required ~mpJing ra(~ of any of Ul~ S~llsors is 

16kHz. 

The R.\.1S calculation is a lonn or av~raging anu is tahn ov~r 8 ~a.mpl~~ of data a~ thi~ i~ half 

the size of the AVC Buffer. It gives and indication of the magnitude of the acceleration and 

thererore vibration of the system. It i~ important to take a large numhcr or ~mp1c~ Over the 

idlers as these are of interest. The maximum numboer of&mlpJes pt'r metre is: 

. . , Sllmples I Second 
Number of Samples / Metre = "''':;C;;~C"i''~ 

, ReitSpeed 

139 

16000sumples / s 
5_75m/s 

= 2782.60I.l'amp/esi m 
'" 2n3 sample,l'lln 
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Tltc:refon: the' number uf lilUnpl"S rer idlet- is: 

,,.,'wnb(', of Samples..' Idler = (suml'le.\"..' m lx (ldl<'f1rl 

= 2783 sampl~~ · m-I ,,0.152 m 

= 422.%samp"~1 f !dla 

rltc:re will be It mllldmurn number of256 kbil$ producc:d e"er) >;('C"n<! ror II >;amplillg llI1e "r 

16 kHz as every sample is 16 hits long. 

Numhicr a/hi/,!!:, = (~amplc~.I ~ )x (word ,!Iz~) 
= 16()(X)kH;: x 16hiu 

" 256J.hil,~ I .• 

As IIIcIT arc II samp le.~ ~ RMS measun:mc:llt this number is reduced tn 32 ~b;Wsecond. 

RMSR"I~" ./Iiumhdr tJfbilsl~ = 256 .khil.1 
N ~ 

o32J.hIlI f.~ 

l"his mc:ms llull a 32:>'1b,1 memory chip .... , 11 ~" ..... approxim:llcly 1 6nunul~ and 4(l scconUs 

of data. 

\
' "r. MemfJryC"fWcity 32Milils , lora",> 1 ,me = = ... 

kMSRaie 32khil.l" ,I $ 

= 1000.1 

= 16nun40s 

040 
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Appendix E 

Bessel "Filter Table (Taken from Karki, 1., 2000) 1551 

FILTER STAGE I STAG.: 2 STAGE 3 STAGE 4 STAGE 5 
ORDER ~·St· 

, 1.2736 0.5773 

, 1.4524 0.w1O , 1.41'1'2 0.5219 , 1.1607 0.916' 

• , 1.823' i 0.6608 2.0'07 

• 1.1837 0._ 2.1953 1.22'1 1.9591 

• 1.8794 0'197 1.94&~ 0.5194 2.0815 0.7606 2.3235 

1.'1870 0.5380 2.D61!O 0.6200 2,2110 0.8100 2A~SO 

141 
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Appendix F 

Circuit Diagrams for the Vibration Data Logging 
Prototype Board 

Accelerometer Bourd 

, 

• 

:1 
" 
, II I , 1,[ I 

'W 'I I _ Ii, 
~~; , 

~; --1,~ 
----_. ~ 
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Appendix G 

Main Vibration Data Logging Prototype Printed Circuit 

Board Layout 

Top Layer Silkscreen 
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~ ~ CJ:> b,ED' " 1'l~1'l [1 
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Top Layer 
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Top Layer Pad Masler 

• • • • ••• • •••• 
• • • • • ... •• • • • • ... .. .. 

• • • .. ... • • • ... -• • .~ ~ .. • •••••••• . -
• • • • • .. • • .. • • ••••••• • • • .. • o ••• .. • • ••• • • 11111111111111 : ..... • • .. .. • • •• ;'"!I'I'~'~a · .. •• .. • • • " • .: • 

" • .. • • ; i 11111111111111: • • • ••• • .. • • • • • ~l'_."-.. 
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TOp Lu)'er Pa~u Mask 
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Top Layer Solder l~lm" 

• • • • • • • • 
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Ii •• I ........ 0-

• • • .. ... ........ • • • • • • •• I I. 1.1 • • 
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~ ... • • • . ' 0 
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BOl/om Layer Silkscreen 
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Bottom Layer 
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Bottom Layer Pad Master 
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Bol1om Layer Solder Mask 

• • • • • • • • 
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• • • • • .. ........ • • • .. ........ • 
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Drill Guide jiJr the Top and Bo//om Llfyers 

• 

, 
, 

• 
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AppendixH 

Accelerometer Printed Circuit Board Layout 

Top Layer SifkIcreen 

Top Luyer 

Top Layer Pad Master 

Top Layer Paste Mask 

Top Layer Solder Mask 

• =' = •• · -,-.. .......... ' 

••• _'-! ••••• 

.:' = •• · -, - .. 

• • • · =,= .. . ';'" .. 
•••••••••• •••••••••• 
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Bollom Layer Sill .... i{'r eell OI<erIIlJ' 

Bfilf()nI Layer 

B(),,,,m Layer Pad Alaster 

Bollom LUJ'er &Itler ltftuA 

, · -. 
[ 

• 
•• • • • •••••••••• •••••••••• 

•• • • • •• • • I • • • •••••••••• •••••••••• 

Drill Guide for (he Top and Bnftom LQJ'er.~ 

Drill DrtI ..... ings for the Top uml 80ttom Layers 
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Appendix I 

Photographs of1he Printed Circuit Board 

Vihrafion Data /"'{U:iflK 8vfl rd ~'er. I ,U - M{lin BouFtI 

' 60 
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Vibratioll Datu Loggillg Board ver. 1.0 - Accelerometer Bourd 

• 
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Vibration Data Logging Board ver. 2.0 - Main Board (Top) 
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Vihration Data Logging Board veT. 2.0 - Main Board (Bottom) 
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Vihration Data Logging Board ver. 2.0-An'elerometer Board (Top) 
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Vibration Data Logging Boarriver. 2.0-Accelerometer Board (Bottom) 
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Appendix J 

Analogue to Digital Sampling Rate Calculations 

Auto Smnpiing; is useu. in the ADC module for the accelerometer and microphone inputs. The 

j()l]owing ca\cl1ialjolls were used to delemline the value, of the ADCS<5:0> and 

SAMC"-::4 :0> bits. 

The instruction clock frequency is set hy tlkl cry>lai o,cil1alor Jj-equenc), and the internal PLL 

multiplier value. The ji-equenc)' is set to 20MIPS for all prognumning operations using a 10 

MHz crystal ruxI a PLL value ofx8. This meanS thaI the instruction clock period is: 

, 
1" ~ -

/., 

o~= 
20MfPS 

= 50ns 

A minimum analogue dock time of 668ns is required to en~l1re thallhe sampling capacitors 

do not lose charge. This ~ans thallhere v.ill he a minimllill conversion time of 

1 ~{) ~ 668ns 

1;_ <':14('i) 

"'9352p..1' 

Therefore in this ca.e the conversion time is set to a value of 

T,,~. = 20j-'S 
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Accelerometer Inputs 

The accelerometer signals must be sampled at 32 kHz. This gives a sampling period of 

1 
TSAMP =-

Is 
1 

=---
32x 103 

= 31.25,us 

By rearranging Equation 6.1 the ADCS<5:0> bits can be calculated 

ADCS < 5: 0 >=~(r::o'"'J-l 
14 Tcy 

= !(20X 10-6 J-1 
7 50x1O-9 

= 57.14285714 

~ 57 = 11l001b 

From this the actual value of the analogue clock can be calculated 

Tcy{ADCS < 5: 0 > +1) 
Actual TAD = .....:;:;...::..--------=-

2 

= 50x10-9 
• (57 + I) 

2 
=L45,us 

This value can now be used in Equation 6.2 to find the SAMC<4:0> bits 

SAMC < 4: 0 >= TSAMP -14TAD 
TAD 

_ (31.25 X 10-6 )-14(1.45 X 10-6) 
- 1.45 x 10-6 

= 7.551724138 
~ 8 = 01000b 
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Electret Condenser Microphone 

The electret condenser microphone signal must be sampled at 20 kHz. This gives a sampling 

period of 

1 
TSAMP =-

Is 
1 

=--...".. 
20x103 

= 50ps 

By rearranging Equation 6.1 the ADCS<5:0> bits can be calculated 

ADCS <5 :O>=~(TCtJ"")_l 
14 Tcy 

= .!.(20X 10-6)_1 
7 50x1O-9 

= 57.14285714 

~ 57 = 111001b 

From this the actual value of the analogue clock can be calculated 

Tcy{ADCS <5: 0> +1) 
Actual TA.D = --'--------'-

2 
= 50x 10-9

• {57 + l} 
2 

= 1.45ps 

This value can now be used in Equation 6.2 to find the SAMC<4:0> bits 

SAMC < 4: 0 >= TSAMP -14T,w 
TA.D 

_ (50x 10-6 )-14(1.45 x 10-6
) 

- 1.45xl0-6 
= 20.48275862 
llI:i 21 = 10101b 

168 
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Code for the Vibration Data Logging Board 

Header Files - dsPIC30F6014Apins.h 

II VIBRATION SENSOR PIN AND INTERFACE DEFINITIONS 
11===========================-=====-------==----.---==------=-====== 
II 
II 

II 
II 
II 
/1 

II 
II 
II 
II 
II 
II 
II 

BY: 
DATE: 

PROCESSOR: 
BOARD: 
IDE: 
COMPILER: 

DESCRIPTION: 

ROBYN VERRINDER 
23 MAY 2005 

dsPIC30F6014A 
VIBRATION SENSOR PROTOTYPE BOARD 
MPLAB IDE v7.30 
C30 C COMPILER 

Definition of all connections to the dsPIC30F6014A 
microcontroller. 

The pin descriptions are as described in the various 
data sheets for the devices and follow the naming 
standard on the schematics for the Vibration Data 
Logging Prototype Board (Chapter 5) 

1/=================-======----=====-----====------=====--=---======= 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

PIN CONNECTIONS AND CONFIGURATIONS: 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

COFS/RG15 ........... . 
T2CK/RCl .........••.. 
T3CK/RC2 ............ . 
T4CK/RC3 ............ . 
T5CK/RC4 ...•......... 
SCK2/CN8/RG6 ........ . 
SDI2/CN9/RG7 ........ . 
SD02/CNIO/RG8 ....... . 
MCLR ............•.... 
SS2/CNll/RG9 ........ . 
VSS .....••........... 
VDD ................. . 
INTl/RA12 ........... . 
INT2/RA13 ..•....•.... 
AN5/CN7/RB5 ......... . 
AN4/CN6/RB4 ......... . 
AN3/CN5/RB3 ......... . 
AN2/CN4/RB2 •......... 
ANI/PGC/CN3 ..•....... 
ANO/PGD/CN2/RBO ..•... 
AN6/oCFA/RB6 ........ . 
AN7/RB7 ............. . 
VREF-/RA9 ........... . 
VREF+/RA10 .......... . 
AVDD ................ . 
AVSS ................ . 
ANB/RBB ............. . 
AN9/RB9 •.....••.•...• 
ANIO/RB10 ...........• 
ANll/RBll .....••.••.. 
VSS ..............••.. 
VDD ................. . 
AN12/RB12 ..•.••...... 
AN13/RB13 ........... . 
AN14/RB14 ..........•. 
AN15/0CFB/CN12/RB15 .. 
IC7/CN20/RD14 ....... . 
ICB/CN21/RD15 ....... . 
U2RX/CN17/RF4 ..•.•... 
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NOT CONNECTED 
LED1 .•................ 
LED2 
LED3 
LED4 
RECORD_LED .........•.• 
SEND_LED ............. . 
ERASE_LED ............ . 
MCLR ................•. 
NOT CONNECTED 
SGND (Signal Gnd) .... . 
VDD (Signal Power) .... . 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
PGC ................. .. 
PGD 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
AVDD (Analog Power) 
AGND (Analog Power) 
TEMP ADC (MAX6608) ... . 
ACCX-ADC (ADXL202) ... . 
ACCY-ADC (ADXL202) •••• 
MIC ADe (Electret Mic) . 
SGND (Signal Gnd) ..... 
VDD (Signal Power) 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 
NOT CONNECTED 

OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
ICD2 

POWER 
POWER 

ICD2 
ICD2 

ANALOG 
ANALOG 
ANALOG 
ANALOG 
ANALOG 
ANALOG 
POWER 
POWER 

POWER 
POWER 
INPUT 
INPUT 
INPUT 
INPUT 
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II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
1/ 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
90 

U2TX/CNI8/RF5 ........ NOT CONNECTED 
UITX/RF3 ..••••••.•••• TX IN (RS232 TX) 
UIRX/RF2 ............. RX OUT (RS232 RX) .••• 
SD01/RFB ...•......•.. SO-(Serial Output) ... 
SDIl/RF7 ............. SI (Serial Input) ••.• 
SCKI/INTO/RF6 •••.•••. SCK (Serial Clock) 
SDA/RG3 .............. NOT CONNECTED 
SCL/RG2 .............. NOT CONNECTED 
VDD .••.•............. VDD (Signal power) 
OSCI ................. OSCI •••••............ 
OSC2 ....••••.•..••..• OSC2 ................ . 
VSS .•.••.•...••.....• SGND (Signal Gnd) 
INT3/RA14 ............ NOT CONNECTED 
INT4/RAl5 ............ NOT CONNECTED 
ICI/RDB ...•.......••• CS (Chip Select) 
IC2/RD9 ...••••••.•... READY/BUSY •...•...•.. 
IC3/RDIO •.•.......... RESET ............... . 
IC4/RDli .........•••. WI' (Write Protect) 
ocI/RDO •..••.•....... NOT CONNECTED 
SOSC2/CNI/RC13 .•••.•• NOT CONNECTED 
SOSCI/TICK/RC14 '" ... NOT CONNECTED 
OC2/RDl ......•....... SEND ........•........ 
OC3/RD2 .•..•.••.•.... RECORD .•..••......... 
OC4/RD3 ........•....• ERASE ..•..••......... 
IC5/RD12 •.•••.•...... NOT CONNECTED 
IC6/CN19/RD13 •.•..... NOT CONNECTED 
OC5/CN13/RD4 •••••..•. NOT CONNECTED 
OC6/CN14/RD5 ....••••• NOT CONNECTED 
OC7/CN15/RD6 .....•••• NOT CONNECTED 
OC8/CN16/RD7 ......... NOT CONNECTED 
VSS ........•...••.... SGND (Gnd) ..........• 
VDD ............•..... VDD (Power) ......... . 
CIRX/RFO ....•.•••••.. NOT CONNECTED 
CITX/RF1 ......•••••.. NOT CONNECTED 
C2TX/RGl .•........... NOT CONNECTED 
C2RX/RGO .....•....... NOT CONNECTED 
CN22/RA6 ............. NOT CONNECTED 
CN23/RA7 .........•... NOT CONNECTED 
CSCK/RG14 ...••.•..... NOT CONNECTED 
CSDI/RG12 ...••.••.... NOT CONNECTED 
CSDo/RG13 ............ NOT CONNECTED 

II VIBRATION DATA LOGGING PROTOTYPE BOARD IC LIST: 

OUTPUT 
INPUT 
OUTPUT 
INPUT 
OUTPUT 

POWER 
XTAL OSC 
XTAL OSC 
POWER 

OUTPUT 
INPUT 
OUTPUT 
OUTPUT 

INPUT 
INPUT 
INPUT 

POWER 
POWER 

/ I Ul LM2623MM ...•..•...... General Purpose, Gated Oscillator Based, DC/DC 
II Boost Converter, 5V Output [SOl 
II U2 TCI264-3.3V .........• 3.3V, SOOmA Low Voltage Dropout Regulator [51J 
II U3 TC2185-3.3V .........• 3.3V, 150mA Low Voltage Dropout Regulator [52J 
II U4 MCP6024 .............. Quad 2.7V to 5.5V Single-Supply CMOS Op Amp 
II US MCP6024 " ..•......... Quad 2.7V to 5.5V Single-Supply CMOS Op Amp 
II U6 MCP6022 .....•........ Dual 2.7V to 5.5V Single-Supply CMOS Op Amp [56J 
II U7 MAXG60BUK ............ LOW-Voltage Analogue Temperature Sensor [46] 
II U8 dsPIC30F6014A ........ General Purpose Digital Signal Controller [47J 
II U9 AT45DB321C .....•....• 32-Mbit Serial Data Flash [48] 
II UIO SP3222EET ..........•. +3.0V to +5.5V RS-232 Transceivers [49J 
II Ull ADXL202E •............ +1-2g Dual-Axis Accelerometer with Duty Cycle 
II Output [45J 
II-=====----=============---============~===---====---·--====-----=== 

ltifndef 
ide fine 

iinclude 

__ DSPIC30F60I4APINS_H 
__ DSPIC30FG014APINS_H 

"p30F60I4A.h" 

11 __ ~========== ___ a======== ____ ===_======== __ • __ ==== __ ---=======---== 

1/ U11: ADXL202E = +1- 2 g Dual-Axis Accelerometer with Duty Cycle Output 

II PIN OUTS: 
II 1 ST ~ ~ ................ SELF TEST 
II 2 T2 ~~~.~~."9~~9.'." CONNECT RESET TO SET T2 PERIOD 
II 3 COM .............. ~ .. COMMON 
II 4 YOUT ••• R •••••••••••• Y-CHANNEL DUTY CYCLE OUTPUT 
II 5 XOUT ~ .... ~~.~ ... ~ ... X-CHANNEL DUTY CYCLE OUTPUT 
II 6 YFILT ............. ~ . Y-CHANNEL FILTER PIN 
II 7 XFILT ............... X-CHANNEL FILTER PIN 
II 8 VDD ................ . 3V - 5.25V 
II 
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// 
II 
// 
/1 
II 
// 

PIN CONNECTIONS: (ADXL202E to dsPIC30F6014A) 
VDD AVDD 
COM AGND 
ACCX -> U4 (PIN3) -> (PIN14) ACCX FILT -> JP4 -> ACCX ADC 
ACCY -> U5 (PIN3) -> (PIN14) ACCY=FILT -> JP5 -> ACCY=ADC 

//-------------------------------------------------------------------
// PIN DEFINITIONS: 
/1-------------------------------------------------------------------
#define 
#define 

II 

// 
// 
1/ 
/1 
II 
// 
/1 

U7: 

PIN 
1 
2 
3 
4 
5 

PORTBbits.RB9 
PORTBbits.RBlO 

MAl<660a 2 Low-Voltage Analogue Temperature Sensor 

OUTS: 
NC .................• NOT CONNECTED 
GND ..•.•....•....... GROUND 
A ..................• MUST BE CONNECTED TO GND 
VCC ................. SUPPLY INPUT 
OUT ••....••.••.•.... TEMPERATURE SENSOR OUTPUT 

1/ PIN CONNECTIONS: (MAl<6608 to dsPIC30F6014A) 
/1 VCC AVDD 
1/ GND AGND 
/I A AGND 
II OUT (TEMP) -> JP7 -> TEMP ADC = ANa (PIN 27) 
//--------------------------------------------------------------------
II PIN DEFINITIONS: 
//-------------------------------------------------------------------
#define 

1/ 

II 
/I 
// 
/1 
// 

MKl: 

PIN 
1 
2 
3 

PORTBbits.RB8 

Electret Condenser Microphone 

OUTS: 
GND ..•••............. GROUND 
SIGNAL ..•........•... OUTPUT SIGNAL 
BIAS ................. BIAS VOLTAGE 3. 3v - 12V 

II PIN CONNECTIONS: (MK1 to dsPIC30F6014A) 
1/ GND AGND 
II SIGNAL (MIC_IN) -> U6 (PIN2) -> (PIN7) MIC_FILT -> JP6 -> MIC ADC 
1/ BIAS (VIA R22) AVDD 

1/-------------------------------------------------------------------
/1 PIN DEFINITIONS: 
//-------------------------------------------------------------------
#define PORTBbits.RBll 

// U9: AT45DB321C = 32-Mbit Serial Data Flash 

1/ PIN OUTS: 
II 1 GND .................. GROUND 
/1 2 NC " . ~ .. " .. " " .... " .. " .. NOT CONNECTED 
// 3 NC ~ " ..... ~ .......... NOT CONNECTED 
II 4 CS ."."".""" .. ,, ...... CHIP SELECT 
1/ 5 SCK ..... " ..... " .. ". " SERIAL CLOCK 
II 6 SI . " " ........... ~ ... SERIAL INPUT 
/1 7 SO " ..... " .... " ... " .. SERIAL OUTPUT 
// a NC ."." .............. NOT CONNECTED 
/I 9 NC ." .. " ... " .. " ...... NOT CONNECTED 
// 10 NC ...... "." .. " ... ,," . NOT CONNECTED 
II 11 NC ......... " ........ . NOT CONNECTED 
1/ 12 NC .""" ........ " .. ,, ... NOT CONNECTED 
// 13 NC ."." .... " ......... NOT CONNECTED 
/1 14 NC .................. NOT CONNECTED 
1/ 15 NC """." .. """ ..... ,, .. NOT CONNECTED 
// 16 NC ." ................ NOT CONNECTED 
1/ 17 NC ""."" ............ . NOT CONNECTED 
// 18 NC ... " .... "" .. ""." .. " NOT CONNECTED 
1/ 19 NC "0 •• " •• " ••••••• e •• NOT CONNECTED 
/1 20 NC ." ....... "" .. "",, .. NOT CONNECTED 
// 21 NC ................ e. NOT CONNECTED 
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/I 
/1 
II 
/1 
/1 
1/ 
II 
// 

22 
23 
24 
25 
26 
27 
28 

NC •.....•...•....... NOT CONNECTED 
RDY/BUSY •.....•••••• READY/BUSY 
RESET ............... CHIP RESET 
WP ........•••...•.•. 
NC ............•..... 
NC ••••.............. 
VCC ................ . 

HARDWARE PAGE WRITE 
NOT CONNECTED 
NOT CONNECTED 
POWER SUPPLY 

// PIN CONNECTIONS: (AT45DB321B to dsPIC30F6014A) 
// VCC VDD 
// GND SGND 
// SCK SCKl (PIN 45) 
// SI SDn (PIN 44) 
// SO Sool (PIN 43) 
// CS RDS (PIN 54) 
/1 RDY/BUSY RD9 (PIN 55) 
// RESET RDlO (PIN 56) 
/1 WP RDll (PIN 57) 

PROTECT 

//-------------------------------------------------------------------
/1 PIN DEFINITIONS: 
//-------------------------------------------------------------------
lIdefine SCK PORTFbits.RF6 
lIdefine SI PORTFbits.RF7 
lIdefine SO PORTFbits.RF8 
.define CS PORTDbits.RD8 
lIdefine READY_BUSY PORTDbits.RD9 
lIdefine RESET PORTDbits.RD10 
.define WP PORTDbits.RD11 

// U10: SP3222 = +3.0V to +5.5V RS-232 Transceivers 

//-------====--------==-------=====-------=-=-------====-------=-=---
/1 
/I 
1/ 
/1 
II 
1/ 
/1 
// 
// 
II 
// 
II 
1/ 
/1 
// 
/1 
// 
// 
II 

II 

PIN OUTS: 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

EN .•...••••..••.... RECEIVER ENABLE CONTROL 
Cl+ ...............• +VE TERMINAL FOR 1ST CHARGE PUMP CAP 
V+ ..........••••••• 5.5V GENERATED BY THE CHARGE PUMP 
C1- ................ -VE TERMINAL FOR 1ST CHARGE PUMP CAP 
C2+ ......••.••••••. +VE TERMINAL FOR 2ND CHARGE PUMP CAP 
C2- " ......•..•...• -VE TERMINAL FOR 2ND CHARGE PUMP CAP 
V- ....•.••......... -5.5V GENERATED BY THE CHARGE PUMP 
T20UT •••..•........ 2ND TRANSMITTER OUTPUT VOLTAGE 
R2IN ....•.......... 2ND RECEIVER INPUT VOLTAGE 
R20UT ......... , .... 2ND RECEIVER OUTPUT VOLTAGE 
T2IN ............... 2ND TRANSMITTER INPUT VOLTAGE 
TIIN ............... 1ST TRANSMITTER INPUT VOLTAGE 
R10UT •••........... 1ST RECEIVER OUTPUT VOLTAGE 
RIIN .......••..•... 1ST RECEIVER INPUT VOLTAGE 
T10UT ......•..•.... 1ST TRANSMITTER OUTPUT VOLTAGE 
GND ..........•..... GROUND 
VCC ...............• SUPPLY VOLTAGE 
SHDN ..............• ACTIVE LOW SHUTDOWN CONTROL INPUT 

II PIN CONNECTIONS: (SP3222 to dsPIC30F6014A) 
/1 VCC c VDD 
1/ GND SGND 
// TX_IN RF3 (PIN 41) 
II RX OUT = RF2 (PIN 42) 
//-------::----------------------------------------------------------
1/ PIN DEFINITIONS: 
/1-------------------------------------------------------------------
lIdefine 
lIdefine 

TX IN PORTFbits. RF3 
RX_OUT PORTFbits. RF2 

II DIP SWITCH INPUT (SWITCHES) 

// 
II 
II 
1/ 
II 
/1 

SWITCHES: 
1 
2 
3 
11 

SEND 
RECORD 
ERASE 
NOT USED 
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II PIN CONNECTIONS: (DIP SWITCH TO dsPIC30F60l4A) 
// SEND RDI (PIN 61) 
1/ RECORD B RD2 (PIN 62) 
// ERASE RD3 (PIN 63) 

//-------------------------------------------------------------------
// PIN DEFINITIONS: 

//-------------------------------------------------------------------
IIdefine 
Ide fine 
Ide fine 

// LEDS 

SEND PORTDbi ts. RDI 
RECORD PORTDbi ts . RD2 
ERASE PORTDbits.RD3 

// PIN CONNECTIONS: (LEDS to dSPIC30F60I4A) 
RCl (PIN 2) 
RC2 (PIN 3) 
RC3 (PIN 4) 
RC4 (PIN 5) 

II 
// 
1/ 
/1 
// 

LEDl 
LED2 
LED3 
LED4 

II RECORD LED RG6 (PIN 6) 
// SEND_LED RG7 (PIN 7) 
1/ ERASE LED RG8 (PIN 8) 

/I-----------~-------------------------------------------------------
1/ PIN DEFINITIONS: 
//-------------------------------------------------------------------
Ide fine 
#define 
#define 
#define 

#define 
Ide fine 
Ide fine 

#endif 

LEDl 
LED2 
LED3 
LED4 

PORTCbits.RCl 
PORTCbits.RC2 
PORTCbits.RC3 
PORTCbits.RC4 

RECORD_LED 
SEND_LED 
ERASE LED 

PORTGbi ts . RG6 
PORTGbits.RG7 
PORTGbits.RG8 
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Header Files - AT45DB321 C.h 

11--=-===----===---===------==--------------------------------=-----
// 

// 
// 

// 
// 
// 
/1 

/1 
II 
II 
/1 

AT45DB321C HEADER FILE 

BY: 
DATE: 

ROBYN VERRINDER 
13 APRIL 2006 

PROCESSOR: 
BOARD: 
IDE: 
COMPILER: 

DESCRIPTION: 

CONTENTS: 

dsPIC30F6014A 
VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7.30 
C30 C COMPILER 

Header file for AT45DB321B Library functions and 
definitions. 
Function Prototypes 
Opcode Command Constants 

/1 CHIP: AT45DB321C 32-megabit DataFlash Chip 
II INTERFACE: SPI (Serial Peripheral Interface) 

1/===-----------==---==------===------------------=-------------==--
/1 
/1 
/1 
1/ 
// 

Ufndef 
idefine 

1/ 
// 
II 
// 
1/ 
II 
II 
/1 
// 
// 
// PIN 
II 
// 
II 
1/ 
/1 
1/ 
/1 

1/ 
II 
/1 
1/ 
II 
1/ 
II 
// 
1/ 
// 

MEMORY SIZE: 32 Mbits 
BYTES/PAGE: 
PAGES/BLOCK: 
NO OF PAGES: 
NO OF BLOCKS: 

528 bytes/page 
8 blocks/page 
8192 pages 
1024 blocks 

AT45DB32lC H 
AT45DB321C=:H 

PIN OUTS: 
CS 
SCK 
SI 
SO 
WP 

RESET 
ROY/BUSY 

CONNECTIONS: 
SCK 
SI 
SO 
CS 
RDYIBUSY 
RESET 
WP 

MODES: 

Chip Select. '" .......•••.. 
Serial Clock ..........••... 

LOW - Selected, HIGH = Deselected 
Can be clocked up to 2014hz 

Serial Data In .•.......•... 
Serial Data Out •••........• 
Hardware Page Write Protect 

Input only, used to shift data into device 
Output only, used to shift data out of device 
LOW - cannot reprogramme 1st 256 pages of 
main mem, HIGH - can programme 

Chip Reset 
ReadylBusy 

LOW - reset chip, HIGH = normal operation 
Output pin - LOW - Device is BUSY 

(AT45DB321C to dsPIC30F6014A) 
SCK1 (PIN 45) ...•........•.•.. 

Sool (PIN 43) .......•.......•. 
SOIl (PIN 44) .•............... 
ROB (PIN 54) ....•........•.•. 
RD9 (PIN 55) .....••......•.•.. 
RDI0 (PIN 56) ....••........••. 
ROll (PIN 57) ................ . 

(dsPIC30F6014A 
OUTPUT 

OUTPUT 
INPUT 
OUTPUT 
INPUT 
OUTPUT 
OUTPUT 

PORT DIRECTION) 

Inactive Clock Polarity: 
LOW ~.~~~~~ .. ~. (SPlxCONbits.CKP 0) Idle clock state is LOW 
HIGH ..... ~ . " .. (SPlxCONbits.CKP 1) Idle clock state is HIGH 

SPI Mode: 
SPI Mode 0 (SPlxCONbits.CKE 0) Data clocked out on 2nd pulse (ACTIVE -> 

IDLE State) 
SPI Mode 3 (SPlxCONbits.CKE 1) Data clocked out on 1st pulse (IDLE -> 

Active State) 

// DEFINING DATA CLOCKING HODES 
//-----------------------------------------------------------------
1/ DESCRIPTION: Defines constants for data mode selection 
//-----------------------------------------------------------------
ide fine INACTlVE_CLKPOLARITY_LOW 0 II State of clock in IDLE Mode 
idefine INACTlVE_CLKPOLARITY_HIGH 1 

idefine SPI_MODEO 0 // Edge of CLK on which to eLK in 
1/ data 

ide fine SPI_MODE3 1 
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ide fine INACTlVE_CLKPOLARITY INACTIVE_CLKPOLARITY_LOW // Selects Clock LOW 
// in IDLE mode 

idefine SPI_MODE SPI_MODEO 1/ Selects SPI Mode 3 

//------------------------------------------------------------------
/1 STATUS REGISTER - 8 BIT 

//------------------------------------------------------------------
II BIT7 RDY/BUSY ............... LOW = busy, HIGH q not busy 
// BIT6 COMP ................... LOW - data in main memory matches buffer, HIGH 
/1 - at least 1 bit of data in main memory does 
// not match data in buffer 
// BIT5 1 ...................... Bits 5-2 = device density 
// BIT4 1 
// BIT3 0 
II BIT2 1 
// BITl X 
II BITO X 

//------------------------------------------------------------------
II BUFFER CONSTANTS 

//------------------------------------------------------------------
idefine BUFFERl OxOl 
ide fine BUFFER2 Ox02 

idefine HEM BUFFERSIZE 528 II Size of SRAM buffer onboard AT45DB321C 11=============_==: _______ = __ c __ ===========~ ___ =~= ___ =======-======= 

II OPCODE INSTRUCTIONS: (COMMAND TYPE NAME MODE) 
I/============--~-=~---========-=====~-=-~---~==-=-=============== 
// Read Commands: (CMD Read .... ) 

//---------------------=----=---------------------------------------
// CONTINUOUSARRAY ......... OxES Reads a continuous stream of data from device 
// with just clk signal 
// MAINMEMPAGE ............. OxD2 Reads data directly from main memory bypassing 
/ buffers 
// BUFFERl ................. OxD4 Reads data from buffer 1 
/1 BUFFER2 ................. OxD6 Reads data from buffer 2 
// STATUSREG ............... OxD7 Reads status register of device 
/1-----------------------------------------------------------------
idefine CMD_READ_CONTINUOUSARRAY OxE8 
idefine CMD_READ_MAINMEMPAGE OxD2 
ide fine CMD READ BUFFER1 OxD4 
idefine CMD=READ=BUFFER2 OxD6 
idefine CMD READ STATUSREG OxD7 

//----------------=----=-------------------------------------------
/1 Write.Commands: (CMD Write/Prog .... ) 

//----------------------=----------=-------------------------------
// BUFFERl ................. OxS4 Writes to buffer 1 
// BUFFER2 ................. Ox87 Writes to buffer 2 
// BUFltoMAINMEM_WERASE Ox83 First erases page (makes every entry a 1), then 
/1 programs main memory from buffer 1 
// BUF2toMAINMEM_WERASE Ox86 First erases page (makes every entry a 1), then 
/1 programs main memory from buffer 2 
II BUFltoMAINMEM_WOERASE Ox8S Programs main memory from buffer 1 with out erase 
// (only program a page if it has previously been 
// erased) 
/1 BUF2toMAINMEM_WOERASE ... Ox89 ..... Programs main memory from buffer 2 with out erase 
/1 (only program a page if it has previously been 
II erased) 
II MAINMEMPAGE_THRUBUFl Ox82 Data is shifted in buffer 1, erases page and then 
1/ programs a page in main memory 
II MAINMEMPAGE_THRUBUF2 Ox85 Data is shifted in buffer 2, erases page and then 
II programs a page in main memory 
//-----------------------------------------------------------------
idefine CMD WRITE BUFFERl Ox84 
ide fine CMD=WRITE=BUFFER2 Ox87 
idefine CMD_PROG_BUF1toMAINMEM_WERASE Ox83 
ide fine CMD PROG BUF2toMAINMEM WERASE Ox86 
idefine CMD-PROG-BUF1toMAINMEM-WOERASEOx88 
idefine CMD-PROG-BUF2toMAINMEM-WOERASEOx89 
idefine CMD=PROG=MAINMEMPAGE_THRUBUF1 Ox82 
idefine CMD PROG MAINMEMPAGE THRUBUF2 Ox85 

//----------------=----=-----------=-------------------------------
/1 Erase Commands: (CMD Erase .... ) 
II--------------------------~--------------------------------------
// PAGE .................... Ox8l ..... Erases an individual page in memory 
II BLOCK ................... Ox50 ..... Erases 8 pages of main memory 
1/-----------------------------------------------------------------
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'define 
'define 

CMD ERASE PAGE 
CMD=ERASE=BLOCK 

Oxel 
Ox50 

//-----------------------------------------------------------------
// Transfer Commands: (CMD Transfer .... ) 

1/-------------------------=--------=------------------------------
// MAINMEMPAGEtoBUFl Ox53 Transfers a page of data from main memory to 
II buffer 1 
/1 MAINMEMPAGEtoBUF2 Ox55 Transfers a page of data from main memory to 
II buffer 2 

/1-----------------------------------------------------------------
'define CMD_TRANSFER_MAINMEMPAGEtoBUFl Ox53 
'define CMD TRANSFER MAINMEMPAGEtoBUF2 Ox55 
11----------------=--------=---------------------------------------
/1 Compare Commands: (CMD Compare .... ) 

11---------------------------::--------:----------------------------/1 MAINMEMPAGEtoBUFl ., ..... Ox60 ..•.• Compares a page of data in main mem to buffer 1 
II MAINMEMPAGEtoBUF2 ..•.... Ox61 •.•.• Compares a page of data in main mem to buffer 2 

11-----------------------------------------------------------------
'define CMD COMPARE MAINMEMPAGEtoBUFl Ox60 
'define CMD-COMPARE-MAINMEMPAGEtoBUF2 Ox61 
/1----------------=-------=----------------------------------------/1 Rewrite Commands: (CMD ReWrite .... ) 
/1-----------------------------:--------:----------------------------
II AUTOPAGE THRUBUFl Ox58 Combination of main memory to buffer 1 transfer 
II - and main memory page program with erase 
II AUTOPAGE_THRUBUF2 Ox59 Combination of main memory to buffer 2 transfer 
II and main memory page program with erase 

//-----------------------------------------------------------------
,define CMD REWRITE AUTOPAGE THRUBUFl Ox58 
,define CMD-REWRITE-AUTOPAGE-THRUBUF2 Ox59 
1/===== ____ ====_============ _____ === ____ ============_====-=-====-== 

lendif 
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Header Files - common.h 

II COMMON DEFINITIONS HEADER FILE 

II 
II 

BY: 
DATE: 

ROBYN VERRINDER 
18 APRIL 2006 

II PROCESSOR: dsPIC30F60l4A 
II BOARD: VIBRATION DATA LOGGING PROTOTYPE BOARD 
II IDE: MPLAB IDE v7.30 
II COMPILER: C30 C COMPILER 

II 
II 

DESCRIPTION: Header file of common definitions used in the software 
for the Vibration Data Logging Prototype Board. 

#ifndef 
ide fine 

_COMMON_H 
_COMMON_H 

II BOOLEAN CONSTANTS 

ide fine 
ide fine 

II TIMING 

#define 

ide fine 
ide fine 
idefine 

Jdefine 
#define 

Jdefine 

Jdefine 

TRUE 
FALSE 

FXTAL 

PLL 4 
PLL:::8 
PLL 

FCY 
TMS 

OxOl 
OxOO 

10000000 

4 
8 
PLL_8 

(FXTAL*PLL) 14 
FeY/100 

HILLISEC FeY/TMS 

ACC_FS 30000 

II Crystal Frequency 

II PLLx4 Mode 
II PLLx8 Mode 
II PLL Mode Selection 

II FCY = 20MIPS 
II T~e divider for milliseconds 

II Millisecond delay for delay loop 

II Accelerometers Sampling rate = 15kHz per 
II channel 

Jdefine HIC FS 20000 II Microphone Sampling rate = 20kHz 
#define SINE FS 5000 II Sinewave ADC Sampling rate = 5kHz 
1/==================--==-------==--=---====--=========-~====-==-==== 
II ADC SELECTION 

#define 
idefine 

idefine 

AOC BUFFERSIZE 8 
AOC:::ACCURACY 12 

OFFSET Ox0819 

II COMMUNICATION SETTINGS 

idefine BAUD 57600 

II 
II 

II 

II 

Size of the ADC Buffer 
Accuracy of the ADC Module in bits 

Offset due to amplifier 

Baud rate setting for UART module 

idefine TX BUFFERSIZE 9 II Transmit buffer size for UART module 
/I=~-==================-=====-----===-=-==================-======---
#endif 
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Main Program 

// VIBRATION DATA LOGGING BOARD SOFTWARE PROGRAM 
1/============--=============-=======-----------=--------------=--=-

BY: ROBYN VERRINDER /1 
/1 
II 
/1 
II 
II 
II 
/1 
II 

Parts of this program were adapted from the 
Example Code for the dsPICDEM Low Cost Starter Board 
ADCl2 UART. c (D'Souza, S., 2003) [68]; 
the example code CEOOl ADC DSP lib FILTER AOC.c 
(Vasuki, H., 200S) [6911 from the source code 
to test the validity of the Dataflash® chip 
(Stowe, G., 2006) (6S]. 

DATE: 06 MAY 2006 

PROCESSOR: dsPIC30F6014A II 
/I 
II 
II 

BOARD: 
IDE: 

VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7. 30 

COMPILER: C30 C COMPILER 

II 
/1 
II 
II 
II 
II 
II 

DESCRIPTION: This program integrates all of the functions used to 
control the modules on board the Vibration Data Logging 
board. 

Register descriptions are as in dsPIC30F Family Reference Manual 
Section 12: Timers, Section 18: 12 bit AID Converter and Section 19: 
UART(Microchip Technology Incorporated Reference Manual, 2003) [63J. 

II XTAL FREQ (Fxtal): 10MHz 
1/ MIPS: 20MIPS (XT PLLx8 Mode) 
II TCY: SOns 
1/ Tconv: 20us (this value is greater than the lOus minimum) 
// Tad: 1.4Sus (calculated value using AOCS<S:O> bits) 
//===============--------=====-----==--=====-----------$=-----------
iinclude "p30f6014a. h" 
iinclude <math.h> 
iinclude "dsPIC30F6014APins.h" 
iinclude "AT4SDB32lB.h" 
iinclude "common.h" 

1/ 
// 

(Sinha, P., 200S) [64J. 
Standard C Math header file 

//------------------------------------------------------------------
/1 dsPIC30F6014A CONFIGURATION SETTINGS 

/1------------------------------------------------------------------
II CLOCK SWITCHING AND MONITOR ............... Sw Disabled, Mon Disabled 
1/ OSCILLATOR ........•....................... XT w/PLL ex 
// WATCHDOG TIMER ............................ Disabled 
1/ MASTER CLEAR ENABLE ....................... Enabled 
// POR TIMER VALUE ........................... 64ms 
// GENERAL CODE SEGMENT CODE PROTECT ......... Disabled 
//------------------------------------------------------------------
_FOSC(CSW_FSCM_OFF & XT_PLLB); 
_FWDT (WDT_OFF) ; 

FBORPOR(MCLR EN & PWRT 64); 
-FGS(CODE PRoT OFF); 

7/-------~----=-----------------------------------------------------
II FUNCTION DEFINITIONS 
//------------------------------------------------------------------
'void 
void 
void 
void 

InitPorts (void) 
InitADC12(void); 
InitUART1(void); 
InitSPIl (void); 

unsigned char SendReceiveByte(unsigned char data); 

void Record (void) ; 
void Send (void) ; 
void Erase (void) ; 

void WritetoDataflash(unsigned char data); 
void ~eadfromDataf1ash (void) ; 

void PagetoBuffer(unsigned char active_buffer, unsigned int page_counter); 
void ReadfromBuffer(unsigned char buffer, unsigned short address, 

unsigned char * returned_data, unsigned short length); 
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void SendtoUART1 (unsigned char data [I) ; 

unsigned int RMSCalculation(unsigned int *dataPtr, int N); 

unsigned int Q15toInteger(signed int value); 
void asciiVoltsConv(const unsigned int value); 
char asciiConv(unsigned int value); 

void __ attribute __ « __ interrupt __ » _UlTXInterrupt(void); 

11-----------------------------------------------------------------
II GLOBAL FLAGS 
//-----------------------------------------------------------------
unsigned int 
unsigned int 

mem is clear 
mem=:is:)ull 

0; 
== 0; 

II 
II 

Main memory is empty flag 
Main memory is full flag 

//------------------------------------------------------------------
1/ ASCII BUFFERS FOR SERIAL DATA 
//------------------------------------------------------------------
1/ BYTE NAME VALUE 
//------------------------------------------------------------------
1/ S ........ DATA<3> ........ Ox30 ........ Units 
// 7 •••••••• ' , •••••••••••• Ox2E ........ Decimal Point 
// 6 ........ DATA<2> ...•••.. Ox31 ........ Tenths 
/1 5 ........ DATA<l> ........ Ox32 ...•..•. Hundredths 
// 4 •••••••• DATA<O> ........ Ox33 ........ Thousands 
/1 3 •••••••• SPACE ••....••.. Ox20 
// 2 ........ 'V' ............ Ox43 
// 1 ........ LF ............. OxOA 
// 0 ....•... CR ............. OxOD 
//------------------------------------------------------------------
unsigned char OutData[TX_BUFFERSIZE] = (Ox30,Ox2E,Ox31,Ox32,Ox33,Ox20,Ox56,OxOA,OxOD); 

//------------------------------------------------------------------
/1 GLOBAL VARIABLES 
//------------------------------------------------------------------
unsigned char units; 
unsigned char tenths; 
unsigned char hundredths; 
unsigned char thousandths; 

unsigned char txCount; 

//------------------------------------------------------------------
// MAIN FUNCTION 
//------------------------------------------------------------------
int main (void) 
( 

InitPorts () ; // Initialises Ports 
InitADC12 () ; // Initialises the ADCl2 module 
InitUARTl () ; 1/ Ini tialises the UARTl module 
InitSPIl () ; // Ini tialises the SPIl module 

while (1) // Do forever 
{ 

if (RECORD) // If RECORD has been selected 
( 

Record() ; // Record Data 

else if «SEND) & (!RECORD» // Elseif SEND is selected and RECORD is 
{ 

SendO; 1/ Send collected data to PC via UARTl 

not 

else if «ERASE) & (! SEND) & ( ! RECORD) ) // 
// 

If ERASE is selected and 
SEND and RECORD are not 

Erase (); /1 ERASE dataflash-
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II====================~-==-~-------·····----======================== 
// PUBLIC FUNCTION: InitPorts 
II=----------~---===================------·····----=====-----.. -==== 
// FUNCTION CALL: InitPorts(); 
// ARGUMENTS: None 
// RETURNS: Nothing 

1/------------------------------------------------------------------
// DESCRIPTION: Initialises ports of the dsPIC30F6014A microprocessor 
1/ on the Vibration Data Logging Prototype Board. 
// 
1/ TRISx •..••.••... Sets direction of Port Pin (I/O) 
// LATx ••..••.••..• Sets the value of the internal latch 
// of the port pin. 
// X •.••••.•••.•... Pin is unconnected 

//------------------------------------------------------------------
// PORT A: PIN DEFINITIONS TRISA -, OxOOOO LATA = OxOOOO 

//------------------------------------------------------------------
II PIN USE TRISA LATA 

// --------------------------------------------------------------------------
II RAO. . • • . • • • • • • NOT 1/0 •••••••.••• 0 ..••••••••. 0 •••...••••• X 
// RAl. . • • . . • • • • • NOT IIO .•••••..••. 0 ...••.••••. 0 •••.•.••••• X 
/1 RA2. . • • . . • • • • • NOT I/O •••••••..•• 0 •.•••.••••• 0 •••.••••••• X 
/1 RA3. • . • • . • • • • • NOT 1/0 ••••.•••••• 0 •.••••••••• 0 •••..•••••• X 
// RA4. . . • . • . . • • . NOT IIO ..•••••.••• 0 ...••••.••• 0 •••••.••.•• X 
1/ RA5. . . . . . . • • . • NOT I/O •.•••••.••• 0 •••••.•.••. 0 ••••••••••. X 
/1 RA6. • . . . . • . • . . OUTPUT. • • • • . . • . • •• 0 .•••..••••. 0 •.••••••.•• X 
// RA? • . • • • •• • • . OUTPUT •••••..••••• 0 ••••••••••• 0 ••••••••.•• X 
1/ RA8. • . . • • . • . . • NOT I/O ••.••.••.•• 0 •••••.••.•• 0 ••••.•••••• X 
// RA9. • • • • • • . • • . OUTPUT ••••••••••• , 0 ••••••••••• 0 •••...••••• X 
// RA10. • . • • • • • . • • OUTPUT. • • • • • • • • • •• 0 •••..•••.•• 0 .••.••.•••• X 
// RAll. • • • • • • • . • • NOT I/O ••••••••••• 0 •••••••••.• 0 .••.••••••• X 
// RAl2. • • • • . • • . • • OUTPUT. • • . • • • • • • .. 0 ••.•••••••• 0 ••••••••••• X 
1/ RAl3. • • • • • • • . • • OUTPUT. • • • • • . • • • •• 0 ••••••••••• 0 ••••••••••• X 
// RAl4. • • • • • • • • • • OUTPUT •••••••••••• 0 •••.•••••.• 0 •••.••.•••• X 
1/ RAl5. • • • • • • • . • • OUTPUT. • • • • • • • • • •• 0 ••••••••..• 0 •.•.••.•••• X 

//------------------------------------------------------------------
// PORT B: PIN DEFINITIONS TRISB = OxOF03 LATB - OxOOOO 

//------------------------------------------------------------------
// PIN USE TRISB LATB 

// --------------------------------------------------------------------------
/1 RBO. . • • . . . • . • • INPUT. . . • • . • • . . • .• 1 ........... 0 .•.•.•..... PGD 
// RBl. . • . . . . • • . • INPUT. . . • • • • • . . . •• 1 ....•...... 0 •••...•...• PGC 
// RB2. • • • . • . . • . . OUTPUT ..•••.•...•• 0 •.•••..•••• 0 ...•.•..••. X 
/1 RB3. • • • • . . • • . • OUTPUT •••••.•...•• 0 •.•••..•••• 0 .••...••••• X 
// RB4. • • . • • • • • • • OUTPUT. . • • • . • . • . •• 0 •..•.•...•• 0 .••..•••••. X 
II RB5. • • • • • • • • . . OUTPUT. • • • • • • • • • •• 0 ••.•••••••• 0 ••••••••••• X 
// RB6. • . • • • • . • . . OUTPUT. • • • • . • • • • •• 0 •.••••••••• 0 ..•....•.•• X 
/1 RB? . . • . • • . • . . OUTPUT. • • • • . . • • • •• 0 ••••••••••• 0 ••••••••••• X 
// RB8. • . . • • • • • • • ANALOG INPUT 1 ........... 0 ••••••..••• TEMP ADC 
// RB9.. .... .. • .. ANALOG INPUT 1 ........... 0 ........... ACCX~:::'DC 
// RB10.......... ANALOG INPUT 1 ........... 0 ........... ACCY AOC 
// RBll.. • • • • .. .. ANALOG INPUT 1 ........... 0 ........... MICji:oc 
// RB12. • • . • • • • . • OUTPUT •••••••••••• 0 ••.•••••.•• 0 ••••••••••• X 
// RB13. • • • • • • . • • OUTPUT ••••••.••••• 0 •••.••••..• 0 ••.•••••••• X 
/1 RB14. • • • • • • . . • OUTPUT •••.••.••••• 0 •.•.••••.•• 0 ••••••••••• X 
// RBl5. • . • • • • • • • OUTPUT •••.••••••.• 0 ••.•••••.•• 0 •..•••••••• X 

//------------------------------------------------------------------
// PORT C: PIN DEFINITIONS TRISC - OxOOOO LATC = OxOOOO 

//------------------------------------------------------------------
II PIN USE TRISC LATC 

1/ ------------------------------------------------------------------------
II RCO. . • • . . . • • • • OUTPUT. . • • • • • . • • •• 0 •.•••..••.• 0 ••••••••••• LEDl 
1/ RC1........... OUTPUT •••.•••.•••• 0 ••••••••••• 0 ••••••••••• LED2 
II RC2. • • • • • . • • . • OUTPUT. • • • • • • • • . •• 0 ••••••••••• 0 ••••••••••• LED3 
II RC3. • • . • • • • • . . OUTPUT. • • • • • • • • • •• 0 ••••••••••• 0 ••••••••••• LED4 
// RC4. • • • • • . • • . • NOT I/O •••••••••• 0 ••••••••••• 0 ••••••••••• X 
1/ RC5. • • • • • . • • . • NOT I/O •••••••••• 0 ••••••••••• 0 ••••••••.•• X 
1/ RC6. • • • • • . • • . . NOT I/O •••••••••• 0 •••••.•••.• 0 ••••••••..• X 
II RC7. • • • • • • • • • • NOT 1/0 •••••••••• 0 •••••.•••.. 0 ••..•••..•• X 
1/ RCB. • . . • • • • • . • NOT I/O ••••••.••• 0 ••.••.•••.• 0 ••••••••••• X 
/1 RC9. . • • • . • • • . • NOT I/O ••••••.••• 0 ••••..••.•. 0 •••..••.••. X 
II RC10. . . • • • • . • • • NOT 1/0 ••.•••.••• 0 •.•.•.••••. 0 ••........• X 
1/ RCll. • . . . • • . . • . NOT I/O ••.••••••. 0 ..••••••.•• 0 .•.•••.•••. X 
/1 RC12. • . . • • • . . • • NOT I/O ••.••••••. 0 •••.••.•.•• 0 •••.•.••••• X 
II RC13. • • . . • • . . • • OUTPUT ...•.•••••• 0 ••.••.••.•• 0 ..••...•••• X 
1/ RC14. . • • • . . . . . • OUTPUT. . • • . • • . . •• 0 •••..•.••.. 0 .••.••••••• X 
// RC15. • • • • • • . • . • OUTPUT •••••••..•• 0 .••...••••• 0 ••••.••••.• X 
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//------------------------------------------------------------------
1/ PORT D: PIN DEFINITIONS TRISD = Ox020E LATD = Ox0100 

//------------------------------------------------------------------
1/ PIN USE TRISD LATD 

// -----------------------------------------------------------------------
1/ RDO. • • • • . . • • • • OUTPUT. • • • • • • • • • •• 0 •••.••••••• 0 ••••••••••• X 
// RD1. • • • • • • • • • • INPUT. • • • • • • • • • • •• 1 ........... 0 ••••••••••• SEND 
// RD2. • • • . • • • • • • INPUT. • • • • • • • • • • •• 1 ........... 0 ••••••••••• RECORD 
// RD3. . • . . . . . • • . INPUT. • • • • • . • • • • .. 1 ••...•...•• 0 .•••••.•••• ERASE 
/ / RD4. • . • . • • • • • • OUTPUT. • • • • • • • • • •• 0 .••..•••••. 0 ••••••••••• X 
// RD5. • • • • • • • • • • OUTPUT. • • • • • • • • • •• 0 ••••••••••• 0 ••••••••••• X 
II RD6. • • • • . • • • • • OUTPUT. • • . • • • • • • .. 0 ..•.•••.••. 0 ••••••.•••• X 
// RD7. • • • • • • • • • • OUTPUT •••••••••••• 0 ••••••.•••• 0 .•..•..•••• X 
/ / RDS. • • • • • • • • • • OUTPUT. • • • . • • • • • •• 0 ........... 1 ........... CS 
1/ RD9. • • • • • • • • • • INPUT. • • • • • • • • • • •• 1 ........... 0 ••••••••••• R_B 
// RDlO. • • • • • • • • • OUTPUT •••••••••••. 0 ••••••••••• 0 ••••••••••• RESET 
/ / RDll. • • •• • • • • • OUTPUT •••••••••••• 0 ••••••••••• 0 ••••••••••• WP 
// RD12. • • • • • • • • • OUTPUT •••••••••••• 0 ••••••••••• 0 ••••••••••• X 
II RD13. • • • • • • • • • OUTPUT •••••••••••• 0 ••••••••••• 0 ••••••.•••• X 
// RD14. • • • • • • • • • OUTPUT •••••••••••• 0 ••.••••.••• 0 ••••••••••• X 
II RD15. • • • • • • • • • OUTPUT •••••••••••• 0 ••••••••••• 0 ••.•••.•.•• X 

//------------------------------------------------------------------
1/ PORT F: PIN DEFINITIONS TRISF = Ox0104 LATF; OxOOOO 

//------------------------------------------------------------------
// PIN USE TRISF LATF 

1/ ----------------------------------------------------------------------
// RFO. • • • • • • • • • • OUTPUT. • • • • • • • • • •. 0 ••...•••••. 0 ...••..•••• X 
1/ RF1. • . • • • • • • • • INPUT. • • • • • • • • • • •• 0 ••...•••••• 0 ••••••••••• X 
// RF2. • • • • • • • • • • INPUT ••••.•••••••• 1 ••..•..••.• 0 •..•.•..•.• RX_OUT 
II RF3. • • • • • • • • • • OUTPUT. • • • • • • • • • •• 0 ••••••••••• 0 •.••.•....• TX IN 
// RF4. • • • • • • • • • • OUTPUT. • • • • • • • • • •• 0 ••••••••••• 0 ••••••••••• X 
// RF5. • • • • • • • • . • OUTPUT. • • • • • • • • • •• 0 ••.•..•••.• 0 •..•...•..• X 
1/ RF6. • • • • • . • • • • OUTPUT ••••••••••• , 0 ••.•.•••••• 0 ••••••••••• SCK 
// RF7. • • • • • • • • • • OUTPUT. • • • • • • • • • •• 0 •••.•..••.• 0 •.••....••. SI 
1/ RF8. • • • • • • • • • • INPUT. • • • • • • • • • • •• 1 ........... 0 ••••••••••• SO 
// RF9. • • • • • •• • • • NOT I/O ••••••••••• 0 ••••••.•••• 0 ••••.••..•• X 
II RFlO. • • • • • •• • • • NOT I/O ••••••••••• 0 .••••.••.•• 0 ••••••.•••• X 
// RFll. •• • • • • • • • • NOT I/O ••••••••••• 0 ••.••...•.• 0 ••••••.•••• X 
II RF12 ••••••••••• NOTI/O ••••.•••••• O ••••••••••• O ••••••••••• X 
// RF13. •• • • • •• • • • NOT I/O ••••••••••• 0 ••••••••••• 0 ••••••••••• X 
1/ RF14. • • • • • • • • • • NOT I/O ••••••••••• 0 ••••••••••• 0 ••••••.•••• X 
// RF15. • • • • • • • • • • NOT I/O ••••••••••• 0 .••••..••.• 0 ••••••••••• X 

//------------------------------------------------------------------
1/ PORT G: PIN DEFINITIONS TRISG - OxOOOO LATG = OxOOOO 

//------------------------------------------------------------------
II PIN USE TRISG LATG 

// ------------------------------------------------------------------------
// RGO. • • • • • • • • • . OUTPUT. • • • • • • • • • •• 0 ••••••••••• 0 ••••••••••• X 
// RG1. • • • • • • • • • • OUTPUT. • • • • • • • • • •• 0 .•.••..•..• 0 ••••••.•••• X 
// RG2. • • • • • • • • • • OUTPUT. • • • • • • • • • •• 0 ••••.••..•• 0 ••••••.•••• X 
1/ RG3. • • • • • • • • • • OUTPUT. • • • • • • • • • •• 0 •.••••••••• 0 ••••••.•••• X 
// RG4. • • • • • • • • • • NOT I/O ••••••••••• 0 ••.•••.•••. 0 •••.••..••. X 
1/ RG5. • • • • • • • • • • NOT I/O ••••••••••• 0 •..•••••••• 0 ••••••.•••• X 
// RG6. . • • • • •• • • • OUTPUT .••••••••••• 0 ••••••••••• 0 •...•..•• RECORD_LED 
// RG7. • • • • • • • • • • OUTPUT •••.•••••••• 0 ••••••••••• 0 ••••••.•••• SEND_LED 
1/ RG8. • • • • • •• • • • OUTPUT •••••••••••• 0 ••••••••••• 0 ••••••.••• ERASE_LED 
// RG9. • • • • . • • . . • OUTPUT. • • • • • • • • • •• 0 ••••••••••• 0 ••••••••..• X 
II RG10. • • • • • • • • • • NOT I/O ••••••••••• 0 ••••••••••• 0 .•••••.•••• X 
// RGll. • • • • • • • • . • NOT I/O •••.••••••• 0 ...•.•..••. 0 .•.•••.••.. X 
// RG12. • • • • • • • • • • OUTPUT •••••••••••• 0 ••••••••... 0 ••••••.•••• X 
II RG13. • • • • . • . • • • OUTPUT. • • . . • • . . • •• 0 ..•..•••.•. 0 ....•...... X 
// RG14. • • • • • • • • • • OUTPUT •••••••••••• 0 .•••••••••• 0 ••••••••••• X 
// RG15. • • • . • • • • . OUTPUT ••••.••.•••• 0 ••••••••••• 0 ••••.•..••• X 

//------------------------------------------------------------------
void 
( 

TRISA 
TRISB 
TRISC 
TRISD 
TRISF 
TRISG 

LATA 
LATB 
LATC 

InitPorts{void) 

OxOOOO; 
OxOF03; 
OxOOOO; 
Ox020E; 
Ox0104; 
OxOOOO; 

OxOOOD 
OxOOOO 
OxOOOO 
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// 
II 
// 
// 
// 
// 

// 
// 
II 

Port A IIO direction 
Port B 1/0 direction 
Port C I/O direction 
Port D I/O direction 
Port F I/O direction 
Port G IIO direction 

Port A latch settings set to 0 
Port B latch settings set to 0 
Port C latch settings set to 0 
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LATD OxOI!'OO; /I Port D latch settings set to 0 
// (except CS,WP,RESET & READY/BUSY) 
// R/B for the memory chip) 

LATI!' OxOOOO; // Port I!' latch settings set to 0 
LATG OxOOOO; // Port G latch settings set to 0 

// PUBLIC FUNCTION: InitADC12 
II=~~=&=======---======--=======-==========-=====----=----=---=-----
// FUNCTION CALL: InitADC12(); 
/ / ARGUMENTS: None 
// RETURNS: Nothing 

//------------------------------------------------------------------
// DESCRIPTION: Initialises the 12 bit Analogue to Digital Converter 
// All the registers are set as laid out below 

//------------------------------------------------------------------
// SAMPLING RATE: 20 kHz 
//------------------------------------------------------------------
// ADCON1: A/D CONTROL REGISTER 1 ADCON1 - Ox03EO 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 ...... ADON ...... A/D OPERATING MODE ....... 0 ADC is OFF 
// 14 .................. UNIMPLEMENTED ...•........ 0 X 
// 13 ...... ADSIDL .... STOP IN IDLE MODE ........ 0 Operates in IDLE mode 
// 12 .................. UNIMPLEMENTED ............ 0 X 
// 11 .................. UNIMPLEMENTED ............ 0 X 
/ / 10 .................. UNIMPLEMENTED ............ 0 X 
// 9 ........ FORM<l> DATA OUTPUT FORMAT 1 Signed Fractional 
// B ........ FORM<O> 1 (DOUT '" sddd dddd dddd 0000) 
II 7 ........ SSRC<2> CONVERSION TRIGGER SOURCE 1 Internal counter ends 
II 6 ........ SSRC<1> 1 sampling and starts 
II 5 ........ SSRC<O> 1 conversion (Auto convert) 
// 4 ................... UNIMPLEMENTED ........... 0 X 
/1 3 ................... UNIMPLEMENTED ............ 0 X 
II 2 ........ ASAM AID SAMPLE AUTO START ... 0 Sampling begins when SAMP bit 
1/ is set 
II 1 ...•.... SAMP A/D SAMPLE ENABLE ....... 0 SAMP bit is auto set by ASAM 
// setting 
// 0 ........ DONE A/D CONVERSION STATUS ... 0 Automatically cleared and set 
/1 by MCU 
//------------------------------------------------------------------
// ADCON2: A/D CONTROL REGISTER 2 ADCON2 = Ox0020 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

1/------------------------------------------------------------------
II 15 VCFG<2> ... VOLTAGE REF CONFIG ...... 0 AID VREFH = AVDD 
1/ 14 ...... VCFG<l> 0 AID VREFL '" AVSS 
II 13 ...... VCFG<O> 0 
II 12 .................. RESERVED ................ 0 
II 11 .................. UNIMPLEMENTED ........... 0 
II 10 ....... CSCNA .... SCAN INPUTS ............. 0 
// 9 ................... UNIMPLEMENTED ........... 0 
1/ 8 ................... UNIMPLEMENTED .....•..... 0 

X 
Do not scan inputs 
X 
X 

// 7 ........ BUFS ..... BUFFER FILL STATUS ...... 0 
1/ 

Auto set (1 = AID is filling 
Ox8-0xF find data 

// 
1/ 
II 
II 
II 

II 
// 
1/ 
/1 
// 
/1 
II 
// 

6 ................. .. 
5 SMPI<3> 

4 e ••• ~ •• ~ SMPI<2> 
3 e ~ ••• ~ •• SMPI<l> 

2 • e 0 ~ • ~ •• SMPI<O> 
1 ~ ~ ...... BUFM 

0 • eo. ~ ~ •• ALTS 

UNIMPLEMENTED ........... 0 
SAMP-CONV SEQIINTERRUPT . 1 

0 
0 

0 
BUFFER MODE SELECT ~ eo ~ •• ~ 0 

ALTERNATE INPUT SAMPLE .. 0 
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in OxO-Ox7; 0 '" AID is 
filling OxO-Ox7 find 
data in Ox8-0xF) 

X 
Interrupts at the completion 

of the conversion sequence 
for each 8th samplelconvert 
sequence 

Buffer configured as one 16-
word buffer 

Always use MUX A input 
multiplexer settings 
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//------------------------------------------------------------------
// ADCON3: A/D CONTROL REGISTER 3 ADCON3 .. Ox1539 

//------------------------------------------------------------------
/ / BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
/ I 14 •••••••••••••••••• UNIMPLEMENTED ••••.•••••• 0 X 
// 13 ••••••••••••••••.• UNIMPLEMENTED ••••.•••••• 0 X 
II 12 .••.••. SAMC<4> AUTO SAMPLE TIME ..•..•.. 1 SAMC = 21Tad 
// 11 ......•• SAMC<3> 0 
1/ 10 ........ SAMC<2> 1 
// 9 ••••••••• SAMC<1> 0 
1/ 8 ••••••••• SAMC<O> 1 
// 7 ..•••••• ADRC ••••• AID CONVERSION CLK SOURCE 0 
/ / 6 ••.•..•.••..•••••.. UNIMPLEMENTED •••••••.••• 0 

Clock derived from system elk 
X 

/1 5 •••••••• ADCS<5> A/D CONVERSION CLOCK •••. 1 TCY/2(ADCS<5:0> + 1) = 29TCY 
// 4 .•...••• ADCS<4> 1 
/ I 3 •••••••• ADCS<3> 1 
// 2 ......•. ADCS<2> 0 
/ / 1 •••••••• ADCS<1> 0 
// 0 •.••.••• ADCS<O> 1 

//------------------------------------------------------------------
// ADCHS: AID INPUT SELECT REGISTER ADCHS = OxOOOB 

//------------------------------------------------------------------
/ I BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
1/ 15 •••••••.•••••••••• UNIMPLEMENTED ••••••••••• 0 X 
// 14 •••••••.••••••.••• UNIMPLEMENTED ••••••••••• 0 X 
/ / 13 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
// 12 CHONB •••• CHO- INPUT SELECT MUXB 0 NOT USED 
/ / 11 CHONB<3> CHO+ INPUT SELECT MUXB •• 0 NOT USED 
// 10 CHONB<2> 0 
/ / 9 •••••••• CHONB<l> 0 
/ / 8 .••.•••• CHONB<O> 0 
/ / 7 •••..•••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
/ / 6 •••••••••.••••••••• UN IMPLEMENTED ••••.•••••• 0 X 
// 5 ••••••••••••.•••••• UNIMPLEMENTED ••••.•••••• 0 X 
// 4 ........ CHONA •••• CHO- INPUT SELECT MUXA 0 NOT USED 
// 3 ..•.•••• CHONA<3> CHO+ INPUT SELECT MUXA •• 1 
// 

Channel 0 positive input is 
AN 11 

/ I 2 .•••...• CHONA<2> 0 
// 1 •••••••• CHONA<1> 1 
// 0 •••••••• CHONA<O> 1 

//------------------------------------------------------------------
1/ ADPCFC: A/D PORT CONFIGURATION REGISTER ADPCFC OxF7FF 

//------------------------------------------------------------------
1/ BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
/ / 15 PCFC<15> • ANALOG INPUT PIN CONFIG • 1 X 
/ / 14 PCFG<14> 1 X 
/ / 13 PCFG<13> 1 X 
1/ 12 PCFG<12> 1 X 
/ / 11 PCFG<ll> 0 MIC_ADC 
// 10 PCFG<10> 1 X 
// 9 PCFG<9> 1 X 
// 8 .•.••••• PCFG<8> 1 X 
1/ 7 •••••••• PCFG<7> 1 X 
// 6 •••••••• PCFG<6> 1 X 
// 5 •••••••• PCFG<5> 1 X 
/ / 4 •••••••• PCFG<4> 1 X 
// 3 •••••••• PCFG<3> 1 X 
/ I 2 •••••••• PCFG<2> 1 X 
/ / 1 ........ PCFG<1> 1 PGC 
// 0 •••••••• PCFG<O> 1 PGD 

//------------------------------------------------------------------
/ / ADCSSL: A/D INPUT SCAN SELECT REGISTER ADCSSL = OxOOOO 

//------------------------------------------------------------------
/ / BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
/ I 15 CSSL<15> • A/D INPUT PIN SCAN SELECT 0 X 
/ / 14 CSSL<14> 0 X 
/ / 13 CSSL<13> 0 X 
/ / 12 CSSL<12> 0 X 
// 11 CSSL<ll> 0 MIC_ADC 
// 10 CSSL<10> 0 X 
// 9 CSSL<9> 0 X 
1/ 8 •••••••• CSSL<8> 0 X 
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/ / 7 ........ CSSL<7> 0 X 
/ / 6 ........ CSSL<6> 0 x 
/ / 5 ........ CSSL<5> 0 X 
/ I 4 ........ CSSL<4> 0 X 
// 3 ........ CSSL<3> 0 X 
I I 2 ........ CSSL<2> 0 X 
1/ 1 ........ CSSL<l> 0 PGC 
I I 0 ........ CSSL<O> 0 PGD 

//------------------------------------------------------------------
void 
( 

II 

InitADC12 (void) 

ADCONl Ox03EO; 
ADCON2 - Ox0020; 
ADCON3 - Ox1539; 

ADCHS OxOOOB; 
ADPCFG - OxF7FF; 
ADCSSL = OxOOOO; 

IFSObits.ADIF = 
IECObits.ADIE = 

PUBLIC FUNCTION: 

0; 
0; 

InitUART1 

/1 
II 

Clear ADC interrupt has occurred flag 
Disable ADC interrupts 

1/=---===------=-------===-------==---=-===-----=======-==-==-------1/ FUNCTION CALL: InitUART1(); 
I I ARGUMENTS: None 
/ I RETURNS: Nothing 

11------------------------------------------------------------------
/1 DESCRIPTION: Initialises the UARTI module on the dsPIC30F6014A. 
1/ The value of all the registers are laid out below 
1/------------------------------------------------------------------
// BAUD RATE: 57600 bps 
II DATA SIZE: 8 Bits 
// PARITY: No parity 
II STOP BIT: 1 stop bit 
/1------------------------------------------------------------------
/ / UIMODE: UARTl MODE REGISTER UIMODE = Ox8000 

11------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

11------------------------------------------------------------------
/ I 15 ....... UARTEN ... UART ENABLE BIT ......... 1 UART is ENABLED 
I I 14 .................. UNIMPLEMENTED ........... 0 X 
// 13 ....... USIDL .... STOP IN IDLE MODE ....... 0 Operates in IDLE mode 
I I 12 .................. UNIMPLEMENTED ........... 0 X 
II 11 .................. RESERVED ................ 0 X 
1/ 10 ....... ALTIO .... ALTERNATE I/O SELECTION .. 0 UART communicates using UITX 
/1 and U1RX I/O pins 
1/ 9 ................... RESERVED ................ 0 X 
/ I 8 ................... RESERVED ................ 0 X 
// 7 ........ WAKE ..... WAKE-UP ON START BIT .... 0 Wake-up disabled 
// 6 ........ LPBACK ... LOOPBACKMODE SELECT .... 0 Loopback mode disabled 
1/ 5 ........ ABAUD .... AUTO BAUD ENABLE ........ 0 Input to capture module from 
// ICx pin 
/ I 4 ................... UNIMPLEMENTED ........... 0 X 
// 3 ................... UNIMPLEMENTED ........... 0 X 
// 2 ........ PDSEL<1> . PARITY AND DATA SELECTION 0 a-bit data 
// 1 ........ PDSEL<O> 0 No parity 
// 0 ........ STSEL .... STOP SELECTION .......... 0 1 Stop bit 

//------------------------------------------------------------------
// U1STA: UART1 STATUS AND CONTROL REGISTER UISTA - OxOOOO 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

/1------------------------------------------------------------------
// 15 ....... UTXISEL .. TRANSMISSION INTERRUPT .. 0 Interrupt when a character is 
1/ transferred to shift register 
1/ 14 .................. UNIMPLEMENTED ........... 0 X 
// 13 .................. UNIMPLEMENTED ........... 0 X 
// 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 UTXBRK ... TRANSMIT BREAK .......... 0 UITX pin operates normally 
II 10 UTXEN .... TRANSMIT ENABLE ......... 0 UART transmitter NOT ENABLED 
II 9 ........ UTXBF .... TRANSMIT BUFFER FULL .... 0 (READ ONLY) 
/1 8 ........ TRMT ..... TRANSMIT SHIFT REG EMPTY 0 (READ ONLY) 
// 7 ........ URXISEL<1> RECEIVE INTERRUPT MODE .. 0 Interrupt flag set when 
II character is received 
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II 6 ........ URXISEL<O> 0 
II 5 ........ ADDEN .... ADDRESS CHARCTER DETECT. 0 Address detect mode disabled 
II 4 ........ RIDLE .... RECEIVER IDLE ........... 0 (READ ONLY) 
II 3 ........ PERR PARITY ERROR STATUS ..... 0 (READ ONLY) 
1/ 2 ........ FERR ..... FRAMING ERROR STAUS ..... 0 (READ ONLY) 
/ / 1 ........ OERR ..... RX BUFFER OVERRUN ERROR . 0 (READ ONLY) 
/ / 0 ........ URXDA .... RX BUFFER DATA AVAILABLE. 0 (READ ONLY) 
//-------------------------------------------------------------------
void InitUART1 (void) 
( 

UIMODE 
UISTA 

UIBRG 

Ox8000; 
OxOOOO; 

«FCY/16)/BAUD)-1; // Sets the baud rate to 57600 baud 

1/=====----------===================*------------------===-----=--=-
// PUBLIC FUNCTION: InitSPI1 
11--==================--=-=-==----=-==================----=---------
// FUNCTION CALL: InitSPI1(); 
// ARGUMENTS: None 
/ / RETURNS: Nothing 

//------------------------------------------------------------------
// DESCRIPTION: Initialises the SPI1 module on the dsPIC30F60l4A 
// The values of all the registers are laid out below 
/ / FSCLK: FCY/ (PRIMARY PRE SCALE x SECONDARY PRESCALE) 
// 1. 6714Hz 
//------------------------------------------------------------------
/ / SPIlCON: SPIl CONTROL REGISTER SPIlCON .. Ox0020 

//------------------------------------------------------------------
/ / BIT NAME FUNCTION VALUE DESCRIPTION 
//------------------------------------------------------------------
/ / 15 .................. UNIMPLEMENTED ........... 0 X 
/ / 14 FRMEN .... FRAMED SP1 SUPPORT ...... 0 Framed SPI support DISABLED 
// 13 ....... SPIFSD ... FRAME SYNC PUL DIRECTION 0 Frame sync pulse output 
// (Master) 
/ I 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 DISSDO DISABLE Sool PIN ........ 0 SOO1 pin is controlled by the 
// module 
// 10 MODEl6 WORD/BYTE COMMS ......... 0 Communication is 8 bits wide 
// 9 ........ SMP SPI DATA INPUT SAMP PHASE 0 Input data sampled at middle 
II of data output time 
// 8 ........ CKE SPI CLOCK EDGE SELECT ... 0 Serial output data changes on 
// transition from IDLE CLK to 
// ACTIVE CLK (SPIMODEO) 
/ / 7 ........ SSEN ..... SLAVE SELECT ENABLE ..... 0 SS pin not used by module. 
// 6 ........ CKP ...... SPI CLOCK POLARITY SELECT 0 IDLE state for CLK is a HIGH 
// 5 ........ MSTEN .... MASTER MODE ENABLE 1 Master mode 
/ / 4 ........ SPRE<2> SECONDARY PRESCALE 0 Secondary Prescale 8: 1 
// 3 ........ SPRE<l> 0 
/ / 2 ........ SPRE<O> 0 
// 1 ........ PPRE<l> ... PRIMARY PRESCALE ........ 0 ...... Primary Prescale 64:1 
/ / 0 ........ PPRE<O> 0 
//------------------------------------------------------------------
// SPIISTAT: SPI STATUS AND CONTROL REGISTER SPIISTAT = Ox8000 
//------------------------------------------------------------------
/ / BIT NAME FUNCTION VALUE DESCRIPTION 
//------------------------------------------------------------------
/I 15 ....... SPIEN .... SPI ENABLE .............. 1 SPIl is DISABLED 
// 14 ••••••••••••.••••• UNIMPLEMENTED ........... 0 X 
// 13 ....... SpISIDL .. STOP IN IDLE MODE ....... 0 Operates in IDLE mode 
/ / 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 .................. UNIMPLEMENTED ........... 0 X 
1/ 10 .................. UNIMPLEMENTED ........... 0 X 
// 9 ................... UNIMPLEMENTED ........... 0 X 
/1 a ................... UNIMPLEMENTED ........... 0 X 
/ / 7 ................... UNIMPLEMENTED ........... 0 X 
// 6 ........ SPIROV ... RECEIVE OVERFLOW FLAG ... 0 No overflow has occured (READ 
/1 ONLY) 
// 5 ................... UNIMPLEMENTED ........... 0 X 
/ / 4 ................... UNIMPLEMENTED ........... 0 X 
II 3 ................... UNIMPLEMENTED ........... 0 X 
/ I 2 ................... UNIMPLEMENTED ........... 0 X 
1/ 1 ........ SpITBF SPI TRANSMIT BUFFER FULL 0 Transmit started, SPI1TXB is 
II EMPTY (READ ONLY) 
II 0 ........ SPIRBF SPI RECEIVE BUFFER FULL .. 0 Receive is not complete, 
1/ SPIIRXB is EMPTY (READ ONLY) 
//------------------------------------------------------------------
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void InitSPIl (void) 
{ 

CS 1 II Disable AT45DB321B 
RESET 1 II Normal Operation 
WP 1 II Can write to Dataflash chip 

SPIlCON - Ox0020; 
SPIlSTAT I" Ox8000; II Enable device and leave status of other 

II bits 
SpIlSTAT&= OxFFBF; II SPIROV flag - 0; leaves all other bits 

II the same 

IFSObits.SPIIIF - 0; II Clears SPI interrupt has occurred flag 
IECObits .SPUIE 0; II Disables SPI interrupts 

1/ PUBLIC FUNCTION: SendReceiveByte 
11---------=---------------==============------------=-============= 
1/ FUNCTION CALL: SendReceiveByte(data); 
II ARGUMENTS: unsigned char data 
1/ RETURNS: unsigned char byte received 
1/--------------------------------------:---------------------------
II DESCRIPTION: Sends a Bbit byte to the AT45DB321B 32Mbit Data 
1/ flash chip via the SPI data interface and returns 
II the received byte. 
1/------------------------------------------------------------------
unsigned char SendReceiveByte(unsigned char data) 
{ 

SPIlBUF ,. data; 

SPI1STAT &- OxA003; 

while (SPI1STATbits.SPITBF) 
( 

1* NULL STATEMENT wi; 

while (!SPI1STATbits.SPIRBF) 
( 

1* NULL STATEMENT *1; 

return SPIIBUF; 

II 
II 
II 

II 

II 

II 
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Load 1 data byte into SPI1BUF -> SPIITXB 
-> SPIlSR 
Leaves SPIEN, SPITBF and SPIRBF bits same 

Wait until transfer is complete 

Wait until receive is complete 

Returns the received byte 
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I/===================================================Z=z============ 
II PUBLIC FUNCTION: Erase 

II FUNCTION CALL: Erase(); 
II ARGUMENTS: None 
II RETURNS: Nothing 
11------------------------------------------------------------------
II DESCRIPTION: Erases entire data flash, block by block by making 
II all values 1 
II 
II 
II 
1/ 
II 

ERASE INSTRUCTION FORMAT: 
CCCC CCCC RRAA AAAA AAAX XXXX XXXX XXXX 
Sbit command, 2bits reserved, 9bit address, 13 don't care bits 

II MEMORY SIZE: 32 MbitS 
II BYTES/PAGE: 528 
II PAGES/BLOCK: B 
// NO OF PAGES: 8192 
II NO OF BLOCKS: 1024 
/1------------------------------------------------------------------
void Erase (void) 
( 

static unsigned int block_counter 

mem is clear - 1; 
mem-is-full = 0; 

while(block_counter < 1024) 

CS = 0; 

0; 

II 

II 

/1 
II 

II 
/1 

II 

SendReceiveByte(CMD ERASE BLOCK); II 
SendReceiveByte((Char) (block_counter » 3)); 

SendReceiveByte((char) (block_counter « 5)); 
SendReceiveByte(OxOO); 

CS = 1; 

block_counter++; 

while(iREADY_BUSY) 
{ 

/* NULL STATEMENT *1; 

0; 
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II 

II 

1/ 
II 

1/ 

Turn erase led ON 

Number of blocks erased counter 

Set main memory is empty flag 
Clear main memory is full flag 

Do until all the pages have been 
erased 

ENABLE AT45DB321B Dataflash chip 

Send 
1/ 
II 
1/ 

// 

erase block command 
Puts address in correct 
erase instruction 
format 

Don't care bits 

DISABLE AT45DB32lB Dataflash chip 

Increment block counter 

Wait until the chip has completed 
the erase 

Turn erase led OFF 
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// PUBLIC FUNCTION: Record 

// FUNCTION CALL: Record(), 
// ARGUMENTS: None 
/1 RETURNS: Nothing 
//------------------------------------------------------------------
1/ DESCRIPTION: Records data from one of the inputs to the ADC to 
II the AT45DB321C Dataflash. 
1/------------------------------------------------------------------
void Record (void) 
( 

int i = 0; 

unsigned int 
unsigned int 

unsigned char 
unsigned int 

*ADCbufferPtr; 
*ADCvaluePtr; 

ADCValue [8], 
RMS_value; 

ADCONlbits.ADON = 1; 

while (!memory full) 
( -

RMS value = 0; 
ADCbufferPtr = &ADCBUFOi 

ADCvalueptr - &ADCValue 
IFSObits.ADIF 0; 

ADCONlbits.ASAM = 1; 

while(!IFSObits.ADIF) 
{ 

/* NULL STATEMENT */; 

ADCONlbits.ASAM = 0; 

/I 

/1 

/I 
1/ 

/I 

II 

II 
1/ 
/I 

II 

II 
II 

II 

/I 

for (i-a; i<ADC_BUFFERSIZE; i++) 
{ 

Turn ON the Record led 

Initialise Counter 

Pointer to ADC buffer 
Pointer to ADC value 

Turn the ADC Module ON 

Do while there is space in memory 

Reset RMS value 
Point to the first value in the ADC 
buffer 

Clear 8 samples have been converted flag 

Sampling begins immediately after last 
conversion ends 

Wait for conversion to finish 

Sampling begins when SAMP bit is set 

*ADCvalueptr++ = *ADCbufferPtr++ - OFFSET, II 
/I 

Subtract offset 
from each sample 

RMS_value • RMSCalcultaion(ADCvaluePtr, ADC_BUFFERSIZE); 

WritetoDataflash(RMS_value); 

II Switch OFF the Record led 
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II PUBLIC FUNCTION: WritetoDataflash 

II FUNCTION CALL: WritetoDataflash(data); 
// ARGUMENTS: unsigned char data 
II RETURNS: Nothing 
//------------------------------------------------------------------
// DESCRIPTION: Writes data to the AT45DB32lB 32Mbit Data Flash Chip's 
1/ main memory via buffer 1 

WRITE TO BUFFER 1 COMMAND FORMAT: 
// 
// 
// CCCC CCCC XXXX XXXX XXXX XXAA AAAA AAAA DODD DODD 

Sbit command, l4bits dont care, 10bit address, Bbits of data 
// 
1/ WRITE BUFFER 1 TO MAIN MEMORY COMMAND FORMAT: 
// CCCC CCCC RAAA AAAA AAAA AAXX XXXX XXXX 
1/ Sbit command, Ibit reserved, 13bits address, 10bits don't care 

//------------------------------------------------------------------
void WritetoDataflash(unsigned char data) 
( 

static unsigned int buffer_counter; 
static unsigned int page_counter; 

buffer_counter = 0; 
page_counter = 0; 

0; 

while(!READY_BUSY) 
( 

/* NULL STATEMENT *1; 

1/ WRITES DATA TO BUFFER 1 

CS = 0; 

// 
1/ 

// 
1/ 

// 

1/ 

// 

SendReceiveByte(CMD WRITE BUFFER1); 
SendReceiveByte(OxOO); -
SendReceiveByte((char) (buffer_counter » 

SendReceiveByte((char) (buffer_counter»; 
SendReceiveByte{data); 

CS = 1; 

buffer_counter++; 

II 

1/ 

// WRITES DATA FROM BUFFER 1 TO MAIN MEMORY 

if (buffer_counter > 528) 
( 

buffer_counter = 0; 

if (page_counter < 8192) 

( 

1/ 

II 

II 
// 

Position in buffer 1 counter 
Page position counter 

If the chip is clear, reset buffer and 
page counters 

Chip is no longer clear 

Check to see if chip is busy 

ENABLE AT45DB321B Dataflash chip 

II 
II 

8) ); II 
II 
II 
II 

Send write to Buffer 1 command 
Don't care bits 
Don't care bits and 1st 2 bits of 
address 
Buffer address 
Writes the data to buffer 1 

DISABLE AT45DB321B Dataflash chip 

Increments the buffer counter 

If buffer is full 

Reset buffer_counter 

If main memory is not full then write to 
appropriate page in main memory 

CS = 0; 1/ ENABLE AT45DB321B Dataflash chip 

SendReceiveByte((char) (page_counter » 6»; 

SendReceiveByte((char) (page_counter « 2»; 

SendReceiveByte(OxOO); 

// 
// 
1/ 
1/ 
// 
1/ 
// 
// 
// 
// 

Send write to data 
from buffer 1 to 
main memory without 
erase command 
1 Reserved bit and 
7 Page Address 
6 Page Address bits 
and2 don't care 
bits 
Don't care bits 

CS = 1; II DISABLE AT45DB321B Dataflash chip 
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page_counter++; 

else if (page_counter == 8192) 
( 

/1 PUBLIC FUNCTION: Send 

II FUNCTION CALL: Send(); 
1/ ARGUMENTS: None 
II RETURNS: Nothing 

// Increment the page counter 

II Main memory is full 

11------------------------------------------------------------------
1/ DESCRIPTION: Reads data fram the data flash and outputs via the 
II UARTl Module to a PC. 
//------------------------------------------------------------------
void Send (void) 
{ 

unsigned int 
unsigned char 
unsigned int 
unsigned int 

page_counter 
active buffer 
buffer:=address 
buffer_length 

:= 0; 
- BUFFER1; 

== 0; 
= 528; 

unsigned char buffer[528] (Ol; 
unsigned char *bufferPtr; 

bufferPtr = &buffer[O]; 

PagetoBuffer(active_buffer, page_counter); 

while (!READY_BUSY) 

1* NULL STATEMENT *1; 

while(page_counter < 8192) 

page_counter++; 

1/ 

1/ 
II 
II 
II 

II 
II 

II 
1/ 

/1 
II 

/1 
II 

II 
II 

II 

Turn send led ON 

Page position counter 
Active buffer 
Buffer address 
Length of the buffer 

Buffer array 
Pointer for buffer array 

Point to first element in 
buffer array 

Transfer first page to 
bufferl 

Check to see if chip is 
busy 

While there are still 
pages to be read 

Increment the page counter 

PagetoBuffer(active_buffer, page_counter); II Transfer next page to 
II buffer 

ReadfromBuffer(active buffer, buffer address,*bufferPtr,MEM BUFFERSIZE); 
- - II Send that buffer via the 

II UART to the PC 

SendtoUARTl(buffer); II Send Buffer to UARTl 
1/ module to be transmitted 
II to PC 

if (active_buffer == BUFFER1) II If the active buffer is 
II buffer! 

II now activate buffer2 

else II Else if the active buffer 
II is buffer2 

active_buffer--; II activate bufferl 

II Turn send led OFF 
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II PUBLIC FUNCTION: PagetoBuffer 

II FUNCTION CALL: PagetoBuffer(active buffer, page counter); 
II ARGUMENTS: unsigned char active buffer, unsIgned int page counter 
// RETURNS: Nothing -
1/------------------------------------------------------------------
II DESCRIPTION: Transfers 1 page of data from the main memory 
II to the active buffer of the AT45DB321B Dataflash 
II 
II MAIN MEMORY PAGE TO BUFFER TRANSFER COMMAND FORMAT: 
II CCCC CCCC RAAA AAAA AAAA AAXX XXXX XXXX 
II Sbit command, Ibit reserved, 13bits address, lObits don't care 
//------------------------------------------------------------------
void pagetoBuffer(unsigned char active_buffer, unsigned int page_counter) 
( 

while (!READY_BUSY) 
( 

CS 

if 
{ 

0; 

1* NULL STATEMENT *1; 

(active_buffer == BUFFER1) 

II 

// 

/1 

Check to see if chip is busy 

ENABLE AT45DB321B Dataflash chip 

If the active buffer is bufferl 

SendReceiveByte(CMD_TRANSFER_MAINMEMPAGEtoBUF1); II 
II 
II 

Transfer data from 
main memory to 
buffed 

else 

CS 1; 

SendReceiveByte(CMD_TRANSFER_MAINMEMPAGEtoBUF2); 

SendReceiveByte«char) (page_counter » 6»; 

SendReceiveByte{{char) (page_counter « 2»; 

SendReceiveByte(OxOO) ; 

/1 
// 

II 
II 
II 

II 
II 
II 
II 
// 
II 
II 

else if the active 
buffer is buffer2 

Transfer data from 
main memory to 
buffer2 

1 Reserved bit and 
7 Page Address 
bits 
6 Page Address bits 
and 2 don't care 
bits 
Don't care bits 

II DISABLE AT45DB321B Dataflash chip 
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II PUBLIC FUNCTION: ReadfromBuffer 

II FUNCTION CALL: ReadfromBuffer(buffer, address, *data, offset, length); 
II ARGUMENTS: unsigned char buffer 
II unsigned int address 
II unsigned char *data 
II unsigned int length 
II RETURNS: Nothing 
11------------------------------------------------------------------
II DESCRIPTION: Transfers the contents of the active buffer 
// of the AT45DB32lB Dataflash via the UART module 
/1 to a PC running Hyperterminal 
1/ 
1/ READ FROM ACTIVE BUFFER COMMAND FORMAT: 
II CCCC CCCC XXXX XXXX XXXX XXAA AAAA AAAA XXXX XXXX 

II Sbit command, l4bits dont care, 10bit address, Sbits don't care 
//------------------------------------------------------------------
void ReadfromBuffer(unsigned char buffer, unsigned int address, 

unsigned char * returned_data, unsigned int length) 

unsigned int i; 

while(IREADY_BUSY) 

1* NULL STATEMENT *1; 

1/ READS DATA FROM BUFFER 1 

CS = 0; 

if 
{ 

else 
( 

(buffer = BUFFERl) 

SendReceiveByte{OxOO); 
SendReceiveByte(address» 
SendReceiveByte(address); 
SendReceiveByte(OxOO); 

for (i=O;i<length;i++) 
( 

II 

1/ 

1/ 

1/ 
8); II 

1/ 
II 

Check to see if chip is busy 

ENABLE AT45DB321B Dataflash chip 

If Buffer is 1 

II 
II 

II 
// 

Then send read from 
buffer 1 command 

Else send read from 
buffer 2 command 

Don't care bits 
Don't care bits and 1st 2 bits of address 
Buffer address 
Don't care bits 

*returned_data++ SendReceiveByte(OxOO); 

CS 1; 1/ DISABLE AT45DB321B Dataflash chip 
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//====================-===================--===-==========-======-== 
// PUBLIC FUNCTION: SendtoUARTl 
//========================-===-================--==---==========-=== 
// FUNCTION CALL: SendtoUART1(data[])) 
1/ ARGUMENTS, unsigned char data [] 
// RETURNS, Nothing 
//------------------------------------------------------------------
II DESCRIPTION: This routine transmits the data acquired from the 
// AT45DB321C via UARTl to the PC running HyperTerminal 
//-----------------------------------------------------------------
void SendtoUARTl (data [J ) 
( 

int i; 
int outdata1; 
int outdata2; 
int outdata; 

for (i=O; i < MEM_BUFFERSIZE;i+2) 
( 

outdata1 - (int)data[ij; 
outdata2 (int) data [H1 J ; 

outdatal outdata« 8; 
outdata = outctatal + outdata2; 

asciiVoltsConv(outdata); 

OutData[O] = units; 
OutData[2] - tenths; 
OutData[3] = hundredths; 
OutData[4] thousandths; 

txCount 0; 
IFSObits.UITXIF 0; 
IECObits.UITXIE - 1; 

U1STA 
UISTAbits.UTXEN 

OxOOOO; 
1; 
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// 
/1 
1/ 
// 

/1 
// 

/1 
// 

// 
// 

// 

// 
/1 
1/ 

1/ 
// 

Initialise counter 
First byte of integer 
Second byte of integer 
Data integer 

Most significant char 
Least significant char 

Shift position in integer 
Combined data character 

Convert to a voltage value 
in ascii 

Set outdata values 

Sets counter to 0 
Clear TX flag 
Enable interrupt 

Clear all status bits 
Start transmission 
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II PUBLIC FUNCTION: RJIlSCalculation 

II FUNCTION CALL: RJIlSCalculation(*dataPtr,N); 
II ARGUMENTS: unsigned int *dataPtr, 
/1 int N 
II RETURNS: unsigned long Result RJIlS calulation 
//----------------------------------------;:--;:--------------------
II DESCRIPTION: This routine takes an array of length N and converts 
/1 it into a single RJIlS value using the equation below 
1/ 
II Ir N 1 
II RJIlSValue II L: [(ui) 'I I 
II II i=O I 
II II I 
II V L N J 

11------------------------------------------------------------------
unsigned int RJIlSCalculation(unsigned int *dataPtr, int N) 
{ 

int i = 0; 1/ Initialise counter 

unsigned int squared_value 0; /1 Stores the Squared value 
unsigned int SUlll 0; II Stores SUlll 

unsigned int average =: 0; /1 Stores average 
signed int RJIlS_valueQ15 0; II Stores RJIlS value in Ql.15 format 
unsigned int RJIlS_value 0; /1 Stores RJIlS value in unsigned 

II integer format 

for (i=O;i<N;i++) II 
( 

squared value = pow(*dataPtr++.2); II 
SUlll += squared_value; II 

average = sUIlI/N; II 
II 
II 

RJIlS_valueQ15 = (int)sqrt{average); II 
II 

RJIlS_value = Q15toInteger(RJIlS_valueQ15); II 
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Convert all values in array 

Square each value 
and SUlll them all together 

Divide the SUIlI by the number of 
values 
to find the average 
Square root the average to find 
the RJIlS value 

Convert from Ql.15 to integer 
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//================================================================== 
II PUBLIC FUNCTION: Q15toInteger 

II FUNCTION CALL: Ql5tolnteger(const signed int value); 
1/ ARGUMENTS: Integer value 
II RETURNS: Unsigned int converted result 
11--------------------------------------------:----------------------
II DESCRIPTION: This function converts a 16-bit number in Q1.15 
1/ data format to an unsigned integer 
1/ 
II 
// 
// 

Signed Fractional (Ql.15) 
(DOUT • sddd dddd dddd 0000) 

II Unsigned Integer 
/1 (DOUT = 0000 dddd dddd dddd) 
//------------------------------------------------------------------
unsigned int Ql5toInteger(signed int value) 
{ 

value = value»4; 

unsigned int value bytesl2 = 0; 
unsigned int value=byte3 0; 
unsigned int integer_value 0; 

/1 Stores bytes land 2 

value_bytes12 = value & OxOOFF; 

if (value >= Ox0800) 
{ 

value byte3 = value » 8; 
value=byte3 _z Ox0008; 
value_byte3 - value_byte3 « 8; 

// Stores 
// Stores 

/1 Select 

// If the 

byte 3 
the converted 

bytes 1 and 2 

sign bit is 1, 

integer value 

CLEAR it 

else if {value < OxOeOO) 
{ 

/1 If the sign bit is 0, SET it 

value byte3 = value » 8; 
value-byte3 += Ox0008; 
value=byte3 = value_byte3 « 8; 

return integer_value; 
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// PUBLIC FUNCTION: asciiVoltsConv 
1/==========-===================--===--=----------==--=============-
// 
// 

FUNCTION CALL: asciiVoltsConv(const unsigned int value); 
ARGUMENTS: Integer value 

// RETURNS: Nothing 
//------------------------------------------------------------------
/1 
// 
// 

DESCRIPTION: This function converts a 12-bit binary word to a 
BCD ascii decimal value 

// Resolution of this function is ImV 
//------------------------------------------------------------------
void 
( 

// 

// 
// 

asciiVoltsConv(const unsigned int value) 

int unitslnt 
int tenthslnt 
int hundredthslnt 
int thousandthsInt 

0; 
0; 
0; 

lIB 0; 

int n - value; 

if (n >= Ox04D9) 
( 

unitslnt n/Ox04D9; 
units asciiConv(unitsInt); 
n n%Ox04D9; 

) 

if (n >- OxOO7C) 
( 

tenthslnt n/Ox007C; 

1/ 

tenths = asciiConv(tenthslnt); 
n 

I 
if (n >= OxOOOC) 
{ 

n%OxOO7C; // 

n/OxOOOC; 

the 

the 

1/ Initialise local variables 

// If there are IVs 

/1 convert to an ascii char 
remainder is ready for more conversion 

// If there are lOOmVs 

// convert to an ascii char 
remainder is ready for more conversion 

/1 If there are lOmVs 

hundredthsInt 
hundredths asciiConv{hundredthslnt); // convert to an ascii char 
n 

) 

if (value >= OxOOOl1 
{ 

thousandthsInt 
thousandths 
n 

PUBLIC FUNCTION: 

FUNCTION CALL: 
ARGUMENTS: 

n%OxOOOC; 1/ the remainder is ready for more conversion 

// If there are ImVs 

n/OxOOOl; 
asciiConv(thousandslntl; II convert to an ascii char 
n%OxOOOl; // the remainder is ready for more conversion 

asciiConv 

asciiConv(const unsigned int value); 
Integer Value 

// RETURNS: Nothing 
//------------------------------------------------------------------
II DESCRIPTION: This function converts a 16-bit value to an 8-bit 
// ascii character 
//------------------------------------------------------------------
char 
( 

asciiConv(const unsigned int value) 

char no; 

no 

if 
{ 

else 
{ 

(char) (value Ii OxOF); 

(no > 9) 

no = no + Ox37; 

no - no + Ox30; 

return nOI 
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// Only select bits 0-3 

1/ If number is > 9 

1/ Number will be (A = Ox4I, B = Ox42, C 
II - Ox43 etc ) 

// Number will be 0 - 9 
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// INTERRUPT SERVICE ROUTINE (ISR): UITXInterrupt 
//=================_========z=======x===a_~==~=== _________ x ___ a __ ~_= 
// DESCRIPTION: This ISR clears the interrupt has occurred flag and 
/1 then transmits a word of data 
//------------------------------------------------------------------
void 
{ 

IFSObits.UITXIF G 0; 

UITXREG = (int)OutData[txCount++]; 
if(txCount == TX_BUFFERSIZE) 
{ 

IECObits,UlTXIE = 0; 
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// 
1/ 
// 

// 
II 

Clear transmit interrupt has 
occurred flag 
Write a single word to UART 

Disable transmit interrupts since 
all buffer values are transmitted 
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Software Testing Code 

LED Testing - TestLEDs.c 

/I 

II 
II 

BY: 
DATE: 

PROCESSOR: 

LED TESTING 

ROBYN VERRINDER 
01 MAY 2006 

dsPIC30F6014A II 
// 
1/ 
// 

BOARD: 
IDE: 

VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7.30 

COMPILER: C30 C COMPILER 

/1 
// 
// 
// 
1/ 

DESCRIPTION: This program tests the LEOs on the Vibration Data 
Logging Prototype Board. These LEDs are used as 
indicator lights. 

All LEDs are turned ON for the duration of the program 

1/ LEDS 

// PIN CONNECTIONS: (LEOS to dsPIC30F6014A) 
1/ LEDl RCl (PIN 2) 
/1 LED2 RC2 (PIN 3) 
// LED3 RC3 (PIN 4) 
// LED4 RC4 (PIN 5) 
// RECORD_LED RG6 (PIN 6) 
// SEND_LED RG7 (PIN 7) 
1/ ERASE LED RG8 (PIN 8) /I_=_===;= ___ ==_~===~ _____ -======~ ___ ==-___ BD_===_= ____ ====== ___ -=== 

ftinclude "p30f6014a.h" 1/ (Sinha, P., 2005) [611]. 
ftinclude "dsPIC30F6014APins.h" 
//------------------------------------------------------------------
1/ dsPIC30F6014A CONFIGURATION SETTINGS 
//------------------------------------------------------------------
II CLOCK SWITCHING AND MONITOR •.......••.•... Sw Disabled, Mon Disabled 
/1 OSCILLATOR .......•.••••............•...... XT w/PLL ax 
// WATCHDOG TIMER •..............•............ Disabled 
1/ MASTER CLEAR ENABLE .......•.........••.... Enabled 
// POll. TIMER VALUE ........••...........•..... 611ms 
1/ GENERAL CODE SEGMENT CODE PROTECT •••...... Disabled 
//------------------------------------------------------------------
_FOSC(CSW_FSCM_OFF « XT_PLL8); 

FWDT (WDT OFF); 
=FBORPOR(MCLR_EN & PWRT_64); 

FGS(CODE PROT OFF); 
7/-------=----=-----------------------------------------------------
// FUNCTION DEFINITIONS 
//------------------------------------------------------------------
void InitPorts(void); // Initialises the LED ports 

//------------------------------------------------------------------
// MAIN FUNCTION 
//------------------------------------------------------------------
int main (void) 
( 

InitPorts () ; /1 Setup ports for LEDs 

198 



Univ
ers

ity
of

Cap
e Tow

n

while (1) 
( 

LEDI 
LED2 
LED3 
LED4 

RECORD_LED 
SEND_LED 
ERASE_LED 

/I 

1; 
1; 
1; 
1; 

1; 
1, 
1; 

Turn all LEOs on indefinitely 

// End of while loop 
// End of main function 

// PUBLIC FUNCTION, InitPorts 

// FUNCTION CALL: InitPorts(), 
// ARGUMENTS: None 
II RETURNS: Nothing 
//------------------------------------------------------------------
1/ DESCRIPTION: Initialises the LED ports as OUTPUTs and sets Ports LOW 
//------------------------------------------------------------------
void InitPorts(void) 
( 

TRISC OxOOOO, // Port C I/O direction 
TRISG OxOOOD; // Port G I/O direction 

PORTC OxDODD; // Port C pins levels set to 
PORTG OxOeeD; II Port C pins levels set to 
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UARTI Testing - TestUARTl.c 

II 

II 
II 

/1 
// 
/1 
II 

BY: 
DATE: 

PROCESSOR: 
BOARD: 
IDE: 
COMPILER: 

DESCRIPTION: 

UARTl MODULE TESTING 

ROBYN VERRINDER 
01 MAY 2006 

dsPIC30F6014A 
VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7.30 
C30 C COMPILER 

This program tests the Universal Asynchronous II 
// 
II 
// 
// 
1/ 
1/ 
II 
// 
II 
// 
1/ 
// 
II 
// 

Receiver Transmitter (UART) module on the dsPIC30F6014A 
microcontroller chip. 

This module is the primary serial communication link, 
on the Vibration Data Logging Prototype Board, to 
the PC. HyperTerminal is used to view the data. Jumpers on 
JPe must be connected. 

The output of the microcontroller is connected to 
an RS-232 converter (U10) the pin descriptions are 
given below. [49J. 

Register descriptions are as in dsPIC30F Family 
Reference Manual Section 19: UART[631. 

#include "p30f6014a.h" // (Sinha, P., 2005) [64]. 
#include "dsPIC30F6014APins.h" 
#include "common.h" 
//------------------------------------------------------------------
II dsPIC30F6014A CONFIGURATION SETTINGS 
//------------------------------------------------------------------II CLOCK SWITCHING AND MONITOR ••...........•. Sw Disabled, Mon Disabled 
II OSCILLATOR ....•.•.•........•.............. XT w/PLL ax 
// WATCHDOG TIMER ...•...•.•..•...•..•........ Disabled 
1/ MASTER CLEAR ENABLE ..................•..•. Enabled 
// POR TIMER VALUE .....•...•.....•..•........ 64ms 
II GENERAL CODE SEGMENT CODE PROTECT .......•. Disabled 
//------------------------------------------------------------------

FOSC(CSW FSCM OFF & XT_PLL8); 
- !'WDT (WDT -OFF) ;-
-FBORPOR(MCLR EN & PWRT 64); 
-FGS(CODE PROT OFF); 
7/-------~----~-----------------------------------------------------
/1 FUNCTION DEFINITIONS 
//------------------------------------------------------------------
void InitUART1(void); II Initialises the UARTl Module 

void __ attribute __ « __ interrupt __ » _U1TXlnterrupt(void);11 UARTl transmit ISR 

/1------------------------------------------------------------------
// GLOBAL VARIABLES 
//------------------------------------------------------------------
unsigned char data; // Value to be transmitted 

//------------------------------------------------------------------
/1 MAIN FUNCTION 
//------------------------------------------------------------------
int main (void) 
( 

data fA' ; 

InitUARTl () ; 

IFSObits.U1TXIF O. 
IECObits.U1TXIE = 1; 

// 

1/ 

1/ 
/I 
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Set the value to be transmitted 

Initialises the UART1 module 

Clears TX flag 
Enables UARTl interrupts 
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while (1) 
( 

UITXREG = data; 

UISTAbits.UTXEN = 1; 

while (!U1STAbits.TRMT) 
( 

/* NULL STATEMENT wi; 

// 

// 

// 

Write a single word to UART 

Start transmission 

Wait until the TSR is empty 

// End of main 

II PUBLIC FUNCTION: InitUART1 

// FUNCTION CALL: InitUART1(); 
// ARGUMENTS: None 
// RETURNS: Nothing 
//------------------------------------------------------------------
// DESCRIPTION: Initialises the UARTI module on the dsPIC30F6014A. 
// The value of all the registers are laid out below 

//------------------------------------------------------------------
1/ BAUD RATE: 9600 bps 
// DATA SIZE: 8 Bits 
// PARITY: No parity 
// STOP BIT: 1 stop bit 
// FLOW CONTROL: None 
///------------------------------------------------------------------
// U1MODE: UARTl MODE REGISTER UIMODE - Ox8000 
//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 ....... UARTEN ... UART ENABLE BIT ......... 1 UART is ENABLED 
// 14 .................. UNIMPLEMENTED ........... 0 X 
// 13 ....... USIDL .... STOP IN IDLE MODE ....... 0 Operates in IDLE mode 
// 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 .................. RESERVED ................ 0 X 
1/ 10 ....... ALTIO . '" ALTERNATE I/O SELECTION .. 0 UART communicates using UITX 
// and UIRX I/O pins 
// 9 ................... RESERVED ................ 0 X 
1/ 8 ................... RESERVED ................ 0 X 
// 7 ........ WAKE ..... WAKE-UP ON START BIT .... 0 Wake-up disabled 
1/ 6 ........ LPBACK ... LOOPBACK MODE SELECT .... 0 Loopback mode disabled 
// 5 ........ ABAUD .... AUTO BAUD ENABLE ........ 0 Input to capture module from 
1/ ICx pin 
// 4 ................... UNIMPLEMENTED ........... 0 X 
// 3 ................... UNIMPLEMENTED ........... 0 X 
1/ 2 ........ PDSEL<1> . PARITY AND DATA SELECTION 0 8-bit data 
// 1 ........ PDSEL<O> 0 No parity 
// 0 ........ STSEL .... STOP SELECTION .......... 0 1 Stop bit 

//------------------------------------------------------------------
// UISTA: UART1 STATUS AND CONTROL REGISTER UISTA - Ox8400 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 ....... UTXISEL .. TRANSMISSION INTERRUPT .. 1 Interrupt when transmit 
// buffer is EMPTY 
// 14 .................. UN IMPLEMENTED ........... 0 X 
// 13 .................. UNIMPLEMENTED ........... 0 X 
// 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 UTXBRK ... TRANSMIT BREAK .......... 0 UITX pin operates normally 
/ / 10 UTXEN .... TRANSMIT ENABLE ......... 1 UART transmitter ENABLED 
// 9 ........ UTXBF .... TRANSMIT BUFFER FULL .... 0 (READ ONLY) 
1/ B •••••••• TRMT ..... TRANSMIT SHIFT REG EMPTY 0 (READ ONLY) 
// 7 ........ URXISEL<l> RECEIVE INTERRUPT MODE .. 0 Interrupt flag set when 
// character is received 
1/ 6 ........ URXISEL<O> 0 
// 5 ........ ADDEN .... ADDRESS CHARCTER DETECT. 0 Address detect mode disabled 
1/ 4 ........ RIDLE .... RECEIVER IDLE ........... 0 (READ ONLY) 
// 3 ........ PERR PARITY ERROR STATUS ..... 0 (READ ONLY) 
// 2 ........ FERR ..... FRAMING ERROR STAUS ..... 0 (READ ONLY) 
1/ 1 ........ OERR ..... RX BUFFER OVERRUN ERROR . 0 (READ ONLY) 
// 0 ........ URXDA .... RX BUFFER DATA AVAILABLE. 0 (READ ONLY) 
//-------------------------------------------------------------------
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void 
( 

InitUART1(void) 

U1MODE 
UISTA 
U1BRG 

Ox8000; 
Ox8400; 

((FCY/16)/BAUD)-1; 

INTCONlbits.NSTDIS = 1; 

II Sets the baud rate to 9600 baud 

II Disable nested interrupts 

II INTERRUPT SERVICE ROUTINE (ISR): UITXlnterrupt 
1/==========_=3===== ____ == ______ == ___ ===== ___ ===== ___ • --=--=-======= 

II DESCRIPTION: Clears the transmit interrupt has occurred flag 

11------------------------------------------------------------------
void 
( 

__ attribute __ (( __ interrupt __ » _U1TXlnterrupt(void) 

IFSObits.UITXIF - 0; II Clear transmit interrupt has occurred flag 
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ADC Testing - TestADCPotentiomete1'.c 

// 12 BIT ADC TESTING - DC Voltage Input 

BY: ROBYN VERRINDER /1 
// 
/1 
// 
1/ 

Parts of this program were adapted from the 
Example Code for UART module on the dsPICDEM Low 
Cost Starter Board, ADC12 UART.c (D'Souza, S., 2003) [68J. 
06 MAY 2006 -DATE: 

//============================_=======================a ___ ==Z==_B=== 
PROCESSOR: dsPIC30F6014A /1 

/I 
/1 
II 

BOARD: 
IDE: 

VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7. 30 

COMPILER: C30 C COMPILER 
1/================================================================== 
/I 
/I 
// 
1/ 
1/ 
// 
1/ 
// 
// 
1/ 
II 
// 
// 
// 
// 
// 
// 
1/ 
/1 

DESCRIPTION: This program tests the functioning of the 12-bit Analogue 
to Digital Converter (ADC) Module of the dsPIC30F6014A. 
on the Vibration Data Logging Prototype Board. 

A DC voltage (O-3.3V) is produced by a potentiometer 
connected acr.oss the AVDD supply. 

The data is outputted via the UARTl module to a PC. 
HyperTerminal is used to view the data. 

This code was mainly adapted from the example code for the UART module 
on the dsPICDEM Low Cost Starter Board [68J. 
The InitUART, DelayNmSec and ISR for the UART module 
were written by Microchip. The InitADC12 and 
SendtoUART routines were adapted from their code, while the 
asciiVoltsConv and asciiConv routines were written by Robyn Verrinder. 

Register descriptions are as in dsPIC30F Family Reference Manual 
Section 18: 12 bit A/D Convertor and Section 19: UART (63J 

/I XTAL FREQ (Fxtal): 10MHz 
/1 MIPS: 20MIPS (XT PLLx8 Mode) 
// TCY: 50ns 
// Tconv: 22.4us (14Tad) 
// Tad: 1.6us (calculated value using ADCS<5:0> bits) 
/ I ADC Resolution (bits): 12-bi ts 
1/ ADC Resolution (mV): 0.806 mV (for a 3. 3V supply) 

llinclude 
Unclude 

"p30f6014a.h" 
"dsPIC30F6014APins.h" 

!!include "common.h" 

1/ (Sinha, P., 2005) (64 J • 

//------------------------------------------------------------------
// dsPIC30F6014A CONFIGURATION SETTINGS 
//------------------------------------------------------------------
/1 CLOCK SWITCHING AND MONITOR ............... Sw Disabled, Mon Disabled 
/ / OSCILLATOR ................................ XT w/PLL ex 
/1 WATCHDOG TIMER ............................ Disabled 
// MASTER CLEAR ENABLE .........•.•........... Enabled 
/1 POR TIMER VALUE ........................•.. 64ms 
1/ GENERAL CODE SEGMENT CODE PROTECT ••....... Disabled 
1/------------------------------------------------------------------

FOSC(CSW FSCM OFF & XT_PLL8); 
FWDT(WDT-OFF); 

-FBORPOR(MCLR_EN & PWRT_64); 
FGS(CODE PROT OFF); 

7/-------=----=-----------------------------------------------------
1/ FUNCTION DEFINITIONS 
/1------------------------------------------------------------------
void Ini tADC12 (void) ; 
void InitUARTl (void) ; 

void SendtoUART () ; 
void DelayNmSec(unsigned int N); 

void asciiDecConv(const unsigned int value); 
char asciiConv(unsigned int value); 
void __ attribute __ (( __ interrupt __ » _UITXInterrupt(void); 
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/1---------------------------------------------------- --------------
1/ ASCII BUFFERS FOR SERIAL DATA 
//------------------------------------------------------------------
1/ BYTE NAME VALUE 
//------------------------------------------------------------------
II 7 ........ DATA<O> ........ Ox30 ........ Units 
// 6 ........ • • ............ Ox2E ........ Decimal Point 
/1 5 ........ DATA<2> ........ Ox31 ........ Tenths 
1/ 4 ........ DATA<3> ........ Ox32 ........ Hundredths 
// 3 ........ DATA<4> ........ Ox33 ........ Thousands 
// 2 ........ 'V' ............ Ox56 ........ V (Volts) 
// 1 ........ LF ............. OxOA ........ New Line 
/1 0 ........ CR ............. OxOD ........ Character Return 
1/------------------------------------------------------------------
unsigned char Out Data [TX_BUFFERSIZEJ = (Ox30,Ox2E,Ox31,Ox32,Ox56,OxOA,OxOD); 

//------------------------------------------------------------------
// GLOBAL VARIABLES 
//------------------------------------------------------------------
unsigned char txCount; 

int ADCValue; 

unsigned char units; 
unsigned char tenths; 
unsigned char hundredths; 

//------------------------------------------------------------------
// MAIN FUNCTION 
//------------------------------------------------------------------
int main (voidl 
( 

InitUART1{) ; 
InitADC12 () I 

while (1) 
( 

ADCONlbits.SAMP = 1; 
DelayNmSec(20) ; 
ADCONlbits.SAMP = 0; 

while(!IFSObits.ADIF) 
( 

1* NULL STATEMENT */; 

1/ Do forever 

1/ Start sampling 
// for 20ms 
// Stop sampling 

1/ Wait for conversion to finish 

ADCValue • ADCBUFO; // 
// 
// 
// 

Load 16-bit ADCValue with the 
result of the conversion 

SendtoUART(); 

/1 PUBLIC FUNCTION: InitUARTl 

/1 FUNCTION CALL: InitUART1(); 
/1 ARGUMENTS; None 
/1 RETURNS: Nothing 

Send the data via UARTl to PC 
running HyperTerminal 

(D'Souza, S., 2003) [68J. 

/1------------------------------------------------------------------
// DESCRIPTION: Initialises the UARTl module on the dsPIC30FG014A. 
/1 The value of all the registers are laid out below 

//------------------------------------------------------------------
/ / BAUD RATE: 57600 bps 
/1 DATA SIZE: 8 Bits 
// PARITY: No parity 
II STOP BIT: 1 stop bit 
/1 FLOW CONTROL: None 
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//------------------------------------------------------------------
II UIMODE: UARTI MODE REGISTER UlMODE = OxBOOO 
//------------------------------------------------------------------
1/ BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 ....... UARTEN ... UART ENABLE BIT ......... 1 UART is ENABLED 
/ I 14 .................. UNIMPLEMENTED ........... 0 X 
// 13 ....... USIDL .... STOP IN IDLE MODE ....... 0 Operates in IDLE mode 
/ I 12 .................. UNIMPLEMENTED ........... 0 X 
/ / 11 .................. RESERVED ................ 0 X 
1/ 10 ....... ALTIO .... ALTERNATE I/O SELECTION .. 0 UART communicates using U1TX 
// and UIRX I/O pins 
// 9 ••..•..•••...••..•• RESERVED ................ 0 X 
/ / B ................... RESERVED ................ 0 X 
1/ 7 ••••.••• WAKE ..... WAKE-UP ON START BIT .... 0 Wake-up disabled 
// 6 ........ LPBACK ... LOOPBACK MODE SELECT .... 0 Loopback mode disabled 
1/ 5 ........ ABAUD .... AUTO BAUD ENABLE ........ 0 Input to capture module from 
1/ ICx pin 
/ / 4 •.••.••....•...•.•• UNIMPLEMENTED ........... 0 X 
1/ 3 .•.•••..•.•••.••.•• UNIMPLEMENTED ........... 0 X 
// 2 ........ PDSEL<l> . PARITY AND DATA SELECTION 0 B-bit data 
// 1 ........ PDSEL<O> 0 No parity 
// 0 ........ STSEL .... STOP SELECTION .......... 0 1 Stop bit 

//------------------------------------------------------------------
// U1STA: UARTI STATUS AND CONTROL REGISTER UISTA = OxOOOO 

//------------------------------------------------------------------
/ / BIT NAME FUNCTION VALUE DESCRIPTION 
//------------------------------------------------------------------
// 15 ....... UTXISEL .. TRANSMISSION INTERRUPT .. 0 Interrupt when a character is 
// transferred to shift register 
// 14 .................. UNIMPLEMENTED ........... 0 X 
II 13 .................. UNIMPLEMENTED ........... 0 X 
/ / 12 .................. UNIMPLEMENTED ........... 0 X 
1/ 11 UTXBRK ... TRANSMIT BREAK .......... 0 UITX pin operates normally 
// 10 UTXEN .... TRANSMIT ENABLE ......... 0 UART transmitter NOT ENABLED 
II 9 •.••.••• UTXBF .... TRANSMIT BUFFER FULL .... 0 (READ ONLY) 
/ / s ........ TRNT ..... TRANSMIT SHIFT REG EMPTY 0 (READ ONLY) 
II 7 ........ URXISEL<1> RECEIVE INTERRUPT MODE .. 0 Interrupt flag set when 
// character is received 
// 6 ........ URXISEL<O> 0 
II 5 ........ ADDEN .... ADDRESS CHARCTER DETECT. 0 Address detect mode disabled 
// 4 ........ RIDLE .... RECEIVER IDLE ........... 0 (READ ONLY) 
1/ 3 •....•.• PERR PARITY ERROR STATUS ..... 0 (READ ONLY) 
/ / 2 ........ FERR ..... FRAMING ERROR STAUS ..... 0 (READ ONLY) 
/ / 1 ........ OERR ..... RX BUFFER OVERRUN ERROR . 0 (READ ONLY) 
/ I 0 •••••••• URXDA .... RX BUFFER DATA AVAILABLE. 0 (READ ONLY) 

//-------------------------------------------------------------------
void InituART1 (void) 
{ 

// 

UlMODE 
UISTA 

UlBRG 

OxSOOO; 
OxOOOO; 

( (FCY/16)/BAUD)-l; 

INTCON1bits.NSTDIS = 1; 

PUBLIC FUNCTION: InitADC12 

// FUNCTION CALL: InitADC12(); 
II ARGUMENTS: None 
// RETURNS: Nothing 

// 

/1 

Sets the baud rate 

Disable nested interrupts 

//------------------------------------------------------------------
/1 DESCRIPTION: Initialises the 12 bit Analogue to Digital Converter 
// All the registers are set as laid out below 

//------------------------------------------------------------------
/ / ADCONl: AID CONTROL REGISTER 1 ADCONl = OxOOOO 

//------------------------------------------------------------------
II BIT NAME FUNCTION VALUE DESCRIPTION 
//------------------------------------------------------------------
// 15 ...... ADON ...... A/D OPERATING MODE ....... 0 ADC is OFF 
II 14 .................. UN IMPLEMENTED ............ 0 X 
// 13 ...... ADSIDL .... STOP IN IDLE MODE ........ 0 Operates in IDLE mode 
// 12 .................. UNIMPLEMENTED ............ 0 X 
/ I 11 .................. UNIMPLEMENTED ............ 0 X 
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II 10 •.......•.....••.. UNIMPLEMENTED •.••..•••••• 0 X 
/ / 9 •..•.••• FORM<1> DATA OUTPUT FORMAT 0 Unsigned Integer 
lIB . ....... FORM<O> 0 (OOUT = 0000 dddd dddd dddd) 
/ / ? •.••••.• SSRC<2> CONVERSION TRIGGER SOURCE 0 Clearing SAMP bit ends 
II 6 ..•••••• SSRC<l> 0 sampling and starts 
// 5 ••••.••. SSRC<O> 0 conversion 
II 4 •••..••...••...•••• UNIMPLEMENTED .••.••.•••• 0 X 
II 3 ••...•.••.•••...••• UNIMPLEMENTED •••••••.•••• 0 X 
/ / 2 ••••.••. ASAM 1'./0 SAMPLE AUTO START ••• 0 Sampling begins when SAMP bit 
II is set 
// 1 .••••.•• SAMP A/D SAMPLE ENABLE ••••.•• 0 SAMP bit is auto set by ASAM 
II setting 
// 0 .••••••• OONE AID CONVERSION STATUS '" 0 Automatically cleared and set 
II by MCU 

//------------------------------------------------------------------
1/ ADCON2: AID CONTROL REGISTER 2 ADCON2 '" OxOOOO 

11------------------------------------------------------------------
/ / BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 VCFG<2> ••• VOLTAGE REF CONFIG •••.•• 0 AID VREFH = AVDD 
1/ 14 ..•.•. VCFG<1> 0 1'./0 VREFL = AVSS 
// 13 .••••• VCFG<O> 0 
/ / 12 •...••...••...••.• RESERVED ••••••••.•••.••• 0 
// 11 ••..•.•..••...••.• UNIMPLEMENTED .•••.••.••• 0 
// 10 •••••.• CSCNA •••. SCAN INPUTS •••••...••••• 0 
// 9 ••.•••••••..••••••• UNIMPLEMENTED •.••.•••••• 0 
/1 8 •••••••••••••••.••• UNIMPLEMENTED ••••••.•••• 0 
// ? •••••••• BUFS •.••• BUFFER FILL STATUS ••••.• 0 
/1 
/1 
// 
// 
// 
II 
II 
II 
II 

6 ................. .. 
5 
4 
3 

SMPI<3> 
SMPI<2> 
SMPI<1> 

UNIMPLEMENTED •••••••.••• 0 
SAMP-CONV SEQ/INTERRUPT • 0 

o 
o 

/ / 2 ..•••..• SMPI<O> 0 

X 
Do not scan inputs 
X 
X 
Auto set (1 = 1'./0 is filling 
OxS-OxF find data 
in OxO-Ox?; 0 = AID is 
filling OxO-Ox? find 
data in OxB-OxF) 

X 
Interrupts at the completion 
of the conversion sequence 
for each samplelconvert 
sequence 

// 1 ..•••.•. BUFM BUFFER MODE SELECT •..•.. 0 Buffer configured as one 16-
/1 word buffer 
/ / 0 ••...••• ALTS ALTERNATE INPUT SAMPLE •• 0 Always use MUX A input 
II multiplexer settings 

1/------------------------------------------------------------------
/ / ADCON3: AID CONTROL REGISTER 3 ADCON3 = Ox0002 

//------------------------------------------------------------------
/ I BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
/ / 15 ••.••••••••.••••.• UNIMPLEMENTED .••.••.•••• 0 X 
/1 14 ." ••••••••.•••••. UNIMPLEMENTED •••..••••.• 0 X 
/ / 13 ••••..••...•••••.. UNIMPLEMENTED ••.•..••••• 0 X 
II 12 •..••.• SAMC<4> AUTO SAMPLE TIME. , •••••• 0 SAMC = OTad 
/ / 11 .••••..• SAMC<3> 0 
II 10 ........ SAMC<2> 0 
/ / 9 •. , ••..•. SAMC<1> 0 
/ I 8 .••..•• ,. SAMC<O> 0 
/ / ? ••....•. ADRC .••.. 1'./0 CONVERSION CLK SOURCE 0 
/ / 6 ••...••••.•••.•••.. UNIMPLEMENTED ••••..•• ,.. 0 
II 5 •••••..• ADCS<5> 1'./0 CONVERSION CLOCK •••• 0 
// 4 ••••••.• ADCS<4> 0 
// 3 •.•••••. ADCS<3> 0 
/ / 2 •••••.•• ADCS<2> 0 
/ / 1 •••••••. ADCS<l> 1 
// 0 •••••••• ADCS<O> 0 

Clock derived from system clk 
X 
TCY/2(ADCS<5:0> + 1) = 1.5TCY 

//------------------------------------------------------------------
II ADCHS: 1'./0 INPUT SELECT REGISTER ADCHS .. OxOOOB 

//------------------------------------------------------------------
II BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
/1 15 .••...••....••..•• UNIMPLEMENTED •••••••••.. 0 X 
1/ 14 .•.......•••.•..•• UNIMPLEMENTED .•••••..•.. 0 X 
// 13 ......•.•.••••...• UNIMPLEMENTED •••.•••.••• 0 X 
/1 12 CHONB ••.. CHO- INPUT SELECT MUXB 0 NOT USED 
// 11 CHONB<3> CHO+ INPUT SELECT MUXB •• 0 NOT USED 
1/ 10 CHONB<2> 0 
/1 9 •....••. CHONB<l> 0 
1/ B •....•.• CHONB<O> 0 
// ? •.•..••••...••••••• UNIMPLEMENTED •..•••..••• 0 .•••.. X 
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6 .................. . X 
5 X 

II 
II 
// 
// 
// 

4 
3 

CHONA •••• 
CHONA<3> 

UNIMPLEMENTED ., .•••..••• 0 
UNIMPLEMENTED •.•••••.••• 0 
CHO- INPUT SELECT MOXA 0 
CHO+ INPUT SELECT MUXA •• 1 

NOT USED 
Channel 0 
AN 11 

positive input is 

// 2 ..•.•.•• CHONA<2> 0 
/ / 1 .•••.... CHONA<1> 1 
/ / 0 ••..•..• CHONA<O> 1 

//------------------------------------------------------------------
/ / ADPCFC: A/D PORT CONFIGURATION REGISTER ADPCFC 

//------------------------------------------------------------------
/ / BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
/ / 15 PCFC<15> . ANALOG INPUT PIN CONFIG • 1 X 
/ / 14 PCFG< 14 > 1 X 
/ / 13 PCFG<l3> 1 X 
/ / 12 PCFG<l2> 1 X 
/ / 11 PCFG< 11 > 0 MIC_ADC 
/ / 10 PCFG<10> 1 X 
/ / 9 PCFG<9> 1 X 
/ / 8 ••.••..• PCFG<B> 1 X 
/ / 7 ..••.••. PCFG<7> 1 X 
/ / 6 ....•••• PCFG<6> 1 X 
/ / 5 .....••. PCFG<5> 1 X 
/ / 4 ...••... PCFG<4> 1 X 
// 3 ........ PCFG<3> 1 X 
/ / 2 .•••.••. PCFG<2> 1 X 
/ / 1 .•••..•• PCFG<l> 1 PGC 
/ / 0 •••••••. PCFG<O> 1 PGD 

//------------------------------------------------------------------
/ / ADCSSL: A/D INPUT SCAN SELECT REGISTER ADCSSL 

//------------------------------------------------------------------
/ / BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
/ / 15 CSSL<15> • A/D INPUT PIN SCAN SELECT 0 X 
/ / 14 CSSL<14> 0 X 
/ / 13 CSSL<13> 0 X 
/ / 12 CSSL<l2> 0 X 
/ / 11 CSSL<l1> 0 MIC_ADC 
// 10 CSSL<lO> 0 X 
/ / 9 CSSL<9> 0 X 
/ / 8 •.•••••. CSSL<8> 0 X 
/ / 7 ..•••.•• CSSL<7> 0 X 
// 6 •.••.••• CSSL<6> 0 X 
// 5 .•••.••. CSSL<5> 0 X 
/ / 4 •....... CSSL<4> 0 X 
// 3 .•...•.. CSSL<3> 0 X 
/ / 2 ••...•.• CSSL<2> 0 X 
/ / 1 ••.....• CSSL<1> 0 PGC 
/ / 0 .•••...• CSSL<O> 0 PGD 

/1---------------------------------------------------- --------------
void 
( 

InitADC12 (vOid) 

ADCONl OxOOOO; 
ADCON2 c OxOOOO; 
ADCON3 Ox0002; 

ADCHS = OxOOOB; 
ADPCFG OxF?FF; 
ADCSSL = OxOOOO; 

ADCONlbits.ADON = 1; II Turn ADC ON 

OxF7FF 

OxOOOO 

// PUBLIC FUNCTION: SendtoUART (Adapted from D'Souza, S., 2003) [68J. 
//=====================_========= __ =======_== ___ =========3========== 
/1 FUNCTION CALL: SendtoUART(adc_value); 
II ARGUMENTS: None 
/1 RETURNS: Nothing 

/1---------------------------------------------------- --------------
II DESCRIPTION: This routine transmits the data acquired from the ADC 
II via UARTl to the PC running HyperTerminal 

1/------------------------------------------------------------------
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void SendtoUART () 
{ 

II 

while (lU1STAbits.TRMT) 
( 

1* NULL STATEMENT *1; 

U1STAbits.UTXEN - 0; 

ADCValue c ADCValue/OxOOOC, 

asciiDecConv(ADCValue); 
Out Data [0] - units; 
Out Data (2] tenths, 
Out Data [3] = hundredths; 

txCount = 0; 
IFSObits.UITXIF = 0; 
IECObits.UITXIE - 1; 

U1STA .. OxOOOO, 
UlSTAbits.UTXEN - 1; 

PUBLIC FUNCTION: asciiVoltsConv 

II 

II 

II 

II 
II 
II 

/1 
II 

Wait until the TSR is empty 

Disable transmission 

Multiply by 100 

Sets counter to 0 
Clear TX flag 
Enable interrupt 

Clear all status bits 
Start transmission 

II FUNCTION CALL: asciiVoltsConv(const unsigned int value), 
II ARGUMENTS: Integer value 
II RETURNS: Nothing 
1/------------------------------------------------------------------
1/ DESCRIPTION: This function converts a 12-bit binary word to a 
/1 BCD ascii decimal value 
II 
II Resolution of this function is ImV 
//------------------------------------------------------------------
void 
( 

asciiVoltsConv(const unsigned int value) 

int unitsInt 
int tenthslnt 
int hundredthsInt 
int thousandthsInt 

int n 

if (n >= Ox04D9) 
( 

0; 
0, 

=: 0; 
== 0; 

.. value; 

unitsInt - n/Ox04D9; 

) 
if 
( 

units 
n 

.. asciiConv(unitslnt); 
n%Ox04D9; /1 

(n >= Ox007C) 

tenthsInt n/Ox007C; 

// Initialise local variables 

II If there are IVs 

/1 convert to an ascii char 
the remainder is ready for more conversion 

II If there are lOOmVs 

tenths - asciiConv(tenthsInt); II convert to an ascii char 
n = n%Ox007C; II the remainder is ready for more conversion 

) 

if (n >= OxOOOC) II If there are 10mVs 
( 

hundredthsInt = n/OxOOOC; 
hundredths = asciiConv(hundredthslnt); II convert to an ascii char 
n s n%OxOOOC; 1/ the remainder is ready for more conversion 

) 
if (value >oo OxOOOl) 
( 

// If there are ImVs 

thousandthslnt .. n/OxOOOl; 
thousandths asciiConv (thousandsInt) ; // convert to an ascii char 
n = n%Ox0001; II the remainder is ready for more conversion 
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//====~-============~============-===~==========--====~==~--===-===-
// PUBLIC FUNCTION: asciiConv 
//=====-=======~====-=========-========--==========~-========-=-==== 
// FUNCTION CALL: asciiConv(const unsigned int value); 
// ARGUMENTS: Integer Value 
/ I RETURNS: Nothing 

//------------------------------------------------------------------
1/ DESCRIPTION: This function converts a l6-bit value to an 8-bit 
// ascii character 

//------------------------------------------------------------------
char 
( 

// 

asciiConv(const unsigned int value) 

char no; 

no (char) (value I< OxOF); 

if (no > 9) 
( 

no = no + Ox37; 

else 
( 

no no + Ox30; 

return no; 

PUBLIC FUNCTION: DelayNmSec 

1/ Only select bits 0-3 

// If number is > 9 

// Number will be (A = Ox41, B 5 Ox42, C 
/1 = Ox43 etc) 

/1 Number will be 0 - 9 

(D'Souza, S., 2003) [68]. 

// FUNCTION CALL: DelayNmSec(unsigned int N)I 
// ARGUMENTS: Number of millisecond N 
1/ RETURNS: Nothing 
//------------------------------------------------------------------
// DESCRIPTION: This function creates a 1ms to 65.5ms delay. For 
/1 a Ims delay N~l for a 30ms delay N-30 etc 

//------------------------------------------------------------------
void DelayNmSec(unsigned int N) 
( 

unsigned int j: 

while (N--) 
( 

for(j=O;j < MILLISEC;j++) 
{ 

// Counter j 

1/ Do while until N = 0 

1/ This creates almS delay 

/* NULL STATEMENT *1; 

1/ INTERRUPT SERVICE ROUTINE (ISR): UITXlnterrupt (D'Souza, S., 2003) [68]. 
//=========---=-====--========--=======-=========--=====$---======--
// DESCRIPTION: This ISR clears the interrupt has occured flag and 
II then transmits a word of data 

//------------------------------------------------------------------
void __ attribute __ « __ interrupt __ » _UlTXInterrupt(void) 
{ 

IFSObits.UITXIF - 0, 

UlTXREG = (int)OutData[txCount++l; 

if(txCount == TX BUFFERSIZE) 
( -

IECObits.UITXIE = 0, 

// 
// 

II 

// 
II 

Clear transmit interrupt has 
occured flag 

Write a single word to UART 

Disable transmit interrupts since 
all buffer values are transmitted 

//========--=======-======-===============~===========-=======-===== 
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ADC Testing- TestACCc 

II ACCELEROMETER TESTING 

BY: ROBYN VERRINDER II 
II 
/1 
II 
/1 
II 
II 

Parts of this program were adapted from the 
Example Code for the dsPICDEM Low Cost Starter Board 
ADC12 UART.c (D'Souza, S., 2003) [68J and 
the example code CE001_ADC_DSP_lib_FILTER ADC.c 
(Vasuki, H., 200S) [69]. 

DATE: 06 MAY 2006 

PROCESSOR: dsPIC30F6014A II 
II 
II 
II 

BOARD: 
IDE: 

VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7.30 

COMPILER: C30 C COMPILER 
1/======_=== ___ =_=_==_==== __ === _____ === ___ =._.== ___ == _ ___ a== _______ _ 

II DESCRIPTION: This program tests the functioning of both the 
II 12-bit Analog to Digital Convertor (ADC) Module of 
/1 the dsPIC30F6014A and the ADXL202E Accelerometer. 
II 
/1 
II 
1/ 1/ 
II 
II 

The data is outputed via the UART1 module to a PC. 
Hyperterminal is used to view the data. 

Register descriptions are as in dsPIC30F Family Reference Manual 
Section 12: Timers, Section 18: 12 bit A/D Convertor and Section 19: 
UART [63]. 

II XTAL FREQ (Fxtal): 10MHz 
// MIPS: 20MIPS (XT PLLxB Mode) 
// TCY: SOns 
II Tconv: 20us (this value is greater than the 10us minimum) 
// Tad: 1.4Sus (calculated value using ADCS<S:O> bits) 
1/=========--====================================-====--------------
// Fs 32kHz 
II SAMC<4:0> 10101 (8) 
II ADCS<S:O> 111001 (57) 
11------------------------------------------------------------------
#include "p30f6014a.h" 1/ (Sinha, P., 2005) [64J. 
#include <math. h> 1/ Standard C Math header file 
#include "dsPIC30F6014APins.h" 
#include "common. hOI 

/1------------------------------------------------------------------
II dsPIC30F6014A CONFIGURATION SETTINGS 
11------------------------------------------------------------------
II CLOCK SWITCHING AND MONITOR ............... Sw Disabled, Mon Disabled 
/ I OSCILLATOR ................................ XT w/PLL 8x 
/1 WATCHDOG TIMER ............................ Disabled 
II MASTER CLEAR ENABLE ....................... Enabled 
/ I POR TIMER VALUE ........................... 64ms 
II GENERAL CODE SEGMENT CODE PROTECT ......... Disabled 
11------------------------------------------------------------------

FOSC(CSW FSCM OFF & XT_PLL8); 
- FWDT (WDT -OFF) -; 
-FBORPOR(MCLR EN & PWRT 64); 
-FGS(CODE PROT OFF); 

7/-------=----=-----------------------------------------------------
1/ FUNCTION DEFINITIONS 
1/------------------------------------------------------------------
void InitADC12 (void) ; 
void InitUART1 (void) ; 

unsigned long RMSCalculation(unsigned int *dataPtr, int N); 

void SendDatatoUART1(unsigned long data); 

void asciiDecConv(const unsigned int value); 
char asciiConv(unsigned int value); 

void __ attribute __ « __ interrupt __ » _U1TXlnterrupt(void); 
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//------------------------------------------------------------------
// ASCII BUFFERS FOR SERIAL DATA 

//------------------------------------------------------------------
// BYTE NAME VALUE 

//------------------------------------------------------------------
// 8 '" .•.•. DATA<3> ..•..... Ox30 ........ Units 
II 7 ••..•••. '.' •••••••••••• Ox2E ........ Decimal Point 
// 6 ..•..... DATA<2> ........ Ox31 •....••. Tenths 
// 5 ........ DATA<l> ........ Ox32 ........ Hundredths 
1/ 4 ........ DATA<O> •....... Ox33 .....•.. Thousands 
// 3 ........ SPACE .......... Ox20 
// 2 ........ 'V' ............ Ox43 
// 1 ........ LF ........••... OxOA 
/1 0 •••••••• CR ......•...... OxOD 

//------------------------------------------------------------------
unsigned char OutData[TX_BUFFERSIZEJ = {Ox30,Ox2E,Ox31,Ox32,Ox33,Ox20,Ox56,OxOA,OxOD}; 

//------------------------------------------------------------------
// GLOBAL VARIABLES 
//------------------------------------------------------------------
unsigned int *ADCbufferPtr; 1/ Pointer to ADCbuff 
unsigned int *ADCvaluePtr; // Pointer to ADC Value Buffer 
unsigned int *ADCvalueXPtr; 1/ Pointer to ADC XValue Buffer 
unsigned int *ADCvalueYPtr; // Pointer to ADC YValue Buffer 

unsigned char txCount; 

int RMS_valueX; 
int RMS valueYI 
unsigned char ADC:::bcd = 0; 

unsigned char units I 
unsigned char tenths; 
unsigned char hundredths; 
unsigned char thousandths; 

unsigned char ADCVa!ue[16J; 
unsigned char ADCXValue [a]; 
unsigned char ADCYValue[8J; 

//------------------------------------------------------------------
/1 MAIN FUNCTION 
//------------------------------------------------------------------
int 
{ 

main (void) 

InitUARTl () ; 
Ini tADC12 () ; 

int i = 0; 

ADCONlbits .ADON 

while (1) 
{ 

1; 

// 

// 

/1 

RMSValueX = 0 
RMSValueY = 0 

// 
II 

ADCbufferPtr &ADCBUFO; // 
ADCvalueptr = &ADCValue[O]; // 
ADCvalueXPtr = &ADCValueX[O]; 1/ 
ADCvalueXptr - &ADCValueY(O]; // 

IFSObits.ADIF = 0; 

ADCONlbits.ASAM = 1; 

while ( ! I FS Obi ts . ADIF) 
{ 

/1 

/1 
/1 

1/ 

/* NULL STATEMENT */; 

ADCONlbits.ASAM = 0; // 

211 

Initalise Counter 

Turn the ADC Module ON 

Do forever 

Reset RMS X value 
Reset RMS Y value 
Point to 1st value of ADC buffer 
Point to lst value of ADC value buffer 
Point to 1st value in the ADC X buffer 
Point to 1st value in the ADC Y buffer 

Clear 16 samples have been converted flag 

Sampling begins immediately after last 
conversion ends 

Wait for conversion to finish 

Sampling begins when SAMP bit is set 
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for (i=O; i<ADC_BUFFERSIZE, i++) 
( 

*ADCvalueptr++ a *ADCbufferPtr++ - OFFSET; 

for (i=O. i<ADC_BUFFERSIZE; i++) 
( 

if «1%2) == 0) 
( 

else 
( 

ADCValueX[il p ADCValue[i]; 

ADCValueY[il = ADCValue[i]; 

/1 
II 

II 

1/ 

RMSValueX B RMSCalcultaion(ADCvalueXPtr, ADC BUFFERSIZE); 
RMSValueY z RMSCalcultaion(ADCvaiueYPtr, ADC=BUFFERSIZE); 

Subtract the offset 
from each sample 

Samples from ACCX 

Samples from ACCY 

SendDatatoUART1(RMSValueX); 
SendDatatoUART1(RMSValueY); 

II 
1/ 

Send the data via UARTl 
Send the data via UART1 

1/ PUBLIC FUNCTION: InitADC12 

/1 FUNCTION CALL: InitADC12(); 
1/ ARGUMENTS: None 
/I RETURNS: Nothing 

/1------------------------------------------------------------------
// DESCRIPTION: Initialises the 12 bit Analogue to Digital Converter 
/1 All the registers are set as laid out below 

//------------------------------------------------------------------
/1 SAMPLING RATE: 32 kHz 

//------------------------------------------------------------------
/1 ADCON1: AID CONTROL REGISTER 1 ADCONl ~ Ox03EO 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

/1------------------------------------------------------------------
// 15 ...... ADON ...... AID OPERATING MODE ....... 0 ADC is OFF 
II 14 .................. UNIMPLEMENTED ............ 0 X 
1/ 13 ...... ADSIDL .... STOP IN IDLE MODE ........ 0 Operates in IDLE mode 
1/ 12 .................. UNIMPLEMENTED ............ 0 X 
// 11 .................. UNIMPLEMENTED ............ 0 X 
// 10 .................. UNIMPLEMENTED ............ 0 X 
// 9 ........ FORM<l> DATA OUTPUT FORMAT 1 Signed Fractional 
// 8 ........ FORM<O> 1 (DOUT = sddd dddd dddd 0000) 
/1 7 ........ SSRC<2> CONVERSION TRIGGER SOURCE 1 Internal counter ends 
1/ 6 ........ SSRC<l> 1 sampling and starts 
/1 5 ........ SSRC<O> 1 conversion (Auto convert) 
1/ 4 ................... UNIMPLEMENTED ........... 0 X 
/1 3 ................... UNIMPLEMENTED ............ 0 X 
II 2 ........ ASAM AID SAMPLE AUTO START '" 0 Sampling begins when SAMP bit 
/1 is set 
/1 1 ........ SAMP A/D SAMPLE ENABLE ....... 0 SAMP bit is auto set by ASAM 
/1 setting 
// 0 ........ DONE AID CONVERSION STATUS ... 0 Automatically cleared and set 
/1 by MCU 

//------------------------------------------------------------------
/ / ADCON2: AID CONTROL REGISTER 2 ADCON2 = Ox003D 

11------------------------------------------------------------------
/1 BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 VCFG<2> ... VOLTAGE REF CONFIG ...... 0 AID VREFH - AVDD 
// 14 ...... VCFG<l> 0 AID VREFL = AVSS 
1/ 13 ...... VCFG<O> 0 
II 12 .................. RESERVED ................ 0 
// 11 .................. UNIMPLEMENTED ........... 0 
1/ 10 ....... CSCNA .... SCAN INPUTS . ..... .. . . .... 0 
II 9 ................... UNIMPLEMENTED ........... 0 
// 8 ................... UNIMPLEMENTED ........... 0 
1/ 7 ........ BUFS ..... BUFFER FILL STATUS ...... 0 
1/ 
II 
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II 
// 
/1 
// 

filling OxO-Ox7 find 
data in Ox8-0XF) 

6 ................. .. X 
5 SMPI<3> 

UNIMPLEMENTED ••.••..•••• 0 
SAMP-CONV SEQ/INTERRUPT . 1 Interrupts at the completion 

// 
// 
// 

4 ........ 
3 

SMPI<2> 
SMPI<1> 

1 
1 

// 2 ........ SMPI<O> 1 

of the conversion sequence 
for each 16th samplelconvert 
sequence 

// 1 ........ BUFM BUFFER MODE SELECT .••••• 0 Buffer configured as one 16-
// word buffer 
// 0 •..•••.. ALTS ALTERNATE INPUT SAMPLE •• 1 MOX A z Sample 1 
// MUX B = Sample2 
//------------------------------------------------------------------
// ADCON3: A/D CONTROL REGISTER 3 ADCON3 - OxOA39 

//------------------------------------------------------------------
/1 BIT NAME FUNCTION VALUE DESCRIPTION 

1/------------------------------------------------------------------
1/ 15 •..•••••••••..••.. UNIMPLEMENTED •..•••••••• 0 X 
// 14 •.•...•.....•.••.. UNIMPLEMENTED •...••..••• 0 X 
1/ 13 •..••.•..•••..•••. UN IMPLEMENTED •...•••.... 0 X 
// 12 •..•••• SAMC<4> AUTO SAMPLE TIME •••••... 1 SAMC 8Tad 
1/ 11 ........ SAMC<3> 0 
1/ 10 ........ SAMC<2> 1 
/1 9 ......... SAMC<l> 0 
1/ 8 ••.•...•• SAMC<O> 1 
/1 7 •••••.•. ADRC ••.•. AID CONVERSION CLK SOURCE 0 
1/ 6 •.•.•••••.•..••..•• UNIMPLEMENTED ••••••..••• 0 

Clock derived from system elk 
X 

/1 5 ....•..• ADCS<5> A/D CONVERSION CLOCK ••.. 1 TCY/2(ADCS<5:0> + 1) 529TCY 
// 4 .••••••• ADCS<4> 1 
II 3 .•••.••• ADCS<3> 1 
// 2 ....••.• ADCS<2> 0 
II 1 ••..•.•. ADCS<l> 0 
/1 0 •••••••• ADCS<O> 1 
//------------------------------------------------------------------
// ADCHS: AID INPUT SELECT REGISTER ADCHS = OxOA09 
//------------------------------------------------------------------
/1 BIT NAME FUNCTION VALUE DESCRIPTION 

1/------------------------------------------------------------------
1/ 15 .••.••.••.•..••••. UNIMPLEMENTED .•••..••••• 0 X 
// 14 •••..•••...••.•... UNIMPLEMENTED ..........• 0 X 
// 13 .••.•••••.•...•••• UNIMPLEMENTED •..•••..••• 0 X 
/1 12 CHONB •••• CHO- INPUT SELECT MUXB 0 NOT USED 
/1 11 CHONB<3> CHO+ INPUT SELECT MOXB •. 1 Channel 0 positive input is 
1/ 10 CHONB<2> 0 AI0 
II 9 •.•••..• CHONB<1> 1 
1/ 8 •.•••••• CHONB<O> 0 
/1 7 ....•••..••.••.••.• UNIMPLEMENTED •••.••••..• 0 
// 6 ..•..•.•••.••..•••• UN IMPLEMENTED .••...••••• 0 
II 5 ••.••..••.••....••• UNIMPLEMENTED •.•••••..•• 0 
// 4 •••••••• CHONA ..•• CHO- INPUT SELECT MUXA 0 
1/ 3 .....•.• CHONA<3> CHO+ INPUT SELECT MUXA •• 1 
/1 2 ........ CHONA<2> 0 
// 1 •..••.•. CHONA<l> 1 
1/ 0 •.••••.. CHONA<O> 1 

X 
x 
X 
NOT USED 
Channel 0 
AN9 

/1------------------------------------------------------------------

positive input is 

// ADPCFC: AID PORT CONFIGURATION REGISTER ADPCFC = OxF9FF 

1/------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
/1 15 PCFC<15> • ANALOG INPUT PIN CONFIG. 1 X 
// 14 PCFG<14> 1 X 
II 13 PCFG<13> 1 X 
// 12 PCFG<12> 1 X 
// 11 PCFG<ll> 1 X 
II 10 PCFG<10> 0 ACC_Y 
// 9 PCFG<9> 0 ACC_X 
/1 8 ..•..... PCFG<8> 1 X 
/1 7 •......• PCFG<7> 1 X 
1/ 6 •..••.•. PCFG<6> 1 X 
/1 5 ..••.•.. PCFG<5> 1 X 
// 4 .•..••.. PCFG<4> 1 X 
II 3 ........ PCFG<3> 1 X 
1/ 2 •...•... PCFG<2> 1 X 
// 1 .••••••• PCFG<l> 1 PGC 
II 0 ..•••••. PCFG<O> 1 PGD 
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//------------------------------------------------------------------
/ I ADCSSL: A/D INPUT SCAN SELECT REGISTER ADCSSL = 

/1------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
II 15 CSSL<15> • A/D INPUT PIN SCAN SELECT 0 •••••. X 
// 14 CSSL<14> 0 X 
II 13 CSSL<13> 0 X 
// 12 CSSL<12> 0 X 
/1 11 CSSL<l1> 0 X 
// 10 CSSL<lO> 0 ACC_Y 
/1 9 CSSL<9> 0 ACC_X 
1/ 8 ........ CSSL<B> 0 X 
// 7 ..•..••• CSSL<7> 0 X 
// 6 ...••.•. CSSL<6> 0 X 
// 5 .•.•••.. CSSL<5> 0 X 
// 4 ..••.••. CSSL<4> 0 X 
// 3 ••...•.• CSSL<3> 0 X 
// 2 •••••••• CSSL<2> 0 X 
// 1 •••••..• CSSL<I> 0 PGC 
// 0 ••••••.• CSSL<O> 0 PGD 

//------------------------------------------------------------------
void 
( 

InitADC12 (void) 

ADCONI - Ox03EO; 
ADCON2 E Ox003D, 
ADCON3 = OxOA39; 

ADCRS = OxOA09; 
ADPCFG ~ OxF9FF; 
ADCSSL = OxOOOO; 

OxOOOO 

IFSObits.ADIF B 

IECObits.ADIE 
0, 
0; 

// 
1/ 

Clear ADC interrupt has occurred flag 
Disable ADC interrupts 

// PUBLIC FUNCTION: InitUARTl 

// FUNCTION CALL: InitUART1(); 
// ARGUMENTS: None 
// RETURNS: Nothing 

//------------------------------------------------------------------
// DESCRIPTION: Initialises the UARTI module on the dsPIC30F6014A. 
// The value of all the registers are laid out below 

//------------------------------------------------------------------
// BAUD RATE: 57600 bps 
// DATA SIZE: 8 Bits 
// PARITY: No parity 
// STOP BIT: 1 stop bit 

//------------------------------------------------------------------
// UIMODE: UARTl MODE REGISTER UIMODE .. Ox8000 

//------------------------------------------------------------------
/1 BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
II 15 •.••... UARTEN •.. UART ENABLE BIT ••.•••••• 1 UART is ENABLED 
// 14 •..••••••••...•••• UNIMPLEMENTED .••••••.••• 0 X 
II 13 •••••• -. USIDL •.•• STOP IN IDLE MODE ••.•••. 0 Operates in IDLE mode 
1/ 12 .••••.••.•••••..•• UNIMPLEMENTED ...•••••..• 0 X 
// 11 ••••.••••.•••••.•• RESERVED •••••.•••.•••••• 0 X 
II 10 .•••••• ALTIO ••.. ALTERNATE I/O SELECTION •• 0 UART communicates using UITX 
II and UIRX I/O pins 
/1 9 ••...••...••••••••• RESERVED ••.••.•••••.•••• 0 X 
II 8 ••.•.••..•••••••••• RESERVED •..•..•••••.•••• 0 X 
/1 7 ..•••••• WAKE •..•• WAKE-UP ON START BIT •••• 0 Wake-up disabled 
1/ 6 ••••••.• LPBACK ••• LOOPBACK MODE SELECT •.•• 0 Loopback mode disabled 
1/ 5 •••••••• ABAUD ••.• AUTO BAUD ENABLE •••••••• 0 Input to capture module from 
1/ ICx pin 
II 4 ••.•.•....••.•.•..• UNIMPLEMENTED .••.••.•••• 0 X 
1/ 3 •.•••..••....••..•. UNIMPLEMENTED ..•••.••.•• 0 X 
// 2 •.•••..• PDSEL<I> . PARITY AND DATA SELECTION 0 8-bit data 
/1 1 •••.••.• PDSEL<O> 0 No parity 
/1 0 ••...••. STSEL ••.. STOP SELECTION •••...•••• 0 1 Stop bit 
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//------------------------------------------------------------------
// UISTA: UARTl STATUS AND CONTROL REGISTER UISTA = OxOOOO 

11------------------------------------------------------------------
/ I BIT NAME FUNCTION VALUE DESCRIPTION 

11------------------------------------------------------------------
II 15 ....... UTXISEL .. TRANSMISSION INTERRUPT .. 0 Interrupt when a character is 
1/ transferred to shift register 
/ I 14 .................. UNIMPLEMENTED ........... 0 X 
I I 13 .................. UNIMPLEMENTED ........... 0 X 
I I 12 .................. UNIMPLEMENTED ........... 0 X 
I I 11 UTXBRK •.. TRANSMIT BREAK .......... 0 UITX pin operates noz:mally 
II 10 UTXEN .... TRANSMIT ENABLE ......... 0 UART transmitter NOT ENABLED 
II 9 ........ UTXBF ...• TRANSMIT BUFFER FULL .... 0 (READ ONLY) 
1/ 8 '" ..... TRMT ..... TRANSMIT SHIFT REG EMPTY 0 (READ ONLY) 
II 7 .......• URXISEL<1> RECEIVE INTERRUPT MODE .. 0 Interrupt flag set when 
// character is received 
1/ 6 ........ URXISEL<O> 0 
II S ........ ADDEN .... ADDRESS CHARCTER DETECT. 0 Address detect mode disabled 
1/ 4 •••••••• RIDLE ...• RECEIVER IDLE ........... 0 (READ ONLY) 
I I 3 ...••... PERR PARITY ERROR STATUS ..... 0 (READ ONLY) 
1/ 2 ..•..... FERR ..... FRAMING ERROR STAUS •.... 0 (READ ONLY) 
I I 1 ........ OERR ..... RX BUFFER OVERRUN ERROR . 0 (READ ONLY) 
I I 0 •••••••• URXDA •... RX BUFFER DATA AVAILABLE. 0 (READ ONLY) 

11-------------------------------------------------------------------
void InitUARTl (void) 
( 

UIMODE 
U1STA 

Ox8000; 
OxOOOO; 

U1BRG «FCY/16)/BAUD)-1; II Sets the baud rate to 57600 baud 

//===============-========---=======================--========-==-== 
II PUBLIC FUNCTION: RMSCalculation 

II FUNCTION CALL: RMSCalculation(*dataPtr,N); 
I I ARGUMENTS: unsigned int *dataPtr, 
/1 int N 
II RETURNS: unsigned long Result RMS calulation 

II----------------------------------------~---~--------------------
II DESCRIPTION: This routine takes an array of length N and converts 
II it into a single RMS value using the equation below 
/1 
II Ir N 1 
/ I RMSValue II l: [(ui) 2] I 
II I I i=O I 
I I II I 
II " L N J 
11------------------------------------------------------------------
unsigned int RMSCalculation(unsigned int *dataPtr, int N) 
( 

int i = 0; Initialise counter 

unsigned int squared_value 0; 

II 

II 
/1 
II 
II 
II 
II 

Stores the Squared 
unsigned int sum = 0; Stores sum 
unsigned int average - 0; Stores average 
signed int RMS_value01S 0; Stores RMS value in 
unsigned int RMS_value 0; Stores RMS value in 

integer foz:mat 

value 

Ol.lS format 
unsigned 

for (i=O;i<N;i++) 
( 

II 

/1 
/1 

Convert all values in array 

squared value = pow(*dataPtr++,2); 
sum += squared_value; 

average = sum/N; 

RMS_value01S = (int)sqrt(average); 

II 
/1 
II 

RMS_value = 015toInteger(RMS_value01S); 
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Square each value 
and sum them all together 

Divide the sum by the number of values 
to find the average 
Square root the average to find RMS value 

II Convert from 01.15 to integer 
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//======--====-=====-===---==-=-==--==----=--=----==--=----==-===-== 
// PUBLIC FUNCTION: Q15toInteger 
//==-=.-=--=--=-==--====--==----=----==---==---=-=-==--=-==--==-=-== 
1/ FUNCTION CALL: Q15toInteger(const signed int value); 
/1 ARGUMENTS; Integer value 
II RETURNS: Unsigned int converted_result 
//------------------------------------------------------------------
/1 DESCRIPTION: This function converts a 16-bit number in Q1.15 
// data format to an unsigned integer 
// 
/1 
/1 
II 

Signed Fractional (Q1.15) 
(DOUT = sddd dddd dddd 0000) 

II unsigned Integer 
/1 (DOUT - 0000 dddd dddd dddd) 
//------------------------------------------------------------------
unsigned int Q15toInteger(signed int value) 
{ 

value = va1ue»4; 

unsigned int value bytes12 - 0; 
unsigned int value-byte3 = 0; 
unsigned int integer_value - 0; 

// Stores bytes 1 and 2 

value_bytes12 - value & OxOOFF; 

if (value >= Ox0800) 
{ 

value byte3 = value » 8; 
value-byte3 -z Ox0008; 
value=byte3 value_byte3« 8; 

/I 
II 

1/ 

1/ 

Stores byte 3 
Stores the converted 

Select bytes 1 and 2 

If the sign bit is 1, 

integer value 

CLEAR it 

else if (value < Ox0800) 
{ 

/1 If the sign bit is 0, SET it 

value byte3 = value » 8; 
value=byte3 += Ox0008; 
value_byte3 = value_byte3 « 8; 

return integer_value; 
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//========-============================================_==z========= 
II PUBLIC FUNCTION: asciiVoltsconv 
//========zz=======================_==== __ == __ *===================== 
II FUNCTION CALL: asciiVoltsConv(const unsigned int value); 
II ARGUMENTS: Integer value 
II RETURNS: Nothing 

//------------------------------------------------------------------II DESCRIPTION: This function converts a l2-bit binary word to a 
// BCD ascii decimal value 
II 
II Resolution of this function is 1mV 

//------------------------------------------------------------------
void asciiVoltsConv(const unsigned int value) 
{ 

int unitslnt 
int tenthslnt 
i.nt hundredths Int 
int thousandthsInt 

0; 
0; 
0; 
0; 

int n 

if (n >= Ox04D9) 
( 

= value; 

unitsInt 
units 

= n/0x04D9; 
asciiConv(unitsInt); 

n 
} 
if {n >= Ox007C) 
{ 

tenthslnt 
tenths 
n 

} 
if (n >= OxOOOC) 
( 

hundredthslnt 

n%Ox04D9; II 

n/Ox007C; 
asciiConv(tenthsInt); 

= n%Ox007C; // 

n/OxOOOC; 

II Initialise local variables 

// If there are 1Vs 

II convert to an ascii char 
the remainder is ready for more conversion 

II If there are lOOmVs 

II convert to an ascii char 
the remainder is ready for more conversion 

1/ If there are lOmVs 

hundredths asciiConv(hundredthslnt); /1 convert to an ascii char 
n = n%OxOOOC; 1/ the remainder is ready for more conversion 

if (value >= Ox0001) 
( 

n/Ox0001; 

/1 If there are lmVs 

thousandthsInt 
thousandths asciiConv(thousandslnt); 1/ convert to an ascii char 
n n%Ox0001; II the remainder is ready for more conversion 

//======================_======== __ ========_========== __ =======z_=== 
/1 PUBLIC FUNCTION: asciiConv 

// FUNCTION CALL: asciiConv(const unsigned int value); 
// ARGUMENTS: Integer Value 
/1 RETURNS: Nothing 
//------------------------------------------------------------------
// DESCRIPTION: This function converts a l6-bit value to an a-bit 
/1 ascii character 
//------------------------------------------------------------------
char asciiConv(const unsigned int value) 
{ 

char no; 

no (char) (value & OXOF); 

if (no > 9) 
{ 

no = no + Ox37; 

else 
{ 

no no + Ox30; 

return no; 

// Only 'select bits 0-3 

/1 If number is > 9 

// Number will be (A = Ox41, B = Ox42, C 
II = Ox43 etc) 

II Number will be 0 - 9 
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II INTERRUPT SERVICE ROUTINE (ISR): U1TXInterrupt 
/1-=========--==--=====-==----=--=--=------=.;.=--==--==--==-==--=== 
II DESCRIPTION: This ISR clears the interrupt has occurred flag and 
// then transmits a word of data 
//------------------------------------------------------------------
void 
( 

__ attribute __ « __ interrupt __ » _U1TXlnterrupt(void) 

IFSObits.U1TXIF = 0; 

U1TXREG - (int)OUtData[txCount++]; 
if(txCount m= TX BUFFERSIZE) 
( -

IECObits.U1TXIE = 0; 
all buffer values 

218 

/1 
II 
1/ 

II 

Clear transmit interrupt has 
occurred flag 
Write a single word to UART 

Disable transmit interrupts since 

II are transmitted 
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ADC Testing - TestMIC.c 

1/========-========================================================= 
II ELECTRET CONDENSOR MICROPHONE TESTING 
II==========-==========-·-~=---=-==--=============================== 
/I 
II 
II 
II 
II 
II 
II 

II 1/ 
II 
II 

BY: 

DATE: 

PROCESSOR: 
BOARD: 
IDE: 
COMPILER: 

DESCRIPTION: 

ROBYN VERRINDER 
Parts of this program were adapted from the 
Example Code for the dsPICDEM Low Cost Starter Board 
ADC12 UART.c (D'Souza, S., 2003) [68J and 
the example code CEOOl ADC DSP lib FILTER ADC.c 
(Vasuki, H., 2005) [69]. - - -
06 MAY 2006 

dsPIC30F6014A 
VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7.30 
C30 C COMPILER 

This program tests the functioning of both the 
12-bit Analog to Digital Convertor (ADC) Module of 

1/ 
/I 
II 
II 
/1 
II 
/1 
II 
II 
II 
II 
/I 
II 
1/ 
II 

the dsPIC30F6014A and the Electret Condensor Microphone 
which can be connected to the socket J2 on the Vibration 
Data Logging Prototype Board. 

The data is outputed via the UARTl module to a PC. 
Hyperterminal is used to view the data. 

The pin connections of the Electret Condesor Microphone (MK1) 
to the microcontroller are shown below. 

Register descriptions are as in dsPIC30F Family Reference Manual 
Section 12: Timers, Section 18: 12 bit AID Convertor and Section 19: 
UART [631. 

//=====================================---========---========_._---= 
XTAL FREQ (Fxtal): 10MHz 
MIPS: 20MIPS (XT PLLx8 Mode) 
TCY: 50ns 

/1 
II 
II 
II 
II 

Tconv: 20U5 (this value is greater than the lOus minimum) 
Tad: 1.45us (calculated value using ADCS<5:0> bits) 

SAMPLING FREQUENCIES FOR DEVICES: 
11------------------------------------------------------------------
II ELECTRET MICROPHONE: 
II feound 
II fmic 
1/ let fmax 
II fs 
1/ Fs 
II SAMC<4:0> 
II ADCS<5: 0> 

>= 

20Hz -
50Hz -
10kHz 
20kHz 
20kHz 
10101 
111001 

20kHz 
13kHz 

(21) 
(57) 

1/====-=======--=========---====-===---========----========---====== 
II MK1: Electret Condensor Microphone 
//======================-=-========---=========---~========--======= 
II 
II 
II 
II 
II 
II 
II 
/1 
II 
II 

PIN 
1 
2 
3 

OUTS: 
GND .................. GROUND 
SIGNAL ............... OUTPUT SIGNAL 
BIAS ................. BIAS VOLTAGE 3.3V - 12V 

PIN CONNECTIONS: (MKl 
GND 

to dsPIC30F6014A) 
AGND 

SIGNAL (MIC IN) -> 
BIAS (VIA R22) 

U6 (PIN2) -> (PIN?) 
AVDD 

II GAIN from MIC to dsPIC30F6014A ....... 2.2 
II OFFSET VALUE FROM OPAMP .............. 1.67V -> OxOS19 
//------------------------------------------------------------------
llinclude "p30f6014a .h" II (Sinha, P., 2005) [64 J • 

ANll (PIN 30) 

lIinclude <math.h> II Standard C Math header file 
11 include "dsPIC30F6014APins.h" 
11 include "common.h" 
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//------------------------------------------------------------------
// dsPIC30F6014A CONFIGURATION SETTINGS 
//------------------------------------------------------------------
II CLOCK SWITCHING AND MONITOR .....•.....•... Sw Disabled, Mon Disabled 
// OSCILLATOR •.....••......•............•.... XT w/PLL ax 
/1 WATCHDOG TIMER ..............•......•.••... Disabled 
// MASTER CLEAR ENABLE .....•.•......•.......• Enabled 
/1 POR TIMER VALUE .•.........•.......•.•..... 64ms 
/1 GENERAL CODE SEGMENT CODE PROTECT ..••..... Disabled 
/1------------------------------------------------------------------

FOSC(CSW FSCM OFF & XT_PLL8); 
-FWDT (WDT-OFF)-; 
-FBORPOR(MCLR EN & PWRT 64); 
-FGS(CODE PROT OFF); 
7/-------=----=-----------------------------------------------------
1/ FUNCTION DEFINITIONS 
//------------------------------------------------------------------
void 
void 

InitADC12(void); 
InitUART1(void); 

unsigned long RMSCalculation(unsigned int *dataPtr, int N); 

void SendDatatoUART1(unsigned long data); 

void asciiDecConv(const unsigned int value); 
char asciiConv(unsigned int value); 

void __ attribute __ « __ interrupt __ » _U1TXlnterrupt(void); 

//------------------------------------------------------------------
// ASCII BUFFERS FOR SERIAL DATA 
//------------------------------------------------------------------
II BYTE NAME VALUE 
//------------------------------------------------------------------
1/ B ........ DATA<3> ........ Ox30 ........ Units 
// 7 ........ ' , ............ Ox2E ......•. Decimal Point 
1/ 6 ........ DATA<2> ........ Ox31 ....•... Tenths 
II 5 ........ DATA<l> ..•••... Ox32 •..••... Hundredths 
// 4 ........ DATA<O> •....... Ox33 ........ Thousands 
// 3 ........ SPACE ..•.••••.. Ox20 
// 2 ........ 'V' ............ Ox43 
1/ 1 ..•..... LF ..........••. OxOA 
1/ 0 .....•.. CR ............• OxOD 
//------------------------------------------------------------------
unsigned char OutData[TX_BUFFERSIZEl - (Ox30,Ox2E,Ox31,Ox32,Ox33,Ox20,Ox56,OxOA,OxOD); 

//------------------------------------------------------------------
1/ GLOBAL VARIABLES 

//------------------------------------------------------------------
unsigned int *ADCbufferPtr; // Pointer to ADCbuff 
unsigned int *ADCvaluePtr; 

unsigned char txCount; 

int RMS_value; 
unsigned char AOC_bcd == 0; 

unsigned char units; 
unsigned char tenths; 
unsigned char hundredths; 
unsigned char thousandths; 

unsigned char ADCValue[ADC_BUFFERSIZE]; 

//------------------------------------------------------------------
II MAIN FUNCTION 
//------------------------------------------------------------------
int 
( 

main (void) 

rnitUARTl (); 
InitADC12 () ; 

int i = 0; 1/ Initalise Counter 
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ADCON1bits.ADON 

while (1) 
{ 

1; 

RMS value = 0; 
ADCbufferPtr = &ADCBUFO; 

II 

II 

II 
II 
1/ 

Turn the ADC Module ON 

Do forever 

Reset RMS value 
Point to the first value in the ADC 
buffer 

ADCvalueptr = &ADCValue 
IFSObits.ADIF = 0; // 

II 
II 

Clear 8 samples have been converted flag 

ADCONlbits.ASAM = 1; Sampling begins immediately after last 
conversion ends 

while (!IFSObits.ADIF) 
( 

/1 Wait for conversion to finish 

/* NULL STATEMENT */. 

ADCONlbits.ASAM = 0; 1/ Sampling begins when SAMP bit is set 

for (i=O; i<ADC_BUFFERSIZE; i++) 
{ 

*ADCvaluePtr++ = *ADCbufferPtr++ - OFFSET; 1/ 
II 

RMS_value = RMSCalcultaion(ADCvaluePtr, ADC_BUFFERSIZE); 

Subtract offset 
from each sample 

SendDatatoUARTl(RMS_value); // 
II 

Send the data via UARTI to 
PC running HyperTerminal 

1/===========-=================================_·=================== 
II PUBLIC FUNCTION: InitADC12 
//================================================================== 
/1 FUNCTION CALL: InitADC12(); 
// ARGUMENTS: None 
// RETURNS: Nothing 

//------------------------------------------------------------------
// DESCRIPTION: Initialises the 12 bit Analogue to Digital Converter 
1/ All the registers are set as laid out below 
//------------------------------------------------------------------
II SAMPLING RATE: 20 kHz 
//------------------------------------------------------------------
// ADCON1: AID CONTROL REGISTER 1 ADCON1 = Ox03EO 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRI PTION 

//------------------------------------------------------------------
// 15 ...... ADON ...... A/D OPERATING MODE ....... 0 ADC is OFF 
// 14 .................. UNIMPLEMENTED ............ 0 X 
// 13 ...... ADSIDL .... STOP IN IDLE MODE ........ 0 Operates in IDLE mode 
II 12 .................. UNIMPLEMENTED ............ 0 X 
// 11 .................. UNIMPLEMENTED ............ 0 X 
// 10 .................. UNIMPLEMENTED ............ 0 X 
1/ 9 ........ FORM<l> DATA OUTPUT FORMAT 1 Signed Fractional 
// 8 ........ FORM<O> 1 (DOUT = sddd dddd dddd 0000) 
// 7 ... , .... SSRC<2> CONVERSION TRIGGER SOURCE 1 Internal counter ends 
1/ 6 ........ SSRC<l> 1 sampling and starts 
// 5 ........ SSRC<O> 1 conversion (Auto convert) 
1/ 4 ................... UNIMPLEMENTED ........... 0 X 
// 3 ................... UNIMPLEMENTED ............ 0 X 
/1 2 ........ ASAM A/D SAMPLE AUTO START .,. 0 Sampling begins when SAMP bit 
II is set 
II 1 ........ SAMP AID SAMPLE ENABLE ....... 0 SAMP bit is auto set by ASAM 
1/ setting 
/1 0 ........ DONE A/D CONVERSION STATUS ... 0 Automatically cleared and set 
1/ by MCU 
11------------------------------------------------------------------
II ADCON2: AID CONTROL REGISTER 2 ADCON2 = Ox0020 
1/------------------------------------------------------------------
II BIT NAME FUNCTION VALUE DESCRIPTION 
//------------------------------------------------------------------
/1 15 VCFG<2> ... VOLTAGE REF CONFIG ...... 0 A/D VREFH = AVOD 
/1 14 VCFG<l> 0 A/D VREFL - AVSS 
// 13 VCFG<O> 0 

221 



Univ
ers

ity
of

Cap
e Tow

n

12 .•.............•.. 
11 
10 
9 

••••••• CSCNA •••• 

RESERVED •••••.•••••••••• 0 
X 
Do not scan inputs 
X 

// 
1/ 
// 
II 
// 
II 
// 
// 
// 
// 
// 
/1 

8 
7 •••••••• BUFS ••••• 

UNIMPLEMENTED ••••••••••• 0 
SCAN INPUTS ••••••••••••• 0 
UNIMPLEMENTED ••••••••••• 0 
UNIMPLEMENTED ••••••••••• 0 
BUFFER FILL STATUS •••••• 0 Auto set (1 = A/D is filling 

OxS-OxF find data 

6 .................. . 

in OxO-Ox7; 0 - A/D is 
filling OxO-Ox7 find 
data in OxS-OxF) 

5 SMPI<3> 
UNIMPLEMENTED ••••••••••• 0 
SAMP-CONV SEQIINTERRUPT • 1 Interrupts at the completion 

II 
// 
II 

4 ........ 
3 

SMPI<2> 
SMPI<l> 

o 
o 

of the conversion sequence 
for each Sth sample/convert 
sequence 

// 2 •••••••• SMPI<O> 0 
1/ 1 ........ BUFM BUFFER MODE SELECT •••••• 0 Buffer configured as one 16-
II word buffer 
// 0 •••••..• ALTS ALTERNATE INPUT SAMPLE ., 0 Always use MUX A input 
II multiplexer settings 

//------------------------------------------------------------------
II ADCON3; A/D CONTROL REGISTER 3 AOCON3 = Ox1539 

//------------------------------------------------------------------
/1 BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
1/ 15 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
// 14 •••••.••.•..••..•• UNIMPLEMENTED ••••••••••• 0 X 
// 13 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
/1 12 ••••••• SAMC<4> AUTO SAMPLE TIME •••••••• 1 SAMC 21Tad 
// 11 ........ SAMC<3> 0 
// 10 ........ SAMC<2> 1 
// 9 ••••••••• SAMC<I> 0 
1/ B .••...... SAMC<O> 1 
/1 7 •••••••• ADRC ••••• AID CONVERSION CLK SOURCE 0 
// 6 •••••••••.••.•••••• UNIMPLEMENTED ••••••••••• 0 

Clock derived from system clk 
X 

1/ 5 •••••••• ADCS<5> AID CONVERSION CLOCK •••• 1 TCY/2(ADCS<5:0> + 1) = 29TCY 
// 4 •••••••• ADCS<4> 1 
II 3 •••••••• ADCS<3> 1 
// 2 •••••••• ADCS<2> 0 
II 1 •••••••• ADCS<l> 0 
II 0 •••••••. ADCS<O> 1 

//------------------------------------------------------------------
/1 AOCHS: AID INPUT SELECT REGISTER ADCHS = OxOOOB 

//------------------------------------------------------------------
1/ BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
1/ 15 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
/1 14 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
1/ 13 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
II 12 CHONB •••• CHO- INPUT SELECT MUXB 0 NOT USED 
// 11 CHONB<3> CHO+ INPUT SELECT MUXB •• 0 NOT USED 
1/ 10 CHONB<2> 0 
II 9 •••••••• CHONB<I> 0 
// 8 ........ CHONB<O> 0 
1/ 7 ••••••••••••••••••• UNIMPLEMENTED •••••••••.• 0 
/1 6 ••••.••.••••••••••• UNIMPLEMENTED ••••••••••• 0 
1/ 5 ••••••••.•••••••••• UNIMPLEMENTED ••••••••••• 0 
// 4 ••••.••• CHONA •.•• CHO- INPUT SELECT MUXA 0 
1/ 3 •••••••• CHONA<3> CHO+ INPUT SELECT MUXA •• 1 
// 
// 
// 
// 

2 .... " .. 
1 
o 

CHONA<2> 
CHONA<1> 
CHONA<O> 

o 
1 
1 

X 
NOT USED 
Channel 0 
ANll 

/1------------------------------------------------------------------

positive input is 

II ADPCFC: AID PORT CONFIGURATION REGISTER ADPCFC OxF7FF 

//------------------------------------------------------------------
II BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 PCFC<15> • ANALOG INPUT PIN CONFIG • 1 X 
II 14 PCFG<14> 1 X 
// 13 PCFG<13> 1 X 
1/ 12 PCFG<12> 1 X 
II 11 PCFG<l1> 0 MIC_ADC 
// 10 PCFG<lO> 1 X 
1/ 9 PCFG<9> 1 X 
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II 8 ..••..•. PCFG<S> 1 X 
// 7 ........ PCFG<7> 1 X 
II 6 •••••.•• PCFG<6> 1 x 
II 5 .•..••.• PCFG<5> 1 x 
II 4 •••..••• PCFG<4> 1 x 
1/ 3 ..•..••• PCFG<3> 1 x 
II 2 •••..••. PCFG<2> 1 x 
// 1 ..•••••. PCFG<1> 1 PGC 
1/ 0 ..•..••. PCFG<O> 1 PGD 

//------------------------------------------------------------------
// ADCSSL: AID INPUT SCAN SELECT REGISTER ADCSSL OxOOOO 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
/1 15 CSSL<15> . AID INPUT PIN SCAN SELECT 0 X 
1/ 14 CSSL<14> 0 X 
1/ 13 CSSL<l3> 0 X 
// 12 CSSL<12> 0 X 
1/ 11 CSSL<ll> 0 MIC_ADC 
// 10 CSSL<10> 0 X 
/1 9 CSSL<9> 0 X 
// 8 ••..•••. CSSL<S> 0 X 
1/ 7 ••.••.•• CSSL<7> 0 X 
// 6 .•..•..• CSSL<6> 0 X 
1/ 5 .•..•... CSSL<5> 0 X 
// 4 .......• CSSL<4> 0 X 
// 3 ......•• CSSL<3> 0 X 
// 2 ••.....• CSSL<2> 0 X 
// 1 .•.....• CSSL<1> 0 PGC 
II 0 ..•••.•. CSSL<O> 0 PGD 

//------------------------------------------------------------------
void 

II 

InitADC12 (void) 

ADCONl Ox03EO; 
ADCON2 = Ox0020; 
ADCON3 Ox1539; 

ADCHS = OxOOOB; 
ADPCFG OxF7FF; 
ADCSSL OxOOOO; 

IFSObits.ADIF 
IECObits.ADIE 

PUBLIC FUNCTION: 

0; 
0; 

InitUARTl 

// FUNCTION CALL: InitUARTl(); 
// ARGUMENTS: None 
// RETURNS: Nothing 

/1 
1/ 

Clear ADC interrupt has occurred flag 
Disable ADC interrupts 

//------------------------------------------------------------------
/1 DESCRIPTION: Initialises the UART1 module on the dsPIC30F6014A. 
/1 The value of all the registers are laid out below 

//------------------------------------------------------------------
// BAUD RATE: 57600 bps 
// DATA SIZE: S Bits 
/1 PARITY: No parity 
II STOP BIT: 1 stop bit 

//------------------------------------------------------------------
1/ U1MODE: UARTl MODE REGISTER U1MODE = Ox8000 

/I----------------------------~-------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

1/------------------------------------------------------------------
// 15 .•..••• UARTEN •.. UART ENABLE BIT •...•...• 1 UART is ENABLED 
/1 14 .•..•.•.••••....•• UNIMPLEMENTED .••.••••.•. 0 X 
// 13 •..••.• USIDL •••• STOP IN IDLE MODE '" •••• 0 operates in IDLE mode 
// 12 •..•..••.•......•• UNIMPLEMENTED •..•••.•••• 0 X 
// 11 ........•.•••....• RESERVED •....•...••••... 0 X 
// 10 ., ••••. ALTIO ••.. ALTERNATE I/O SELECTION .. 0 UART communicates using UITX 
/1 and UIRX I/O pins 
// 9 .....•.••••.•...•.• RESERVED .•••..••.•.•.••• 0 X 
// 8 ••.......•••..•..•• RESERVED ...•.••••••..••• 0 X 
// 7 ••.....• WAKE ...•• WAKE-UP ON START BIT .••. 0 Wake-up disabled 
/1 6 •.•...•. LPBACK .•. LOOPBACK MODE SELECT ••.. 0 Loopback mode disabled 
// 5 ••..•... ABAUD ••.. AUTO BAUD ENABLE ...• '. . .• 0 Input to capture it\odule from 
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II ICx pin 
II 4 ................... UNIMPLEMENTED ........... 0 X 
// 3 ................... UNIMPLEMENTED .....•..... 0 X 
II 2 ........ PDSEL<1> . PARITY AND DATA SELECTION 0 B-bit data 
// 1 ........ PDSEL<O> 0 No parity 
// 0 ........ STSEL .... STOP SELECTION .......... 0 1 Stop bit 

//------------------------------------------------------------------II U1STA: UARTl STATUS AND CONTROL REGISTER U1STA ,. OxOOOO 

//------------------------------------------------------------------II BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------II 15 .•..... UTXISEL .. TRANSMISSION INTERRUPT .. 0 Interrupt when a character is 
// transferred to shift register 
1/ 14 .................. UNIMPLEMENTED •.......... 0 X 
/1 13 .................. UNIMPLEMENTED ........... 0 X 
II 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 UTXBRK ... TRANSMIT BREAK .......... 0 UITX pin operates normally 
II 10 UTXEN .... TRANSMIT ENABLE ......... 0 UART transmitter NOT ENABLED 
II 9 •••••••. UTXBF .... TRANSMIT BUFFER FULL .... 0 (READ ONLY) 
II 8 •.•••••. TRMT ..... TRANSMIT SHIFT REG EMPTY 0 (READ ONLY) 
1/ 7 ........ URXISEL<l> RECEIVE INTERRUPT MODE .. 0 Interrupt flag set when 
// character is received 
II 6 ........ URXISEL<O> 0 
II 5 ........ ADDEN .... ADDRESS CHARCTER DETECT. 0 Address detect mode disabled 
// 4 ........ RIDLE .... RECEIVER IDLE ........... 0 (READ ONLY) 
II 3 ........ PERR PARITY ERROR STATUS ..... 0 (READ ONLY) 
// 2 ........ FERR ..... FRAMING ERROR STAUS ..... 0 (READ ONLY) 
// 1 .•••.••• OERR ..... RX BUFFER OVERRUN ERROR . 0 (READ ONLY) 
// 0 •••••••• URXDA .... RX BUFFER DATA AVAILABLE. 0 (READ ONLY) 

1/-------------------------------------------------------------------
void InitUARTl (void) 
( 

U1MODE = 
UISTA 

OxBOOO; 
OxOOOO; 

UIBRG = «FCY/16)/BAUD)-1; 1/ Sets the baud rate to 57600 baud 

1/ PUBLIC FUNCTION: RMSCa1culation 

II FUNCTION CALL: RMSCalculation(*dataPtr,N); 
II ARGUMENTS: unsigned int *dataPtr, 
II int N 
// RETURNS: unsigned long Result RMS calulation 
/I----------------------------------------~--~--------------------
1/ DESCRIPTION: This routine takes an array of length N and converts 
// it into a single RMS value using the equation below 
// 
// r, 
// RMSValue II l: [(ui)' J I 
II II i-O I 
1/ II I 
// V L N j 

//------------------------------------------------------------------
unsigned int RMSCalculation(unsigned int *dataPtr, int N) 
{ 

int i - 0; 

unsigned int squared_value 
unsigned int sum 
unsigned int average 
signed int RMS_valueQ15 
unsigned int RMS_value 

for (i=O;i<N;i++) 
( 

== 0; 
111 0; 
== 0; 
== 0; 
== 0; 

squared_value - pow(*dataPtr++,2); 
sum += squared_value; 

average - sum/N; 

(int)sqrt(average); 
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II 

II 
II 
II 
// 
// 
/1 

/1 

II 
1/ 

// 
II 
II 
/1 
// 

Initialise counter 

Stores the Squared value 
Stores sum 
Stores average 
Stores RMS value in Q1.15 format 
Stores RMS value in unsigned 
integer format 

Convert all values in array 

Square each value 
and sum them all together 

Divide the sum by the number of 
values 
to find the average 
Square root the average to find 
the RMS value 
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RMS_value = Q15tolnteger(RMS_valueQ15); II Convert from Q1.15 to integer 

II PUBLIC FUNCTION: Q15toInteger 
//====== __ ==_m==_=======================_== __ ==_. ____ = ____ = ______ = __ 

II FUNCTION CALL: Q15tolnteger(const signed int value); 
II ARGUMENTS: Integer value 
// RETURNS: Unsigned int converted result 
/I------------------------------------------~----------------------
// DESCRIPTION: This function converts a 16-bit number in Ql.15 
1/ data format to an unsigned integer 
// 
1/ 
// 
// 

Signed Fractional (Ql.15) 
(DOUT = sddd dddd dddd 0000) 

// Unsigned Integer 
// (DOUT = 0000 dddd dddd dddd) 
//------------------------------------------------------------------
unsigned int Q15tolnteger(signed int value) 
( 

value = value»4; 

unsigned int value_bytes12 = 0; 
unsigned int value byte3 = 0; 
unsigned int integer_value 0; 

// Stores bytes 1 and 2 

value_bytesl2 = value & OxOOFF; 

if (value >= OxOBOO) 
{ 

value byte3 = value » B; 
value-byte3 -- Ox0008; 
value=byte3 value_byte3« 8; 

II Stores 
II Stores 

1/ Select 

/1 If the 

byte 3 
the converted 

bytes 1 and 2 

sign bit is 1, 

integer value 

CLEAR it 

else if (value < OxOeOO) 
( 

II If the sign bit is 0, SET it 

value byte3 = value » 8; 
value-byte3 += Ox0008; 
value=byte3 ~ value_byte3 « 8; 

return integer_value; 
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//==-=--=----==-=--=---=-=--=--====--===--==--=--==---==--==--===-== 
// PUBLIC FUNCTION: asciiVoltsConv //_= __ = _____________ =~_c __ = __ = _____ = _____ = ________ = __ ===--=---==--=-
// FUNCTION CALL: asciiVoltsConv(const unsigned int value); 
/1 ARGUMENTS: Integer value 
II RETURNS: Nothing 
//------------------------------------------------------------------
II DESCRIPTION: This function converts a 12-bit binary word to a 
II BCD ascii decimal value 
1/ 
II Resolution of this function is lmV 
/1------------------------------------------------------------------
void asciiVoltsConv(const unsigned int value) 
( 

II 

int unitslnt 
int tenthsInt 
int hundredthsInt 
int thousandthsInt 

0, 
0; 
0, 
0; 

int n 

if (n >= Ox04D9) 
( 

unitsInt 
units 

= value; 

n/Ox04D9; 
asciiConv(unitsInt)I 

n = n%Ox04D9; 
) 

if (n >= OxOO7C) 
{ 

tenthsInt n/OxOO7C; 

/I 

tenths asciiConv(tenthslnt); 
n 

if (n >= OxOOOC) 
{ 

n%OxOO7CI II 

n/OxOOOC; 

1/ Initialise local variables 

1/ If there are lVs 

II convert to an ascii char 
the remainder is ready for more conversion 

II If there are lOOmVs 

II convert to an ascii char 
the remainder is ready for more conversion 

II If there are 10mVs 

hundredthsInt 
hundredths asciiConv(hundredthslnt); II convert to an ascii char 
n 

I 
if (value >= Ox0001) 
{ 

thousandthsInt 
thousandths 
n 

PUBLIC FUNCTION: 

n%OxOOOC; II the remainder is ready for more conversion 

1/ If there are lmVs 

n/Ox0001; 
asciiConv(thousandslnt); II convert to an ascii char 
n%Ox0001; 1/ the remainder is ready for more conversion 

asciiConv 

// FUNCTION CALL: asciiConv(const unsigned int value); 
// ARGUMENTS: Integer Value 
I I RETURNS: Nothing 
//------------------------------------------------------------------
II DESCRIPTION: This function converts a l6-bit value to an a-bit 
II ascii character 
//------------------------------------------------------------------
char 
( 

asciiConv(const unsigned int value) 

char no; 

no (char) (value I< OxOF) ; 

if (no > 9) 
! 

no = no + Ox37, 

else 
! 

no no + Ox30; 

return no; 
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II Only select bits 0-3 

1/ If number is > 9 

1/ Number will be (A = Ox4l, B - Ox42, C 
II = Ox43 etc) 

// Number will be 0 - 9 
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//================================--==-=._-========================= 
// INTERRUPT SERVICE ROUTINE (ISR): UlTXlnterrupt 
//=================.=~===-==-===-=======================--==-=~--=--
// DESCRIPTION: This ISR clears the interrupt has occurred flag and 
/1 then transmits a word of data 
//------------------------------------------------------------------
void 
( 

__ attribute __ « __ interrupt __ )) _U1TXlnterrupt(void) 

IFSObits.U1TXIF = 0; 

U1TXREG = (int)OutData[txCount++]; 
if(txCount -= TX_BUFFERSIZE) 
{ 

IECObits.U1TXIE = 0; 
all buffer values 

// 
II 
// 

II 

Clear transmit interrupt has 
occurred flag 
Write a single word to UART 

Disable transmit interrupts since 

II are transmitted 

//=================================_================== __ =EE========= 
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ADC Testing - TestMAX6608.c 
1/==-=-=====------*==--===----======----====-----==---____ m _______ =-

II MAX660SLOW-VOLTAGE ANALOG TEMPERATURE SENSOR TESTING 

II 
II 
/1 
II 
II 
/I 

// 
II 
II 
II 

II 
II 
1/ 
II 
1/ 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
/1 
/I 
II 
II 
II 

BY: 

DATE: 

PROCESSOR: 
BOARD: 
IDE: 
COMPILER: 

DESCRIPTION: 

ROBYN VERRINDER 
Parts of this program were adapted from the 
Example Code for UART Module on the dsPICDEM 
Low Cost Starter Board 
ADC12 UART.c (D'Souza, S., 2003) [68]. 
07 MAY 2006 

dsPIC30F6014A 
VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7.30 
C30 C COMPILER 

This program tests the functioning of both the 
12-bit Analog to Digital Convertor (ADC) Module of 
the dsPIC30F6014A and the Low voltage analog temperature 
sensor (MAX6608) onboard the Vibration Data Logging 
Prototype Board. Jumper JP7 must be connected. 

The temperature format is ·C 

The data is outputed via the UARTl module to a PC. 
Hyperterminal is used to view the data. Jumpers on JPe must be 
connected. 

The pin connections of the MAX6608 (U7) to the micron troller 
are shown belOW. [46J. 

This code was mainly adapted from the example code for the UART module 
on the dsPICDEM Low Cost Starter Board (D'Souza, S., 2003) [68]. 
The InitUART, DelayNmSec and ISR for the UART module 
were written by Microchip. The InitADC12 and 
SendtoUART routines were adapted from their code, while the 
asciiVoltSConv and asciiConv routines were written by Robyn Verrinder. 

II Register descriptions are as in dsPIC30F Family Reference Manual 
/1 Section 18: 12 bit AID Convertor and Section 19: UART 
II Microchip Technology Incorporated Reference Manual, 2003a) [63]. // _____ ==== ____ = ____ =_== _____________ = ____________ ==== ______ m ______ _ 

II XTAL FREO (Fxtal): 10MBz 
II MIPS: 20MIPS (XT PLLx8 Mode) 
II TCY: 50ns 
II ADC Resolution (bits): l2-bits 
/1 ADC Resolution (mV): 0.806 uV (for a 3.3V supply) 
11-=-=---------------------=----------------=---------____ m_= ______ _ 
// U7: MAX6608 = Low-Voltage Analog Temperature Sensor 
1/===----=-====----=-=========------==-===-==--=-=-==-= ___ mm_= _____ _ 
1/ 
1/ 
II 
II 
1/ 
1/ 
II 

PIN OUTS: 
1 
2 
3 
4 
5 

NC .........•••••..•. 
GND •••.............. 
A .................. . 
VCC ..............•.. 
OUT ..........•..•..• 

II PIN CONNECTIONS: (MAX660S to dsPIC30F6014A) 
II VCC AVDD 
II GND AGND 
II A AGND 
II OUT (TEMP) -> JP7 -> TEMP_ADC = 
II T(·C) - (VOUT - 500mV) I lOmv/"C 

NOT CONNECTED 
GROUND 
MUST BE CONNECTED TO GND 
SUPPLY INPUT 
TEMPERATURE SENSOR OUTPUT 

ANa (PIN 27) 

11------------------------------------------------------------------
*include "p30f6014a.h" II (Sinha, P., 2005) [64]. 
jiinclude "dsPIC30F60 14APins. htl 
jiinclude "common.h" 
//------------------------------------------------------------------
II dsPIC30F6014A CONFIGURATION SETTINGS 
11------------------------------------------------------------------
/1 CLOCK SWITCHING AND MONITOR ............... Sw Disabled, Mon Disabled 
1/ OSCILLATOR .....•...........•.....•.••....• XT wlPLL ax 
II WATCHDOG TIMER .............•.•...........• Disabled 
II MASTER CLEAR ENABLE •...............•.•.••. Enabled 
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// POR TIMER VALUE ........................... 64ms 
1/ GENERAL CODE SEGMENT CODE PROTECT ......... Disabled 
//------------------------------------------------------------------

FOSC(CSW FSCM OFF & XT_PLLB); 
-FWDT(WDT-OFF); 
-FBORPOR(MCLR EN & PWRT 64); 
-FGS(CODE PROT OFF); 
7/-------=----=-----------------------------------------------------
II FUNCTION DEFINITIONS 
//------------------------------------------------------------------
void 
void 

void 
void 

void 
char 

void 

InitADC12(void); 
InitUARTl (void) ; 

SendtoUART(void); 
DelayNmSec(unsigned int N); 

asciiDecConv(const unsigned int value); 
asciiConv(unsigned int value); 

__ attribute __ « __ interrupt __ » _UITXInterrupt(void); 

//------------------------------------------------------------------
// ASCII BUFFERS FOR SERIAL DATA 
//------------------------------------------------------------------
// BYTE NAME VALUE 
//------------------------------------------------------------------
// 7 ........ DATA<3> " ...... Ox30 ........ Thousands 
// 6 ......•. DATA<2> ........ Ox31 ........ Hundreds 
/1 5 ........ DATA<l> ........ Ox32 ........ Tens 
1/ 4 ........ DATA<O> ......•. Ox30 ....•... Units 
/1 3 ........ . ........... Ox20 ........ Space 
// 2 ........ 'C' ............ Ox43 ., ...... C (degrees Celcius) 
/1 1 ........ LF ............. OxOA ........ New Line 
1/ 0 .....•.. CR ............. OxOD ........ Character Return 
//------------------------------------------------------------------
unsigned char OutData[TX_BUFFERSIZE] = (Ox30,Ox31,Ox32,Ox33,Ox20,Ox43,OxOA,OxOD); 

//------------------------------------------------------------------
// GLOBAL VARIABLES 
/1------------------------------------------------------------------
unsigned char txCount; 

int ADCValue 0; 

unsigned char units; 
unsigned char tens; 
unsigned char hundreds; 
unsigned char thousands; 

1/------------------------------------------------------------------
/1 MAIN FUNCTION 
//------------------------------------------------------------------
int main (void) 
( 

InitUARTl () ; 
InitADC12 (); 

while(l) 
( 

ADCONlbits.SAMP = 1; 
DelayNmSec(20) ; 
ADCONlbits.SAMP = 0; 

while(!IFSObits.ADIF) 
( 

/* NULL STATEMENT */; 

ADCValue = ADCBUFO; 

SendtoUART () ; 
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// 

// 
1/ 
// 

// 

II 
// 
/1 
1/ 

DO forever 

Start sampling 
for 20ms 
Stop sampling 

Wait for conversion to finish 

Load 16-bit ADCValue with the 
result of the conversion 
Send the data via UARTl to PC 
running HyperTerminal 
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11==_=_=_=~===~_= ___ =a====_=_~====_= ___ B==== __ ====_=_====~=_3S====== 
// PUBLIC FUNCTION: InitUARTl (D'Souza, S., 2003) [68J. 

// FUNCTION CALL: InitUART1(); 
// ARGUMENTS: None 
// RETURNS: Nothing 

//------------------------------------------------------------------
// DESCRIPTION: Initialises the UARTl module on the dsPIC30F6014A. 
// The value of all the registers are laid out below 

//------------------------------------------------------------------
// BAUD RATE: 57600 bps 
// DATA SIZE: 8 Bits 
// PARITY: NO parity 
// STOP BIT: 1 stop bit 
// FLOW CONTROL: None 

//------------------------------------------------------------------
// UlMODE: UARTl MODE REGISTER UIMODE = Ox8000 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 ....... UARTEN ... UART ENABLE BIT ......... 1 UART is ENABLED 
// 14 .•••••...••.•••••. UNIMPLEMENTED ........... 0 X 
// 13 ....... USIDL .... STOP IN IDLE MODE ....... 0 Operates in IDLE mode 
II 12 .................. UNIMPLEMENTED ........... 0 X 
1/ 11 .................. RESERVED ................ 0 X 
/1 10 ....... ALTIO .... ALTERNATE 1/0 SELECTION .. 0 UART communicates using U1TX 
II and UIRX 1/0 pins 
II 9 ................... RESERVED ................ 0 X 
II 8 •••••••••.••..••••• RESERVED ................ 0 X 
/1 7 ........ WAKE ..... WAKE-UP ON START BIT .... 0 Wake-up disabled 
II 6 ........ LPBACK ... LOOPBACK MODE SELECT .... 0 Loopback mode disabled 
// 5 ........ ABAUD .... AUTO BAUD ENABLE ........ 0 Input to capture module from 
1/ ICx pin 
1/ 4 ................... UNIMPLEMENTED ........... 0 X 
// 3 ................... UNIMPLEMENTED ........... 0 X 
1/ 2 ........ PDSEL<l> . PARITY AND DATA SELECTION 0 a-bit data 
// 1 ........ PDSEL<O> 0 No parity 
// 0 ........ STSEL .... STOP SELECTION .......... 0 1 Stop bit 

//------------------------------------------------------------------
// UISTA: UARTl STATUS AND CONTROL REGISTER UlSTA ~ OxOOOO 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 ....... UTXISEL .. TRANSMISSION INTERRUPT .. 0 Interrupt when a character is 
// transferred to shift register 
// 14 .................. UNIMPLEMENTED ........... 0 X 
// 13 .................. UNIMPLEMENTED ........... 0 X 
// 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 UTXBRK ... TRANSMIT BREAK .......... 0 U1TX pin operates normally 
// 10 UTXEN .... TRANSMIT ENABLE ......... 0 UART transmitter NOT ENABLED 
// 9 ........ UTXBF .... TRANSMIT BUFFER FULL .... 0 (READ ONLY) 
// 8 •••••..• TRMT ..... TRANSMIT SHIFT REG EMPTY 0 (READ ONLY) 
// 7 ........ URXISEL<l> RECEIVE INTERRUPT MODE .. 0 Interrupt flag set when 
// character is received 
// 6 ........ URXISEL<O> 0 
// 5 ........ ADDEN .... ADDRESS CHARCTER DETECT. 0 Address detect mode disabled 
// 4 ........ RIDLE .... RECEIVER IDLE ........... 0 (READ ONLY) 
// 3 ........ PERR PARITY ERROR STATUS ..... 0 (READ ONLY) 
// 2 ........ FERR ..... FRAMING ERROR STAUS ..... 0 (READ ONLY) 
/1 1 ........ OERR ..... RX BUFFER OVERRUN ERROR . 0 (READ ONLY) 
// 0 ••.••..• URXDA .... RX BUFFER DATA AVAILABLE. 0 (READ ONLY) 

//-------------------------------------------------------------------
void InitUARTl (void) 
( 

UlMODE 
UISTA 

Ox8000; 
OxOOOO; 

UIBRG - «FCY/16)/BAUD)-l; 

INTCONlbits.NSTDIS = 1; 

/1 Sets the baud rate to 9600 baud 

// Disable nested interrupts 
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// PUBLIC FUNCTION: InitADC12 
II=======~=~-==================-==·-=--==============--=*-==-======= 
// FUNCTION CALL: InitADC12(); 
// ARGUMENTS, None 
/1 RETURNS: Nothing 

//------------------------------------------------------------------
1/ DESCRIPTION: Intialises the 12 bit Analogue to Digital Converter 
// All the registers are set as laid out below 

//------------------------------------------------------------------
// ADCON1: A/D CONTROL REGISTER 1 ADCON1 .. OxOOOO 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 •••••• ADON ••..•• A/D OPERATING MODE •••••.• 0 ADC is OFF 
/ I 14 .••.••.••..•••...• UNIMPLEMENTED ••.•••••...• 0 X 
// 13 •••.•• ADSIDL •.•• STOP IN IDLE MODE ••.••••• 0 Operates in IDLE mode 
// 12 .•...•.•••.•••..•• UNIMPLEMENTED ...••••••..• 0 X 
/1 11 •.•.••..•....•..•• UNIMPLEMENTED •••.••••••.• 0 X 
// 10 .•••.•...•.•••..•. UNIMPLEMENTED •.••.•••...• 0 X 
// 9 ••.••.•. FORM< 1> DATA OUTPUT FORMAT 0 Unsigned Integer 
// 8 •.•••... FORM<O> 0 (DOUT .. 0000 dddd dddd dddd) 
// ? ••.••.•. SSRC<2> CONVERSION TRIGGER SOURCE 0 Clearing SAMP bit ends 
II 6 •..••.•• SSRC<1> 0 sampling and starts 
// 5 ••...•.• SSRC<O> 0 conversion 
II 4 ••...••.••..•..•••• UNIMPLEMENTED .••.•.••.•• 0 X 
/1 3 .•...•••.•.•••.••.• UNIMPLEMENTED .••..•••.••• 0 X 
II 2 •••..... ASAM AID SAMPLE AUTO START ••. 0 Sampling begins when SAMP bit 
1/ is set 
II 1 ••..•..• SAMP AID SAMPLE ENABLE .••••.• 0 SAMP bit is auto set by ASAM 
II setting 
II 0 ••••.••. DONE AID CONVERSION STATUS ••• 0 Automatically cleared and set 
II by MCU 

//------------------------------------------------------------------
I I ADCON2: AID CONTROL REGISTER 2 ADCON2 = OxOOOO 

//------------------------------------------------------------------
II BIT NAME FUNCTION VALUE DESCRIPTION 

1/------------------------------------------------------------------
II 15 VCFG<2> '" VOLTAGE REF CONFIG •••... 0 A/D VREFH = AVDD 
II 14 •....• VCFG<1> 0 AID VREFL AVSS 
/ I 13 .....• VCFG<O> 0 
II 12 ..••••.....•••.•.. RESERVED .••....•••.•..•• 0 
/ I 11 ••••••.••.••..••.. UNIMPLEMENTED ••••••••.•• 0 
II 10 ..••••• CSCNA ••.• SCAN INPUTS •••.••••.•••• 0 
II 9 •..•.••••••••..•••• UNIMPLEMENTED •..•••••••• 0 
II 8 ..••.•.•••••••.•••• UNIMPLEMENTED •.••••••••• 0 
II 7 .•••.••• BUFS .••.• BUFFER FILL STATUS •••.•. 0 
II 
// 
1/ 
// 
II 
II 
/1 
II 
II 

6 ................. .. 
S ........ 
4 
3 

SMPI<3> 
SMPI<2> 
SMPI<l> 

UNIMPLEMENTED .•.•••.•.•• 0 
SAMP-CONV SEQ/INTERRUPT . 0 

o 
o 

II 2 ...•.... SMPI<O> 0 

X 
Do not scan inputs 
X 
X 
Auto set (1 .. A/D is filling 
Ox8-0xF find data 
in OxO-Ox?; 0 = A/D is 
filling OxO-Ox? find 
data in Ox8-0xF) 

X 
Interrupts at the completion 
of the conversion sequence 
for each sample/convert 
sequence 

II 1 ......•• Burn BUFFER MODE SELECT .••... 0 Buffer configured as one 16-
// word buffer 
II 0 •...••.. ALTS ALTERNATE INPUT SAMPLE •• 0 Always use MUX A input 
1/ multiplexer settings 

11------------------------------------------------------------------
I I ADCON3: AID CONTROL REGISTER 3 ADCON3 = Ox0002 

/1------------------------------------------------------------------
1/ BIT NAME FUNCTION VALUE DESCRIPTION 

1/------------------------------------------------------------------
// 1S ••.•...••..•••.••. UNIMPLEMENTED •...•.••... 0 X 
1/ 14 ••..•.••••.•...•.. UNIMPLEMENTED •••...•...• 0 X 
1/ 13 .•..•.•••.....••.. UNIMPLEMENTED ..•.•••.•.. 0 X 
II 12 .••...• SAMC<4> AUTO SAMPLE TIME ....•.•• 0 SAMC OTad 
// 11 ........ SAMC<3> 0 
/I 10 ........ SAMC<2> 0 
/1 9 ••....... SAMC<l> 0 
// 8 ••..•.... SAMC<O> 0 
/1 7 ••....•. ADRC •.... AID CONVERSION CLK SOURCE 0 
// 6 •.•••.•.••..•••..•. UNIMPLEMENTED ..••••••... 0 

Clock derived from system clk 
X 

// 5 ••.•••.. ADCS<S> " A/D CONVERSION CLOCK •... 0 TCY/2(ADCS<S:0> + 1) = 1.STCY 
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// 4 •••••••• ADCS<4> 0 
// 3 •••••••• ADCS<3> 0 
// 2 •••••••• ADCS<2> 0 
// 1 •••••••• ADCS<1> 1 
// 0 •••••••• ADCS<O> 0 

//------------------------------------------------------------------
// ADCHS: A/D INPUT SELECT REGISTER ADCHS .. OxO 008 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
II 14 ••••••••••••••.••• UNIMPLEMENTED ••••••••••• 0 X 
// 13 •••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
// 12 CHONB •••• CHO- INPUT SELECT MUXB 0 NOT USED 
1/ 11 CHONB<3> CHO+ INPUT SELECT MUXB •• 0 NOT USED 
// 10 CHONB<2> 0 
II 9 •••••••• CHONB<l> 0 
// 8 •••••••• CHONB<O> 0 
// 7 ••••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
// 6 ••••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
// 5 ••••••••••••••••••• UNIMPLEMENTED ••••••••••• 0 X 
// 4 •••••••• CHONA •••• CHO- INPUT SELECT MOXA 0 NOT USED 
// 3 •••••••• CHONA<3> CHO+ INPUT SELECT MUXA •• 1 
// 

Channel 0 positive input is 
ANa 

// 2 '" ••••• CHONA<2> 0 
// 1 '" ••••• CHONA<l> 1 
// 0 •••••••• CHONA<O> 1 

//------------------------------------------------------------------
// ADPCFC: A/D PORT CONFIGURATION REGISTER ADPCFC 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 PCFC<15> • ANALOG INPUT PIN CONFIG • 1 X 
// 14 PCFG<14> 1 X 
// 13 PCFG<13> 1 X 
// 12 PCFG<12> 1 X 
// 11 PCFG< 11 > 1 X 
// 10 PCFG<lO> 1 X 
// 9 PCFG<9> 1 X 
/1 8 •••••••• PCFG<B> 0 TEMP_ADC 
// 7 •.•••••• PCFG<7> 1 X 
// 6 •••••••• PCFG<6> 1 X 
// 5 •.•••••• PCFG<5> 1 X 
1/ 4 •••••••• PCFG<4> 1 X 
// 3 •••••••• PCFG<3> 1 X 
1/ 2 •••••••• PCFG<2> 1 X 
II 1 ••••••.• PCFG<1> 1 PGC 
// 0 •••••••• PCFG<O> 1 PGO 

//------------------------------------------------------------------
// ADCSSL: A/D INPUT SCAN SELECT REGISTER ADCSSL -

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
// 15 CSSL<15> • A/D INPUT PIN SCAN SELECT 0 X 
// 14 CSSL<14> 0 X 
1/ 13 CSSL<13> 0 X 
// 12 CSSL<12> 0 X 
// 11 CSSL<l1> 0 X 
// 10 CSSL<10> 0 X 
// 9 CSSL<9> 0 X 
// a ........ CSSL<8> 0 TEMP_ADC 
// 7 •••••••• CSSL<7> 0 X 
// 6 •••••••• CSSL<6> 0 X 
// 5 •••••••• CSSL<5> 0 X 
// 4 •••••••• CSSL<4> 0 X 
// 3 •••••••• CSSL<3> 0 X 
// 2 •••••••• CSSL<2> 0 X 
// 1 •••••••• CSSL<l> 0 PGC 
/1 0 •••••••• CSSL<O> 0 PGD 

//------------------------------------------------------------------
void 
( 

InitADC12(void) 

ADCON1 z OxOOOO 
ADCON2 - OxOOOO 
ADCON3 Ox0002 
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ADCHS Ox0008 
ADPCFG OxFEFF 
ADCSSL = OxOOOO 

ADCONlbits.ADON 1; // 

// PUBLIC FUNCTION: SendtoUART 

// FUNCTION CALL: SendtoUART(); 
// ARGUMENTS: None 
// RETURNS: Nothing 

Turn ADC ON 

(Adapted from D'Souza, S., 2003) [68]. 

//------------------------------------------------------------------
// DESCRIPTION: This routine transmits the data acquired from the ADC 
// via UARTI to the PC running Hyperterminal 
//------------------------------------------------------------------
void SendtoUART (void) 
{ 

while (!UlSTAbits.TRMT) 
{ 

/* NULL STATEMENT *1; 

UlSTAbits.UTXEN = 0; 

ADCValue = (ADCValue - Ox026C)/OxOOOc; 

asciiDecConv(ADCValue); 

OutData[O] 
OutData[l] 
OutData[2] 
OutData[3] 

txCount 

= thousands; 
hundreds; 

:';';': tens; 
units; 

0; 
IFSObits.UITXIF 0; 
IECObits.UlTXIE 1; 

UlSTA 
UlSTAbits.UTXEN 1; 

OxOOOO; 

// 

/1 

/1 

Wait until the TSR is empty 

Disable transmission 

T = (Vo - 500mV)/lOmV 

// Sets counter to 0 
/1 Clear TX flag 
// Enable interrupt 

// Clear all status bits 
II Start transmission 

/I============================-============~===========-========-~ 
1/ PUBLIC FUNCTION: asciiDecConv 

/1 FUNCTION CALL: asciiDecConv(const unsigned int value); 
// ARGUMENTS: Integer value 
II RETURNS: Nothing 
//------------------------------------------------------------------
II DESCRIPTION: This function converts a l2-bit binary word to a 
// BCD ascii decimal value 
//------------------------------------------------------------------
void asciiDecConv(const unsigned int value) 
{ 

if 
{ 

if 
{ 

I 
if 

int unitsInt 0; // Initialise local variables 
int 
int 
int 

tenslnt 
hundredslnt 
thousandsInt 

0; 
0; 

- 0; 

int n == value; 

(n >= 1000) II If there are 1000s 

thousandslnt = n/lOOO; 
thousands = asciiConv{thousandslnt); /1 convert to an ascii char 
n n%lOOO; 1/ the remainder is ready for more conversion 

(n >= 100) /1 If there are 100s 

hundredsInt n/lOO; 
hundreds = asciiConv{hundredslnt); 1/ convert to an ascii char 
n n%lOO; /1 the remainder is ready for more conversion 

(n >= 10) // If there are las 
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/1 

/1 
/1 

} 

if 

tensInt n/l0; 
tens asciiConv(tensInt); II convert 
n n%10; II the remainder is ready 

(value >= 1) 
If there are Is 

unitslnt n/1; 
units asciiConv(unitsInt); /1 convert 
n = n%l; II the remainder is ready 

PUBLIC FUNCTION: 

FUNCTION CALL: 
ARGUMENTS: 

asciiConv 

asciiConv(const unsigned int value); 
Integer Value 

1/ RETURNS: Nothing 
//------------------------------------------------------------------

to an ascii char 
for more conversion 

to an ascii char 
for more conversion 

/1 DESCRIPTION: This function converts a l6-bit value to an 8-bit 
II ascii character 
//------------------------------------------------------------------
char 
( 

asciiConv(const unsigned int value) 

char no; 

no (char) (value & OxOF); 

if 
( 

(no > 9) 

/1 Only select bits 0-3 

/1 If number is > 9 

II 

no = no + Ox3?; // Number will be (A = Ox4l, B = Ox42, C 

else 
{ 

no = no + Ox30; 

return no; 

II = Ox43 etc) 

II Number will be 0 - 9 

1/ PUBLIC FUNCTION: DelayNmSec (D'Souza, S., 2003) [68J. 
1/===========--=-=-=============-=--=-============-====-------------
1/ FUNCTION CALL: DelayNmSec(unsigned int N); 
1/ ARGUMENTS: Number of millisecond N 
II RETURNS: Nothing 

//------------------------------------------------------------------
II DESCRIPTION: This function creates a Ims to 65.5ms delay. For 
II a 1ms delay N~1 for a 30ms delay N=30 etc 
1/------------------------------------------------------------------
void DelayNmSec(unsigned int N) 
( 

unsigned int j; 

while (N--) 
( 

for(j=O;j < MILLISEC;j++) 
( 

1* NULL STATEMENT *1; 

/1 Counter j 

II Do while until N = 0 

II This creates almS delay 
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// INTERRUPT SERVICE ROUTINE (ISR): _UITXlnterrupt (D'Souza, S., 2003) [REF******]. 
1/========-=-----==========--================-=--=--=-===========--= 
// DESCRIPTION: This ISR clears the interrupt has occured flag and 
II then transmits a word of data 
//------------------------------------------------------------------
void 
( 

__ attribute __ « __ interrupt __ » _UITXlnterrupt(void) 

IFSObits.U1TXIF - 0; 

U1TXREG = (int)OutData[txCount++]; 

if(txCount =- TX_BUFFERSIZE) 
{ 

IECObits.U1TXIE = 0; 

1/ 
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Memory Testing - TestMEMORYSTATUS.c 

1/=------=··===--=--===-.=----===-==------=--=-=-=====--__ =m ______ =_ 
II AT45DB321B 32-MBIT DATAFLASH STATUS REGISTER TESTING 

II 
II 
II 
II 
II 

II 
II 
II 
II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
/1 

// 

// 
1/ 

1/ 
1/ 
/1 
1/ 
// 

II 
1/ 
1/ 
/1 

BY: 

DATE: 

PROCESSOR: 
BOARD: 
IDE: 
COMPILER: 

DESCRIPTION: 

ROBYN VERRINDER 
Parts of this program were adapted from the source code 
to test the validity of the dataflash chip 
(Stowe, G., 2006) (65). 
10 MAY 2006 

dsPIC30F6014A 
VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7.30 
C30 C COMPILER 

This program tests the Atmel 32-Mbit Dataflash, 
AT45DB321a (U9) onboard the Vibration Data Logging 
Prototype Board. The dataflash chip is connected 
to the dsPIC30F6014A via one of the Serial Peripheral 
Interface (SPI1) modules on board the MCU. 

The AT45DB321B has an onboard status register. The 
contents of this register are sent to the dsPIC30F6014A 
and are compared to the expected value (65) 
If the Dataflash chip is intact LED2 is switch ON if it is 
not intact LED4 is switched ON. 

Parts of this code were adapted from code written for 
SPI2 module on board the dsPIC30Fxxxx chip which was attached 
to a Atmel 64-Mbit Dataflash chip AT45DB642 [65]. 
The DataflashWorking routine was written by Stowe, G. while 
the SendReceiveByte,InitSPIl and StatusofDataflash were adapted 
from his code. Main and InitPorts routines were written by Robyn 
Verrinder. 

Register descriptions are as in dsPIC30F Family Reference Manual 
Section 19: UART and Section 20: Serial Peripheral Interface (SPI) 
[63J. 

U9: AT45DB321B = 32-Mbit Serial Data Flash 

CHIP: 
INTERFACE: 

MEMORY SIZE: 
BYTES/PAGE: 
PAGES/BLOCK: 
NO OF PAGES: 
NO OF BLOCKS: 

PIN OUTS: 
1 
2 
3 

AT45DB321B 32-megabit DataFlash Chip 
SPI (Serial Peripheral Interface) 

32 MbitS 
528 bytes/page 
8 blocks/page 
8192 pages 
1024 blocks 

GND ~ e e " • e • GROUND • ~ 9 ~ •• * •••••••• 

NC -....... NOT CONNECTED •........ 
NC • ~ e G • e •• NOT CONNECTED 000. e' •• 

SGND 
X 
X 

II 4 CS . " ...... CHIP SELECT .......... LOW = Selected, HIGH .. Deselected 
/1 5 SCK ...... . SERIAL CLOCK ......... Can be clocked up to 20Mhz 
1/ 6 S1 ....... " SERIAL INPUT ......... Input only, used to shift data into 
II device 
II 7 SO ........ SERIAL OUTPUT . ....... " Output only, used to shift data out 
II of device 
II 8 NC ....... . NOT CONNECTED ....... . X 
II 9 NC " ... " ... NOT CONNECTED ........... X 
II 10 NC ........ NOT CONNECTED . ...... . X 
II 11 NC ... " .. " . NOT CONNECTED ....... " X 
II 12 NC ... " ....... NOT CONNECTED ........ X 
II 13 NC .......... NOT CONNECTED " ...... " X 
II 14 NC ....... . NOT CONNECTED ... ~ .... X 
II 15 NC . . . . . ~ .. NOT CONNECTED ~ e eo •• ~ • X 
II 16 NC ~ ....... NOT CONNECTED ••• 0 •• 00 X 
II 17 NC ....... . NOT CONNECTED ........ X 
/1 18 NC •••••• * e NOT CONNECTED •••• e ••• X 
II 19 NC ~ .. ~ .. ~ . NOT CONNECTED 0 •• 0 •• 0. X 
II 20 NC ....... . NOT CONNECTED ........ X 
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II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
/1 
II 

21 
22 
23 
24 

25 

26 
27 
28 

NC ....... . 
NC ....... . 
ROY/BUSY .. 
RESET ..... 

WP ....... . 

NOT CONNECTED ........ X 
NOT CONNECTED ........ X 
READY/BUSY .......... . 
CHIP RESET .......... . 

Output pin - LOW m Oevice is BUSY 
LOW = reset chip, HIGH = normal 
operation 

HAROWARE PAGE WRITE PROTECT LOW • cannot reprogramme 1st 
256 pages of main mem, HIGH = 
can programme 

NC ........ NOT CONNECTED ........ X 
NC ........ NOT CONNECTED ........ X 
VCC ....... POWER SUPPLy ......... VOD 

II PIN CONNECTIONS: (AT45DB321B to dsPIC30F60l4A) 
/1 VCC VDD 
I I GNO SGND 
/1 SCK SCKl (PIN 45) 
I I SI SOOl (PIN 43) 
I I SO SOll (PIN 44) 
1/ CS ROB (PIN 54) 
II ROY/BUSY R09 (PIN 55) 
I I RESET R010 (PIN 56) 
II WP ROll (PIN 57) 
11------------------------------------------------------------------
II AT450B321B STATUS REGISTER - 8 BIT = OxB4 
1/------------------------------------------------------------------
/1 BIT7 RDY/BUSY ............... LOW = busy, HIGH = not busy 
1/ BIT6 COMP ................... LOW = data in main memory matches buffer, HIGH 
// = at least 1 bit of data in main memory 
II does not match data in buffer 
// BIT5 1 .•.................... Bits 5-2 - device density 
1/ BIN 1 
// BIT3 0 
/1 BIT2 1 
// BIT1 X 
1/ BITO X 

//------------------------------------------------------------------
It include "p30f6014a.h" 1/ (Sinha, P., 2005) [641. 
Itinclude "dsPIC30F60l4APins.h" 
Itinclude "AT45DB321B.h" 
Itinclude "common.h" 

//------------------------------------------------------------------
1/ dsPIC30F60l4A CONFIGURATION SETTINGS 

//------------------------------------------------------------------
1/ CLOCK SWITCHING AND MONITOR ............... Sw Disabled, Mon Disabled 
II OSCILLATOR ................................ XT w/PLL Bx 
// WATCHDOG TIMER ............................ Disabled 
// MASTER CLEAR ENABLE .................... '" Enabled 
// POR TIMER VALUE ........................... 64ms 
// GENERAL CODE SEGMENT CODE PROTECT ......... Disabled 

//------------------------------------------------------------------
FOSC(CSW FSCM OFF & XT PLL8); 

-FWDT(WDT-OFF); -
-FBORPOR(MCLR EN & PWRT 64); 
-FGS(CODE PROT OFF); -

7/-------=----=-----------------------------------------------------
1/ FUNCTION DEFINITIONS 
//------------------------------------------------------------------
void Ini tSPIl (void) ; 
void InitPorts (void) ; 

unsigned char 

unsigned char 
unsigned int 

SendReceiveByte(unsigned char data); 

StatusofDataflash(void); 
DataflashWorking(void); 

//------------------------------------------------------------------
// GLOBAL VARIABLES 
//------------------------------------------------------------------

/1 Dataflash is working flag 

//------------------------------------------------------------------
1/ MAIN FUNCTION 
//------------------------------------------------------------------
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int main (void) 
( 

Ini tPorts () ; 
Ini tSPIl () ; 

// 
II 

Initialises Ports 
Initialises the SPIl module 

dataflash_is_working - DataflashWorking{); /I Tests to see if the status 
// register value is correct 

while (1) // DO forever 
{ 

RESET 1; // Normal Operation 

if (dataflash_is_working=gl) II If the dataflash chip is working 
( 

LED2 = 1; /1 Turn LED2 ON 

else if (dataflash_iB_working==O) // If the dataflash chip is NOT 
/1 working 

LED4 - 1; 1/ Turn LED4 ON 

// PUBLIC FUNCTION: InitPorts 

// FUNCTION CALL: InitPorts(); 
/ I ARGUMENTS: None 
/ / RETURNS: Nothing 

//------------------------------------------------------------------
// DESCRIPTION: Initialises the LED ports as OUTPUTs The values of all the registers 
// are laid out below 

//------------------------------------------------------------------
/ / PORT D: PIN DEFINITIONS TRISD .. Ox020E LATD = Ox0100 

//------------------------------------------------------------------
/ I PIN USE TRISD LATD 

// -------------------------------------------------------
// RDO. • . . • . • • • . • OUTPUT. . • • • • • . . • •. 0 ..•••••..•. 0 .•••••••..• X 
/1 RDI. . . • . • . • • • • INPUT. • • • • • • • • • • •. 1 ........... 0 .•••••••.•. SEND 
/ / RD2. • • • . . • • • • • INPUT. • • . . • • • • • • •. 1 .........•• 0 ••.••••.•.. RECORD 
/ I RD3. . • • . • • • • • • INPUT. • • . • • • • • • • .• 1 ••..•••••.• 0 •••.••••... ERASE 
// RD4. • . . • • • • • • • OUTPUT. • • • • • • • • . •• 0 ••••••••••• 0 ••••••••.•• X 
1/ RD5. • . . • • • • • • . OUTPUT. • • • • . • • . . •• 0 ••.•••••••• 0 .••.•••.•.• X 
/ / RD6. • • • . • . • • • • OUTPUT. • • • • • • • • • •• 0 ••••••.•••• 0 ••••••••••• X 
/ / RD7. • • • • . • • • • • OUTPUT. • . • . • . • • • •. 0 •••.•••••.. a ••••..•.••• X 
1/ RDS. . . . • • • . . • • OUTPUT. • • • • • • . • • •• 0 •••.•..••.• 1 •.••.••.••• CS 
// RD9. • . • • • • • • • . INPUT. • • • • • . • • • . •• 1 .•..••..... a ••••.••••.• R_B 
1/ RDla. . • . • . . • • . OUTPUT .•••••••••.• a ••••.•••••• 0 ••••••••••• RESET 
/ / RDll. • • • • . . • . • OUTPUT .•.•.•••••.• 0 ••.•••••••• 0 ••••••••••• WP 
// RD12. . . • . . • . . • OUTPUT •••••.•••••• a ••.••.•.... a •.•.••.•... X 
/1 RD13. • . . • • . . • . OUTPUT •••••••.•.•• 0 ••••••••••• 0 •••.•.••..• X 
// RD14. . . • • • • . • . OUTPUT •.••••••.••. 0 ..•••••.••. 0 •.••.•.•... x 
1/ RDl5. • • • . . • • • • OUTPUT •••..••.•..• 0 .•••••.•••• 0 ••••••••••• X 

//------------------------------------------------------------------
II PORT F: PIN DEFINITIONS TRISF - Ox0084 LATF" OxOOOO 

//------------------------------------------------------------------
/1 PIN USE TRISF LATF 

1/ -------------------------------------------------------
/ / RFO. • • • • • • . • • • OUTPUT. • • . • . . • • • •• 0 ••••••••••• 0 ••••••••••• X 
/ / RF1. • . . • • • • • • • OUTPUT. • • • • . . • . • •• 0 ••••••••••• 0 ••••••••••• X 
// RF2. • • • . • • • • . . INPUT. • • • • • • • . • . •• 1 ..••••••••• a .•••••••••• RX OUT 
II RF3........... OUTPUT ..••.••••••• 0 ••••••••.•• 0 ••••••••••• TX_IN 
/ / RF4. • • • • • • • • • • OUTPUT. • • • • • • • • • .. 0 ••••••••••• 0 ••••••••••• x 
/ / RF5. . . • • • • . . • • OUTPUT. • . • • . • • • • •• a ••...•.•.•• 0 ••••••••••• x 
/ / RF6. • • . • • • . • . . OUTPUT. • • • • . . . . . •• 0 ••••••••••• 0 ••••••••••• SCK 
// RF7. • . • • • . • • . . INPUT. • . • • • . • . . • •• 1 ..••.•.•••. 0 ••••••••••• SO 
/ / RFS. . • • . • • • • • • OUTPUT. . • . . • • . • • .. 0 ••••••••••• 0 ••••••••••• SI 
/ / RF9. . • . . . . . . • • NOT I/O ••..•..••.. 0 ••••••••••• 0 ••••••••••• x 
// RFlO. • . . • . •. • • NOT I/O ••••.••.••• a •••••.••..• 0 ••••••.•••• x 
II RF11. • . . . • • . . . NOT I/O ••.••.•.••• 0 ••••••••••• 0 •••••••.••• x 
// RF12. • • • . . . • • . NOT I/O ..••.•...•. 0 ••••••••••• 0 ••••••••••• x 
// RFl3. •• . . . . • • . NOT I/O .••.••••••. 0 ••••••••••• 0 ••••••••••• x 
1/ RF14. . . • . . . . • • NOT I/O ••.•••••••• 0 .•.••.•.••• 0 ..••.•••••. x 
/ / RF15. • • • • • • . • . NOT I/O ••.••••••.. 0 ••.••...••. 0 ...•.•••••. x 
//------------------------------------------------------------------
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void InitPorts(void) 
( 

TRISD Ox020E II Port D 1/0 direction 
TRISF OxOO84 // Port F I/O direction 
TRISC OxOOOO 1/ Port C I/O direction 
TRISG OxOOOO /1 Port G I/O direction 

pORTC OxOOOO; // Port C pins levels set to LOW 
pORTG OxOOOO; // Port G pins levels set to LOW 
pORTD OxOFOO; /I Port D latch settings set to 0 

// (except CS, WI', RESET and 
II READY/BUSY) 

pORTF OxOOOO; // Port F latch settings set to 0 

// PUBLIC FUNCTION: InitSPIl 

/I FUNCTION CALL: Ini tSpIl () ; 
// ARGUMENTS: None 
/1 RETURNS: Nothing 

//------------------------------------------------------------------
1/ DESCRIPTION: Initialises the SpIl module on the dsPIC30F6014A 
/1 The values of all the registers are laid out below 
1/ FSCLK: FCY / (PRIMARY pRESCALE x SECONDARY pRESCALE) 
/1 1. 6714Hz 

//------------------------------------------------------------------
// SpIlCON: SpIl CONTROL REGISTER SpIlCON = Ox0020 

//------------------------------------------------------------------
/1 BIT NAME FUNCTION VALUE DESCRIPTION 
//------------------------------------------------------------------
/1 15 .................. UNIMPLEMENTED ........... 0 X 
// 14 FRMEN .... FRAMED SpI SUPPORT ...... 0 Framed SpI support DISABLED 
1/ 13 ....... SpIFSD ... FRAME SYNC PUL DIRECTION 0 Frame sync pulse output 
// (Master) 
1/ 12 .................. UNIMPLEMENTED ........... 0 X 
/1 11 DISSDO DISABLE Sool PIN ........ 0 SDOl pin is controlled by the 
// module 
// 10 MODEl 6 WORD/BYTE COMMS ......... 0 Communication is 8 bits wide 
// 9 ........ SMp SpI DATA INPUT SAMP PHASE 0 Input data sampled at middle 
// of data output time 
1/ 8 ........ CKE SpI CLOCK EDGE SELECT ... 0 Serial output data changes on 
// transition from IDLE CLK to 
// ACTIVE CLK (SpIMODEO) 
// 7 ........ SSEN ..... SLAVE SELECT ENABLE ..... 0 SS pin not used by module. 
// 6 ........ CKP ...... SpI CLOCK POLARITY SELECT 0 IDLE state for CLK is a HIGH 
1/ 5 ........ MSTEN .... MASTER MODE ENABLE 1 Master mode 
// 4 ........ SpRE<2> SECONDARY pRESCALE 0 Secondary Prescale 8:1 
// 3 ........ SpRE<l> 0 
/1 2 ........ SpRE<O> 0 
// 1 . '" .... ppRE<l> ... PRIMARY PRESCALE ........ 0 ...... Primary Prescale 64:1 
// 0 ........ ppRE<O> 0 

//------------------------------------------------------------------
// SPIlSTAT: SpI STATUS AND CONTROL REGISTER SpIlSTAT - Ox8000 

//------------------------------------------------------------------
1/ BIT NAME FUNCTION VALUE DESCRIPTION 

//------------------------------------------------------------------
II 15 ....... SpIEN .... SpI ENABLE .............. 1 Sp11 is DISABLED 
II 14 .................. UNIMPLEMENTED ........... 0 X 
1/ 13 " ..... SpIS1DL .. STOP IN IDLE MODE ....... 0 Operates in IDLE mode 
II 12 .................. UNIMPLEMENTED ........... 0 X 
/1 11 .................. UNIMPLEMENTED ........... 0 X 
II 10 .................. UNIMPLEMENTED ........... 0 X 
/1 9 ................... UNIMPLEMENTED ........... 0 X 
// 8 ................... UNIMPLEMENTED ........... 0 X 
II 7 ................... UNIMPLEMENTED ........... 0 X 
/1 6 ........ SpIROV ... RECEIVE OVERFLOW FLAG .. , 0 No overflow has occured(READ 
II ONLY) 
/1 5 ................... UNIMPLEMENTED ........... 0 X 
// 4 ................... UNIMPLEMENTED ........... 0 X 
II 3 ................... UNIMPLEMENTED ........... 0 X 
// 2 ................... UNIMPLEMENTED ........... 0 X 
II 1 ........ SpITBF SpI TRANSMIT BUFFER FULL 0 Transmit started, SpIlTXB is 
II EMPTY (READ ONLY) 
// 0 ........ SpIRBF SpI RECEIVE BUFFER FULL .. 0 Receive is not complete, 
II Sp11RXB is EMPTY (READ ONLY) 
//------------------------------------------------------------------
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void InitSpI1 (void) 
( 

CS 1 II Disable AT45DB321B 
RESET 1 II Normal Operation 
WI' 1 II Can write to Dataflash chip 

SpIlCON = OxOO20; 
SpIlSTATI= OxBOOO; II Enable device and leave status of other 

II bits 
SpI1STAT&~ OxFFBF; II SpIROV flag .. 0; leaves all other bits 

II the same 

IFSObits.SpIIIF - 0; II Clears SpI interrupt has occurred flag 
IECObits.SpIlIE == 0; II Disables SpI interrupts 

/I PUBLIC FUNCTION: SendReceiveByte 

II FUNCTION CALL: SendReceiveByte(data); 
II ARGUMENTS: uns igned char da ta 
II RETURNS: unsigned char byte received 
II---------------------------------------~--------------------------
II DESCRIPTION: Sends a Sbit byte to the AT45DB321B 32Mbit Data 
II flash chip via the SpI data interface and returns 
II the received byte. 
11------------------------------------------------------------------
unsigned char SendReceiveByte(unsigned char data) 
( 

SpI1BUF - data; 

SpI1STAT &= OxA003; 

while (SpIlSTATbits.SpITBF) 
( 

1* NULL STATEMENT *1; 
) 

while (!SpIlSTATbits.SPIRBF) 
( 

1* NULL STATEMENT *1; 

return SpIlBUF; 

II 
II 
II 

II 

II 

II 
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// PUBLIC FUNCTION: StatusofDataflash 

// FUNCTION CALL: StatusofDataflash(); 
// ARGUMENTS: None 
// RETURNS: unsigned char status register 
I/----------------------------------------~------------------------
// DESCRIPTION: This function returns the value of status register 
1/ on the Atmel 32-Mbit Dataflash AT45DB321B. 
//------------------------------------------------------------------
unsigned char StatusofDataflash(void) 
( 

II 

unsigned char status_register; 

CS = 0; 

SendReceiveByte(CMD READ STATUSREG); 
status_register = SendRe~eiveByte(OxOO); 

CS = 1; 

return status_register; 

PUBLIC FUNCTION: DataflashWorking 

/1 

II 

/1 
// 
II 

1/ 

1/ 
/1 

Value of the status regsister 

ENABLE AT45DB321B Dataflash chip 

Send read status register command 
Dummy write to recieve status 
register value 

DISABLE AT45DB321B Dataflash chip 

Returns the value of the status 
register 

1/========-====--========-============-========--=-=======---======: 
II FUNCTION CALL: DataflashWorking(); 
1/ ARGUMENTS: None 
II RETURNS: unsigned char dataflash working (either TRUE or FALSE) 
I/-------------------------------------------~---------------------
II DESCRIPTION: This function determines whether the value of the 
// dataflash status register is the expected value or not 
/1---------------------------------------------------- --------------
unsigned int DataflashWorking(void) 
{ 

unsigned char status; 

unsigned int device_good; 

status 3 StatusofDataflash(); 

if 

else 
{ 

(status 

return device_good; 

OXB4) 

/1 
/1 
II 
/1 
// 
// 

1/ 
1/ 

Initialise local varible to store 
status register contents 
Initialise device is good flag 

Store value of status register 
Selects the device density bits 

32-Mbit z 1101 

If device is working the status 
register is 10110100 

//------------------------------------------------------------------
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Memory Testing - TestMEMORY.c 

/1 

1/ 
// 
/1 
// 
1/ 
// 

// 
// 
1/ 
// 

// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
1/ 
// 
// 
/1 
// 
1/ 
// 
/1 
1/ 
/1 
// 

// 

II 
// 

1/ 
// 
// 
// 
// 

AT45DB321B 32-MBIT DATAFLASH MEMORY TESTING 

BY: 

DATE: 

PROCESSOR: 
BOARD: 
IDE: 
COMPILER: 

DESCRIPTION: 

ROBYN VERRINDER 
Parts of this program were adapted from the source code 
to test the validity of the dataflash chip 
(Stowe, G., 2006) [65J. 

10 MAY 2006 

dsPIC30F6014A 
VIBRATION DATA LOGGING PROTOTYPE BOARD 
MPLAB IDE v7. 30 
C30 C COMPILER 

This program tests the Atmel 32-Mbit Dataflash, 
AT45DB321B (U9) onboard the Vibration Data Logging 
Prototype Board. The dataflash chip is connected 
to the dsPIC30F6014A via one of the Serial Peripheral 
Interface (SPIl) modules on board the MCU. 

A buffer containing 20 'A'characters is written 
to the dataflash. The data is sent back to the 
dsPIC30F6014A processor where it is compared to the 
sent value. If they are equal the write/read operation 
took place correctly and LED2 is turned ON. If they 
are not equal the write/read operation failed. 

Parts of this code were adapted from code written for 
SPI2 module on board the dsPIC30Fxxxx chip which was attached 
to a Atmel 64-Mbit Dataflash chip AT45DB642 [65J. 
The InitSPI1, SendReceiveByte,WritetoBuffer ReadfromDataflash routines 
were adapted from code written by Stowe, G [65J. Main and InitPorts 
routines were written by Robyn Verrinder. 

Register descriptions are as in dsPIC30F Family Reference Manual 
Section 19: UART and Section 20: Serial Peripheral Interface (SPI) 
[63] . 

U9: AT45DB321B = 32-Mbit Serial Data Flash 

CHIP: 
INTERFACE: 

MEMORY SIZE: 
BYTES/PAGE: 
PAGES/BLOCK: 
NO OF PAGES: 
NO OF BLOCKS: 

AT45DB321B 32-megabit DataFlash Chip 
SPI (Serial Peripheral Interface) 

32 MbitS 
528 bytes/page 
8 blocks/page 
8192 pages 
1024 blocks 

#include "p30f6014a.h" // (Sinha, P., 2005) [64J. 
#include "dsPIC30F6014APins.h" 
#include "AT45DB321B.h" 
#include "common.h" 
//------------------------------------------------------------------
1/ dsPIC30F6014A CONFIGURATION SETTINGS 
//------------------------------------------------------------------
// CLOCK SWITCHING AND MONITOR •.•••.......... Sw Disabled, Mon Disabled 
// OSCILLATOR .........•...........•.••••••••. XT w/PLL ex 
// WATCHDOG TIMER ....•..•.•............•....• Disabled 
// MASTER CLEAR ENABLE ..•...•..•............. Enabled 
1/ POR TIMER VALUE .••.••...........•....•.... 64ms 
/1 GENERAL CODE SEGMENT CODE PROTECT ......... Disabled 
//------------------------------------------------------------------

FOSC(CSW FSCM OFF & XT_PLL8); 
-FWDT(WDT-OFF); 
-FBORPOR(MCLR EN & PWRT 64); 
=FGS(CODE_PROT_OFF); 
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//------------------------------------------------------------------
// FUNCTION DEFINITIONS 

//------------------------------------------------------------------
void InitUARTl (void) ; 
void InitSPIl (void); 
void Ini tPorts (void) ; 

unsigned char SendReceiveByte(unsigned char data); 

void EraseDataflash (void) ; 
void WritetoBuffer(unsigned char buffer, unsigned short address, 

unsigned char data[), unsigned short length); 
void ReadfromBuffer(unsigned char buffer, unsigned short address, 

unsigned char *returned_data, unsigned short length); 

//------------------------------------------------------------------
// BUFFER CONSTANTS 

//------------------------------------------------------------------
idefine BUFFERl OxOl 
ide fine BUFFER2 Ox02 
//-----------------------------------------------------------------
1/ GLOBAL FLAGS 
//-----------------------------------------------------------------
unsigned int mem_is_clear = 0; // Main memory is empty flag 
unsigned int mem_is_full = 0; // Main memory is full flag 
//------------------------------------------------------------------
// GLOBAL VARIABLES 
//------------------------------------------------------------------
unsigned short length s 20; // Length of data array 
unsigned short address= OxOOOO; // Address in buffer 

unsigned char 
unsigned char 

d[20] ; 
read_data [20) ; 

/1 
// 

Value to be transmitted 
Read value 

unsigned char *rdptr; // Pointer to Read Values 
//------------------------------------------------------------------
1/ MAIN FUNCTION 
//------------------------------------------------------------------
int main (void) 
( 

InitPorts(); 
InitSPIl () ; 
EraseDataflash(); 

int i; 

for (i=O;i<length;i++) 
( 

d[il = 'A'; 

rdptr = &read_data[O); 

unsigned char x z d[lO]; 

1/ 
// 
// 

// 

Initialises Ports 
Initialises the SPIl module 
Erase the Dataflash Chip 

Initialise counter i 

WritetoBuffer(BUFFER1,address,d,length); 
ReadfrOmBuffer(BUFFER1,address,*rdptr,length); 

unsigned char y = read_data[lO); 

while(!READY BUSY) 
( -

while(l) 
( 

/* NULL STATEMENT */; 

if (y == x) 
( 

else 
( 

LED2 u 1; 

LED4 = 1; 

// Check to see if chip is busy 
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// PUBLIC FUNCTION: InitPorts 

/1 FUNCTION CALL: InitPorts(); 
// ARGUMENTS: None 
/ I RETURNS: Nothing 
//------------------------------------------------------------------
II DESCRIPTION: Initialises the LED ports as OUTPUTs The values of all the registers 
/1 are laid out below 
//------------------------------------------------------------------
/I PORT 0: PIN DEFINITIONS TRISD = Ox020E LATD OxOlOO 

/1------------------------------------------------------------------
/1 PIN USE TRISD LATO 

// -------------------------------------------------------
1/ ROO. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... X 
// RDI. . . . . . . . . . . INPUT. . . . . . . . . . . .. 1 ........... 0 ........... SEND 
/ / RD2. . . . . . . . . . . INPUT. . . . . . . . . . . .. 1 .......•... 0 ........... RECORD 
I I RD3. . . . . . . . . . . INPUT. . . . . . . . . . . .. 1 ........... 0 ........... ERASE 
/ / RD4. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... X 
1/ R05. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... X 
/ I RD6. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... X 
1/ RD7. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... X 
I I R08. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 1 ........... CS 
/ / RD9. . . . . . . . . . . INPUT. . . . . . . . . . . .. 1 ........... 0 ........... R B 
I I RDlO. . . . . . . . . . OUTPUT ............ 0 ........... 0 ........... RESET 
/ / ROll. . . . . . . . . . OUTPUT ............ 0 ........... 0 ........... WP 
/ / R012. . . . . . . . . . OUTPUT ............ 0 ........... 0 ........... X 
/ I RDl3. . . . . . . . . . OUTPUT ............ 0 ........... 0 ........... X 
/ / RD14. . . . . . . . . . OUTPUT ............ 0 ........... 0 ........... X 
/ I RDl5. . . . . . . . . . OUTPUT ............ 0 ........... 0 ........... X 
//------------------------------------------------------------------
II PORT F: PIN DEFINITIONS TRISF z Ox0084 LATF = OxOOOO 
//------------------------------------------------------------------
/1 PIN USE TRISF LATF 

// -------------------------------------------------------
1/ RFO. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... X 
/ / RFl. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... X 
/ / RF2. . . . . . . . . . . INPUT ............. 1 ........... 0 ........... RX_OUT 
1/ RF3. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... TX IN 
/ I RF4. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... X 
1/ RF5. . . . . . . . . . . OUTPUT ........... , 0 ........... 0 ........... X 
// RF6. . . . . . . . . . . OUTPUT. . . . . . . . . . .. 0 ........... 0 ........... SCK 
1/ RF7. . . . . . . . . . . INPUT. . . . . . . . . . . .. 1 ........... 0 ........... SO 
// RFS. . . . . . . . . . . OUTPUT ........... , 0 ........... 0 ........... S1 
// RF9. . . . . . . . . . . NOT I/O ........... 0 ........... 0 ........... X 
/ / RFIO. . . . . . . . . . NOT I/O ........... 0 ........... 0 ........... X 
// RFll. . . . . . . . . . NOT I/O ........... 0 ........... 0 ........... X 
/1 RF12 .......... NOTI/O ........... O ........... O ........... X 
// RF13 .......... NOTI/O ........... O ........... O ........... X 
// RF14. . . . . . . . . . NOT r/o ........... 0 ........... 0 ........... X 
/ / RF15. . . . . . . . . . NOT I/O ........... 0 ........... 0 ........... X 

//------------------------------------------------------------------
void InitPorts(void) 
( 

TRISO Ox020E; // Port 0 I/O direction 
TRISF OxOO84; // Port F I/O direction 
TRISC OxOOOO; 1/ Port C r/o direction 
TRISG OxOOOO; // Port G I/O direction 

PORTC OxOOOO; // Port C pins levels set to LOW 
PORTG OxOOOO; // Port G pins levels set to LOW 
PORTO OxOFOO; // Port 0 latch settings set to 0 

// (except CS, WP, RESET and 
// READY/BUSY) 

PORTF OxOOOO; // Port F latch settings set to 0 

// PUBLIC FUNCTION: InitSPIl 

// FUNCTION CALL: InitSPI1(); 
/ / ARGUMENTS: None 
II RETURNS: Nothing 

//------------------------------------------------------------------
/1 DESCRIPTION: Initialises the SPI1 module on the dsPIC30F6014A 
II The values of all the registers are laid out below 
/1 FSCLK: FCY/(PRIMARY PRESCALE x SECONDARY PRESCALE) 
/1 1.67MHz 
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//------------------------------------------------------------------
// SPIICON: SPII CONTROL REGISTER SPIICON = Ox0020 

//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 
//------------------------------------------------------------------
// 15 .................. UNIMPLEMENTED ........... 0 X 
// 14 FRMEN .... FRAMED SPI SUPPORT ...... 0 Framed SPI support DISABLED 
// 13 ....... SPIFSD ... FRAME SYNC PUL DIRECTION 0 Frame sync pulse output 
// (Master) 
// 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 DISSDO DISABLE SDOI PIN ........ 0 SDOl pin is controlled by the 
// module 
// 10 MODE16 WORD/BYTE COMMS ......... 0 Communication is 8 bits wide 
// 9 ........ SMP SPI DATA INPUT SAMP PHASE 0 Input data sampled at middle 
// of data output time 
// e ........ CKE SPI CLOCK EDGE SELECT ... 0 Serial output data changes on 
// transition from IDLE CLK to 
// ACTIVE CLK (SPIMODEO) 
// 7 ........ SSEN ..... SLAVE SELECT ENABLE ..... 0 SS pin not used by module. 
// 6 ........ CKP ...... SPI CLOCK POLARITY SELECT 0 IDLE state for CLK is a HIGH 
// 5 ........ MSTEN .... MASTER MODE ENABLE 1 Master mode 
// 4 ........ SPRE<2> SECONDARY PRESCALE 0 Secondary Prescale 8:1 
// 3 ........ SPRE<l> 0 
// 2 ........ SPRE<O> 0 
// 1 ........ PPRE<l> ... PRIMARY PRE SCALE ........ 0 '" ... Primary Prescale 64:1 
// 0 ........ PPRE<O> 0 
//------------------------------------------------------------------
// SPIISTAT: SPI STATUS AND CONTROL REGISTER SPI1STAT = Ox8000 
//------------------------------------------------------------------
// BIT NAME FUNCTION VALUE DESCRIPTION 
//------------------------------------------------------------------
// 15 ....... SPIEN .... SPI ENABLE .............. 1 SPIl is DISABLED 
// 14 .................. UNIMPLEMENTED ........... 0 X 
// 13 ....... SPISIDL .. STOP IN IDLE MODE ....... 0 Operates in IDLE mode 
// 12 .................. UNIMPLEMENTED ........... 0 X 
// 11 .................. UNIMPLEMENTED ........... 0 X 
// 10 .................. UNIMPLEMENTED ........... 0 X 
// 9 ................... UNIMPLEMENTED ........... 0 X 
// 8 ................... UNIMPLEMENTED ........... 0 X 
// 7 ................... UNIMPLEMENTED ........... 0 X 
// 6 ........ SPIROV '" RECEIVE OVERFLOW FLAG ... 0 No overflow has occured (READ 
// ONLY) 
// 5 ................... UNIMPLEMENTED ........... 0 X 
// 4 ................... UNIMPLEMENTED ........... 0 X 
// 3 ................... UNIMPLEMENTED ........... 0 X 
// 2 ................... UN IMPLEMENTED ........... 0 X 
// 1 ........ SPITBF SFI TRANSMIT BUFFER FULL 0 Transmit started, SPIITXB is 
// EMPTY (READ ONLY) 
// 0 ........ SPIRBF SPI RECEIVE BUFFER FULL .. 0 Receive is not complete, 
// SPIIRXB is EMPTY (READ ONLY) 

//------------------------------------------------------------------
void InitSPIl (void) 

cs 1; // Disable AT45DB321B 
RESET 1; // Normal Operation 
WP 1; // Can write to Dataflash chip 

SPIlCON = Ox0020; 
SFIlSTATI= Ox8000; // Enable device and leave status of other 

// bits 
SPIlSTAT&= OxFFBF; // SPIROV flag = 0; leaves all other bits 

// the same 
IFSObits.SPIIIF = 0; // Clears SPI interrupt has occurred flag 
IECObits.SPIlIE 0; // Disables SPI interrupts 
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II PUBLIC FUNCTION: SendReceiveByte 
/I==_*=z~=~==_====_===_==_= __ a.= __ = __ =====_=_== ____ ==_==========--=-

II FUNCTION CALL: SendReceiveByte(data); 
// ARGUMENTS: unsigned char data 
1/ RETURNS: unsigned char byte_received 
//------------------------------------------------------------------
// DESCRIPTION: Sends a Bbit byte to the AT45DB321B 32Mbit Data 
// flash chip via the SPI data interface and returns 
/1 the received byte. 
//------------------------------------------------------------------
unsigned char SendReceiveByte(unsigned char data) 
( 

SPIIBUF = data; 

SPI1STAT &= OxA003; 

while (SPI1STATbits.SPITBF) 
{ 

/* NULL STATEMENT */; 
} 
while (!SPI1STATbits.SPIRBF) 
{ 

1* NULL STATEMENT *1; 

return SPIIBUF; 

1/ 
/1 
// 

1/ 

/1 

// 
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Load 1 data byte into SPIIBUF -> SPllTXB 
-> SPI1SR 
Leaves SPIEN, SPITBF and SPIRBF bits same 

Wait until transfer is complete 

Wait until receive is complete 

Returns the received byte 
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1/========================================= __ = ___ =================== 
// PUBLIC FUNCTION: Erase 
1/========-===============--======================================== 
II FUNCTION CALL: Erase () ; 
/1 ARGUMENTS: None 
II RETURNS: Nothing 
1/------------------------------------------------------------------
II DESCRIPTION: Erases entire data flash, block by block by making 
/1 all values 1 
/1 
// ERASE INSTRUCTION FORMAT: 
// CCCC CCCC RRAA AAAA AAAX XXXX XXXX XXXX 
1/ Sbit command, 2bits reserved, 9bit address, 13 don't care bits 
// 
// MEMORY SIZE: 32 MbitS 
// BYTES/PAGE: 528 
// PAGES/BLOCK: S 
// NO OF PAGES: 8192 
II NO OF BLOCKS: 1024 
//------------------------------------------------------------------
void Erase (void) 
( 

static unsigned int block_counter = 0; 

mem is clear = 1; 
mem=is=full 0; 

while(block_counter < 1024) 

CS = 0; 

II 

// 

/1 
II 

II 
II 

1/ 

SendReceiveByte(CMD ERASE BLOCK); 1/ 
SendReceiveByte«char) (block_counter » 3»; 

SendReceiveByte«char) (block counter « 5»; 
SendReceiveByte(OxOO); -

CS = 1; 

block_counter++; 

while ( ! READY BUSY) 
( -

1* NULL STATEMENT *1; 

0; 
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II 

II 

1/ 
II 

1/ 

Turn erase led ON 

Number of blocks erased counter 

Set main memory is empty flag 
Clear main memory is full flag 

DO until all the pages have been 
erased 

ENABLE AT45DB321B Dataflash chip 

Send 
/1 
II 
/1 

II 

erase block command 
Puts address in correct 
erase instruction 
format 

Don't care bits 

DISABLE AT45DB321B Dataflash chip 

Increment block counter 

Wait until the chip has completed 
the erase 

Turn erase led OFF 
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// PUBLIC FUNCTION: WritetoBuffer 

// FUNCTION CALL: WritetoBuffer(buffer, address, *data, offset, length); 
II ARGUMENTS: unsigned char buffer 
1/ unsigned short address 
// unsigned char *data 
// unsigned short offset 
// unsigned short length 
// RETURNS: Nothing 
//------------------------------------------------------------------
// DESCRIPTION: Writes a data from an offset in a data array of a 
/1 specified length to the AT45DB32lB 32Mbit Data Flash 
II Chip's buffer at an address 
II 
II 
/1 
/1 
1/ 

WRITE TO BUFFER COMMAND FORMAT: 
CCCC CCCC XXXX XXXX XXXX XXAA AAAA AAAA DDDD DDDD 
8bit command, 14bits dont care, 10bit address, abits of data 

1/------------------------------------------------------------------
void WritetoBuffer(unsigned char buffer, unsigned short address, 

unsigned char datal], unsigned short length) 

// 

unsigned int i; 
while(!READY BUSY) 
{ -

/* NULL STATEMENT wi; 

WRITES DATA TO BUFFER 1 

CS = 0; 

if (buffer z BUFFER1) 
{ 

SendReceiveByte(CMD_WRITE_BUFFER1); 

else 
( 

SendReceiveByte(CMD_WRITE_BUFFER2); 

SendReceiveByte(OxOO); 
SendReceiveByte(address» 8); 

SendReceiveByte(address); 

for (i=O;i<length;i++) 
{ 

SendReceiveByte(data[i]); 

CS 3 1; 
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/1 

II 

// 

// 

/1 
/1 

II 
II 

/1 
// 
// 
// 

II 

II 

Turn ON the Record led 

Check to see if chip is busy 

ENABLE AT45DB321B Dataflash chip 

If Buffer is 1 

Then send write to buffer 1 
command 

Else send write to buffer 2 
command 

Don't care bits 
Don't care bits and 1st 2 bits of 
address 
Buffer address 

DISABLE AT45DB321B Dataflash chip 

Turn OFF the Record led 
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II PUBLIC FUNCTION: ReadfromBuffer 

II FUNCTION CALL: ReadfromBuffer(buffer, address, *data, offset, length); 
II ARGUMENTS: unsigned char buffer 
II unsigned int address 
II unsigned char *data 
II unsigned int length 
I I RETURNS: Nothing 
//------------------------------------------------------------------
II DESCRIPTION: Transfers the contents of the active buffer 
II of the AT45DB321B Dataflash via the UART module 
II to a PC running Hyperterminal 
II 
// READ FROM ACTIVE BUFFER COMMAND FORMAT: 
II CCCC CCCC XXXX XXXX XXXX XXAA AAAA AAAA XXXX XXXX 

II Sbit command, 14bits dont care, lObit address, abits don't care 
//------------------------------------------------------------------
void ReadfromBuffer(unsigned char buffer, unsigned int address, 

unsigned char * returned_data. unsigned int length) 

unsigned int i; 

while (!READY_BUSY) 
( 

1* NULL STATEMENT *1; 

II READS DATA FROM BUFFER 1 

CS = 0; 

if 
( 

(buffer = BUFFERl) 

II 

/1 

II 

/1 

SendReceiveByte{CMD_READ_BUFFER1); 

else 
( 

SendReceiveByte(OxOO); 
SendReceiveByte(address» 
SendReceiveByte(address); 
SendReceiveByte(OxOO); 

for (i=O;i<length;i++) 
( 

/1 
O}; I I 

II 
/1 

Turn ON the Send led 

Check to see if chip is busy 

ENABLE AT45DB32lB Dataflash chip 

If Buffer is 1 

II 
/1 

1/ 
1/ 

Don't care bits 

Then send read from 
buffer 1 command 

Else send read from 
buffer 2 command 

Don't care bits and 1st 2 bits of address 
Buffer address 
Don't care bits 

*returned_data++ SendReceiveByte{OxOO); 

CS = 1; II 

II 
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DISABLE AT45DB32lB Dataflash chip 

Turn OFF the Send led 
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