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0 @ REGUTREMETS

Attention: i edition 5 of LHFSD we reconmmend that the 5D programs developed in Software Desizn
are smdied only as “programming techmiques' mesthods™ This means, some resders may use VBS o uild
the SO programs, naturally, and each program is guarantesd to work withont problems. However, other
resdars may nse ANY SOFTWAFRE COMPILER THEY WAMNT in order to huld prosrens thar are
simalar to the 5D ones. It is perfectly possible, and everything should work parfiectly well.

Please be aware that, lately (well, after 2007), Laptop PCs do not have DBES connectors amymeore: they work
mhr'n'nhLEBpmb.ﬂ'Hm:ulwmse vou need to buy an “TUSE-to-Serial” cable adapter. Commonly,
ﬂ:mnaremut_'rpﬁquSB'R.SlT’ adaptors:

1. bkt with Prolific® v:‘.hmp*;eﬁ{u.edmei 1/2/3/4 of LHFSD book):;

2. tnult wath FTD® chipsets (used in ed 5 of LHFSD book).

Anention: if 15 pessible there are (or tey are going to be) more chipsets on the market, than the two ones
listed sbove. Begardless, you should immplement simplar agiurmaets as they are presented in details here.
The main aspect to note is, the hyffrs of the 5B driver need fo be ax small as possible.

Mow, the themny aspect is that each TTSB/R52332 chipset behaves differently.

Fig Ri A Delpck® USBRS23] cable adaprer emploving a FID chipset.

Each adaptor costs around 10-15 EURO. However, each has some
restctions imtations, therefore the meaders need to be aware about
them

Fig B2 4 Sabrent® [SBRS232 cable adapter using a Proljfic chipset

Manmrally, there are way more types of USBESX2 adaptors on the
market. However, | want to present the troubles I have with oy
adaptors, so that vou know to what kind of probleme to look for.

First of all, Prolific chipsets do not have drmers for Windows 8 af thos ime (October 2014); however, the
FID omes do work well an all Windows versions (3P Vista7/8). On the other hand once you install the
FID drmver (on any Windows version} vou meed to navigate to “Ceontel Panel=Device Manager=Foriz
{COM & LPT)=USB Serial Port (COMxS”: highlisht npght-click, and then salect “Properties=Port
Settingz=Advanced . .7
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Fig B3 Driver sertings of Delock® (FID chipser) USERS232 cable adaprer.

If you work with a FID clopset cable adaptor, your setimzs need to be as they are presented i the proture
above; otherwize the adapter 1= not going to work well. In general. vou need to reduce the size of the receive
ana’rrwmh;ﬁw*rvmnmmpmﬂbk In the prcture above, the nummmam buffer size 15 set to 64—aduch
1= too big, but that IS the pormrmm possible—] byvte sized buffers would kave been far battar.

Prolific clipsets have smalhrhﬁe:s,ﬂmughitisavm}'guodidummdnmﬂmasnﬂl The procedwe to
follow 15 1dentical Mavigate to “Conrol Panel=Device Manager=Portz {COM & LPIJ}UEE Serial Port
{COMS™: luphhsht npght-chick and selact ° Prcpern&anSemg:Mwmf ." You should see
something simlar to pichore B4

Artention: please pay particular atmention when nstalling your USB/F5232 dovers oo your PC—do it
according to mamrfscnrer specifications. In addition. plesse do mustomize your drivers as it is explamed
in this chapter, or in & similsr manmer.

Failing to customize you USB/F.5232 adaptor appropristely may result in sn ermatic behavior—therefore

your FDOm/SDx applications may mot fimction correctly. Araim all FOw/SDx programs will fimction,
thongh not correctly, as they should.



LITTLE HISPORY

abstuse principles have been coprously demizrated and made a langhmgstock by many of hus e

pears, ﬂtbﬂulﬂlu’enmﬂ.d:thm‘ePC;anncdlphm&mdxynmmhﬁmaurdmwwwk_(hﬁenﬂ:ﬂ
hand 1f 15 true that ke was also laghly esteemed by a few mathematician-scenbsts who did understand bes
work. Among them the preemment Brifish mathematician Mr. Awswsiis de Morgan [1806-1871] has
svmpathized with Boolean Alpebra, and he brought along substantal contnbubons to it

i Fig 1.3 Facuum rubsvalve npe EECE2.

Boolean algebra marks the appantion of lagic hardwars thearetically, m prmeiple, m
1854, Note that the first elecrronic vacuum mbevalve was officially created m 1884 by
Mr. Thomas Ahw Edison [1847-1931, USA]. Unfortmately, Mr. Edisom did not
understand the physics belind s m‘mﬂmﬁﬂ&fﬂmhﬂmhpa‘b&dﬁdﬂbﬁﬂ

“Edison effect”.

The vacuum tube was first implemented as an elecironic demodulating diode of AM radio signals m 1904,
by My Jolm Ambroze Flamimg [1849-1945, UK] In 1907, Mr. Loe de Forarr [1873-1961, USA] i credited
with the irvention ufﬂlemﬂp!gﬁ'ﬂanmmadsli_suﬂatmmbe} v.ducbmmi_-,ﬂlebepnmm of the zreat,
extzordmary, Elecronic Revoluion. Vaommm tubes, az electromic components m TV, radios, tape-
recorders, vimyl-dise players ete. have lasted romantically up to the end of the "‘l:"]'cennn.} {Lq}tnarulmd
lmjmdumrbo&}hasbemdlmmdbvﬂmrﬁmL"pemﬁLmnmm‘hm

The point to note 15 the fact that. regarding logic hardwars, it 1s onky the principle (the Boolean algebiz) that
matters; the bard-part implemenizhon = too bitle mportant smee 1t may be acheved in many different ways.
Ay:mdmghr logic hardware may be bmlt using seaiches. mechanical relays, vaomm tubes, transis
infegrated components, FPGAs ar ASIC=, and so on. The phy=ieal “form™ L.m'rmhrnatmupnﬂam‘mlng:.c
hardware; what matters 15 only the “firection” performed [according to Boolean algebea]. This is the reason
lnglcha:&nmhaszppeared,infmmIEﬂ,m.celhebmkafl'Ir.Buolemswb]jshad It was perfectly
possible, at that time to mplement a complex hardware module using only mechanical saatches. Of course,
nobody did 1t, but the possibality was night there. MNowr, the Electrome Revolution started at the begmming of
the 20" centy, with the first vaomm tubes: diodes and sriodez. In the other side, considenins logic
hardware, things have evolved, listoncally, as follows.

In 1904, the loge (hardware) prnciples afﬂmBmleanalgebmhm‘ebemimﬂmbdintu%‘m‘d
Himtington’=—an Amenican mathematicin—book, “Postulates for the Alpebra of Logic”. In this way,
Bnnish Boolean alzebra has crossed the Atlantic Dcemmwdﬂmgmﬁwrmnghrmdmi-&ﬁ.
unmersity grounds. However, the first practical implementanion of Boolean alzebra 1= considered to be the
1837 MIT Master's Thesis of Mr. Can’eShanum[ama.ﬂmma.huan,mmgm and a cryptographer, the
father of the “Information Theory™], publiched as "4 Symbolic Analysiz of Relqy and Swirching Cirouits™.
That brlhant woark brought the Nobel prze award to Mr. Clande Sharmon m 1939, and 1t 15 considered the
Master = Thesis gf the cennny in Uhd” In addion, 1t 15 nimored that Mr. Claude Shannon 15 also credited
with the appanfion of the “binary cods™: the very essence of HFS [Hardware Fimmare and Software]!

E LH2: OF FIRMWARE

In 1937 Mr. George Stibi=—an enpimeer at Bell Labmatones—bmlt an mpemouws mmmmmg computer
prototype named “Meodel £ [“E” stands for “ktchen’] using relay=s and the bmary code.
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Tell, we should also menfion the exceptional work of My Eomrad Zuse (1910-1993), a mechanical
enginesr gt the Henschel-Berlin aircraft factory: be imvented the wordd s firzr proprammaable comprrer i
1941 wwing telephony relays and o pagbrated 35 mm cellulowd fiim. The programming lanresge he had
developed im 194546, named “Plmbalbe™ (from “Plan calonhes™), is considered the first alsorithnsic
(Emmware) progranmming lanmaze. However, doe to the WW2 crisis his work became ackmowledzed
only decades Later. Most patents of Mr. Konrad Fuse have been bought (amd later nsed) m 1960s, by
EM™

Back to the proper timelne. on USA mrounds, John Atawazoff and Clifford Bervy bt in 1939 the first
u:un:lp1.1r|=_fr named “ABL”, usmg vacuum tubes, relays, and a rotary capactior working as an “electrostaric
memory” . However, ag?md:uet-nﬂ:nmblﬂme W2 historical catastrophe, the ABC computer was never
upgraded: in fact, it was even disassembied mn 1942 to gam addittonal stoning space for war supplies.

Begirning in 1944, Howard Aiksn and Grace Hopper from Harvard University bunld the “Mark™ series of
computers. Mark I fimzhed m 1946 weighted about 5 tons, and 1t had approsamztely 760 000 components
pamally assembled! Micknamed “The Manchester Baly”, Mark 1 has been used by the USA Manne for
(g) guns ballishe computatons up to 1959, Patnolarty interesting was that Mark 1 used a pumeched paper
fape 10 order to mput the data, while the cutput was rediected to an electronic office typewniter. In addrhon
Mark 1 wsed a special vaoumm tube, named “Williars-Eilbwn Tubs”, working as data memory: that was the
first BAMN [Random Access Memeary]. The second prototype, “Manchester Mark 17, bas been mmplemented
mnto factory production by Ferrant Ltd ™ company, and 1t became the Srst commercial computer (Te-named
“Feranti Mark® I7).

Fig 2.1 4 BJT trameictor in a TO2 20 package. § o

Between 1947-1948, 3 monwmental orvention has shifted the entire Electrome .
Revolubon: the BT transistor [Brpolar himchon Tranaistor]. A group of researchers

from Bell Telephome Laboratories™ have discovered (entively by accident, dining therr |
very last attermpt) the amphfiing property of the permmannmm erystals. |.

Ths landmark mvention brought the Mobel prize to Johe Bardsen, William Shockley, and Walter Brartain,
n'hﬂﬂﬂ!ﬂe‘ﬁ-mldm*mmgmchangmdmaﬂ} As anote ahtﬂeb]imnofcommwecmplmmw
the major “ages” n computer hmeline.

CHART LHZ.2: MAJOR AGES IN COMPUTER EVOLUTION
[ COMPUTER ENVOLUTION 157 GENERATION — VACUUM TUBES
2% GENERATION — TRANSISTORS
37 GENERATION — INTEGRATED CIRCUITS
4™ GENERATION —- MGROPROGESSORS

In 1951, Jolm Prasper Eckert and Jolhm Mauchly set a new landmark in computer evoluhon with their
UMIVACY [Universal Aufomatic Computer] commercial computer—this is, after they abandomed their
enFnesnng studies, mﬂaﬂuﬁxﬁ}wufdneﬁmﬂsmmemmaﬂmmmcmm
with sumlar equipments produced by the mant IBM™ orgameafion, though #t proved to be superior m
operation (way faster) since 1t used a magnetic tape, nstead of “pumched cards™ used by the IBM comparers.
The IEM organization [Intemations]l Busmess Machime™ Corp.] 15 2 famous name in computer history. IBM
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—~ H1: ABOUT HARDWARE DESIGN

Amannely, the “hardware” term 15 5o general, and i names so many “things", that only 2 few hardware
specialists understand the proper mtended meamng m owr day-to-day messages. Persomally, T have been
through a couple of mterviews m which the professional mterviewer was asking me questions about
“hardware”, although he'she had absohately no idea of what that “hardware™ thing really was!

The general “hardware” term refers to “amy plpsical means needad ro work with'on”. Consequently, we can
have “house hardwars”, “gffice hardware”, “mamtenance hardware”, “electronics hardwars”, “kitchen
havdware”, “chemicals havdware”, and =0 on_ It 1= clear that, when we use the term “havdhwars”, we nead to
explain 1ts meamngz m details. Mow, “elecromics hardware” refers to the electrome components; however,
alectronics hardware can be “digitallogic hardware” and “amalog elechremics™—the difference betwesn
these two major domams 15 best explained m the comng subchapter HI 1.

The term “hardhweare design/development work” [explamed 1 H1 3], related to “logic hardwars”, refers to a
few specific “hardwars subdomains™, as 1t 1= presented in the following chart.

CHART H1.1: MAJOR SUBDOMAINS IN HARDWARE DEVELOPMENT

[ LOGIC HARDWARE MICROCONTROLLER DESIGN [PRESSNTED M THIE B00K]

PGA DESIGN [Vit HIL PROGRAMMNG LANGUASES]

ASIC DESIGN MOST ADVENCEDFCOMPLEY, OF ALL HARDWARE ACTIVITIES]
PLC DESIGN Vit RELAY LOGIC" PROGRAMMNG]

The focus m thes book 15 on “microconmroller hardware design™; the other remaming domams, wav more
complex. are only desciibed bnefiy—for onentabion—in the followmz subchapters. Note that all different
hardware development subdomains are commeonly referred as “hardware design’; however, the differences
i terms of “the shills require” are enormons. Just one exanmple, the hardware design subdomam of ASIC
[A;rpiiu:a.u.ou Specific Integrated Corowts] may refer to the hardware ds.ﬂgu gf an Intel processor, which

requires a0 entire team (3 couple hmdred) of ultra hughly speciahzad enginesrs.

Amywray, the iterest mn our book 15 to lock at such things globally, i a relaxed manner, and only one step at
a time—haby steps.

£ H1.1 COMPARISON: LOGIC HARDWARE VS. ANALOG
ELECTRONICS

The first aspect to mention about analog elscronics and logic hardware is the fact that the wers need to
study a lot, theoretically and practecally, both domamns of electromic desien. The zood news 15, there s a
tremendows amount of documentation on the Intemet zbout electromes; the reverse of the cown 5, begmners
are simply bewildered. not knowing where to start from—now, now, do not worry, dear fnends, "cause thes
book 15 going to direct vou on the nght path to follow.



CHART H2.6.2: TYPES OF TRANSISTORS

[ TRANSISTORS LUT [UNLUNCTION TRANSISTORS] |
BUT [FIPOLAR JUNCTION TRANSISTORS] |

FET [FIELD-EFFECT TRANSISTORS] |

Unyjunction transistors are bitle wsed [in amalog electromes only], mostly as pulse generaror. However, BIT
trznsistors are emploved 2 lot m hardware electromes, baﬂ:tmm:lalaga:ﬂmlng.c schematics. Mow,
particular to BIT transistors enploved in logic hardware cirouts is the fact that they are “{2 orde’) current
conmrolled devicesrelaqys/mwitches™.

Fig H2.8.3 The rchematic neaded to calculaie ramsisior aquaion.

The main formmia wsed with BIT transastors 1s:

la=lp+ L [ramsistor equation; safration]
Il =0; == I=0; == |.=; [the catoff state]

Diespate its simpleity, the general formmlas above allowr for a few mteresting obzervations—elated stctly to
the logic fiunchons transistors perform. First of all, we have the “cufoff” state, when the base current, Ib, 1=
‘407 thes happens winle the base voltage Ub, 15 smaller than 0.7 V {for NPN sihcon transistors only).

Specific to the “cutofl” state 15 the fact that there 15 po Ie, therefore, theme 15 no Ic also. Consequently, the
volizge in poant A is +12V. This “cutoff” state represents a logic “07, “OFF ", or “false™

MNow, if we mmp up the cwrent Ib, cal{:ulamdasUb.'Rh pastzcanmhm.t{pmadﬂ:e “samration base
mmu'jl our NPN transistor enters the “sourarion” state. Specific to the “saturation” state s the fact that
the voltaze m poant A becomes IV, therefore this state represents a logie “17, “OM, or “true”—there 1= Ic and
Ie cmrent flow.

All we peed to do to an NFN transistor, in order to make 1t work a5 an ON/OFF swatch'relay, is to we a BEb
resistor that bas a sufficently low value (zay, of 1k}, neaded to push the tansistor mio the satorabon
mode—into the “ON state.

Mote that the base cument, Ib, 15 the only thing that control: the ON/OFF stafes (agam, named
“outoff " sahwraton”) the transistor 15 1. However, the=s two fimetiomng modes'states happen only when we
use transestors 1o logic hardware cirowts.

In analog cwenits, transistors also work as “amplifiers” (of cwrent, of voltage, and of frequency) which are

far more difficult to calenlate, to analyze, and to embed mnfo anzlop circwis—again, performing analog
fimctions. Weorking with analog cireuits 1s not quite a child’s play.

: HEARDEARE
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Fig H1.64 Bigwing the Nchomel Aimction FET (having a groundimg gate protection Re ). a4dd

H=JFET

FET transistors are different from the BIT ones, in that they are %3 order) voltage -
controlled devicezswitchezrelqys”. Of course, it 1= far more difficult to work wath
FET tramsistors; just an example, they can be easly destroved by cur body’s stzhe
voltage!

However, FET transistors are the optmmen technolozical sohubon for buldms nulhons of transistor cirourts
inside ICs [Inteprated Circwts]. In fact, the mentioned FET fransistors built inside ICs are named MOSFET
[Metal-Crode-Semiconductor (technology of) Freld Effect Transstors). MNow, of we can 1znore ther different
fabneation technology (of MOS tvpe), phus thew different schemzhe (of FET tvpe), and of comsze their

different required Miasing'polanzation circwits, then we can see that FET transistors work, legcally, exactly
as the BIT ones!

The thing to remember about FET tranmistors 15, we have a “gate voltage”, Ug, that controls the “CRS'0OFF

NPN PNP  Fig H2.6.3 Schemenics qf Darigion ransistors.

hpﬁzﬂmmnfBEmﬁmummﬂ“Dzlﬁ;gtm”:tﬁ;isapa&uf
g it ) _L' transictors spectfically calenlated to work together a= a single tranmistor. One low
u_:r Bt\,_,]) power transistor tnggers the second one, of lugh power.
E

However, regardless the new name. and of s complex schematies, a3 Darhington pair works exactly as a
single BIT tranmistor.

Fig H2.6.6 Uking a PNF transiztor i a “sourcing ™ circuit. SOURCING
CURRENT

-]
PHP
HNow, all we care in logic cocunts 15 the “ON'OFF™ state the transistor (and the

munt}hmHmeter thus “ON/OFF” state can be achweved usmg BIT
transistors in two different ways: as “sowrcing (cwrent)” or as “simkang (cwrent)”.

o

@i +au

& T 1
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The ‘soureing” schematic 1= not rmch used, though it 15 the prmeiple that matters most. hﬁen‘&:ﬂnﬂ.&e

“sinking” schematic 15 nsed a lot. Once again it needs to be nghhizhted that BIT transistors are “current
controlled devices™; however, m order to achieve cwment-flow n one dwection or another, we need the
adequate voltage polarization—this 15 named “biasing the fransiztor”.

DESTGH =



B4 SOHS

Az for the latest aclievement: mn hardware desizn. they are waiting to be discovered one glomous day,
someplace nght mside your own pand | v dear readar!

=7 H5.1.4 SUGGESTED TASKS

[B H5.1.41 STUDY THE FAMILIES OF TRANSISTORS BASED ON THEIR PACKAGE

Use the Infermet and try to discover the TO-220 package transistors capable of delivermg the most
current. Mext, try findmg a somlar part of type TO-220F having an 1solated collector.

[ H3.1.42 COMPARE THROUGH-HOLE AND SURFAGE MOUNT R5232 DRIVER IG3

It 1s very ingportant to know the size of the SM components because the PCB mamifschming price 1s
still very loph The savings m PCB area are great when wsmg SM components; however, populating
the PCB wath SM components could inerease your costs dramaheally.

Sometimes a muved design could be the nght sohihon These considerations, and the mize of the
components vou mtend to use, need to be very well weighted before starting a new design.

[# H5.1.43 ESTIMATE THE DISSIPATED HEAT OF THE STANDARD R3232 DRIVER IC

Try to eshmate the dissipated heat in mW of the MAT 3TN and MAN3I2A IC: mumning at 9500 Baud
rate, then at 57.6 EBaud. Do not bother with the exact fooomla becanse this 15 only an estimation:
mstead, w=e the graphs provided in datazheets.

I~ H5.2 SPIMODULE

The “Serial to Peripheral Iwerface” [SPI] 15 one of the simplest commmumicatons profocols—in terms of
both hardware and firmware mplementaton—and also one of the most useful 5P is used on the PCB board
only, where it allows for extrernely fast senal data exchange betereen varous ICs—aote that all ICs, phos the
SPl module, form together “the SPI Bus”. There ame no clear specificanons for the SPI protocol—mn fact,
there 15 no SPI protocol At first, SPI was developed by MMotorola™ then it was quekly adopted by
evervbody. The nmplementzhon of the SPI protocol, bowever, 15 more or lass partieular to each IC.

The tran=mm=zion rate 1= mated anly by the hardware charactenstes of the slowest component on the SPI
Bus, or by the fimware applicanon. That data-speed could be 1. 20, 80 MBPS [Meza Bus Per Second] or
even more. In terme of hardware, SPI works with many positive DI loge voltage levels. The fimoware
protocol specifies only a ser of serial pulses—ther number 1s “as many as they are neaded”. MNote that
compmmications do pot have to be comples. in crder to be extemely efficient.

Unfortmately, mmerocontroller ports 23 and 26 used for ICD3 programmung interface have many other wsefinl
fiunchons which we are not going to use. In addihon to TTART], on those two pins there are SDOL [SPI
Diatz-Cnat 1] and SDI1 [SPI Dieta-In 1] emploved by the built-n SPI driver. We managed to use UART?
mstead of UARTI, but there 1= no second SPI Bus. That 1= bad, though not too much because we ame zang to
bmld 2 custom hardware and fomoware SPI draver.

: EARDEARE
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It 15 ny stromg behef that, 1f vou do understand owr custons SFI Bus, 1t wall be a lot easier fo wnderstand and
use later the ualt-m SPI dover. Fact 1=, using the custonn SPI dover 1 more a matter of firmmarare; therefore, 1
am going to explain 1t m adequate detals at firmwrare design-time. than T do it now:
Even more, the next chapters deal with senzhized data transfers between ICs, therefore we are going to

contime working on the SPI Bus hardware module. For now, I descnbe only the bazics of hmlding a costom.
5P Bus hardware dimver.

= H521 SPIBUS

Please take a pood look at the following preture.

SPI BUS

e ti ey

DARTA CUT

DATACUT

Fig H3.2.1 The SPI Buz Iqvou.

The SFI Bus has three lines: “Clock™, “Dara-In”, apd “Data-Owr™. Very mony penpheral devices ean be
connected to the SPI Bus, but not all of them need to have connections to zll three Bus lines. In Fig H5 2 1.
aach penpheral device 15 an exanmple of a partienlar case. Penpheral DEVICE-A has direct comections to the
CLOCE and DATA-IN lines; 1ts DATA-OUT port 15 connected senally to DEVICE-B as a DATA-TN line.
DEVICE-B 15 connected to the CLOCK line, and it takes mts DATA-TN line from DEVICE-A. Smece
DEVICE-A and DEVICE-B are output devices, they are not cormected to the DATA-OUT Bus lme.

DEVICE-C 1= of the mput type, therefore it has direct commectons to CLOCK and DATA-TN hines, then 1t
sends 1ts mput mformaton on the DATA-OUT lme You should note that there are meny other
confizurations possible, bazed on the examples illustated For example, one output device of type A may
enable/dizable eight independent input/output devices connected to the Bus lines.

How, the SPI Bus wooks this way. We send messages on the 5F] Bus for each penpheral device, one at 2
timme. Mote that each of the three devices (or more) needs a dedicated EMABLE line m ordar fo recerve the
meszage: otherwise, it capnot do 1. When we send a message for DEVICE-C, we set first its EMABILE-C
line high then we send the messape addressed specifically to DEVICE-C. In the same tme, DEVICES A
and B do exactly nothing because they are not enabled The true beauty 1=, we have only three common Bus
line=, plos an enable one for each DEVICEx, and this 15 excellent news if vou tzke info account that one
perpheral DEVICE=x could have exght I'0 dove hines, or even more.

DESIGH =
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Fig HI0 1.2 LHFSD-HCE 13.2 PCR
with Silkscreen, plus Top and Bottom

I am not very proud with my work
in this prehre, therefors it 15 not an
exammle of a2 good practice PCE
desipn A= vou can see, I used
many square comers, and there are
no ground planes.

cOpper kaars.

I TITEEL]
.".

It happens that | am not quie the persomfication of pahence—] worked all PCB fraces m one 14 hrs
workday—and the fruth 15 T do not savor mmach repetitive work. Pleasa find better PCB design examples than

mune.

Iy intervest 1n Fiz H10.1.2 was to build a_funetional board withour miztakes. In that respect. the Top Copper
h}u{tﬁ&&r}m&aﬂnmhmmmlmml}r and the Bottom one {(gray) m vertical traces. That method
of moanual fracmg bas resulted 1 very memny “vias”, therefore I kad to bend nov honzontzl and vertical rules a
Little. and tzke out as many vias as [ was able to.

The last part of PCB design s “Testing”. That was the most important design phase. and 1 allocated three full
working days for that. As ] mentioned before, I discovered a few mustakes not only on the PCE. but alsom

schematio.

! EARDSARE

Unforumately, this is another sad reality: when we become oo confident m our professional level we
work letsurely, without paying rmich stention fo small details because we know we are able to comect,
Later, amy mistake That 15, of course, not very good, therefore tome labortons sesnng ome is afwas quite
ROCEsSaTY.

Arrention: Corgllary Theorems has sold the kis IHFSD-HCE V22 . V3.2 fom 2006 up to 2009 (up o
Edition 4 of this book). We had to cease that activity because the shipping costs became prohibitive in
2002, more than the cost of the kit itself!

Amyway, we sold our kits thronghout the World, from Australia, Malaysia, India, Chile to Europe and W
America, and we had to Sght permanently with “delivery-time™, “customs delays" and, nanmally, with
Impatent customers. It was way too much mouble therefore we had o quit.

To compensate, we decided to provide in Edition 5 the electical schemancs of ITHFSD-HCE V4.00 in
“ExpressSCH” format. [“ExpressPCE™ program is availsble for free download; just search the Intermet
for “ExpressPCE™ ] Unfornmately, some readers are never “totally™ satisfied: they asked us for the PCE
Layout of LHFSD-HCE V4.00 also.

First of all dear readers, you cannot use the PCE layowt of LHFSDV-HCE V4.0 withowt the precice
“parts list” we used, which is, in tum. dependant on particalar distribators you may not be able @ contact.
Mow, if you cannot procure a single component, then the entire PCH Lavowt of LHFSD-HCE V4.00 is
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mzelesz.

Secondly, the PCB layout of LHFSD-HCE V4.00 is subjected to the Copyright Laws [all PCBs,
schematics, and technical drawings are], and we do not nbend to delegate that particalar night of ows.
Pleaze do not be discourszed by this aspect, becanse designing the PCE = o mamdaory lazson for mye
frrdware desiener. Start with discovering the POF drawings of all pars you need then build youwr PCB

Mote that luildng the LHFSD-ACE PCE may take you only a fine doys of work since this is, in fact, the
easiest part of hardware design (far easier than schematic design). We have provided the night schematics
fior you, the only mouble laft is discovening the available parts in your region of the World

Artention: we suspect that mamy of the kit we sold previously may be purchased as a “second hand™ fom.
eBay, or from some other places on the Internet However, if you build the LTHFSD-HCE. and you use it
properly o work with this book. then you could s=ll the kit to other bagimmer desipners—to recover some
of costs.

Tust write 1o us |, snd we are going to display your offer in 8 dedicated page of our Intermet site In
addition, you could use youwr LHFSD-HCE PCH and thic book in a far more constuctive mammer, o
acmually feach the Inowledge i clasztusoring acivities. Both the LHFSD book and the LHFSD-HCE
have been partcalarty designed o be nsed as “pedagosical insmuments™. Mote that edocation will always
remain “in fashion™

Fig HIQ 1.3 Finished LHFSD-HCE F2.4

InFig H10.1.3 our LHFSD-HCE V2 4 1= firzshed . and working. Note the connected stepper (it has a tmy red
tnangular flzg attached), and also the USB/ERS232 adaptor and the THC-IN power pluz. We are ready now to
start firmmerare and software desizn. However, there are shll a few aspect: related to the hardware desigm
work which we do peed to cover; one of the most important 15 BOM.
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