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A device driver s o program thad eslablishes dhe link bedween o high
level compu@rer program ond He hardwore. Device deivers owe usually
loach%rgmnd processes (as +e(m?ﬂ6«d€~aﬂdr%{0\y“fé%?de,n-; (TSR) programs in DOS,
or daemons in UNIX). In our example, an ISR will handle +he device -

which Ts the Lcegpmol,

The Ple2y family has an wnkerrupt mechanism lknown as the “Chomge
Nolificodion (CN)' Unlike 4he remaining i“nl«e,rrquts, Here 1o & single chamge -
nolificadion nterrapt, e multiple sources resull in the execution of
4o Some ISR. C@meqmenug, L Hece are mulkiple sources, the ISR
Should nclude an ‘dentification povr-} which should an all po:sible |
Soyrces. Microcondroller pins capoble of Sem,roq[mg He ¢N ;,\Jramp{ are
macked , as EXPECerAr with CN. The DA om‘pml of e Ltegpad scanner
75 connecled Yo @D6. Referming o the prodvet manual , one can see dhedd
Yhe samie pin has the name CNIS, {e. among the numerous CN ink soarces,
this isthe (Sth. Tn order for 4his pin 4o trigger a CNind, one needs o

| G["b‘"% eviable CN Tnlvermpwls bj execuh’mg
beel IECH, % (NIE

7. Enable CN15 20 dhat it Can gf»merozi‘é: an ?‘V\l"érr‘up'f' bﬂ éxricbtjcmg

beel  CNEN, #CNISTE
Once %\ese are done, RD6, or 66]'/““\4 CN15 will be able o ge,wemic a CN
MwLerru]mL (this Ts p\mdsico»‘ f)fﬂ #83) . Conse,quemug, \/\Jlf\ec/l a. uder Pre§565
o Ly of fle keypd, DA will make o low -to-high 4ramsition ,which
resuls in the Sanermjrfom of o CNink. Injre.reerir@lg, whent Hre l¢g,9 oS
feleased e ?ﬂlfermp? s i ggereoi olice MORg, oS @ Lt@hvjro low Hransition
Ts @an a cl/m,vyge aboul which the cpPu should be VW\L!‘@'&:L Cowsequ”q/
ne will need 4o check in He ISR whether we ended up there becowsse of
a Lc@(j closure or Lz@g release event.

The N interrupt I5R 1o labeled as __ cNInterrupt ,which s declared
3\@}2@1\ ot He bPSMV’;“ﬁ of the program. Hence, Hid lobel marks QJF[A(,' -

entry point of tle IsR.



@
Tn addition to the or cl(nwv LCD Vadab{es, Hour additioval menmory

@&\,lomﬁion% ac VVIM[€ 'por U/@‘\Aegpad dfv?ce lmno“er:

{. BuFF-start : Pointer to the b@gfﬂf\fmg of the V@g[w\&{ buffer.
2. BuFF. od = Poinder Jo the end of Hhe keypad buffer.

%, PUFFE cnd Namber of 3‘*0(@4 &Qﬁmd ontries "n He buller
L, BurF arfow) : The achual \,4@9 ‘00@} bl ler

The buffer can Lceep 4 entcies (Lo wl«rch,auhwgh vot veeded, Word size

|060\1(10VL5 are aﬂocmlecl) ; hence has 2 buytes. Tle reniqining, variables
are T“?\L“@J(\Zéol o 2ero. The lz-esjb@co(d buM&r s a dada structure lwwn
as o “cgclic buffecl. The 15R fills the buller, while He main program
empties 1. Each time a ley is pressed , He leey code s stored od Hle
locodion po?njreo\ ‘o 69 PUFF. star} , and BHFF,ﬁfar4aMd BUFFEcat ove
herem &/Lnlea[- BUFF. evw‘ a\wouds Poimls to +he o(deswl uwprocessed
L@jpad et/\iry. /H/\g man program W‘xen f}“(«er'@ 15 ot {é&LS'( oneg Lcegm’ﬂe.
in e J\bu@@r’/ tales e code from te |ocation Po?njre.oi- fo byt
Burr ond, then ncrements s pointer and decrements BUFEent.

As aw example, suppose that He matn program is busy and cannot
prOCe»SS lz—%Pﬁﬂl é?fVL“}r’FQ,,‘jA pa’e.SSTV\% (/Lajg 1,2 ownd 2 owns ‘Hf I,z,eypac‘
changes Hle pointers and \/aﬁc«..bles as shown :

START SToP Srop Stof
lismP | | START l sy \L
SN Gion 27
-\ (-
BUFF.cnf =g BuFF. cnf = 4 T BlfrwEz  BuFR.crl=3
START

Once tle main program is {inished wilh tle blockivg fask, i sees that
Burfcnt # 0, thus gets e scan code as "' and displays i Decrementing

BuFF-cnl by ohe does nok emply He buffer, 5o 4his i repeaded for 2"
omd 3" Uence

i / (uzu /
ST O"Zu <sop T . O"Z“ —> .
ART ‘ START \
i = 4
(> & STop

BuFF cwh=2 BUFFcd=t Tsmor BuFF-cnf=0
1! Jisplayed Iy g0 ol?spfayf’é “123"(9({5(){0?7@'



Fach Hime a po(n»Leﬂr 5 ?mz:rememjred, it is logicaly ended with 3 ®
(or biveuy 0000 0000 0000 0044) , hence pointers roll backdo & affer 2,
This 7 how the butfer becomes eyclic. BUFE st always escapes

Wbile. BUFF--”:%op chases. _- cNInferrupt never lets 4o cowd +o

exceed U, hence BUFF-start cannot overun BUFF_slop. Similarly,
if BaFF_cM = QX/ the main progicun does ﬂ.o-%?mg , 50 that He count

does not 00 vleg«onliwz.

Under normal cicumstances, He tme rgqmma w the main —
to process WW“A eutries (ie., +ake He Scom code Crom the bufler and
dfsplo\y it on the Lcp) 18 .‘;Tghi“?}‘c&w%‘g smaller than i falws €r e user
10 press WHS‘ HeWCé, BuFE_cnt does not have Hae ¢ hance o exceed 1.
This Ts because the main program i very simple i display Leypad ontries
on Tle L. Tn a CO‘/'/‘PHC’MLQd CWP”C@}FOVI_, however, Here might be
(OV[9 ’HMé covzsuwx?ng *‘“OL?*J\L@ Jro be qpmfslmed. TO AQWIOMS{r&Pe Suc(/( oL
cose (sothal we can see thod Hle device handlew worls correctly)
o blocking situation s added 4o the program. Tf bit #7 of porTe
oo 4, te program 3@475 stucle!  Pul BRB?2 shoes He same physical
pin (#27) with AN7, and to Had e &:ﬂow&'@ ciecuit s aHacked .
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The Schmitt Tm’ger TS nojvlm'fng bt a 1-bit ADC. A logc Q/ MACOMS thod e
THle \/o”m}e s less Han {Lésv/wL\ite a 1 ndicates @ lmga?{ VOH’(X;?E’,
Comsgguenilg y fur ning e lnob clockwise 4o tle ﬁ‘gH will eveﬂuglu\d
esult 10 & 1, bloclrg the pragrom . This s indicoded bﬂ LED3. OnHe
oHer hand, LEDE, LEDl and L(EDZ ave Used to 36‘553!% PUFE_cat. Wlen
iuzgs ace presjed when LED3 75 ON, He coud will Tnerease until I,
and after that He count will nol change and a beep is heard.

The main pragroum weites Yo e Leh, but does not deal with He LEDs.
They are handled by 4he T4 interrupt! See by yourself' how this Ts done.
And | can you gues wifg?
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