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This project aims at designing an »zXENN»©EzX PE8O>»X% ©O»/ +z8E system that can 

be used in large buildings +z/ 8£zPX>O8X»£zPg m¥»P system behaves automatically to 

worn and guide workers in such N+>©E 8£zPX>O8X»£zP X¥>£O©¥ RED/Green lightning 
lanes that are activated by a controlling system. The controlling system is triggered by 

different types of fire, smoke and other disastrous detectors. 

The system is also integrated with an audio-visual means so as to help 

handicap and people with special-needs to be safely evacuated from the dangerous 

areas. Other actions like water-pumps activation and dialing/alanning the special 

+OX¥£>»X»EP # »X¥ X¥E / EXE8XE/ ?>£YNE& 8+z YE E+P»N% »zXE©>+XE/ X¥E / EP»©zE/ P%PXE& g y 

prototype of the system has YEEz 8£zPX>O8XE/ r tested. 
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(Literatur~ Review) ~luJ\ ¢¢jJg»NN 1.3 

¢NY4g n4j ¢¢ ~~i.., uL\_)j 0-o ~ # uwl~~ '½Jc t)!L.WI ("fa. ~ t.J-~ lji XD 
¢N J...::,j.i ~ ¢# 0,o o.)w.ui'il JC4g» 0,o n4j ,.J¾i-11 ¢¢» 0,o o.)w.ui)l1 dlj_, ,<1..J\J,i "N w__,..... t,.G~I t..,µ 
XD 0~ w.}_,ll ~ L, ~ ~u,JI_, o_¼ A,~ l_,.:;..o .)9 _@=N¢ J¢» JC4g» 0Jy gg4» ,uluil_)~I 0~ ~ u_,_.u\.ill 
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jy.j ui ~ L.ljl 01.S. ~lb.u , ~~I d_, ~ _)y. L.,, t_,_y:;,.JI ,~ '-;-ll:,.._._ai IA~_):l.J I.A_,.)\) 4:,Ji", 
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:l.....\.)j '-;-l..}I t.foy.i w__,....._, , 0,1lh.. t.J_y:;,... UC- :l.....\.J.) lj\ gN=44_» r-3_, wc _,_y:;,... 0+ ¢gN ¢ I.Ali~_, ~\ 

. GU:ii _, wc _,_y:;,... u,o I.Ali~_, 

(The security and fire Alarm System for Controlling and Monitoring Mall) 

A...:1W t_,_µ1 \:U ~ _, ,~ ~ J-! 5_ay54 ¢ 0+b 0,1L <::fa t.J~ uc- o .J'--:r:- R+ 

df i · i=TNP i»P ¥»4»%P5aaNu ) u_NN NP · E_O3NE»6©¥NP 5± s3P+1: P 
~IS.ill , 03»• J 0sfN wc _,_µ )Nggs0C4gggg t.J_µ1 l:U ui b)li _., 'lj.)Ll\ y ~\ j4::,. _y. ti _yLll I~ ~I 
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- • ..J l)"'=-! .J r--- y .J 
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,(Estimation Cost) >»NNg»NN OgCgJ0fg=» 1.4 

» o~aa RP X+NP P»N i ¢ 5f X%P yN)NE55@f»NN %+a + 4Xu»NN NP P t+ N4NN i i' • QP r s 

NP i± u «NP• C% P»NN E»©s 6 +RfL 8+ui ¥ N %R% P»NNP PNNNN » uNPu +©Es r f 
g$'%µi i- i f N¥RP rPN» Q6 r i NP P N»»»N X+ J+EN »P P : • N 8£)»P__6P61Ls 

(Hardware Estimation Cost) ~Jffe'il ¢j ~LS:i 1.4.1 

5ua) ' a r¥»NN 85N$fm C lagas dP±E N 

_Ns o±_Ns ¥N v_@ 0 
30 $ o ( PIC Mcrocontroller 18F4520) j 1 

I 

5$ o Crystal 8 MHz & 20 MHz o 

20 $ 1 ISD 1400 Record/Play 3 
j 

7$ µ Switch on/ off 4 

5$ 4 Toggel Switch (Reset) 5 

10 $ 1 Microphone µ 

10 $ 1 l aµ 3os EXg 7 

au ~ 14 Transistor NPN 8 

3$ 1 Optocoupler " : Q i @o@ ' 

3$ 1 Triac Tic 206 10 
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u ~ 1 l � +XE> 2+NFEs±16 11 

30 $ 1 Sensor ( smoke sensor) 12 

u ~ - Resisters 13 

6$ - Capcitor a5 

15 $ 100 _u$ i i . 0E/ 3P au 

10 $ - wire raping Ps aµ 
j 

15 $ - # »>E >+?»z© N7 6 4 y PXE ENN j 17 
4 

5$ o Relay 5 v a- 

# »>E >+?»z© N© 
I a' 15 $ 8 » 

20 $ ?>£ ©>&& E> P__3 j 20 
. 

l f £RX#+>E c PX»& +X»£z Q£PXs Es 8N$f» a45go 

GE6Os 8y' fm C lagos Ji ± N 

150 ~ a 

(Engineering Estimation Q£PXs Q±_ ©NN 8»XG» a45gi 
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+NNP UP$¥Ns 8»$fm C lag5s JPs 

_;,..uJI ¢¢¢ J.i,U\ t_,lll jS 
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• %» +NN c N P3»P 4NR 4u 
3 lXgJ¢ ~i9..o Jlu....) ¢J3=NN %4nR+NN 5g.=_5_Y 1 

X=gJn%XgJj ~i9..o ~WA 

20 $ 
¢#3g»N @g.'n%XgJj ¢j¢$ £¢ ¢ ¢ 

3 JC¢j ¢ 3¢$ nR+NN 4-!:.Li.b 2 
P_NN tg±µ »4 

- . ~ Y- . 

X=gJn%XgJj w ~ ¢j ¢$ CC¢ ¢ ¢ 

35 $ a5N u ' N u t_5 yP tR+ u 3 ¢¢j -A.! ~~\ %4nR+NN 5g.=_5_Y 3 

E>i_NPi iµ N= ©fNN 

15 $ 
CC �»Y ¢j ¢ ¢¢$ X=gJn%XgJj ¢ 

E6i_5au@i iµ %©) t P»©NN 
- ( design) XgJ%XgJj ¢ ¢ 5 
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(Total Q£PX s 8»NN~»NN ©4'55 ag5gu 
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664$ ofNN © i5y N 

e i @ga 
Qo©+NN g%NNfu 

e ao 
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e i ugo 
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· (Project Sche~ule) XJ¢ 13a¢�NN JJ¢j 1.5 

· $N554N%' i 5NP %NN4% « +PP± � : Ph · P r Pt6 Ps PX% tyN» +©NN i i· ' QE 
X�» c:4-i %Xg4#gg4» ¢» 0-4 y, µ_'n4NN ¢ ON OJn%g_Jj u,o ~ 3¢J ¢» ¢ XJn%0NN ahN%4J ¢ N1� JJ 

g g»g0NgP $gggggSgs J» X JR+ 

X�¢j J=O»NN ahXggg=T» ¢ 0.H XJn%C4gJj <) Jg4gBgaa ahan►g» t;jJJ ~ gd$� 4¢n4aa %4gg4dgg JJ¢ ~)J 

¢ XJ%=C4gggJN ¢ sj JJ¢j O» O Jn%g_Jj u,o J 3XJ%=C44gN» yg4N5J J g/g_CNNggN_. ¢ ¢¥g=» ¢J 3XJn%C4gJj <} ~ 

JJ3NN ¢jgJJj J4g/N u-o XJn%C4gJj <\.,c..)S,Q £RX ¢J Xh_a· · gg4» 16 u-o XJn%C4gJj u-o JJ3NN !>_►gJj ufo 30»NL_ 8sJ 

½N J3=aa # 0+n4¥gJj ¢ ¢s¥gJj a154Jj ¢¥gJJ XJn%C4gJj £R+ ~h.:i ~ X�n�YgggC X�¢jJ ,(1.6) J4_'¢$ <} ~ 

¢¥g=»J ah� 0/ ggg 4g=»8N ¢ O•13 ¢j ¢Ngggg3Caa # Nggg4»NY=�j ¢¥g=» ¢¢J dggJ¢j ¢ ¢j XJn%=C4ggg4Jj ofo J? 

P+i · @if u)4u$4NN ¥+»N ©P ii P rPN86 oNP EN 0+N Pr P +NN P• 14©g+uNN 
ygggg3g»NgNSJ XJnµ a ¢ Jgg4O�N 5JsNCgg ¢ ,(1.7) JJ¢j ¢ ¢ ¢» ¢•g311$ 16 @ ~\_9 ¢sj £¢5 JJ3NN 

£%Y ¢ �»NJggsgg$j 05. ~ ~ 5«8 ¢ # N6»N ¢J ¢J £%$Jggs ¢g•J Nh�. (.:)c Jg4gBgNNJ ,4W !>U/ 
8P5N£ NEN4a©P @fN4a jP+ NP +P' QN' N NP6NP rPE+N _µ s ufN u+Ni 

-~~J i..l-!3 

@yQJ @ahN_hiJ ¢ 0-4 4g$ggy� J ¢ ¢ �_' gJ 0-4 XJnµ a ggg=fnR+g_4g44a 0+¢ O5NN»aa O3=NJ¢j )DJ 

=X•_3113a5 JJ¢5 ¢n4NN gNgggg£gJ ggs§J4 ~Y' ~ c)) J¢n4aa Jgggg£NR+ 
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(The First sem~ster Time I_>lanning) JJ3»N Jg+»NN <), ¢�NN JJ¢j 1.5.1 

JPNs »s / P6EN =lagµs JP±+ s1 

¢ NR+ 16 15 14 13 12 11 10 9 - , 6 u 4 i 1 
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. i __s ' aPu 
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lm¥E f E8£z/ PE& EPXE> Time Planning) ¢$»NN ¢j ¢ ¢�NN JJ¢j 1.5.2 

8CN».a ¢�NN JJ¢j= (1.7) J_'¢a 

6 fa 32 30 29 28- 27 26 25 24 23 22 21 20 19 18 17 
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gg g 

! XgJ%=CggJj gsjP¢ gg ¢ 
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, 4g 5 11 j G_=£ » 4g 4g 
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jj jj 1 4 ) i_N eg4 
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1, I 

X nµ a gggg ~liS 
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j gJ ggghgd 'gJ g 
I o3 . 
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11 



(Risks) gR+·gyNN 1.6 

4gO�f j >3¢ ¢s X�ggsn�_J O» ¢ ¢$ gs%4• j @y XJn%=»»yNN X�N ¢ lfa.fa- O» ¢ ¢$ nCY·gggJj ¢ 

¢ J XJnµ a ¢ n»»»gg=» 0-4 4J LJ >¼1 ¢ J nCY0=gggJj o~ d y-o J0=»gNNSgg' o _p,li... 4.h y c} ~ J» 

· (Project Risks) XgJ%CgggJj nCY·ggy • 

X 
g 4 gj$ 4 • gg 5_gggg+·ggJj ¢ · gj$ J a¢a a_ 4g 4 gg ¢aa g 0·gggJj e,. · J¢ R3¢ gg Y J g rs- YYt.r ...>= >gg4>_J 

(Product Risks) l¢j nCY·ggy • 

J4g8XP=»gJj «1hNNgJ _=g0gj$ ¢j t .@ga$£ggs )dgNQ · _¢· gg NNgJ¢ j .LG,...J\. e,. 
• lgL_dNgJ • ¢ >3 J J¢ ..?.- J _ _JJ J e:.~ . ~ >gg4>_ J 

(Business Risks) ¢j nCY·ggy • 

P3P oi i u r i __Gi PX. ©NE t4' $uN 5©Ps ©' uaNfs N ¥+Xu+N444hi 
gXJn%=»»yNN j¢ @y ¢$ ¢$ s :i.S n%=CJj s ¢ n4gJj 

$u yN o$©N agµga 

¢ XJµ 4 ¢¢N ¢ £ gs»'ggjj >3g# ¢0£=»==ggj ggs y,,. J XR»gg£ggJj @y ygg4�$ ¢ 3XJ%»»_JNS ¢ nCY$gCgnJ$ 0~ 

g_± N±+NN 8N 

ao 



8· · Q»» u=NNPNnPN +Ps PPPd NP_P f 0» y»N P « ) i X+NN ¥£XP4% r»Y»P i 
g@si= E i $5' 5uR+ v° sE+u% Y++ 8+NNPn%E P. YE 

~\ L...o~.J c-611 gNg=44g$ ¢ ui t)5..JI 0J_y gO$ ¢ '(.:u.Jl.-9 t.J_y:;,...J~ =d�ggg _;bh.a if>.J 

t.Jy:;,...JI ~ ~ ~)'-?.))-;I.AA _334>4N»gg JY8 .Ji OggN=» (PIC Microconh·oller) .Y'.J t.J_µ~ ~1..u,~1 

'-?.))-; L.......<l= >¢ c)\ '-?.)~ I.AA J¥ ¢ (Programmer) ~ 01 ~I tY' .ul ~ ,ws}I t~.J 

J¢ g _) _ ¢ .I\ ,_ u .. I\ . X gg P ¢ ~,1 ~ . ,I\ \ · L...o · t . , ... I\ uJ .. I\ 
(.)-A ~ 8gP__113 ¢ ?- ~ . r.r . ?- .J..Y' <,r ~ _J~ .);:-'-" _J-l IS"" 

g gO .s...oy-,,yJI C»g¥CCJ$ %gO»g=gg t.J_µ1 ~ ~ ~ illl~.J' (Progranuner) 

¢� j ¢¢ 1.6.2 

(Risk j/ EzX»R»8+X»£zs ¥$»NN 8»%» _a , 

(Technology) ¢n�N¢j • 
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(People) <YW\ • 

(Organization) .t.........).J\ • 

(Requirements) »g==»5NY4=»_J$ • 

.Ji w411,:WI 0~ ¥» ¢ s w411,:WI ~h:i ~ u~ 'j\ ~ .J ,~1.J t.Jµ1 fal.:..A! Lb 

g5»P P¥ PgP»P PN t» Xg+% 6»NN 

(Estimation) ...>:!.li:il\ • 

(Risk Analysis) _;bG..JI ~ -2 

813 ,t:i/L... .ft~~ fab..o..11 u~ ~ \.,,,~h:i fi ~I fab..JI ~ r4s11 ~ J4O� U:..,~I 0~ ~ 

g5T ui L± $+aPNP - ' i N NE 0Pn%uX» P»P ,gN' ,µ $f+. 

(Risk I N+zz»z©s $uN. ¥»»s _i 

a5 



(Risk Monitoring) gCY¢j ¢jJy -4 

@_5 ¢ ON ¢0+¢ ¢Nfgaa O0gnC¥ggJ5 XJn%� j ¢ @4µy � j ¢JR+g gr_µgn%Jj 0~ tfa 

gXJn%=CgJj ¢ JgO4aa JTg4jJy ¢ ¢ @5NR+ ufo ¢JgXyjJ»» @_5 ¢j¢ JgO4aa J0»N5J ¢ nhYYg+ 

(Report Contents) ✓gX¢N ·uy.Jh.-4 1.7 

/EP /f P ))PN6 N6NP P y EµXP / $w> / __E\ u+P N£ i' i_u+NN m+ ©PR 41 
=J%_+»Jj o~ ~ 0+ ¢J 3XJ%g3ggJj @_5 ¢¢ ¢ 

: J..9 'i I J.,..o.il I • 

f ¥u _NP tP N 0+N @P»P 4X+ +XEP X»g+P Ji Y»u PE+NP ) ) ' iu+NN QE t+ NE U+»+s 5%u nP- 
¢j nhY$g=gggJjJ3XJµ a j¢ Jg4OgNN ¢0»=»» w ~ X�¢N Ngg3g=gNg' sjJ4 ¢� j =#Pg=».jJ 43½ Ng=g»gJj ¼ � j O0»NnCg»NN ¢» 

j_¢_ gg 0 t . =·, gj$ 4...::..\ ' gµ_1Ln~ ~nD£@3 T ©L 

: ~WI J.,..o.ill II 

= Ng.=J03g»N I J.,..o.il I • 

15 



NPP PN PN% +NN% 5R EP f NYPuP r ' i QNE 5u¥+% 55$f4uP»NN +Nu%N ) ie 4» 
gXgJnµ % X•T1� j (Software) .. ~ u a a:-, + J4ggg==4gPNN 

¢ " gJ3¢ gg gg►gg Jf ¢ Q•3 ¢N=»NNgJ ¼JL;..i) t3 ¢j %NgJ¢$ ¢ ¢ n" gg nn►...11 \~ c) 

.fi~ " 8»NN¢ ,(HW) .. ..►..~(SW) J448 ¢ (Y' ¢# ¢ £%N¢$ u.iii ~ £nsY ¢ ¢� j 8gggg+N✓gJj 

jg 0 ag · 3_ Xggg»N»g=»NN ¢ 3$ ¢$ 3g4 gg gg4¢ ¢ g n© 1.-·· j ¢aa Jf � j g ¢ gJ ¢ g _ _ gJ y gJ nn4____ _ ¢ ¢ gJ tr 

: &l.uJI J.,a.ill ■

j¢ c) 3½Ns J...=,jill t3 ~ 0+gJ XgJ%=C4ggJN ~¼Jll c;:..'.il:i..i.ll ~ ,u\ ~ 3XgJ%XgJj gJ=NR+ c) ~ ¢» gJygJ 

c) JgT�N g4agg=ON Ng»=»NgY8 gJ Ng»=»?4gjgJ ¢j Jf � j .fi~ cm~ ¢gJ3 lg.,µ) \.:iL..a gJ ¢$ O¢Ng=»»« 'j\ ~ 0+ gJ 3>_NN==gNNN 

P68P± +N /t»N NP ©±» uN»uN /E . 6 ) %·uRN \ ' f /5u � PNP» yf i ©RPX¥P L i _uN 
.:i....jl.; ~.)\..;;,.,,. c} \b.'j 3_¼g.NE JgT�N " @» ¢$Q•3¢$ g4$n►g3»» 
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l jzX>£/ O8X»£zs »P oga 

. (Security Systems ) ~'-4.:J\ ~\ 2.2 

( The Controller) fs,, 3» 11\ 2.3 

(Input devices) JN»gJ3»$ £¢» 2.4 

l : OX?OX / EF»8EPs 8.T• N ui5' N ogu 

( Intelligent systems)~~\~~\ 2.6 

l <+ONX m£NE>+z8Es P¥± %N QE Ji EN og, 
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d=y=j. »!» J+C(( y»Nu r .. ..;--- .. 
. , . Theoretical Background 

(Introduction) l.a.li4 2.1 

¢ # $gO» gs( ½ J»_g4 ofo. d~ ~.l.::.._, ~.l.§ wlli ~\ ¢$gg»gN$ ½-l.Jt.;.:il\ _, A..Ahi\rl JS. 
4=6 8P E_ENP yN»+4NN4 te PX+NN tNPnNN 8N5R+ u rN• Ni i +N i @Pu N% <+P ®N£ i 
P»PP% ENNP NP 8P + fX% N©©PP 4NP@ 8NN¥»+P +NN i aPR5% +t 8+N¥P»NN P%Pg+N ©Ps 
oNE_P1 @i ' 3uN© it P. 8» _P»NN jP i % »P _P /ENN U»NE u8¥+u 5©»NNP /ENN 8NE. 
/ gh=I_»n4 y_,i ½ Y rl.J:.j ~ rU:...il\ j¢ u'l ~l.b_, rgN_TJj ;i__.J;j i r~ XR+?N ¢ wy-,9 4_8»%3g»?g 

_ gag a __ Nagg» aa / gg»NO # $¢ » · · d=»NNN wfu _=aa l H d ) =»gg»¢� $ # 0N c: -a$ J 0# 4g uu _,......... ~ > 1..5"', ~--' tJA > l.,r" _, ar ware .. ~ _, .. ~ _, 

,(Output Device) ¢$n?gsaa_g4 (Input Device) J·g ¢saa £�Igg» ¢ 0JyJ 4¢» LJA ~\ ~ ~ 

¢N=»gNNn4 gg ¢¢$ w y_,i ru..ill J¢ .u..ii \~ @gN¢Nn4 ¢ @=I ¢ y Jn4$gg»=» ¢ ¢$ ½¼Jc)-., 
NggY$aa · # ... _)J . 

( Security Systems) ~'-4.:JI ¢» 2.2 

y, 0ggg c-4 ~-'.J 1..b4:i) gY6»J» ¢� jn44¢ NR¢j y_, %gTgaa $¢ ¢N% LJA ~ ¢� j ul 
~ y, l... ~ 0-4 ~ ;,.l aggg5 ¢ ~ill\ ~yJ4 .}~ »NNJ¢ ¢ 0-4_, ,,w~ O0ggg»s3j .llc Ny 0,a'.ii-., ,~ 
d=»gg» $aa 0-4 _, ,.!....J1..SJ:i..a..a _, 'W~ ~ ¢«ggJgN @� • j jgy Og» =»gg»¢Ny 4.Ahii . !,. =»gg»� a ¢ gggg J,j : . , • • . . ~ ~ ~ ~ '"':J-IC _ _;vc _, 
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0y gJ=In4 %n4ggggg»# N =»ggggC»5 rU:J-' ,w1_)4--,J1 ½\...u. rU:..i·_,,LpyJ1fo0-40LA)'I N•NgLg rU;_j ~ 

~ 'fj1_, 4..J~_, ONgggOg»s3j ~L....:,.. ~ r~ ,:i...J;j)'\ 0-a r.1_,.i':ll o~ 0-a hl..9 r\.bj_\1 1~ @J .J .~1 

g+N / u$c+N P 5+N+5ag@ Qfys i f 5µn'f¥ 4»NN 8NPN 

( The Controller) fS:,, 3» all 23 

o_A:...JI ~ O8 Ji _;......JI i:-_►.11 n\ ~.)l:4 f~ ~I ~}I ~ i:-~ r'"";ll i:-1..;.. ~ 

yg0»XP o~ r\..hi.11 ~~(Controller) ~L9 'f\..hi.11 c) '->..?-)II i:-lj-?-)\J iilSUl3 ~13 

dyg 0,ai ,~1 ~ ~ ~ ¢& M.J ,<U.a )=ggL_=. r\..hi.11 0-a >==R+ 'fi.J 4' J J...a.:i ,.lhil.l JTg4gNy 'it.s 
gON fm 4fPa U+8% EPPN +N 5YE% f% ©P uP»NN . tA d %±+NN /»NN - iRP»N QN N+% 
EPi dP. P_· P»NN E»P¥N tN P +N©% 6$»NN QN£ P£NR4»NN r+ Nn%N QP %P 4»RC • i +Pi 
&Ji ~ Xni _y:;..JI I~ u-a .&..A~I :i..b._yJI o~ c).J ,wl.&.:i.JI u-a ~.wl ¢dyg ·r'\.bj_\\ c) ~)' 

Gf%P NE » rP»NN yP4NN +_+»P « +z% /R% 5»gN£ u t P +XN»NN% 4fPcf l<I · y s oN+u3»N 
~ 0-a.J ,( Altera) A.S~ ~ 0-a ~I b._,lil _)J ~I~ _)..9)11 b._,lil :i...u. \.J.) ~.J ,( Xilinx) 

Microcontroller )~)II l.1.i~I ~4-111 c).J ,( PIC Microcontroller) ~I rl~I E==nnhY 

c) ~t..:....i WP.-1.J 'f~I (FPGA)-S ~ o__p_fJ AJ~ ~i 0-a yl+-,,i o.w ~~.J ,(PIC 18F4520 

, t,3yW4 d« i:-li:ii dj o .»9 _fJ ~ ~4-\1 o .J~ f.)C .J ~4-\1 wl nR£g)» c) .\..al~\ ~ o _»S _fJ 

.Lh':/ ~4 ~~ ~_,.i w_,,.,,_, (PIC) c-4 J.,ik:i.11 AJ~.J 

(FPGA Field Programmable Gate Arrays ) ~.J_;s.l'il c..Jly:;..11 2.3.1 

~ ...fa~...J 0ggggP ,~ly:;..11 N•1 I~ .r.fi. gsgNg8 Y~4 ~ rWI ¼+.lSJi ~..9jiSJI ~I~~ 

. (Flip-Flop) jil..9.) 04 _fi.1 gsgsQ 

0A (Block's)~_, ~_,_jiSJ':/1 _)I_,.).\\ 0-a (Block's) u-a y.hb ( FPGA) ~I~ ufo 
.( Logic CeUs) %s� $ u-a ~ ~ ~ ~ ~ jy o ~ jil..9.) 0-a 

- 19 - 



l0£©»8 ; N£8« · YN P»P N » i~ 5%4µ~u' NuaNN P»P E»g+P » l<I · y s +33_T 
(Look up Table~) o_;.,jl.) (Logic Cells) l;!)WI ~I~ ¢$ny. LaS , (Logic Element )..9) 

J1a LG.Pi op\~ _;.,jl_,~ ~ ~I.Al ( FPGA) e-i1Y:. tl_,..ii ua--~-u (ROMs) _JI~~_, 

, W ~ lgs_}¢_¢ 4-,il~I ~ _;i1_,~ </'-' (CAM)-' .(Memory)_, (Dual Port)..9(SRAM) 

( ~~ ;ii_,~ @gw l Routing Resources) ~_,:ill_, .. bu11 JjL_, 0A ~i ufo_, LaS ( HDL) 
_;i1_,~1 0.l-! ~Ji &Tu_, ~)L...i_, ( Routing Channels) ~ji wl~ 0I_ 0gJ58 </'-' ,FPGA) 
¢s gg =Jj ~jill dl_:;bi 0A ~i ufo3 ,· (Logic Cells)_,(Memory LUT)Jil_,~ Ji.a ~\~\ 

Wµ(g T=_. 6 tau aN Nu»NN 8= ¥#% fE >Ps P»8sP6 l?»zP s 

(FPGA) ~...;JJ ~l.l.11 ¢�»gNN :(2.1) ¢j 

_ o@ _ 



l 7»N»zBs '-s~ XN="N O_E l FPGA) ~.,S 2.3.2 

Xilinx Virtex®-11 Prototype Platform board 

~ ~)!I o:i. .#.J ,(Xilinx)~~~ o.►-4 ~~ 4,c:.\l.- Og£ 0Jfa.o ~.,1 ° ¢ 
gXPaNJj r4_»gE 8gsy ¢g4 4l FPGA) ¢j¢ ¢n4NNN oa ~ ~~ 4¢3»» ¢ Jg_=» ¢ ~.,1 O«_ 
@__ J\g .l.lC. ~ ¢ggN_. XggP= 3 (LED's) ()A gNgNEgJ ,lP.lfill J.i.-jil ~,_., ,o.fi\j_., ,.lp.,ll ~I 

.(Xilinx)~~ J=» o,o ¢j ¢sN ¢¢ ¢j ¢jn44 "5..P- ¢j O»_»_aa 

·s 

X( 
,-: 

j h \ PXc 

ggg .. , g . ¢ ... ~: gg ; • g= g 
OJI j I 

¢ 

(Xilinx)~~~ u.e ¢a5g4dj = (2.2) JS,.i:JI 

PIC ) .,.. ~l ~ r'~' ~ ~ u,Sl' r~' \:U ~4J ~.,n, o:U QgJY ¢ .u.., 
: ~ ~, y4,..al £gN+gN ¢g4 (18F4520 

¥»EC /» / NN NP NE r»XD , NPS s /__E . rTgNNN P£ QNE tt++N N UN i +NN i+L 
g aggg»=_J 5_4=+ l..>41 ,:;\S..thilll 1).3,\ Og£ ¢4 r.ld, ! ~~ r~ ,:;I 3»gN� j l4CC • • • ($ 

• 

EN rE+XP 8£Nn%»+/ NPN XP4 rPNNR P»P 8N PN N»»++ ,PNNR P£ • / N+»N EP 
PIC) JN_=»gggg»N ¢� ~jil4 u--l ~-'-~ ¢j OT_4g» OR£ ,:;t J.-;ail OPC Ult~ sj 

.(Microcontroller 

• 
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0A ~ J..ola:ill ~\S.GJ O__ J~_,11 rU:- J ,-b...,111 ~ (DAC) .J (A/C) Og£ JS .)js r:,c;, • 
y_%NNN P»P b» 

(Altera) ~~ XX»N. @__ (FPGA) ¢g4X 2.3.3 

( Altera UP2 Expansion Board) 

«P N% if»e a %EP PXg++»%N P+% ENNP 4fTu+NS y+PE ENg»NN X»NN i +N +P ©NNN P»P 8+XP +»N 

4..1.Jt-"'l ()-4 >8_gg4gNN ¢ 4µg4aaa II~ ¢j J..b.J r3 ()Sl., ,~L..a $6»84 ¢¢ ¢ag4 l Xilinx) 4-S~ 
a..,i1.t _ _j4..\~I - ll\-(_-.A\\•·<'t,-u I.':-- •.C'..~ ,1.0::,\....i.J6-JU.OI.-- '-la:ill -"t""~ ~l.j r- (.,)-M ~~Y,u-""; J "ft"";' • J ~U""' 

~~ ~J\i.o ~ Jggg+Xgg=»NN ¢ 5_ag4gggJj ¢XgD¢j ¢ag4 4l PIC Microcontroller) i;;t.s ONN+gJj 

0»©EN© 0»s• +Nu»P 5+NE J»+P tNi©> 5yN+PguS c+Eo' 0f µ8X»P% 5ie 8± ©NNP+N 5u+Nu' 88©RR%NO¥N 

µg4aaa C;'-°.J.! ¢j J~JJjC 45gg5ay_NgNNNJ 0XgROg ¢ i;;\S aaX»g4 (FPGA Altera~) ~b ~ JSLli..a 
.(Altera) 4-Sy!a J:\9 @g)» ¢j 

(Altera)~~~ V' ~I~ :(2.3) ~I 
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( PIC Microcontroller) ~I 2.3.4 

y...,_1,j ~ d~ (Microcontroller)Jh ~ >¢j )• Ngg»NN ¢¢ #YYN ¢j # n4ns=Jj ON 
. o.l.:>..I_, ~~ ~ (Transistor's)t)A w_,1~1 wWA @gNR+g ¢ .J_,b:ill I~.., .:liA\.S:WI wl).l.11 ~ 

J1c, ~ )~ wlhla 4..9~H __; ~ fi. J_,I e:: N=»»s ¢ gNg' gg4 • :i.-:U.fi..JI .:.iL;Jl..,...JI e:: N=»»s3 ¢ .ill~ ulS 

g jgy gJ=.Q gg4 (Timers ) w\:is _,.JI .., e:: ly,. )'I_, JL:...:i)'I wlh.., .., ;; _ftl~\ 

:liAts:i.JI wl).l.11 o~ ~ ~.:liAI.S:WI wl).l.11 ~~)'->.:ii ~j)I ~ ~ .:l;!lji.11 u) 

4' »PD EP N+uNPi if . mPiuu: PiEu UP± __ / PN $f aPP i X»Pa+NNP vN$ENN Q%» 7f 
.(Microcontroller) 

:i..h...., \.J-: ~ (Microcontroller) ~ 0Jy (IC) 0Jy :liAI.S:iA o_)l.:i 8sQ 0)~ n4y (PIC) 

u---S}.., ( Microprocessor) Jg_=»g+ .J--A (Microcontroller) _, (Microchip) :i.S_;..---& 

J,:..1.:iJ4 ~l:...11 .i...:i_ftl~ g»gJ ul ~.., ( Microprocessor)~ w'-9~! '½9 (Microcontroller) 
• · . .:.-:I ill.uW -:I\ # Nggg5 .L .I\;; • ) $¢ 1- ~ ~i.S ,1 • • Li .. I\ · · . .:. ·:I ~ ·:I\ @g.ggJ__1111 > ¢gg4 ¢ ¢ ¢ <$~ -' ~ ~ ?. @g.ggJ__1111 > ¢gg4 
~ J_;..jll_, . (PIC )e::.J~ ~ w:s_,11 ~ ~..,, J,:..1-l-4 ~ <$~ ¢»gg4 ,wl~I 

i_A!_, ~ ~ o.:l;!.:ic wlsl...a! ¢N e::~ ~QI 01 n4y l Microprocessor) .., (Microcontroller) 

_,(crystal).., (IC) ggYgggg»» ¢ 3_L» ~! e::~ )Lj (Microcontroller) # » 4O ;;~1 ~Liyll 

gyNuN% +»N ++NP%N P%P L f l?£# E>s 

(PIC 18F4520 Microcontroller~ ~I 2.3.5 

i 5$N yP= y Pu P ' PR i i 6 uiN ENNP4 r+ ©N ©P 4fP»NN RPP i »Ps 4u 
@¢ 0Jy_3 4 l l Xilinx) _, ( Altera) 0.!J~I ~y:.11 sjgfa FPGA) ) ~I~ ~ uy_,h:i ().µ111 

+P QNE tg»NNP l i 5 I »zPs V$T• $i $is4auagu4a i l?»Xs QP +\f i oP \ 1 i i5 ¥ @ 
~ ~1.., l / »©»X+Ns . l analog) >Nga=4g� 0Jy Jg»ggn?g=»NN l 10-bit) ¢» .)_,=i;u, ( 5 Ports) >O» 

'(A/C) 
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l µi - 5 ; %XEPs ) 0+%N+.N QNE uua»NN P»» 4uui ) l i o €; s »N1 uuuNP 5= ± Ju Yf 
® y P ) » / yPN 5Nu©> X©NP• i 5aua5u4»NN ' iy N' @ y 3P Pglaui µ ; %XEPs )· »NN 3EP 

i _. · ® PR ' +%N i»PN4Nu ) U+NN P l I >£©>+& & E> s »PP%3 ENPs rPN% 
gNP N 

PIC 18F4520 Microcontroller =log5s Jf 

( PIC 18F452 Features ) _±X+' N ©N+»NN o4i guga 

► 32 K I >£©>+& " E& £>»EP l ; %XEPsg 

► 16384 Program Memory (Instructions). 

► 1536 Data Memory (Bytes). 

► 256 Data EEPROM Memory (Bytes). 

► 18 Interrupt Sources. 

► y 6; 6 Q6 A6 c jS: I £>XPg 

► 4 Timers. 

► DC - 40 MHz Operating Frequency. 

► 2 Capture/Compare/PWM Modules. 

► MSSP, Addressable USART Serial Communications. 

► PSP Parallel Communications. 

► 10-bit Analog-to-Digital Module. 
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h I : U ; : UUc f c m Instruction' Stack <ONNP f X+8« d z/ E>RN£# (PWRT, 

OST) RESETS (and Delays). · 

► Prognumnable Low Voltage Detect. 

► Progratmnable Brown-out Reset. 

► 75 Instruction Set. 

► 40-pin DIP. 

>FNQ0Ub I I W+ G 40 ► U; , SI · A 
Uy : Sy b : . "Ill jj1 o 39 JI" U; f CI · © ·-1! :J· . ..J 

Uy aSy b m .. ¢ ') 38 Ill U; u4SI · " ,.) 

Uy oy boUc < • W 4 37 ► U; 5 
Uy i Ry b i C$NUc <6 .. po 5 36 .. U; L8QI o3 I> ,)/._,l_; 

Uy 5Jm@· € j tl--ll µ 35 
Uy f Sy b 5Si f S02Ajb ... • 7 34 Clio U; aN.b m3j - N by 

Uc @JUASy b u ◄ W+ - ¢ Lt) =i i i:,, U; ASjb m@ 
Uc ay b USy b µ .. 1111 9 3 tj' i o VDD LL !J,. 
Uc oSQf Sy b , E( jJ a@ co co i3a \ lc·c- F £ 

2AA '1'1 
"t""" '{'""" i » UA, ?f ?L .. (.) : J. .• I! ,_, I 

\/ss ► ao ...... - o' ¢ UA3114?8=?E 
0.. Q,, 

\),. ,_, J 

£P8· ag>80€ a ai UAuSI f I u II s.J 28 'II .,. 
: PQoSQ0€: Uy ® ◄ ·a5 27 1> UA5g»I f I 5 ,J _; J _; . .! • ,ti 

RCOlT'l : f : jmaQ€ j "ii .. au 26 U313 , U7 3Am j» 3XN y 

UQ3NSma@f N.QQI oy jNN s.,.. aµ ou U: y Sm7 Q€ 
g '-' +C 

UQoJQQI a ◄ jj 17 o5 Ra gggg >g S1 D ... , WT 3P3h g4 ;J. v I.) 

UQi Sf Q N) jf Q0 "ii "' 18 o UQ5- ANSAy . ,J I> E» . 5i = 

UA@SI f <a@ ___ 19 22 lf--lil UAy g?f ? i ,J.j ,..) .J 

UA aI f I j .. ► 20 .21 jj » UAof I o 

(PIC 18F4520) ~ (Pins) 1-~:Afa :( ogus Jf 
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"(Input devices) Jl.:i..J)'\ 8gg¢» 2.4 

dP » aNP 5uPaN©1EXENN P»P Nt 44aoi X»$%NN df i D 4,auaau4aNN uu5hh1 
QN+PP_Pi Vi NEnuNN ai Pu4u% 8» NP4N PP ©NP N»s' 8N»NNN P»P NNP»% ±RP»N +PPsP N© N©s 
_NEN u¥»NN468NgPN% 4X»G»g' Noau )8N%+Nfu 8X6N5y P P U+aP»NN NP£%N 

@_,.5.:i La.De_,, _%Na g»gg¥N==g @¢ wJ_,s (21) u.JUA ~_,s ~ J.-=:i @·gg==4J$ ¢ @a ¢4Xn4nµ 

wl_,s (0)~ @·gg==g ::._p.-3 ~ ~ wl_,s 5--~ g»Jd @gNgL n4j @agggCgg==g ~.J:! \I_,-~ ¢n4NN 

(DI-3 Smoke Sensors) wL:i...tl\ ~ 2.4.1 

jL.P. O_8 o)-:c •1gJ3 )1� j N5N J·g ==gsaa 8g==g»Yg¢n4 8g==g»#R+ ¢» (Sensor) ¢j¢ 

> ¢ g»ggggN ¢ ½ ==g%=»8 \II w _,_;J:.11 ~ ggh_\_J >_i Xggg» 1~J_, ~ w_,~ w=,j_, ¢¢¢<N ¢ 
0EO$==4 J.-=:i J_» $==4 fa ~ .J:! \I ,u\ 0R » 4 JS Cra y _►g 0EO$==4 _y, _, , ~) ~ 0R »NN >NgNCg»J$ ¢ CC s g g=ggs ¢ 

@_+ #¢j ¢ _,h:i \I ::,\..S:j' ¢$_CC¢$¢j¢ 5_+ ¢ ¢j ¢gJ 3 @gN_1_y >¢ J,:;.\::, 

) $u_uN N+ u+NNP« X%£P1+NN4PPE»¥NP· yo%NUPNN8NP¥»%P+au»8%\ +o©hu 

¢ #gN»=gg=» u.sJ JggT�N ¢ r~ w~ ~.J:! :.§ J$»Jj ¢ ¢4 ¢ O+g»Nggg+gg=gg r_,.i JSj_, r~i_, 
g JgTDj w_,_):,_, O+g»¢j 

DI-3 Smoke ) ¢j NN» @_+ CC==4O=»ggg4$aa ¢ Xn4n%=ggJj aa»g ¢ @ga%Jj Jy-:::.i_., _).b.;.i 0R==4$g»»N 

¢gJ4 _%Ns ¢ 0R»gaa %NnXXNN ¢ ¢ gJ @0=gg==4J$ ).x ... ==#gggg5 >R+ ¢ UC 0.J4c _y, J, ( Detector 

@» ¢$3 ,u\ ~ , ~ ¢j ¢j ¢ ¢ ~l...a.:.. .) _jJ @5 ~\I ~ # d 5_. ¢j $a4g ¢¢ 

@sa4 ==gn4gPn4aa @gL ¢ ¢ j~ ½,-1-i4"-: ~_; " \I 0R»4 ¢ %N%4 8g==g»a¢ ¢ ¢ sNggg113» N==gn?gg%+ @gy» 
J..= ~ ji_:,.:i J.,al_,c o.l.c ~l..ib)_, ,~\ ¢$gg=»g» ¢¢J»¢ 0_yy ¢ __Hi;- y\y. ~ j~I \~ 

, LA._Y.j;-3 d %gJj JgT4ggY #YNggg=ggggJjn44 ¢j ¢gJ4 5_g=n4gYnJjn44 l~n4n4Jj ¢j ¢» 0-.a ¢j 

.Jfi:i..J\ ~ o.Jy..a (2.6) ~\ ~.k)lj_, 
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(SD Series optical smoke detector) u~I ~ :(2.6)JS.:ill 

o.ll..14 .,-.i , ~1 Jg4_agg4aa #Ogg»NN J.µ:..:i I~~ ( D1-3 Smoke Detector ) ~ ~ 
(.)S.o.,i..., w ( 6 inches)~ gR£g3» ui...J4 ~ ~ ~ ,u_;.a,ll ¢agNNN ON¢j ¢ yS..>4 O¢ 

l a@ Foot) >NgN»N 0~ c)C- O»gggJj Jllj X# Jj ~).! ':J ~, 4N4N=£ggg£ ¢ gR»N ~I O»4ggJj ¢ 4..#,..) 

olA ~~J \.o '-.9fa. y.l ~~ ~ ON fa, ~I u.J_;l;JI ~ ~).., _J;t, ~ ~I OR£ ON ¢ggg4 

E1· EN N. /_EN N+g+NN N»N% PN©N EP Ns iT 8+u»NN Q%R¢ 8\ u@ui5 t/ %»NN 
.l..=..I »P +Nr++NNP yPµ»NN · <-: ':J o · · ti olA . ..! · ct , .l~ j · · ti · '- '- ~ · · · · tt ¼ NgNNN £ 3NgNNN .• - .• u.,-.. .Yo" ¢Ogg# ¢g4E_3 ¢¢ _ y 

s NPN»S 4++C iXPg t%¥NN Q»' y N %E i' u JNPNN r P» %E PNPNNE t' NP NX£ 8N 8N 
~.;:Jl NggJ$g»gJj ¢¢j Y.t- ( a s .l.:lo.1.J oJ • .:ij J...a..» W ¢j U_.>b ~ .lp...,_o ( UE/ Led 

.~.PJI i.:.il~I..P."'jl j\.:i,,jl.J ~ ~ l_ji:...o o).,!i'jl oj.\ ufo.J, ~ 
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N= 11.115·· aµg- en,) 

AEXE8X8> 
N+ T>X R»8+X»8z 

.T=E/ =gcA 0==zP 

:? 2/8' 
lµ 8& s 

¢ g+g d=gNNN a¢ g ...! ~ u ¢j · _ · 1a ¢ ¢ · (2 - s 11-:\\ . k" •1a -..r.Jr ..r y.,ir.i ~ ~ .JJ~.JJ . ~ ~.; 

:'3:!..;=- ¢gJgNTg 4=n4C4 ~"WI c,;li..ul 

21V 

voltmeter 

5t+u» 5%RP 8ENN 8N YN t+ ©» µ45ai C log-s J«j A 
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( D1-3 Smoke Detector Features)~ ¢gJj ¢¢j 

N- loa i ± s )8 £N\ 4N£Of i8+ +NE NEE • 
.( 300 FPM) ~ ~ ¢an4gaa 4J:. gJ13j ~..» ":l ¾ <.s9 ~ • 

.~ ( 100 - 32) 04 QJNR+ 0)> ¢54gnCgN ¢ ¢ • 
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ISD 1400.Fe.atures: :·· 

·O. Easy to use single chip voice record / playback solution. 

,Q High quality, natural voice /audio reproduction. 

a Push button interface. 
o Playback can be edge or level activat~d . 

. ,Q. Single.chip durations of 20 seconds.(160 segments). 

,Q f »z©NE 6u F£NX ?£# E> PO??N%g 
0 Fully addressable to handle multiple messages. 
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(Alarm bell) )_h1n»j j 2.5.2 
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.(power) t:° (led) £gsNgN L»-_;; ~fo ~~ (2.15) JON» ¢j 

j =3 j N3 l_s ) · s / 

I ' a_a ~L::- ~ ,,., 
¢ u:=:J) CN U£PNPX£>lPD 

I £# E> f £O>8E 

(Leds) ,1~1 ~ o.)llJ :(2.15) JS.Jill 

0J=.'gJ¥_d diode 4=%g=g oj~ ;,._, (led)-1 ~IJ.11 £gsjJgNN '½9 ~.Ji (2.16) JON» ¢j¢ 

.(cathode(-)) gJy ¢dNN OsJjnn4 (anode (+)) 

+z£/ E 8+X¥£/ E 

( leds)J~IJ.11 o.)llJ.11 :(2.16) JS..!J I 

( Intelligent systems ) ¢j ~"'Jt 2.6 

y4) N yf »NNN vGa». NP. \ 8©tPN% ©=NP 4EN=NPg_• j 8X)»NN N» NE 5uaNa yeN©m 8P®C 

<NfNNN P©N ' f QE»Nh QE. iP»NNL E+t+ NP¥ NP 

-36- 



1 
. ga

1 
w~\.:J\ u · , I' .· _ ,1 y~\S). yl,JI ¢0y¢j :i .. h.::,}il:., w':/':/.fu,..,':/1 ¢Ogg»s 8gs$g8s o 

~ j-:-' j ~ Y.J '-?.)~ . 
W 5 (gl¢¢ __#- ~) ... ! ¢a3 .. n»»n%4=g_aa3 

0£i P8PN»¥g+• N4$f»NN / NP·o6u»NNCPNXN%NP « 8N »NN4»NN 8»/YgE gR 
~ ~ •• . 1•.1 .. , .• ~1 .1 ~ .... <I\ ,_ . /" 3_1hgJJ II u~1 ~)71 " ;,:-l:i.i) ~ »»¢gNgL_ ¢¢ 

~.l.J 0~ UJw....A ~ ~ g•gJ y ~ ~ '-?~ • •. I..;. •• 

11@ ggg ¢ I\ ¢s$J 1 j 0YN ¢ · $jj d »NN ¢s$J £N3g»� j Jfgg==JjJ g8J4 g .._j';/\ <.S.J"-'-" \Alli;l ;/ ~) ~~4 . ¢ .) g ¢ (.) gg 
L..a..:li <.S~ ~) ,uy..J1 ·.)._e,1_; ag?40gJ ¢» ¢ L>"-'-"Y ,~~ d . ggyn4¥gy rll:,_j Yo ~1 r\..b..i.\1 J 

ENP uuuNa EPigaµEP4NN t »u@@ ,5 g5 % ENNgN1 t» Xg+%X% P+ EP\ \_ uP3NP QN£ 
8P_a 1'u 53 y1 va' % i 4@.NP o» ,i i6a $i uui ui ia N 8X¥+P.P v»»»g• Ni R»NN 
¢ ¢ £n>gTJj ai ¢ %¢sNN .J4S LJ..A ¢g#$ wly,;:,. ~ sai » " ¢ ¢ a J~ ~ ~ lgs_)TNgJy 

[ 4] gJ5__Jj $¢ ns =» a, o.:.·;,,11i ¼NJ j %=CPga5 £gsnREn4gJj J� %ggJj c)J J� ¢s35 ,Li lgs_)TNgJy 

»»Ngggfµ J ,~\ Ll4 L)..:l ~\ J ¢$n4gJj .)\.l.C )3 J.±6..:i J ~ ¢¢j Jj\.......J\ U:i...i @_y 

:i,._;J LJ..A ½JillJ '~.J:ly.Aill3 ~4:JI r_,.....)13 w\..hb.JI gs$gs8.J :i__;JL,,..,,j J.ib.:iJ ,~l..:...:i.l l ji~I 

[5] ..:.I\ =»gggOgO$a # .t:.I\ ··· l~.I\ J .LI\ 1- Jg __a$ 4 4g · » ¢ ;.;_;J I\~ -c..- . . . .. ... j_J-=' ~ 8_1 ¢ g4gggggggg (S'""' ~ j O4%4g ¢ ¢_ c.s', ~ ~- 

( Fault Tolerance) ¢¢3»»¢ � J¢j 2.7 

- 37 - 



_uP% 8NCN»»NPg+NE 8%.O.»P Pi EN4N»NN% UN+0NN 8NP++NN + %Rs Y++»8 £ 
gs8 .(j~ r~ ~ ~~.., o~t......JI ~lb~\ w¼--;JI 0A ;i.4\J:. J'.il..u.J Jl..u.JH r~I 

g/» NE 5u$f++ EPt PRP ©Cs 

rw~ ,~y__M5J1 .J4ill ~ )0a8 ¢ lAA ,JyJl y4_;g£J1 ~)l...ul ua fa ~ 0.l_p-31 yw'.ii • 

J..=:i w~I ui ,~L..u u.fi~ LaS_, ,~lbiil Jb c} y4__M5.l4 £ggNgJJ» <)11 wy).b.~4 ggNgJJg+ 

.J...B..ll4 J-..,.:i ~lbiil ~b c} OuJgJ ,~y~I ~\..hly 

,~I rW\11 @=w l 5gg_CJggNC.gYg yl.J-!i ) Jjly:- ggN n?gg n4 0A -l.!)lg 'L)Ai ~ ~ ~\ utS I~) 

0N_5 ~m., ,~ ~ O.J~l l ... .d\11 ylY-i J)lt.H rl..full r~ ~GJ1 o~ ~ "~m .)y u~ 
o:U. ~-' 'rW\11 ~y 0J_Q o~I rW\11 Jj..c ~ ill!~_, ,Jjl_pJI o~ rlbll\ µ J)G.. 
~ ill!~ A ?i;;_, 'ru\11 £¢ ~b ua~i ggNn?gggJ r~ 0A rl..full ..lS.i.:U~J i..S..?. ~ o_,.b.11 

.(.>y,.\11 ru\11 c} UAi foi r~' 

• 

- 38 - 



(Introduction) ¢gN� j 3.1 

(System Objectives) XJnCg4a_Jj ON¢» 3.2 

(General Block Diagram) XJn%agg4JN >� j t,t,; Qll 3.3 

l jzXENN»©EzX f %PXE& s 4»s ¢ $P» Jf ± i +$»»s s�%PP i 45 

(How System Works) • >¢j ¢ ¼J= 3.5 
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l i gos ¢¢jn4 l i ga s ¢#NN ¢j )IS ~.J, gNg#g£ ¢dCJ R=JgCgXgJj £R£ ¢ li gos JfgJ»NN 
X£¢j ii· ¢j¢ g ggy »»gNN» 33j g+g O$g»JJj gNg#g£ NNN gNg=NgN ¢ · ¢NNN · gg .g/ » • g8=3X · _ g$ £ _) ¢jj ~ ~ -Y .r . ~ . .J .J . u4 -~~ dgg� ¢¢ J""" 

4u4u4JS 5a uNN 8PR»+»NR µN©3 l i %( R0±4 P%N s . r- • _JJ r.,,r - -.J.J (! ..r"'t 'U"""' • 

□ □ + 

• ® t 

y • } • • • • • • 
® 

@ 
©: 
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(3.2) JS,JJI J ◄ c,¼ieee+11 JJ,-..,SI : (3.t)JJJ+ll 

_)A)\,~~ _)A)\ 

l¢gNNN ¢s¢nC=Jj¢ gh 
_ 

jJ=.y$fNN ·s 

fTf+N N (PIC) @ 
□ □ □

~,.,...:.,a'-11 000 

l¢� js # g4ngggJj o_►gX Ootl-7 
±fTf+N N ' 85+P NN %E t0+ N ©NR EN0+ 

¢jgJ Nn»£ $fNN ¢ .i.lw:.1)1 ¢¢j - 
fµf+NXE ' 8PNEX+g+NN %E t0+ N ©NN rAy b j 

"'== 

_ _13C ... 
¢nC=Jj ll 
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yy=XX X+»N JN±+Ns i 4igo 

Guidance 
System 

Controller system &+PPE EP 
PIC18F4520 

Pwnps actuator system 
Q+N»»++NN 

Audio System 
u.,..-11 

0E/ 3P 
8£Nn%P+PNN 8NTN+ u¢ 08+• j 

¢ >$+NN N==J=jdj l i gis Jf4g.Jj 

.( PIC l 8F4520) ~ ¢gJ CE~g»+NN £ 

Jl:ic;ll ~1...-11 u4,Jll r1~4o~~'Jl_,c.:.itc.Wl..,c.:.iu......-il ~ ~.J: [l~'il ijf+i • 

¢¢j .J, .u.a"JI ONgg4_aag4 ¢s+NNh gONgNNN ~'JI u..,114 d.~111., _µ1 ~I ~ 

~ ~I J,iij ~U_;I Ja0gg»JgJ 3 utc.l.wJI .i..¥ i;:ik. ½u JS-Ji OgN8g ¢ rU:a.ill ~)I 

g ¢j ~,;l,a O8_ F.J o~ ~.J, 8g=g»$8gd j 
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fu;.ns ¢j ¢j 3.3.3 

l I jQ a- <5uo@s _u±i N v» 5aa%PR J%N ' i /ff 4yy@N44Nµ+µ5a go5NPg+NN l i g5s b+NN f s 4 
d»ONN gg .l ... , . ,, =»NN • 1 L 8Rµ 

PIC18F442 

PIC18F452 

( ( Sensors)~~, ) 

¢ ¢j ¢j (3A) Js,.:JI 
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· X% 5d±»NN_1@· ig5 
(Intelligent System) f'~\ rt.SJ~ ~JJ f' '--' ~ · 

½f %»NN O54gJj 0Jy l @gNgL J«g=»4gCgC$s ½~~\ ~ OND¢¢. l PIC18F4520) ¢j¢ • 

· Va@5i 4aNNt5u 4s 8PPN ±u 8Ng+P4N' ifu 8PNnXX% ENNP E ©»NN ENN$8+PEP© + L 
_==g»54gJj L.)-A ¢N £¢ Jn4Jj _==g»O5_=JN ¢ J¢ L.)-A ~m J µ a @$fgg4g ¢ ¢a > .J9:! ' 55_» 

~-.<Lai. . (_)-' (.)Aj 

gJJgNga5 > ¢ ¢ 4¢j J� 0ggg J 4..9~ ~4 ¢a > ¢ 3gJ¢j @¢a ¢ J _==g»Ng»5_=NN Jµ j ¢ • 

)yP. uN4»P U»+' Ni i i+N 8+3ouf+ N u y 2 /+ N i $au5 NP RP )P£Ng»PDN 
4¢$ J� N% ¢ OY0OggJ$ 5¥ ~y.a J� 0ggggJ Js0Cgg 0Jy ¢¢J 4»»¢ J__;bS. L)lll.il.l '-r-__>b J 

4>Nggga==gg»NN 4¢ g»g54» 0Jy .li..a.J w~ ~ g»gg»¢ 0+¢ %»J J¥J ¢a >Nggga==gg»NN @» c..~Y NN»h 0Jy J 

c..};l__>b r"~ ggh_=. ¢ ¢ ,½b w ~ ~\ j .,)L;.. 'i a ¢$ Ji >XgY»NN =# %JNi ¢$ ¢ ON %gg+NgfgNN • 

4¢$ j1_ gj $y¢ ¢ ¢44 _ _ 'I Js0Cgg · rgggNY ..b.....a.11 #gg»»==gg=» 4n g)_¢yN$ µT=gg=» I \.S.l\J ,La 
~ .) I .g4>313 gs¢ (.)A ~ ~ ~ ~ _>.!A 

gL» gg 0f ¢ d/»»gaa o:U. ~ YsN» J ,½k ¢j ¢ ¢ @agg+» ¢ @gNnCYNN j¢ ¢ ¢ ¢¢J 

J.,.c @g4gf g»NN¢J3 \:U. Ll...i l..1:...i ~ d/»»gaa o:U. ~ ~ >_a 0OfggNJg¢ ¢ O4r#N ___¥J>¢ 

g»NNN»y @agf N¢� X5¥»N ¢ ¢gL» .J~ ~}~.aJ ¢N4ng4+J 5J¾Yg=»J gJ%_+gNN 5_µ$»»$NJ ON%gg+NgfgNN 

Ng+ \:U. J 3 ¢ U.a\S:i.a A...b ¢J J.,a\S:i.a J.,a\.S XJR£ JAC @1R+ g»ggNf j¢4 ¢ >a J» >_N¢¢ � N 

·r\...l;.jj ' ,~ JAC rw'i ~ '1 8=NgJ0Ng+ ¢ ¢ J.,au 

J¢ 0s_3N ~~J 4r»%Jj 0s_3N 4Ull s¢$X» 0s_3N ¢j UJb..a ¢» >Nga=Oaa lli .,LS~ L)-AJ • 

gP$µN• . %i ¥ EPu4aN 8»XPg+NN 
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(How System Works_) f L¢j ¢ ¼._.>b 3.5 

# #=gN»NN U--0 ~ uuY 'i A..J:. ~~JS ¢J 4g=»¢ y~ ¢54sa l%Jj Ji.... ¢j ¢$6Jj ON 

¢ ¢j ½ � j ¢»n© gl %¥gaa 4¢js ¢� j ¼YN N c)J 3_~g=»% %N%» ¢ ~y )gLg=»Jj ¢� jJ ¢jgJg=»Jj 

@_=.ug=N� Y.fi J\ l � j a5a ¢5 0+» 4¢g=N� £gJ_=R» ufo O» ¢ ¢0ggggTggjjJ £nr j ¢$6Jj @¢ Ji,...~ 

8NgPN54NPS4uS4»PNL©f N4_~4PN%aue 4X4+N +t N r+» • XCT 8L3 • $i · u: P 
¢. ¢s04D¢j >g_J £nJgDC43�N J:ui 4XsNgg=gggNgNN g=N¢ _)_,J @Ca%J0s ¢¢j¢4¢ Xsjgs¢ ¢ £g=»¢n%Jj 

n\_Jj l gJ·gg ¢s Jg©=»�N 3_L» ¢%Jjn j¢ gJha=» N¢J 4@Ca%Jj ¢ y ¢j g=»¢ ¢j j¢ ® P6 P PEfP±+N N 

JNY4� X� j ¢J 4¢j lu4=»� @Ca%Jj £%Y g=»Y�» ¢¢J 4JJsjJ "\.!L.:::.a £s g .&j ~ >D_T_gg$5 3L¢j ¢j >g»»/ 

Lak...o ¢54sa <3-9\y ~ 3_~Jg=Ngg=g #¢ g•3J ¢ A..\1....., .J ¢j ~.J:! 4JDJj ¢j gJagg4ggg=gCJ .J~J @Ca%Jj 

OP= i=» . @6' s 8N %ENN u8+$%EPi f y+P6 Q©NP +3% ' P ©EE X»P ©N +PNN ENNs 

R3nC»CJ ¢n%=Jj c'}y 0h_5 %NR+3»N UA :i,.=;;.J ¢n4gJj¢ J8#NN ¢� j # 54g¢3»N lf.J~ ¢¢nC_Tg¢j 

¢» ¢j R3nC»CJ 4¢j O_£ )dy » l gs¢ 5_»» ¢ Jg=»gi ¢ ¢¢j ODJ5 ¢3»» # Nn%OJj ~4 : %¢w 

y) N 8Na' Ni NP \ 5Ru+NN% u@ENN tug+NN t»»s 

w\.Jl.....A .:l..:.~ ½ NgNg. >3� j ¢nC»C 4X� sjJ ¼ N»NNJ grj¢ 'i ¢j ygNggJ» ¢ >3NgggYgNNN ¢ >a N¢J 

¢¢j ODJj #N¢ %Nn44gggC44¢j y~ 0+f J 4# N»==g� j %E #NgJ� j o~ ¢gNTgg3g» ¢ggJ 4¢$ $¢ 0h_5 (Jfl AJ..al 

g gC«Jj gJd j Jn4Y ¢ y~ ¢¢j ODJj 1...,i 45_gNg£3sN # NgJ� j Jn4Y ¢ 
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SgYg»gN$ ~....,Ji y 0Y $j j j34,'.i ~ d=»gg» $j j lJy n4 'rU;ill k:1.J~ s0N»g' ¢ J1=,. '-? \1 ~ rt.hill .)~\j 'r\J:u14 
8N» X» jP. 8X5©fN QE 5+> 44»NN 8Ns %¥PNL P' uuuu · %N+»NN U+ PN»+ EN$N% 
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. (Structural Design) ~I r,Ja,ail\ 4.1 

.(Sensors) i.:.i~I 4.2 

.(Microcontroller I jQ 18F4520 ) f<:,,; +NN 4.3 

gly O/ »£ s =ait N J+N 545 

g l � +XE> 2+NFE s ) =$u+Ns 54u 

.(Guidance System) oJl:l,lll r,~ 4.6 

Ck:1S!>. •••••·•: ••••·••••"'"•• ¢j ti-el, 
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~\)\ J.~·c--------il\ 

yX@yaa 4N+s +»Ns 
Hardware System Design 

g l f X>O8XO>+N AEP»©zs 43f"s »s 5ga 

• ¢ @ · # N 4n X _1a _ ¢j Ogg»NN \.c.~ 4• g8g @ UC. (4 1) 11¢aa NE ¢
a

a g _ gJ gs • ¢ u-.. ~ '-? f' f' ,._,,.... .) . . '-F..... ~ 

X ± g=» 3Jj £ · » #¢j ± 'µ,- $' , 

(Sensors and Input Devices) 

(Controller)r'.,, ,41\\ 
I jQ a- <5uo@ 

) .• 3 ui8P .i uagµNi %NPP%N 5y 
(Alarm system & Guidance 

system) 

11°~ 11'\.t.l\ ¢j :(4.1) ¢j 
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8P_N d • ENNP )l £zS£RRs \ N»E $N»XC »»4N 8»XP» @ufu QN N$yPDNuN+ • 
)0»NE WI -.: · · L~ g»ggg«g» 0gg� :UI . · ·. -,1\ ~ .J ,~\S :i..9 .fa ~~ ~ J:!yJI ub~ Ji~ 

~ ( ~.J . r..f r-r--- 
0:!yJI ) ub.u\. 8_=.' ¢ LJ\..S..a t.f~ Ji~ W _J-J-Jl ~\ ut.9 \~ ,:i..9 .fa ~~ L)A fa. J§I 

.r_.J_y;..J l/ 4,§ls.Jl.J ~I oji\j .. ~~ ~ \jA c"'.J ,~1.Lll/ .iJl~l/ lW I~ 

,_;L:ill J,.dl J-1.Au_fi'.l-~I wl~ PIC18F4520 w~I .ill.J (controller) ~I • 
. ¢ . ¢ 0gJR£ t.f:UI ¢0»%NN US.J ~\ rl__;..:.. !.J ,JG.j)1\ o__;-jb ~ :i...AjW\ £gD g ..:.i)11 ~ .JA>.J 

u ( ) - <-,. I\ ~ lW .ill =·«g .MPLAB ~ -~ PIC ~ 4.:,.A~ .J .. 

c~' >=»gg=. w_,....., Jil.Jj ojc.J ,,1__►..i ojc LJA ufo ~1.J rly,.)11 o.►.i.J ojljgJ\.J )ii)11 r\.b.i • 

~ ~ jyi (LED's) y ¢j¢ 4-\1~1 ~ # 5J ¢ rWI c..f~ ~ ~~ 'l ~ 

3+»% PN+• Nr+ u oNE N± _+5¥ N©i d • _+u• Ni E• j µCNN E GR+' ) N +NN 
rWI t.f~.J W ,.ill'.l Y.J:,) 0:!.? LJ-A ~ l.A.!.J r..f~\ _;h;..1 1 ~}I~ J~ .. JA='-'J\ 0)11 

J.S yu uLS..a LJ:!j .P- _,.J1 ~ .J gCY 03g=g»¥ J1..:.. ~ rfa J:it..... .J 5=.«_ ¢ w ~ 4.c.Lu.. ~ 
N+µ@ 8NNN+F+%Eµ» 8N»yPg£+43£ PPRP% ENNP %NP4NN ou(u «»P N%• N 4% fN N+P(j 
.LJ\S..J\ ~ :i..9y:, JS~· j_p._,.JI LJbjJ\ ¢¢¢¢0+¢ ,ubjJ\ yggg»8 ¢ '-?~\ J:!yJI 

- 51 - 



( Sensors)~a 

Guidance 
System 

Controller system &+PPE EP 
PIC18F4520 

Audio System 
Q+NN 

Pumps actuator system 
Ow ooll 

0E/ 3P 
#Nn4ggggJj JTgNgN £%$ggg£3=»N 

y»N 45+»N( N+P yNs Cl5gos Jft+ N 

P�L i ± NP++N +NN _R»R+NN 8NOE +NN s © PN�PN y+P Q_P QOi_f% +N P»NN Q©( 
~ 4..;l+ll4 d=: J£» O%4» LaS, ~ N1� j %Nnsg44gj 0h_5 YY.-, JS, N¥3» ¢¢ d n%g4»gJ3 l£gN$gR£NN 

X · $f=»g+ J.:,.I d=gg» g ....9 . X · XP g IC'~.~ 1..1:..i.ll I • I . U"' .Jf' ',;>u,<> ~ . j1 yfi- 

gl f EzP£>P s )»NNs 54o 

( Sensors s#¢j 
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l nsor) u~.ll: ~ 4.2.1 (smo rn se 

+5 V 

0
~en 

C: 
Q) eCJ) 

=Q) ~ 0
0 (.) 

E 0
6CJ) 

~ ("') 

ci 

u~.u1 ~ o....Jl..1 _:(4.3) JS..tl l 

{st,llgY ells (0/D),-hucife51lg-esdlfow tel ,a2ll Li5 ±5l,
J_..u.1 \ ½le~\ ..b....b...J\ ~~ ~i ~ <\_,◊\~\ ~~ ~ij 0~ J,..u.J\ 4lk. ~\
C3la.sll-as 58 LS 633leals-5YlStaYNess :es+As.as lfargl _ii] eip-+

z\ill @la5f5'9 (4.4) ill ls.ls sty) e ellis 58ll3 ®! e ls»ll eaill csf
c-el= Ya!zliissy=5{is dSyeis Cir,sic,dlsll,sly!+gs,5%all
PIC ) t< .. , all JU.:i)'I ~U.o ~, c-4 ~.J tyJ ~jill ~~J (Smoke Sensor) 

:(18F4520 
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vcc

R1
10k

SW1

SW SPST/SM

I
(!) 
rI
.-l 0
ON 
1-l lf) 
.j..l "'11
! [oo ro 
O
O O
1-l H 
O 0·g

-=-o 

5s1al gs zi@all 5411 ;(4.4) JSl

.(Micro controller PIC18F4520) r<:,, i all 4.3 

Controller system 
PIC18F4520 

• High computational perfonnance. 

• Economical price. 

• High endurance. 

• Enhanced Flash program memory. 

• Its programmer availability in our university. 
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. h th · ct team familiar with. 
·It is programmed using C language that 1e proj©

. . . 

• Availability ofMPLAB program used in programming 1.

• MPLAB provides already built functionsthat make programming easier. 

• C compiler optimized architecture: Optional extended instruction set designed 

to Optimize re-entrant code. 

• 100,000 erase/write cycle Enhanced Flash program memory typical. 

• 1,000,000 erase/write cycle Data EEPROM memory typical. 

• Flash/Data EEPROM Retention: 100 years typical. 

• Self-programmable under software control: 

• Priority levels for interrupts. 

• Single-supply 5V In-Circuit Serial Programming™ (ICSP™) via two pins. 

• In-Circuit Debug (ICD) via two pins. 

• Wide operating voltage range: 2.0V to 5.5V. 

• Programmable Brown-out Reset (BOR) with software enables option. 

:(PIC 18f4520) ±Ss±4(block diagram) = 5= (4.5) C<±Al
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[pre Fof±r&g]
l 

j 1rc.•c1.: 10;-c I

20

{\'C_,.,,\.) !'Cl.AU• 

t . /
I "CU I PCH j ?Ct.j
F i'CgrJm cou l'lt~r 

·l

11 

1

t 
Fr.:>Jrl!I", Mmcry

(1:fl2i<:yis)
I Sl-<PTri. 

F

~n;·u1Jcllo.:i 
C.•t!';;VJ'l:!: .;mJ 

control

~
~ I

lPRC Dl-ij FROO!. I
I,). {) 

FCl'if:r•llp 
Trer

T105

1ri:;:n;,I 
C,clll,:or
61:Cl: 

os:;21:, [g)----? r~-----,r·~-,.ii osc;;.;1or
INT.''lC c.1;.--;-up i'lr:1er

-\"""y g#%°
~no:;o 

~t.:;~ m;,cr.Jne 
o:,1"1trotctgr,:i!,;. 

d ;\liZ 
c,clll,:or

:;.;·.a .Vf'110.)' 
( ;;,9 KilylSf)

Ad1eE La;2

' -4/12 -· 

'/,t;;::l".:-°¢g 
i':mH 

1e2isl&r
Ema <::;o 
R=t±erce

X fi;.,lJIANO 
f,A.11AN1

X RA2 1AM2l•l"<V•IC'IP.£.•· 
X RA31AN:.NR:i"t 
X ;:;.A.t.rTJCKIJC10:JT

RA£AM±&Z+DINC0UT
-· .. X o,;;c:?,CLKO?l;R/..~
4 [Zl9zc:»cuah=a?

rr-r'\.1.-. 1><'1 'l.5Ml\TC•/FL101,0,N 1:? 
~51fit-:i'1!'~.t{10 
~S:Zhl,t2lA.?-;,: 
;l :,<,f/-,t·l~1cc;:,:a Ill
354KEEC·ANt?

.., ~55;;e:ei11PGM 
'l.5o»<El:?;POC
.?.57Jl<E:J;;:1'"00 

X RCO/TlOSOtT1JCKI
X RC1!T\O~(:cc;:,z{IJ

RC21CC? 11."V, 
i;;,::;:;1ccKISCL
RC.!ISOUSJ:A 
C5-520

~ RCO.rr ..1.tCt( 

Not» 1: CCP2STI£axedMl1 RC?#± 021g013tan III CCF2IX I& Se1. 2753en CC?ZWX 5 nc! s±:;
2: REJ lie:il:; 3·::w1::~ \\'Mr. MCLR :1..,c:1:~.1L:y ~ dl;;;.:'e-c. 

5: OSC1}:l}O ,,:id os=:Z:Cl.KO Jte or:y ~\1Z:~i3ble- :!\ tc-:~-ct osc-:11:tor rno~-::$. i1ld ·s~1e-r .. L1~;t:' pli$. ~.t-.:: :,ct t~lngi t.'.;~-j 3.; -o~;lta1 I!O. 
~.:.~:) s,c\lo~ 2.0 "Otcill-l!or connc;ur.;uon!t" 1c-r .~illUor:r ~,·ornauo~. 

(PIC18F4520 block diagram) (4.5) Jsu
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s» dAsl3 4ha45R65 e3 (PIC 18F4520) 5=/ cl.of6 cs!s
. ~)I .i.:i_)l.l,! ~j ~_,.i w_,...,_, 

:(Power on rest circuit) ~I~oJ~I o_;.ilJ 4.3.1 

.illj ~l4~1 ~ ..? ':[I_, ~I ~ ~ rl.bill (RESET) ~ r~ 0 jib Ce 5y\c

~- ~ o yl.lJl'o~ ·~Y. ( 4.6) ~I_, ( 18f4520) . ~ (MCLR pin) ~ .h,!y _, 

.le~ (diode D) ~.b~ cwWI c;i ',fi (active low)~ 0.J~ (pin) u3S: ic(reset)

2K.0GLiJI_, w.J_,s (0) ',fJ~~I~ Lo.u:. ej_y.» ~ c-""1_,..JI ~ t-:i.fa J...= ~ 
.,+'5Ag» (MCLR )ls3\lly ,5s3 asfi> 7'5'U"

: (High-Speed Crystal (HS)) 4.3.2 

~ ~i_, ( OSC2 pins,OSCl) c-4 ~.J r3:i_, (Oscillation) J-=3 r~ (HS) 

(8MHz )U...l.:..'.i.u, \ .l.9_, (40MHz) (,f_,l ... .w _,i J.sl ~~~~I ui ~ ,(40MHz) 4..1 
.4--oy,ll J)G. L>-4 ~~~-' ~l.:i ufo 04 .,wS;/1 ~i ~-'
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sw::::
v,cc

Ut
2K

4!! ::J.=,: 

=3.:). 

G..i

55 • I 

35 
,,__..,. RE!l,l:W.r,A,NS
Ci--"!1'!11-t R.E1'i'~AN6

I c---t R.E:!,'CSJAN7

•· ~ ..1....===---::-=-"f"O:SG"JfC LKtt'RA1'• 05G2.fC LK!l,'RAE:t===lFC3TICE3'713C
, ,... RC 1 i'T1 C Sll)C CF'.Z

1 ;,a· RC:Zn:~c p·1.r.?V•, 

.22P

0-.......... ;:;,oa;PSPO
C'=-iiii-1 R.OHP-SP1 
L>= ......... R.02;p,s,p;z 
[==ii=] 4DD3FSF3

FE2'IN72'ANEl==r=== !
R 3-:ll[ NT1IAN'I !I 1"""41fif==O .::s.. ':J

R!S!l,'I NTJFLlt.'At\l'l.2

RO? 1' P.SP7.fP·I D l=:H=~ 
RID:i,'PSF'6_1°P l·Cl-':-:-
RDOE'FSFSFlB=-t==

R!i!l-4,1 PBP.;J I===

25 
.?.C7JR;,ll'.JDT . -,.c □
l?.C.6.fT.il,JC!1; ~I

Fi.C:5/50!!1=5:=0
4£C4SD£2A, == 27

FiC3fSC r{iSC L

_..,..t111F"'t'JOD 
'JCC c->!1--=t VDIJ!

g=pg=====g
g5=tt=]

PIC-t-:!F4!S2D

(PIC18F4520 with Oscillator & power) : (4.6) JS.JJI 

(PIC) ~ ~I (pins) ul_,.b'JI ~ J:,-jill 4Ji_iS ~~ ~I J_,1~1 ~_, 

:(Pins Configuration) /'liil +s=YI cl913 (18f4520)

4Ss1ll cl_ll + 4-h)l3 (Oscillation & power) <-·± (4.1) ,+Yl d;±ell3
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. ·. . •)hiJ·(4 1) J.;~I 
PIC ~I ~l_;bl c4 (Oscillation & powei · · · · 

Jell Ash
,{s"iah)

I
0-a3ll s-'l

I(PIC 18f4520 pins) 
Power on rest circuit 

Reset MCLR (pin )

OSCl(pin_13) 
High Speed Crystal 

Oscillation-., (HS) 
Max-40MHz OSC2(pin 14) ...

,..jj__>-bi c-4 J.,..:,..:i:i 0-:ii ~I_, (Input Pin's) JG.~)'\ yj.;J ~y (4.2) JWI J_,~I _}

Ss1ll Ci 4a'sy\3 esl_JI&yh 3 s,fs±,l

I
Cl) Asyh

I

r<,; al\ 
I I

0a3ll sjl
(Input / Output) (PIC 18f4520 pins) 

input Port B BitO (Pin 33) C.Jl-=--~ I ~
(Smoke Sensor) 

input Port B Bitl (Pin 34) l cl.:iLll

input Port B Bit2 (Pin 35) 2 cl.:iLll

input Port B Bit3 (Pin 36) 3 cl.:iLll

input Port B Bit4 (Pin 3 7) 4 <il
input Port B Bit5 (Pin 38) 5 <i

wl~I ;;_J,j4 u,oG...11 (Output Pin's) rly..)'I y~ ~y (4.3) JL.:iJI J_,~I.}

.5=1l,+ 4659\3 e4ls91@s 3 seSs1le@lals a? Ca "s
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. ~ _,.J I _( ... -:...J\ ul~I :(4.3)J_;J.:?-ll 
(Output Led's) 5YI a rHs: >'°

~ »Ss"±all la3l ¢Je-DJl ,
(PIC 18f4520 pins)(Input /Output)

output Port D BitO (Pin 19)

output Port D Bitl (Pin 20)

output Port D Bit2 (Pin 21) ·\yas elgo}l
output Port D Bit3 (Pin 22) 

· (Green Led 's) ..
· Port D Bit4 · (Pin 27)output 

output Port D Bit5 (Pin 28)

output Port D Bit6 (Pin 29)

output Port A BitO (Pin 2) 

output Port A Bitl (Pin 3) 

output Poli A Bit2 (Pin 4) el_yes el;»YI
output Port A Bit3 (Pin 5) 

output Poli A Bit4 (Pin 6) (Red Led 's) 

output Port A Bit5 (Pin 7) 

output Port A Bit6 (Pin 14) 

wy-o-ll JjL.u.Y. L>-""l.:JI (Output Pin's) c:l_y,.';ll y_►.J ~ji (4.4) <)L:i.ll J_,~I ~

(port C) e 11Niss/5sill,il4al@/3 e4lYl@ks 3 s-fs1le4lkl &s ha5Ca ls
.A..IL.....J ~~WI (Addressable)~~ 
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C 

[ I~ -{s"jab) _ JA.J,A-11 S!- _►.JI dl •
PIC 18f4520 pins (Input/ Output) 
Port C BitO (Pin 15) output 

output Port c Bitl (Pin 16)

output Port C Bit2 (Pin 17)
53--%¥ lila_) Ces

output Port c Bit3 (Pin 18) (Addresses ofmassages) ...

output Port C Bit4 (Pin 23) 

output Port C Bit5 (Pin 24) 
-- 

output Port C Bit6 (Pin 25) 

output Port C Bit7 (Pin 26) I Play the massages 
I

output Port A Bit7 (Pin 13 ) I
pump 

I,

.. . ·'I _< ... ",_,,_1\ ~\_fa\ :(4.4)JJ~I 
i.;:i~\ Jjl.A.ii_; c-4 ~.J-'A_,..... ~ (Output of Massages ) •

.(Audio ) is@l Jay)l 4.4

Audio System 
wy.all 

JjL...J 1>Lk.) ~) w.l+.1 ft.J;ill .J-=>-i (Output device) c.S.J-=>-i 1:::I_;..=,.) obi w~I ~ 

es+ (Output )±: A3 lsYl le@ » els lee? Y 2ls5ya51 elal yi R9yisf f
»¥Fl»Rsya3 39%" e 029'5 ± \st±isJI sse 2sys h?\ell sfoU Ai# gal
(ISD 1400 Record/Play)~ (Chip) rl~y LlA .ul_, ~m l)-.Q~~I wl~\11 tlA,...,
5sil,5ys Rt_ll sis 52ls?2551 ells 1sys <2)5,il @±gist all»_ll ls5 4al151.43 ,y5

.(PIC 18F4520) ~I L>A ,0.iyjl ~ I>~ .J.l.....:,j w.,...... _;11 Jjl...o)'-! 
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m 
co

AUgm 

~ ~~ ~ ~b; °' "".i:. w w t-.A

s

C
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C 

. (Water Valve)~~\ 4.5 

Pumps actuator system 
cols.aall

» Ce \e Sssl 49 sill (Other output device )s=! <!=!5ll e 5+3
-~~I I~ .ll..o:..'j I'"~~~y,,, l!.IJ~ .l~ J-:i (PIC18f4520) ~I

e\3 s(4.8)l JS.tll?_4h51 ,all A435SIN ,Ail -s a1s Cs 35%al 59l3 Cy5Sf®
.A <.#illJ Jlc. ~ ~ <.#y,i-; ~I oyl.l..11 Jy , J_;,JI ~ r.# , ( MOC 3023 ) rl~I

u':l , ( PIC 18F4520) ~I t-4 ( ~I J ( Triace ))0-4 ufo ~J (220 V) ~

.3a5-Ssial eyiy83as Ce 345/ al3j/ Ilg (5 V) ) 3lia a@l age? ck? y±YI
-i: (active high ) uS635l lsy S=isl es) <;=l ylasJ colasall liial aies
(MOC 3023) r.fo dlill 4:,,JiiJ ,( Pin I) J)l:.. u-a LfiljJ ( MOC 3023) ~j (I)~~\ ul

ojb..o oJ...1'jl o~ ~foJ ,( Pin4 =I) ~.J oJ..J.H (trigger) 4-::..l§ ~ ( Pin 4) J~ u-aJ

J.-:i ~I~I t-4 o~4,a ~ <.iillJ ,( 220 V ).J~ ~ J..-; <.#illJ ,( Triace) J.-.1 
ls l4es_f oles'il ii? stall iv) 45&is A5aall Jasi cl_yl.all sis J3-es #5 ·4e c@?
l:U. ~~~\ u':l clJjJ (5 v) ~ ~j (220 v) ~ 0-4 .l~I J.i_p,11 ol.ll o..fal.lll i,~ 

.,-la#I glae Is9 de3 3A9% las ta49S ls 5_$al 4J JoeF gall gsl

15k

.... 
Q)...... ...... 2200 .... R..., 
,:: 
0 
u U1 Q2 0 .... MOC3020
u TRIAC..... 
s -=-o

...._ _jL newtrone 

(Valve) ~I~Ji :iJ,ilJ :(4•8) ~I
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C

.(Guidance System) 515) al5i 4,6

Guidance System ' 

Clyasll ss le 5yh4la cl3aly Al8as 4y es ,-Us4 cle_=all as! ce sJehl }89
:sf l] Raia cl3a¥/ si85

.391le- le ls &»>gs sl4!Ails yhasl &sills ysYlulhl @ ®
.5la5 2ls 2lg,A9155la @a5$ Alt4lf 533-\3

J.-1 
Q)
.-I
.-I
0
4.µ 

6
O
0
J.-1 
O

-r]
I.'::

R2

R

vcc

Q1
2N2219

D5 D4 D3 D2 D1

~ LED ~ LED ~ LED
~

LED LED
~ ~ ~ ~

R3
R
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vcc

R2 
Q1 

4 2N2219 Q)
r]
rI O
ON 
$4 u) R .j..l<:l' 
; Io
0 CD 
U.--1 
OU 
1-lH 

D2 D1 UP.. D4 D3 -g D5 
LED LED LED 

~
LED 

~
LED

~ ~ ~

cels2YI etas ct±ally @sasalyaahl 4a2o9 laYl di gs Ry_ylll sis9
lyl cs 3ss S3 3hs Ce elYE ytSalf slgl9 4e5illy @all lo elill _ye Rali_9
»s de 2= ·a-:sill sYl #le el3A9ls='ule ell Ghil :g &±all

.·Idle F ·,-wsall a±YI3

·je 3€liaall stall ,fs±all elasall ) 28 sljl Ras Cs CJ3-Sy alJill yf
lsh2ice 38 laS51s/3 Rs Cle lea caas ¢ljeY/ss ae9 iul» LstilAi Las (5slill

: (4.11 )Jtill

◄

- 65 - 



C 

=%

Schematic of the whole system: (4.11) ~I 
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◄

. (MPLAB IDE) &<» 5.1

. (Win PIC800) ~wY. 5.2 

(System Software Flowcharts, algorithms & Pseudo code) 
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-ill ,es)ail)
Software System D.es1gn 

( MPLAB IDE) ~U.>.1 5.1 

u.c o.J4c .JA.J, (PIC) wl...&.:WI ~~ l..);!AA 4--,aLly ( MPLAB IDE) c»:
j~ ~.J ( PIC Microcontroller) wl...&.:WI u..a t_,..ill 1:U c-4 J..cik:ill 1, 0J· ,.,.; ~ ~Lly

-'#,lclshsilys7el±yl is 4la51l1)5 <al;yl fs 4why all ha.a) as.ll err-lsl

Ii.A J~ Li-4 ( Microcontroller) 4-,iy_~ 'J.J, ( Microcontroller) ~ ~.J ~ 

( PC ) '.? ·,..,.; t,11 J4,;..l4~( Programmer) y. ~L:.. ~~LA c.:,_,s..i .l.;-..J:! ~ , ~ ~Liyll

.fssy 2lylrfs£le lad 5l A5k Ll @±51al

( Integrated Development Environment "IDE")~ ~Li~\ \:U ~ c.S..>-=--i ~ 0-a.J 
'\ , ~ c,S.'.l.JI.J GI a<., >JI Lr-4 ~L..;. c- _,_i L · ~ ~ .. 1:.:i . L~ , . · . ~ -,r ~~ 
,r-: ~ ~ I,_ ~ ~ 0 r-'"' .J:!..,.....,....J .. ~ ~ (~ 4-.j,ll .J 
t . :11 1:u ,_ ~We 'Jw · ~ u..u.i ~11 ~,,, · .s • • 
ya (.S"""-' • ~.J ~ · ~ ,ll u-o_~.wl ~~' ( Embedded Microcontroller 

JLocj .-b'i 
4 

,.., ,..,.; a ufo ( Embedded System)~~ ~I.J 4...o..l;j'i\ 
0
~ ~.J, wLfu.:i..JI u,a

. ~)ll\ .. j.;JI ~ 4...o..l;jy\ o~ CY:. ~.J ~ 

◄
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Ail ,aAlsail)
Software System Design 

( MPLAB IDE) ~Li.>♦1 5.1 

u-c o.J4c Y'J, (PIC) w~I ~_;-:l I.J¥-4 ~Liy ( MPLAB IDE) ~wY. ~
j~ ~J ( PIC Microcontroller) w~I c).A t_J-l]I liA> ~ ~k:il.\ 1. a1• ,.,:, ~ ~wy 
',lclshsill,szliy\ 0is ,l15i#±)3 ·&+liyl Is 4y y sill ha) gr as.ill err-lsl

l:U. J~~ ( Microcontroller) ~Y.-~ 'iJ, ( Microcontroller) ~ ~.J ~ 

( PC ) '-,? • 0.; ~I\ J\.+;J4~ ( Programmer ) y, u,oU ':?~La u_,5..-a ~ .J.l ~ , ~ ~u~I

. ~Y. ~lyJI~4 ~ __p.'ll .iJ_;b '-4i r~

( Integrated Development Environment "IDE")~ e::4Ll_;-:ll liA~ c..S_;.:,.i ~ <JAJ 

sell;ct66ill-+gs+'62"5,lg;hAi5sly,s,5±%y4y ells
t_J-l]l liA> ~ ~Wc.'i4 ~J ~~I ~':/I LJ-4_~.wl ~~, ( Embedded Microcontroller 

JL..u::.J Yb';/ ;j O o.; Q ufo ( Embedded System)~~ ~I_,~')\ o1li ~J' w~I (j-4

. ~)LI\ y _►.JI ~ ~')\ o1li C~~_, ~

◄
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◄

( Embedded System) ~..i.a,al•l! ~'ii 5,1.1 

· . · .. ujl <:ill \.hill ) \.hill I~~
Embedded ) ~ Li\J:..i ( <.r'14,JI f' _;-:JI <.r vA 'ii 0

-' .. ~ f' f' . .. 

, e ( M' tr II r) l~u . __i_u .;ill .,.WI u-c, 0 .J4c- .JA~\ f'\.J;,il\j ' ( System ~.J , 1crocon o e f' . ~ .. , 
o_fili.ll ~~)74 ( CPU) ½fi_;.JI A_;J~I o.l..::,.J ~ li.JL;ic ~ ( Microcontroller ) ui ~

( I/0 D · ) 1 · ';/I JG.-''il wl..u1 .ill:.:i ~l ~~)74.J ( Main Memory)~)\ 
~.J ev1ce r .? . .J . . ,
-i6.5A,Lill a1 le &3lla? 1a93 AS s 7ls<IyT@sail iCl slsfsa cl jeYl siser, r . ~ ~ y .J . . . .• 

··;. . . u.il.J;,_,ll ~ r>P o~ ( External Device) ~.JI.:;.. o~i 

~Y. ~~,~( Microcontroller )--! YLJ:iS';l\ ty ';l :i io,;., loll ~YI YL...i) ~ 

u-c, li.J4c y. ~I f'WI 1:.:i), o-'~~Y. f'l:lill ..s..?l .)13-' c4 ~~ (Microcontroller) 

sis cbi) s@5iy sill ( Microcontroller ) @ ss • s@%_l ids 521s· Asls) ass) abh

) .d...l ·.< · -11 :i...:Jk...JI o.l::,,, 1- .. • )'\j, (PC) _.:. ,..,, ·1 • - 11 · I ... < \j)u:..\ ~ :l....i..h.i)'I .. .r ..r" . .J i.s-- c.f ~ ~ ~ .J~ UC ~ ..

"--4-oY. ~ ( PC ) f'~ ul .J t....S , ~ ~ C: I_;.:..)' 13 JG....))' I o~ i 3 o_fi I ills ( CPU 
Xt, le +Slye3:s &+'±?·Slit!>sf; cs dell 33say6 sgs ells> 1] s=!5y»
elhAil,#3 ·fl:Y·dues#dsll le s=)@lc &sly fiifs -)ls elasl; es)
~ J-h:i:i,b,ig o.l.::..I.J ¼1Y. 4-b,I~ -'_p._yill ( Microcontroller) f'~ :UL....JI )lia u\+iJ4 ~i
Embedded ) .UI f'WI 1:U ~~ .ill:J.J , ½k. ~I...>-! JIYH f' ~ u~ f ,.;, , • J.l ~ y ~ 

.3has¥l » at.tyyl3 R9las3 5ass Rs:lssy es) s4 (System

(MPLAP IDE Language Tools) ~u..>: ijj ul.J..li 5.1.2 

~I :i..i.l 4.l.o wlil o.l...,u.J ?tAIY. 0~ .d...l\.:iS..i (PC) . C5 F"7 sos.illsjlsdls.7 ±r .J ?
- ~ (..)A3 f'~ ('.Y:! 

0-o LI)_Y,j:- .J' (Java) Li4Jl3' ( Visual Basic) i&.:..ull :i..iJ ( .
-: ,,,

1
-: • , • ~ ... ... 3 C Programmmg language ) 

~ .i ~ (.)-A w , ~1 · • <-: :. . , • ..r- (.J_,...... <-.w::,. ' u-ok.:ill :i I • " I • II\ • + 7 6trlls18 _yfeiycAcgiiall»'5a1ill cyl±lll
LAI ' (PC)"". o .;, ::.)I j~I c-1 J...-k.:ill wLill\ LA 
11 l 11 ° J._..s ' ( Machine Language ) 
.J Cross-Assembler 11 0,.c o.J4:-. f>. WI .. 1 •

r..s--- .J w J-'I ~ Lu I~\ .. . . 1
.i....ol~I ...:i.i "' • ( D b . - .. · f' ~ M1crocontrol er 

, .. f-3(.)A.J e ug File) <.s-"-'-":!w1i , ,._.,_ 1 1 . .. .
" y"-'-"J I.J ~ ~ O..)A " " 11 · · · · f' .J-9-l ~ ' Cross-Compilers 
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. ; sL,sf,% Usu»yll (MPLAP IDE)&» fg»
( Memory Locat10n ) 0 ..r .l..J c-- JA v- · ~ 1...,1;;", • __

.( Machine Instruction ) .:UJ/I w~_, ~li Y.1l

· .. _ , , ·, .. 11 Ii.Ai · I .<'.l.JLi .l..=...11 · 
ls] >55%alls;4Cs cf lSiy25fall acbi;ash °#87'8

.~ .• 11 • - - -:11 wli.lP ... .l.l.) wli.L ~ .. t
High Level Programming Language ) JWI tSY- tJ-A ~ 'F" ·- • • Y--'I

,151..al Je 4» SY! ,,\351.4 ST e (Machine Code )YI@4l47\1fl/cab;yl 9s63 <(
( C Programming Langouge) ~ ~ ~yll WAJ~' t_,_y::..JI 1~ ~ .\.4\~I ~ Li I~_,, 

. ( C Compiler) .).fJ tJJ'J 

( Libraries ) wl+&Jl <\..Ac~ t_,_µ1 11li ~ r~I '-f ~I ( MP LAP C 18 ) ~uY. j~ 
ds-·)Se,l355»\s) 4ills) Casas·Ce 5ye eS al±Sall@ c Res_yll 3las Cilgr ,ills
r""I ~l:iS ~._>+JI ~ Y-=H ~ , J,.u.ll ~ ~ y,fi. .J-':. ~WI o~ u\..S .ill_, , ~ ¼fa. 4-:µ1 

·ia ,i 595 (Functions ) »5l219l4y ls <galas54 Ji @ill ss ho ss=", @<,l
Digital ) .)) ( Analog) 0-4 J~~I ~I c-4 J,ik:ill r~I :.I) I~) Jti.JI ~~ , ¼&JI

. ~ ( #include <adc.h>) ~u yll 4--;ll~ ~ __p..ill Ii.Ai ~ _, ( ADC.H ) ~I ½l'.iS ~ (
. 4-b,.I~ ~ <.J-'l o:.w.ui'il ~

( Application Debugging And Programming) 4J&iill-.9 ~j.!ll w~ 5.1.3 

Ss S ( MPLAP IDE) Ll J..ilull - ·~ Y. ~ r1 ( M1crocontroller) ~Y. ½L= yl..i'.ii 
' ~ r~ ~~.., ( HardWare) :Li:.WI • 1..:;;11 ,-Lil • .. ;1~, . . 1 - c--' ....,--~ u;c ..JJ '-5"] ;,;-~ . li · ·11 I~ •.c:-t , liJL.., 
) w ·UJ1 · _,_s.J 1.:. ~ Y.-' t..>->:' •

. ~~ . u 1_,' ( ICD2 Programmer) ~.,H-JI LJ---4 ~ wU.fi.JI ou ~_, 
) '-:.l~J:! '-fi.JI ~J.-+ll <L..i4 J_,_..ill c>bi . j .i....-....1 . • .
j~I · ( M h. _ _ - l.J-'l J_,J/U' ( Hardware Debugger 

• (.)-A ac me Code) U'il Ll J .... ,, l.i .. 1 ... •• •
. ~ ~ Y--'I J,.ii.i r.J--9:! tSiJI ( M. II

, ( Microcontroller) 0fil~ ~~ _ · - - -' 1crocontro er 
.'.cl..w •l:ili , ·

1
, , ,t . - ~ -' ' ( PIC Microcontroller ) ~I ( PC ) a.; .\;11 

s° I.A ' ~ J ~ Ld.:!.uil I jA1L:.. . ' '-e? . · ( Microcontroller) u .<. l::..li-:, ,1 • - - ,·,:
. ..:,-"";l C .. ~ o~ WAJ :.~ 

·c'·l-! us s2al5 c=sill cle ,tiil
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~I .t .. \ 5 (Debugging Mode) ., Y~ .1.3.1 

l...;,.AUy~ y,J, (Simulator)~ ,u\~I ( MPLAP IDE) ~Uy u-:=u~ ~i 0-c 
u.J.:i~I~ .,L.til (Debugger) ~Uy rl~I ~~, ( Software Debuggers)~ 

,l1051 A.a#4) yycus¢al3yl las Casi.al ye al yfey las_9 A0la Cb5Sa Cl] @st»ll

~~A..J'J ~~.J, °'J(,;iH ~ --~4 ( Simulator) ~ ~ lAA ~)1 ~ 05-l.J , ~ ¼~J
c+'-! ±yiy,sys (PC) 'e al(MPLAP IDE) 3+i» dy Cs • (PC) -es.l \gel)
a ey»las s1iii ( Microcontroller )':·±iiy( PC )us) • (PC)) a' -:!
Simulator) c'= ·iii+ <l ( Microcontroller) c' cs'iyliii yS] ellsl5 < e,,h; 4lsy
..>.l.:i..;JI LJ--'l.J , ( Circuit Emulators) ot.Sh.JI 0yl.:i..l I~ J'.ilAA (Simulator) ui J_jill ~J, (

) ui J_,.J.11 ~ ~~J , ( Microcontroller) <J--4 t.,._; J..$..l ( Simulator) .l.....;,..J:l ui _ftiJ4 

. ~yll ~lli ~ U..y <) '½ u,oWI (Simulator) y 4,jc. .. Uu....;11 r3= ( Microcontroller 

Y 0.:i..:...,J (Simulator) Y .-Ll:iS;/\J' )y.,_b r~ ;/ ( Microcontroller) u,c .,\.iu....,;/\ u) 

' ( Microcontroller) ·wLi.l.::.. ()-,a o.:ilu.....)IJ ½.:iWI wlifi.JI ~ J,.ilul\ <.JA ~;/ i;tl\:ili , LC .J~ _►...i:! 
~ 05J.J ~ ~\jj c.S_;.'.i .:iJ' ~U✓.JI ~ u:iS c.S.fal (Simulator)~ ~Li_Y.]I °'/'i': f'jsj Li.lW

~.:i..;..:i~.J ~l '~I.J ~__;.l:..ill U!-! w)u..:..\ ~l,1,. o~ ~l:i:JI w.itS ~J' ~J~I 4.J.:i.14 ½fo 
0-4 fol ~ ..,, ~ o.:ilc 1 11 ,., ., ,;; ( M" . ·

· Y-" ., • <s'. ~U.::..J """J' 1crocontroller) ~ ~Ll_Y.]1 ~ .,Li:il .,lb.;/\ 

. l.fu...a Ji ;/_,b ~Li ✓.JI ul.S I~) ~J ~Ll ~\ 0~ ~ .J , ~y Li ~ J..a..::..:i ~ 0y 

◄
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. . . :i.....iwl l Gk:, ui ~ w.J'il LJ--'l
<J-A oy..WI ~ly,ll ~ oJG.l~~ ( Debuggmg) - - 
..ill~ J.l.;! )L..oi ~l:illl ~ .l.;!Y Li.lkj, c;4Jl1 .J~1 <) t_,_µ1 ufo 0yiJ1 ~ ~ ~ ,t_,y;..J1

· · - l -~ · · - I • :i. Ll'...J I o:U. Jia ~ w_,_yr--JI LJ-A.J '<U.!__?.-J ~_ji.J ,yl J ~.J La ~Li.,, ,)
~~ c...>-!"' (.)A ~ "ii"' c:U .. . 
e?A3 <slsaYl» <@yl 3as5· CJ5Sir @ylll@ @ssaClg-hss? ylg° &is-?2 Coifs

ls 2wssclls»lstyclillya5Cs3lellhahs s55llhia 0sf+Cs5 4fills eshf
(Simulation) c.;~~~_,\ti '~JA! 0_,b.JI 0~ r1i-' ~l:illl .J¼J:i!.J~I wyk:. r1i 1>l4ll

41153\-ls < \el5»tU533sals zali ghs! Cle 3sb.T,/ @tall c5Sly @\Lo9s=Yl,155

aliicgh#scasillcllc Cisi!gis5Jelly caiis·ls)cs+,lo asill @le
~~ c.;ill c}~I f\j;j_\\ 1>U! ~~ ~ f _)! .!JI 'llJ , fl..1:ull 4.4i u,a ~ c.;.lll ~)I e;:y...JI c-4 ~_,

th y,ll o:U. ui op~ .J:!~I 0-A 3 , ~I 1> __►.JI ~ ~ ( Microcontroller ) 0~ ~~ ~ 

c.;i , ¼_,......:i ufo ~'ii ().A .l.;!.WIJ, .Jy'il ~~ f\j;jJI 14\ ($.fo:,i.JI JI) La l~j~I.::.._, ~\A

. : ts.l wlb.l w . l.b.i u..u ~ 4.S :. -- . ~ l>'° (YI · .J ~ f s:- . · - Y"?JSJ 

~ t)J:. ~ ( Hardware Debugging) :i 1°;111 ~ 1>Llii ~JWI wLl..,s.J4 :i...ilu....')[I

) ~ ~Uj.!ll ~ ½1-=~J e::~ J}iLl ,.b..i9 lg..'.il_,Ji_,~_, ~I ¼fa. (Simulator) 
) l.,j - ·1 -~ ·'I ( IC . ~ Y. ~ ~ ~ D2 Programmer) ~__>-+JI J)w.. u- clJJ_, ( Microcontroller 

jl+;JI ~~\..:ill\~_, ( Microcontroller) ~ ~lij.!ll \1°;1 ty ~ u,a3, ( MPLAP IDE 

Register)~ ~I 0~1 0.lj.:...:ill t)SLii ~Li.a r~I ~~I 0~~-u , (PC) ,-sl
A....1ii$. • ~\.,LL,'" · +2=7°- ":<u+ (Register) lily,ills@till _yi@ • zaliyl cs glsti576Sf9 (
J~ 0-A ~lij.!ll ~~ ui ~i _µ <..:..iJ)IJI . . . . ...

• • • - (.)A-' ' e::-4\...i✓.li ( M1crocontroller ) ~ .J
) ~~~Uj.!ll u'll ~~., ( Simulator) ~..>full 0--t__;--....i u..,.._s:i ½JWI wUfi.,,.11

· ~I J-d--~ (CPU) ~j<yJI Wk.JI - ,_
- •

0-l=.. .J ~ ~.J ( Microcontroller 

◄
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. Mode) ~.):Ill y_jL..,\ 5.1.3.2 ( Programnung 

(WinPIC800) ~Ll.>.1 5.2 

) rLI.J~I 011. hl:i ~I wl...&.:i.JI <::-4_>.J r~ <::-4WY. UC, O.J4c _y. ( winPIC800) ~liy 

) u4,<i~l u- ~ ~i.c t--" <::-4W_>.JI lu ~I.A!_,, ( PIC18F, PIC16F ,PIC12F 

~k.:i.11 ~.is_,, w~~I u...a LA..J:!C_, ( PP2, GTP-USP ,JDM ) 4.1a _fiii_, ( Programmers 

-Ah df-»&4eds! scly ,5sills (Propic2) <le.la 5l&s's83- ls s
, c~ ~~ ~ w,j_ji.i':/1 ~ J~ u.a o.Jl.ill J..o..,:n1 ~, y_,....,l:...l1 ~i 4......,..)1,. t.J A.....,~\~ 

r~~~~~\ti_,~I j¼-;J4 ~ ~I_, uti_;b 4.3 ' ul.:,,..a~I L}A O.J#S ~ y.JI I~J

( Parallel Port) Y ~~ ~1 j4-;J4 ~ '-:?~I wy::JI ui Fl e , (Download)~ 

.-±All A le5F sill •

◄

- 73 - 



?~I ._,k. y..,;, (Programmer) /i:".>!".:,. fol c" ( winPJC800) /i:"llY. J.W,

)hy a5ill_;sly las,+ss4al5il yy call&sl0 220s7al+yla\05'fl Ji
' (USP)~ Li ~j, ( Serial Poli) y ~ ut..;....iy.JI oiA (.J.A f:-.,J ~~~,~

t:J-l <.).A wl..&:i.JI t-.,Ji .:i.w _y, 1.A.:i.w ~~IJ , .l:o.lJ ~I usJ w'-?-,ay.JI o:i.,. .:i~ (J.Q f1:- )\ ~ 

,PJC12F ) <.).A JS~~ r'Wl 1:U. y~ ~ .i....al~I ~ <.fill ~y.JI J\..1JI ~~, ( PIC) 

.s±YI 2\JNN UXA »4is+±4A8 <4{s5la s=YI I#9l al e ( PIC18F·PICI6F

uul ail) 5tis a'ill 494y) chahais all 5.3

(System Software Flowcharts, Algorithms & Pseudo Code) 

~ ~w_>.JI ~ ~ ui '-:-1-?-:l c;JI ~L...~I ~I ¼_;b~ (Flowchart)(:_,\ bb.;, oll 0:i.,. 

: ~l.:ill (Flowcharts)~ ~_,3 ~ .i.,j\..hi ~ · ill 1 
,. -11 • . ~ .. ',? f'~ ~.J' ~ - k' '•,. ~ 1 l• .,1 ..

.. V ~ . f'~ f' Y:!

(Main program Flowchart) ~.JI ~Ll .. 11 .hb3...J I - ~ ~-- J:-A 5.3.1 

◄
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<

Initialization

Scan for any fire(by smoke
sensor) NO

There is any
fire

YES

Send Signal from
PIC 18F4520

Light the pathes

Play the warning messages

Tum on the pump

Stop

d's JShy gall (Flowchart) : (5.1 )'£JI
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art)"~,~~, 5.3.2 k Sensor Flowch(Smo e

◄

Initialization

Scan for any fire(by smoke
sensor)

Send Signal To PIC18F4520

Stop

Ci\±is±l) cyepAl(Flowchart) : (5.2) J<A®)

(Voice Flowchart) c:a.J'4l1 ~ ~I 5.3.3 

+sss 0Sol gls dyylsf lo)chesl kg»las.al44 (ISD 1400) <syall A%l5
1=ill 34sly +till ,35l alltests_Lal3 cita9 95chef -a Sall 4.5 es. 59jyl

.<«sill Je 4l hesall 4iSa5 0till (Flowchart)
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◄

Start

Set the three addresses to
record messeges

Second address (00100110)
Take second message

Third address (01001100)
Take third message

Connect addresses to
pic1 8f4520

Scan for any fire(by smoke
sensor)

NO

There is any
fire

YES

Play first message (fire in BO)

Play second message (fire in
BT)

Play third message (fire in
B2)

Stop

<gal1 J8a (Flowchart) : (5.3) J&II
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(Leds Flowchart) <lyall 5y\Uyhlill 5,3.,4

ul_;-11 ~ J.l:! .;--.'ii c:.,.,.UI c:.,I ~ o~IJ Uo)'I u!..,_-11 a}.J'I (Led 's) r~ 
35e3 S+ a#cl » 539..all 5tty le 2tii &ua'YI cal_yaall le cJy -=YI ols <5ylsl
~I (Flowchart) '~'°ii w.,.lll ~~ ~..P- JY?-J rJ&. ~I.; ,_;-a:.~I w...,.lll ~~ d:!.;=JI 

.ells aj5

Initialization

Scan for any fire(by smoke
sensor)

NO

YES

Send Signal from
PIC18F4520

Light red feds Light green feds

Stop

<:il..J-M,11 i Jl.A°'i (Fl owchart) : (5•4) Jt.!JI 

◄
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(Water Valve Flowchart) ~~I 5.3.S 

A{as.6laS des g} cl\ilaf le def 5eel gas 4la ,i4le &5aall de coily
.Jell @e5l (Flowchart) ,l#s ±=l 25l9 2iiol ye 3sll3

Initialization

Scan for any fire(by smoke
sensor)

◄

>-----NO 

Send Signal from PIC18F
4520

Tum on the pump

Stop

~ (Flowchart) : (5.5) J&At
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cutd] i] 5 · •
( algorithms & pseudo code)=+ °1 5.3.6

////// Main Algorithm 

void main()
{

Initialization 

while(1) // system is on 

{

if(there is fire"l ") 

{

light red leds; // for dangerous paths 

light green leds; //for safe paths 

play the warning messages; // for the dangerous pathes 

tum on the pump;// to tum of the fire 

} //end if 

}// end while 

} //end main 

-80



.PIC 18f4520 S's li.tis sbiy Jussi&ls gas@ 6.1

(Testing Pic18F4520 Downloading Programs) 

.(Smoke Sensor Testing) w~J.ll ~ ~ 6.2 

.(Voice Testing) -19-l 5911 gas@ 6.3

.(Switch Testing) ~Li.JI~ 6.4 

.(Leds Testing) o.JU~I ~ 6.5 

.( Water Valve Testing) 4;. ,a.JI~ 6.6 

.PIC 18F4520 ~ leds s :lisll gas@ 6.7 

(Switch & Leds with PIC18F4520 Testing) 

(WinPIC800) J:~I ~~I rll: 6.8 

- 81 - 



LUA1ll es.~ . 

System Testing 

de5ca+,+<a1ii/,1ldtsls 3-'lgl dfy &3/ • l-aill fas
-~ ...9 rl..l..ill~I "'ll:JI ~ <} 4.? ...9 ~ o_p~~I ~...9 'r"\.hill u~...9 ~_,L ...9 

1..S~ ~ "'1...9-'-", ua-=J ~ ~) e::lh:! ~ "'fe 0A ySi ~~ rlhill l~...9

0-4 "'_►.JS~ i'yill~ o~ ~I ~...9 (Software) 1.5ji.,,A i).c:. ...91 (Hardware) 
JSS U:..ill .hJ .11 ~ -~11 I.. . .C:: .I 4..LaSL \.hill . ~ '" ~. U:..ill. /' C'° .Y ...9 ~ ~ ~ u~ . f UC ~ f 

"'~ A..+iyi Y.J:, ~...9, /'U:..ill "'1-»i ~ ~jl_») ~ c;ll ~I w4k:- ~ji ~ ~...9 

.s\el eliso Cl asill @las co As-a+ bails Ca llf,lo

:PIC 18f4520 c>, ~.J ~u->♦1 ~~~ 6.1 

(Testing Pic18F4520 Downloading Programs) 

(MPLAB ICD2) .h..i.J 0:1.;b Crc <?1yl~ (PIC 18F4520) ~ luts..il · ~ . ~ ~ . ~~
o.iA. .J ( Modular Interface Cable) .. "' • s11•• 1 4.. • ll -; , _ 1 -; ,

'-.?°.J~.l..l -•a 0:-:o ~..,..1'1..QL..i~ PIC18F4520 t'° 

-~Y ~)l...i ~ 0.a ufo U...:..,ll 

◄
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· _,, • ~ ~J:! (6.1 )Jti.11 ~I.J
ICD2 connecter) r;:-Y • 

'-ii~~-►- ~.J (MPLAB _.i..1-J ~ (PIC 18F4520) 0A (pin)

MPLAB®ICD2
Connector

•• ia PGD
2 4/6

\#DD----0 0 D ·PC:£
000---- 

[' os
VPPltwCLA Vss PC Board

Bottom Side

lfa-4.ha.Ji ~I (pins PIC18F4520 MPLAB ICD2 connecter) r,i!.fl : (6.1) JS,i:JI 

~I~ (MPLAB ICD2 connecter) ~.fl 0H:l (6.2) ,Nsll JS.a ,s
® &ts 3A aS his &aas 215'1al Sls Dal Asa Lal ey Rahall so_9 (pic XXxxx)-igll

• l...JI . '" •11 .'-'":1 ~ 

=! ~- •
• 'fc,

♦\\ ..

. l ; I). t 
f •

Application
PC Boord

---- ..... -ivoo 
PICXXXX 

''°--.a.....-.:::.......:.. __ .....J VPP/MCLR
hp--ow/CC
'.}pg[

VSS AVDD 
AVSS 

User R8Set

2

ei4! kalit) (MP
~ LAB ICD2) ~~ :(6.i) ~I

◄
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l&-%. 59y· (6.3) ,4ll kSll ,is
~ <}JI (RG45 MPLAB ICD2 Connecterr .JA 

.(MPLAB 1CD2 ) (PIC 18F4520) l-·u' \ss./

RG45 MPLAB ICD2 connecter: (6.3) Js,i:JI 

lee es# sills PIC18f4520 ca=±le 2±6liilz5sh &al+y)l ,l)La!s
(6.3) UStll 4say+€141ii! l 51ll3 c (Flashing) de s! (LED) elil]5,taf

: J:il..JI
#include<p l 8f4520.h> 
void main(void) 

{

TRISA=0; II OUTPUT PORT 
TRISB=3; II INPUT PORT 
int a; 

if (PORTBbits.RB I= I) 

I I flashing code 

for (a=0;a<10000;++a)

PORTAbits.RAI=I · 
'

for (a=0;a<10000;++a)

PORTAbits.RAI=O· 
'

◄

}
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Oece 
• • ,_ • Ill.....
• II • • ....

◄

(PIC18F4520) i>, ~u~~~~ : (6-4) Js.,JJI 

.(Smoke Sensor Testing) wli.~t ~ ~ 6.2 

93a3l \Sf ltEal gle _at@y Jy laallas· 3lS lf Lad gasA}LE,i ±il
5le:-+lilly cl# 2] 3430±+l la 4le decal 3gs 5s Cle «loa545 e @sill
AJI ~ '~J! J~ ( output) .sJ e;:_j..JI Jw.J J;_;.b uc-~I u,,~ l.i..JJ ,u~J 4,la ~ 

4-9_,JI <) J.:..l J.P.-J f':ic:. 4-lb. ~ ul.J! (5) ~J 4..9_;ill ~ CJ~.l J.J=?-J 4.16. ~ ul_,s (0 ),'»
.5ls-l 52355039€l# (5)354l df4 Lie ls (0) casill @le cslsel sf5
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21v 

1------:voltmeter 

~I ~I ~ :(6.5) JS-:i,11 

cs6ls53 353- ls#cel cass@las (6.5.1) lll JSll is
.4-.!WI 01\ -~ (5V) ~I wits 
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51 3989 \il·0es@ ; (6.,5.2)J$-0 0

(Voice Testing) ~~, o_;.itJ~ 6·3 

(JI_; ,J.w ( ISD 1400) u.,...JI ~~ts ljJ ~ '~ oyl.l ~fa. r~
1 

r:i .lil

o_Jl~I J.!....=,ji r,.:i .l.i.; ,~ r,.:i LA t4-Ji-,.,il_;, ~w.J-'-0 _,f ~.J~~lS.aJ ~ i:;LS: 

.(6.6) JS.SJ!~ ~_y.ll 

ch6\Sa! as44is lls 443 (6.6.1) ls.lli LS gde as.l5 c4.% cJeiyLais
~ji ~.J:! (6.6.2) ~I.; ,~1~ ¼- ~_,~ ~ J-.ll J:->6 uc, ~ 4.ll...i_; 0A fol
USAi .19.;, ( Addressable) 4.i_,.ia.ll ¼ls~I 01\ ul ~' 4.lt.....i.J <JA _;sf~J w~I 0JIJ

20 o.l..i 4;k J,,....il1 US., :W..1 ,:,. .:,I~ ulJ, .:....· t,.;.. JS;.,..&, Jlt.. .J ~ JJ....l i>'

<ll ~ ,.:,1.,..11 I;. <J,_,b tJC lJL..)i J,..::; ~ , uia. ui.Jlc -.] Jlt.. )1 ,:,,. Ll" JSJ • <;Jl

Ji-.:..;~ ' ( play)~ <J4WI ct,;.,J1 .bi...., <.IL.)l, <J<>WI ul.,i.ll ~ ;l J;}, iJ<
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'i,,;tlll :ut....Ji J' ( 00000000) .:,Ifall J.,.l ._..Ij'il l.lt..)I ' .;,'J\5 Jll.,,)I ,:,. U.,3llcJ c:,_,..,i 

u_,..,!1 l_;lb uJ....3 .iil3, ( 01001100) .:,!fall ¼J :Wtlll l.lt..)I J' ( 00100110) .:,l_,wi ~

;;_;Jl.l ~ (Addressaple) t:'° J..awll ( Port C) t1~
1 ~_;b 0L ( PIC l 8F4520) 

[P'J <,<:,Jl3 , ( PIC) c)c~I ~lJ y.ll 0-'..Y" cl" l...e,.,'1.ill lJL.. )1 ~ ~..J ,c:,~ 

\4151+ y/ill ,,he sill,ss±lye Ji@iiis <+ellash 5y#YI gls ,LL,• 1..1.11)1 
ljj';/I ~ .... <I · .. . .J ... · f .J-9-l ~ e::..?-l ul ~~I Jjl..,)I

(ISD 1400) c.::i •. _, -+all 53400 ; (6.6) JS«d
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,st6l A0\ll 3ye (00000000) 3! e5 ,I5YI7Lall s ,9985 e)/ si8 Casi®.3 <±g,Al

w ~I ;;yb ~ .J .lil.J , ( 01001100) ul__,.iJI 4J .d..'.ilt:ill 4..lt.....i)I J' ( 00100110) ul.faJI ~

o__;.,jb u-a (Addressa]Jle) c-4 ~wll ( Port C) r-1.l.::,..J..ul 1 J.:!_yb tJ-C ( PIC 18F4520) (':-'l

(!:..>-='-:! '-fiJI.J, ( PIC)_~ ~I ~U_»ll J.:i_;b u-c, ~--ull tllui)I ~ ~.J ,Gy,-:JI

us y/5l,he sill/fs±lye iics <c+el »lalsh! 53©yl Cle sly @l.JI
.)ii'il ~ r-.fo ~ rfa ul Y-:'-:1 ~I Jil....i)I

(ISD 1400) ~. _,1 - •~ o_),l\J : (6.6) JS,.JJI 
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. .... ,..,.... - . . .. .~. , ,. 
m» ew

; .... :\ : . ; =-~ ... : : :

-"TS?
.5±s/9 4lay Jr-9 £A3all 5900 gas@ ; (6.6.1) JS»A

dresses to recorde multi massege 
• I ~u_,....JI <tilldJ...... • 
Oo»lhe«3

microphone 

4.11..... • ,. • 
• u u--~I~J ~.Jl,4ll _ ·

- • oJ,ilJ ~ : ( 6.6.2) Js,i:JI 
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/?"ll _,.JI J tJµI .;,J,l J -<lll,/ I.W <,<lll~ 0 _,_,.,. (;""".,; ( 6. 7) JS.:JI _,I, t..,; J 
.4y us5 gall clyell3 cl tau5 ,A3l5h tgf5,l <alagoill Cle ,b5

•• • <>·•• ••
BS ••••NOpo

······~ 
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void main(void)

{
TRISB=Oxl 111111; II input switch 

TRISC=O; II output voice 
/#Testing voice in BO%¥%%%%%/

if (PORTBbits)IBQ= 1) 

{

PORTC=l28;. 

II C7 C6 CS C4 C3 C2 Cl CO =l 000000 

II C7 Play Switch 

}

I************* testing voice in R}] kkk/

else if(PORTBbits.RB 1 == 1) 

{ 

PORTC=166:
'

II C7 C6 CS C4 C3 C2 Cl CO =l l00ll0 
}

I************"' . . . testing voice in BQ #xx±xx]

else if (PORTBbits.RB2=1) 

{ 

}

PORTC=204:
'

II C7 C6 CS C4 C3 C2 CI CO =1 1001100

}

-91.



(Switch Testing) C;:Pl.i.JI cass 6,4

de!o·lass (6.8) lstlestaStglvoyh» Ce {ill liall ca=i) \ill ,
&le 59Se cilia e l?9le:l ca=all 3341 €1ilS3 < (led) 5elo! ale Jell

.(6.8.2) lSs LS (led) 56lo! l! cl {uses ·ill 4sh gas.s

vcc

R1
10k

SW1
SW SPST/SM

D5

LED

.~ • I :; ..>,ilJ ~ 
:(6.8.I) ~I
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~I ~~ti.JI~~ :(6.8.2) ~I

: ( Led 's Testing) o.JL~t ~ 6.5 

,&I.WI o.Jl.l ~~~ji ~_;b we- rlhi.11 ~ 4-..o~I ( led 's )~~ti 

.(6.8.1) J$..!J IJ (6.8) ~I ,uAil...JI ~I~ lAS ':/ rl ~~ w.ilS ljl ~ u-=-9J 

dilly A4le a 3Stills La (led 's ) se ce='5l2 @a9 (6.9) ,EI JS±ll,

.cal
IFJJ16iw __ ·" . fml• ~~, r~T~~ra.,r~r:8' __ ·· ;, rrrmpT# @'#}r+ Si
• . ' ♦ ...

l - ·-· -=:::- ::'. .'. --· .· ,• -,-. '
'·'.•,···~ . 

[R, . ·. :· ,: 
I .

't . - . 
t ~ . . ' , 

. (led 's) ~ ~ :(6.9) JWJI

- 93 - 



(Water Valve Testing) ~.;,,11 ~ 6.6 

Ji a5S y» 3$till45 ce tglare Cy» 4Still39 gs_6lo Jya3f9 Saal 5l0 ass , sil
Lg»is&s%all l S c&s,6 hy clew gall z_al ais (LED) ibal; cys.all J&g,
.t...i..u_;ll' .~:.I.:. ._l, <I . I __-: t .ti I~ J.,.JJ ?!"b.) ~~.,,._:;:;a • ts cs, L.:r 4\lb??e3 ·UA'sf '? C7 ' ")'JO> 3"g-bu©il&

de#5\9 8-93+ (6.10)llsdl) gs <cs=l s\3sY itca)ly sla Cyl5? eh-e3 4,)...
.A5%all

15k

.... 
"' .--< 
.--< 220 0 R.... 
.µ 

=
0 
u U1 Q2 
0 .... MOC3020 m1Ac
u

·ri
le:

-=-o
:---------.J... ___}newtrone 

( Water Valve) ~I~~ o.;JIJ :(6.lO) ~I

(6.10) 4-iiL..JI o ul · 111-1 , • • ..,.. ..1.1 Ul..4J 1.4.l.ic A..i l.i.49 .ill ~-·-·-'I roh 1.L. · '-i ~_jJ (6.10.1) t1-:t1 .rc-~11
·L____... u~ .••. 11.~ ~ ~IJ J+il ~ ~.l . ~..... u....u J

+,he (LED) l cAyl cs laell Sally

(Water Valve) l.: ·- • - al)6s)) :
~ :(6.10.1) Js.JJI 
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all,le 4lasf'sill@slights,
· 1,d al@saall l? _,sl ,p <- ,,11 ~ c,:,JI (INPUT) ..,.h ,I_;, (PIC ) <.JA 'ii7' I:! ✓ • · • ~ • ~

void main(void) 

{
II output Port TRISA=0; . 

• /l input switch
. TRISB=O?Cl 11 l ll l, - : . 1 .***********/ 
/************* testing voice in B

. if(PORTBbits.RBI=l) . 

{

PORTAbits.RA7=1; II PUMP 

}

}

PIC 18F4520 c4 led's -J ~LL.ll ~ 6·7
(Switch & Led 's with PIC18F4520 Testing ) 

,®s+<0A1ct.ssJ?go3723 <call e lye59>ill ,5 25All fa ,i

J.,..; .,..;JI UI..,..JI =- dlL. ~ ol y.:..;JI j , Iy,.,,..11 (led' s) ~ J...,. _,_, , (Input) J$..lJ 
r' .,..;11_, ( PI C I SF 4 520 )c-" cl....J .,..;JIJ , (Output) u-o ,_;..,. Js..;:; ( Ieds ),:,,_.-' '4,lc 
'..,.,..,.11 cl:ii..ll .b...:a <,:,JI ..,...i4U;; y,ll (!eds lt _,.;; ' 1:-!'UJI .lo.I .bi,.,, I" _,l 1sy ts yylsb

€ea+s eel±» 8 LS Lally A1% Agill @3ls
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***********! . ***** · ********** Test BO /********* .· . - 
if(PORTBbits.RBO==D)

·while (1) 

{

PORTDbits.RD2=I;

PORTDbits.RD3=l; 

PORTDbits.RD4=I;

. fORTDbits.RD5=1.; 

for( a=0;a<l 0000;++a) 

{

PORTCbits.RC0= 1; 

PORTCbits.RCl=l; 

} //end for loop 

for(a=0;a<l 0000;++a) 

{

PORTCbits.RC0= 1; 

PORTCbits.RCl=l; 

} // end for loop 
}// end while 

·'he!: €®cs+Sas!+ 5±es l us) cl cl±y @t<) ,\6J ,5 slli!
W.i..,.J (BO)Uhi.. ..,J 0-Jy,. W.i..,. _,J Jti.JI J.,;... _,..t._; , 0,!y,.ll 9 W-». .;oll <JlS.ll ..,Jc <a!" 

·»++ St! gs2l 5y4al3 @3491 stl 521sf ,59 A3B (B5) @5A% ,4 5J5)
._,ll.u '.,..,. YI u.,ll'--, 4,lS ..,_; .:;, ..y,. WJ.i..,. Jl.,. .,,... ¼ L,,l <S _fa.Lll UI_,_..JI ·~4.JI "I

'c=" ls ,h Luis 4al gl ls Jls ya5yl gyllle cl
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. .· . ****************/ 
/*************** test BO & Bl 

while (1)_ 

{
·ORTBbits.RBI==D)if(PORTBbits.RB0====l II p . 

{

PORTAbits.RA1= 1; 

PORTDbits.RD 1 ==0; 

} .

if(PORTBits.RBO==0 && PORTBbits.RBI==0)

{

PORTAbits.RAl =0; 

PORTDbits.RDl=l; 

}

/*************** test BO & BS ****************/ 

if(PORTBbits.RB0= 1 II PORTBbits.RB5== 1) 
{

PORTAbits.RA0=l; 

PORTDbits.RD0=0; 
}

if(PORTBbits.RBO==0 && PORTBbits.RBS==O(
{ 

PORTAbits.RAO=O· 
'

PORTDbits.RDO=L:
'}

(PIC \5144(LED'S) t±,-
3° ':-9l55l37-959(6.11) Ell J<.al

.hell 7iS Cg sys5f4As% 38$ 18F4520)
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VCC l 
R5
10k 

"S'" O

vcc 

"'"'"

, 
SWSPSllSM

l ~•=~- 
=% vcc

vcc

"'"''

05 

5 LEDx

RJ vcc

"'
OS

,_ LEO
x

VCC

"'
05 0,

:.. LEO 
N

RJ 

vcc

vcc R1l

01 OS DI 
LEO LEO LEO~

VCC

"'
"05 DI 

"' 

RJ
R

RJ 
R

(LED 'S) +il cas± $9l9 ;(6.11) J.2u]

'<c 

"' 
C:a,

04 o;

' lEo3

R2 Rl 
R 

R
2

05 00 01 01 

5'
RJ
R

vCC

01 AASk,jI

R3 •
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. (6 11. 1) Jl:i.ll Js..tllJ±stall 5_4fall -? v,
leP° 18F4520)51/uwdsy&,,' ru.JI ~~ - .:JI (PIC 1 · 

Oed s )J ci.s . U?.I .i...1:,.1~ i.;~ i.i ) .Jib La A..!~ u.a .J~J ' (INPUT) 
~ J~ i.;i.11 ~ · u.JI ( OUTPUT 

_, -~ 

==77;Iiy;
: : ! : : ; : . ::::: . ,. .....
% w4...... .. . ........... . . . ..

• • • • • • o I . . . . . . '

i.,. 
. .. . . . . ...... 

(PIC) fl~~ ( led 's ) .J~°tWI UH ~jlll b_;.ilJ u,c=:J : (6.11.1 ) JS,JJI 

(WinPIC800) ~¥1 e,o..;.i.JI P-ll:i 6·8 
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1 0 DEVICE OVERVIEW 
• yecific information forThis document contains device sp

the following devices:
• PfC18LF2420

• PfC18F2420 • PfC18LF2520
PIC18F2520

• PIC18F4420 • PIC18LF4420
• PIC18F4520 • PIC18LF4520 .

of all PIC18 microThis family offers the advantages . I ·rformance
l high computational pecontrollers - name Y,. 'th the addition of high-

at an economical price - wi mory on top
snaunanee, sanenesso"g2"-$"kouso
of these features, the PIC hat make
family introduces design enhancements t .
these microcontrollers a logical choice for many high
performance, power sensitive applications.

1.1 New Core Features 

1.1.1 nanoWatt TECHNOLOGY
All of the devices in the PIC18F2420/2520/4420/4520
family incorporate a range of features that can signifi
cantly reduce power consumption during operation.
Key items include: 

• Alternate Run Modes: By clocking the controller
from the Timer1 source or the internal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

• Multiple Idle Modes: The controller can also run
with its CPU core disabled but the peripherals stiff
active. In these states, power consumption can be
reduced even further, to as little as 4% of normal 
operation requirements.

• On-the-fly Mode Switching: The power
managed modes are invoked by user code during
operation, allowing the user to incorporate power
saving ideas into their application's software
design.

• Low Consumption in Key Modules: The 
power requirements for both Timer1 and the 
Watchdog Timer are minimized. See
Section 26.0 "Electrical Characteristics" for values.

1.1.2 MULTIPLE OSCILLATOR OPTio,,,
AND FEATURES

All of the devices in the PIC18F2420/2520/442045,,
tartly ofter ten different oscil@tor_options, atow,
users a wide range of choices in developing applier,;
hardware. These include .

• Four Crystal modes, using crystals or ceramic
resonators
Two External Clock modes, offering the option ,y
using two pins (oscillator input and a divide-by.q
clock output) or one pin (oscillator input, with the 
second pin reassigned as general I/O)

• Two External RC Oscillator modes with the same
pin options as the External Clock modes

• An internal oscillator block which provides an
a MHz clock and an INTRC source (approxi
mately 31 kHz), as well as a range of 6 user
selectable clock frequencies, between 125 kHz o
4 MHz, for a total of 8 clock frequencies. This
option frees the two oscillator pins for use as
additional general purpose 1/0. 

• A Phase Lock Loop (PLL) frequency multiplier, 
available to both the high-speed crystal and inter
nal oscillator modes, which allows clock speeds of
up to 40 MHz. Used with the internal oscillator, the
PLL gives users a complete selection of clock
speeds, from 31 kHz to 32 MHz- all without using
an external crystal or clock circuit.

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:

• Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a refer
ence signal provided by the internal oscillator. If a
clock failure occurs, the controller is switched to
the internal oscillator block, allowing for continued
low-speed operation or a safe application
shutdown.

• Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available.

© 2007 Microchip Technology Inc.

Preliminar,
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1.2 Other Special Features 
• Memory Endurance: The Enhanced Flash cells

for both program memory and data EEPROM are
rated to last for many thousands of erase/write
cycles- up to 100,000 for program memory and
1,000,000 for EEPROM. Data retention without
refresh is conservatively estimated to be greater
than 40 years.

• Self-programmability: These devices can write
to their own program memory spaces under inter
nal software control. By using a bootloader rou
tine located in the protected Boot Block at the top
of program memory, it becomes possible to create
an application that can update itself in the field.

• Extended Instruction Set: The PIC18F2420/
2520/4420/4520 family introduces an optional
extension to the PIC18 instruction set, which adds
8 new instructions and an Indexed Addressing
mode. This extension, enabled as a device con
figuration option, has been specifically designed
to optimize re-entrant application code originally
developed in high-level languages, such as C.

• Enhanced CCP module: In PWM mode, this
module provides 1,2 or 4 modulated outputs for
controlling half-bridge and full-bridge drivers.
Other features include Auto-Shutdown, for dis
abling PWM outputs on interrupt or other select
conditions and Auto-Restart, to reactivate outputs
once the condition has cleared.

• Enhanced Addressable USART: This serial
communication module is capable of standard
RS-232 operation and provides support for the LIN
bus protocol. Other enhancements include
automatic baud rate detection and a 16-bit Baud
Rate Generator for improved resolution. When the
microcontroller is using the internal oscillator
block, the USART provides stable operation for
applications that talk to the outside world without
using an external crystal (or its accompanying
power requirement),

• 10-bit AID Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated without waiting for a sampling period and
thus, reduce code overhead.

• Extended Watchdog Timer (WDT): This
enhanced version incorporates a 16-bit prescaler
allowing an extended time-out range that is stable
across operating voltage and temperature. See
Section 26.0 "Electrical Characteristics" for
time-out periods.

Details on Individual Family 
Members 

Devices in the PIC18F2420/2520/4420/4520 family are
available in 28-pin and 40/44-pin packages. Block
diagrams for the two groups are shown in Figure 1-1
and Figure 1-2.
The devices are differentiated from each other in five
ways:
1. Flash program memory (16 Kbytes for

PIC18F2420/4420 devices and 32 Kbytes for
PIC18F2520/4520).

2. AID channels (10 for 28-pin devices, 13 for
40/44-pin devices).

3. 1/0 ports (3 bidirectional ports on 28-pin devices,
5 bidirectional ports on 40/44-pin devices).

4. CCP and Enhanced CCP implementation
(28-pin devices have 2 standard CCP mod
ules, 40/44-pin devices have one standard CCP
module and one ECCP module).

5. Parallel Slave Port (present only on 40/44-pin
devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1,

1.3 

The pinouts for all devices are listed in Table 1-2 and
Table 1-3.

Like all Microchip PIC18 devices, members of the
PIC18F2420/2520/4420/4520 family are available as
both standard and low-voltage devices. Standard
devices with Enhanced Flash memory, designated with
an "F" in the part number (such as PIC18F2420),
accommodate an operating VoD range of 4.2V to 5.5V.
Low-voltage parts, designated by "LF" (such as
PIC18LF2420), function over an extended Vo range
of 2.0V to 5.5V.

DS39631B-page 8
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PIC18F2420/2520/4420/4520 

C FEATURES TABLE 1-1: DEVI E 
PIC18F2520 PIC18F4420 PIC18F4520 Features PIC18F2420 

DC- 40 MHz DC- 40 MHz DC 40MHz DC 40 MHzOperating Frequency

16384 32768Program Memory (Byles) 16384 32768
8192 16384 8192 16384Program Memory

(Instructions)
768 1536 768 1536Data Memory (By!cs)

..
256Data EEPROM Memory (Bytes) 256 256 256

Interrupt Sources 19 19 20 20
1/OPorts Ports A, B, C, (E) Ports A, B, C, (E) Ports A,B, C,D, E Ports A,B,C,D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 1 1Enhanced 0 0 1 1Capture/Compare/PWM Modules
Serial Communications MSSP, MSSP, MSSP, MSSP,Enhanced USART Enhanced USART Enhanced USART Enhanced USARTParallel Communications (PSPJ No No Yes Yes10-bit Analog-to-DigItal Module 10 Input Channels 1 O Input Channels 13 Input Channels 13 Input ChannelsResets (and Delays) POR, BOR, POR, BOR, POR,8OR, POR, BOR,RESET Instruction, RESET lnslrucfion, RESET Instruction, RESET lnslruclion,Stack Full, Stack Stack Full, Stack Stack Full, Stack Stack Full, StackUnderflow (PWRT, OST), Underflow (PWRT, OST), Undertow (WRT, OST), underflow (WRT, osT),MCLR (optional), WOT MCLR (opllonal), WOT MCLR (optional), WOT MCLR (optional), WOTProgrammable Yes Yes Yes YesHigh/Low-Voltage Detect

Programmable Brown-out Reset Yes Yes Yes YesInstruction Set 75 Instructions; 75 Instructions; 75 lnstrucUons; 75 Instructions;83 with Extended 83 with Extended 83 with Extended 83 with ExtendedInstruction Set enabled Instruction Set enabled Instruction Set enabled Instruction Set enabledPackages 28-pin PDIP 28-pin PDIP 40-pin PDIP 40-pin PDIP28-pin SOIC 28-pin SOIC 44-pin QFN 44-pin QFN28-pin QFN 28-pin QFN 44-pin TQFP 44-pin TQFP

© 2007 Microchip Technology Inc,
Preliminary
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PIC18F2420/2520/4420/4520 
FIGURE 1-2: PIC18F4420/4520 (40/44-PIN) BLOCK DIAGRAM 
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PIC18F2420/2520/4420/4520 

E 1 2 PIC18F2420/2520 PINOUT 1/0 DESCRIPTIONS TABL - : 
Pin Number 

Pin Buffer Description Pin Name PDIP, QFN Type Type SOIC 
MCLRVPP/RE3 1 26 Master Clear (input) or programming voltage (input).

MCLR I ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.

VPP p Programming voltage input.
RE3 I ST Digital input.

OSC1/CLKI/RA7 9 6 Oscillator crystal or external clock input.OSC1 I ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode; CMOS otherwise.CLKI I CMOS External clock source input. Always associated with pin
function OSC1. (See related OSC1/CLKI, OSC2/CLKO
pins.)

RA7Z 1/0 TTL General purpose f/O pin.
OSC2/CLKO/RA6 10 7 Oscillator crystal or clock output.Osc2 0 - Oscillator crystal output. Connects to crystal or

resonator in Crystal Oscillator mode.CLKO 0 » In RC mode, OSC2 pin outputs CLKO which has 1 /4 the
RA6 frequency of OSCT and denotes the instruction cycle rate.1/0 TTL General purpose 1/0 pin.

'•
Legend: TTL= TTL compatible input CMOS= CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels f = Input
0 = Output P = Power

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.

DS39631B-page 12
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PIC18F2420/2520/4420/4520 

TABLE 1-3:
Pin Number Pin Buffer Description Pin Name 

PDIP QFN TQFP Type Type 

MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).
MCLR I ST Master Clear (Reset) input. This pin is an active-low

Reset to the device.
VPP p Programming voltage input.
RE3 I ST Digital input.

OSC1/CLKI/RA7 13 32 30 Oscillator crystal or external clock input.
OSC1 I ST Oscillator crystal input or external clock source input.

ST buffer when configured in RC mode;
analog otherwise.CLKI I CMOS External clock source input. Always associated with
pin function OSC1. (See related OSC1/CLKI,
OSC2/CLKO pins.)RA7 1/0 TTL General purpose 1/0 pin.

OSC2/CLKO/RA6 14 33 31 Oscillator crystal or clock output.Osc2 0 sos Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode.CLKO 0 so In RC mode, OSC2 pin outputs CLKO which
has 1/4 the frequency of OSC1 and denotes

RA6 the instruction cycle rate.
1/0 TTL General purpose 1/0 pin.- 

PIC18F4420/4520 PINOUT 1/0 DESCRIPTIONS 

Legend: TTL= TTL compatible input CMOS= CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
0 = Output p = Power

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.

DS39631B-page 16
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PIC18F2420/2520/4420/4520
TABLE 1-3: PIC18F4420/4520 PINO UT I 

Pin Number Pin Buffer Description Pin Name
PDP QFN TOFP Type Type 

PORTA is a bidirectional 1/0 port. 
RAO/ANO 2 19 19

RAO 1/0 TTL Digital 1/0.
/\NO I Analog Analog input 0.

RAI/AN1 3 20 20 
RAT i/O TTL Digital 1/0. 
AN1 I Analog Analog input 1.

RA2IAN2VREF-ICVREF 4 21 21
RA2 1/0 TTL Digital 1/0.AN2 I Analog Analog input 2.
VREF I Analog AID reference voltage (low) input.CVREF 0 Analog Comparator reference voltage output.

RA3/AN3REF+ 5 22 22
RA3 1/0 TTL Digital 1/0.AN3 I Analog Analog input 3.VREF+ I Analog AID reference voltage (high) input.

RA4/T0CKI/C10UT 6 23 23
RA4 110 ST Digital 1/0.TOCKI I ST Timer0 external clock input.C1OUT 0 Comparator 1 output. I 

RAS/AN4ISS/HLVDIN/ 7 24 24C20UT
RA5 110 TTL Digital 1/0. AN4 I Analog Analog input 4. ss

I TTL SPJ slave select input.HLVDIN
I Analog High/Low-Voltage Detect input.C2OUT
0 A Comparator 2 output.RA6 

See the OSC2/CLKO/RA6 pin.RA7 
See the OSC1/CLKI/RA7 pin.

/0 DESCRIPTIONS (CONTINUED) 

Legend: TTL= TTL compatible input
ST = Schmitt Trigger input with CMOS levels
O = Output

Note 1: Default assignment for CCP2 wher configuration bit CCPZMX is set.
2: Alternate assignment for CCP2 wher configuration bil CCP2MX is cleared.

CMOS = CMOS compatible input or output
I = Input
= Power

=<------.--.r.so--go<v"-
O 2007 Microchip Technology Inc.
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PIC18F2420/2520/4420/4520
TABLE 1-3: PIC18F4420/4520 PINOUT 110 DES 

Pin Number Pin Buffer Description Pin Name 
PDIP QFN TQFP Type Type 

PORTS is a bidirectional 1/0 port. PORTS can be
software programmed for internal weak pull-ups on ail
inputs.

RBO/INTO/FLTO/AN12 33 9 8
RBO 110 TTL Digital 1/0. 

I ST External interrupt 0.INTO

PWM Fault input for Enhanced CCP1.FLTO I ST
AN12 I Analog Analog input 12.

RB 1/INT1/AN10 34 10 9
RB1 1/0 TTL Digital 1/0. 
INT4 I ST External interrupt 1.AN10 I Analog Analog input 10.

RB2/INT2/AN8 35 11 10
RB2 1/0 TTL Digital 1/0. INT2 I ST External interrupt 2.AN8 I Analog Analog input 8.

RBS/AN9/CCP2 36 12 11
RB3 1/0 TTL Digital 1/0. AN9 I Analog Analog input 9.CCP2() 1/0 ST Capture 2 input/Compare 2 output/PWM 2 output.

RB4/KBI0/AN11 37 14 14RB4 1/0 TTL Digital 1/0. KBIO I TTL Interrupt-on-change pin.AN11 I Analog Analog input 11.
RB5/KBl1/PGM 38 15 15RB5 1/0 TTL Digital 110. KBIT

I TTL interrupt-on-change pin.PGM 110 ST Low-Voltage ICSP™ Programming enable pin.RB6/KBI2/PGC 39 16 16RB6 1/0 TTL Digital 1/0. KBI2
I TTL Interrupt-on-change pin.PGC

1/0 ST In-Circuit Debugger and ICSP programming
clock pin.RB7/KBl3/PGD 40 17 17RB7

1/0 TTL Digital 1/0. KBI3
I TTL interrupt-on-change pin.PGD

110 ST In-Circuit Debugger and ICSP programming
data pin.=

gs

CRIPTIONS (CONTINUED) 

Legend: TTL= TTL compatible input CMOS= CMOS compatible input or outpif
ST = Schmitt Trigger input with CMOS levels I = input
0 = Output P = Power

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set,
2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared,

DS39631B-page 18
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PIC18F2420/2520/4420/4520
TABLE 1-3: PIC18F4420/4 

Pin Number Pin Buffer Description Pin Name 
PDIP QFN TQFP Type Type 

PORTC is a bidirectional 1/0 port.
RC0/T1OSO/T13CKI 15 34 32

RC0 1/0 ST Digital 1/0.
T1OSO 0 - Timer1 oscillator output.
T13CKI I ST Timer1/Timer3 external clock input.

RC1/T1OSI/CCP2 16 35 35
RC1 1/0 ST Digital 1/0.
T1OSI I CMOS Timer1 oscillator input.CCP2?) 1/0 ST Capture 2 input/Compare 2 output/PWM 2 output.

RC2/CCP1/P1A 17 36 36
RC2 1/0 ST Digital 1/0.CCP1 1/0 ST Capture 1 input/Compare 1 output/PWM 1 output.P1A 0 » Enhanced CCP1 output.

RCS/SCKISCL 18 37 37
RC3 1/0 ST Digital 1/0.SCK 1/0 ST Synchronous serial clock input/output for

SPI™ mode.SCL . f/O ST Synchronous serial clock input/output for I-CT' mode.
RC4/SDI/SDA 23 42 42

RC4 1/0 ST Digital 1/0.SDI I ST SPI data in.SDA 1/0 ST PC data I/O.
RC5/SDO 24 43 43

RC5 1/0 ST Digital 1/0.SDO 0 sos SP/ data out.
RC6/TXICK 25 44 44RC6 1/0 ST Digital 1/0.TX 0 - EUSART asynchronous transmit.CK 1/0 ST EUSART synchronous clock (see related RX/DT),RCTIRXIDT 26 1 1RC7

1/0 ST Digital I/O.RX
I ST EUSART asynchronous receive.DT

1/0 ST EUSART synchronous data (see related TX/CK),=

520 PINOUT 1/0 DESCRIPTIONS (CONTINUED) 

Legend: TTL: TTL compatible input
ST = Schmitt Trigger input with CMOS levels
0 = Output

Note 1:
2: 

CMOS = CMOS compatible input or output
I = Input
P = Power

Default assignment for CCP2 when configuration bit CCP2MX is set
Alternate assignment for CCP2 when configuration bit CCP2MX is cleared,

© 2007 Microchip Technology Inc,
Preliminary
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TARI 4.3

PIC18F2420/2520/4420/4520 
TABLE 1-3: PIC18F4420/4520 PINOUT

Pin Number Pin Buffer Description Pin Name 
PDIP QFN TQFP Type Type 

PORTO is a bidirectional 1/0 port or a Parallel Slave
Port (PSP) for interfacing to a microprocessor port.
These pins have TTL input buffers when PSP module
is enabled.

RDO/PSPO 19 38 38
RDO 1/0 ST Digital 110. 
PSPO 1/0 TTL Parallel Slave Port data.

RD1/PSP1 20 39 39
RD1 1/0 ST Digital 1/0. PSP1 1/0 TTL Parallel Slave Port data.

RD2/PSP2 21 40 40
RD2 110 ST Digital 1/0. PSP2 1/0 TTL Parallel Slave Port data.

RD3/PSP3 22 41 41
RD3 1/0 ST Digital 1/0. PSP3 1/0 TT Parallel Slave Port data . 

RD4/PSP4 27 2 2
RD4 110 ST Digital 110. PSP4 1/0 TTL Parallel Slave Port data.

RD5/PSP5/P 1B 28 3 3RD5 110 ST Digital 1/0. PSP5 1/0 TTL Parallel Slave Port data.PTB 0 - Enhanced CCP1 output.
RD6/PSP6/P1 C 29 4 4

RD6 1/0 ST Digital 1/0. PSP6 1/0 TTL Parallel Slave Port data.P1C
0 - Enhanced CCPt output.RD7/PSP7/P1 D 30 5 5RD?

1/0 ST Digital I/O.PSP7
1/0 TTL Parallel Slave Port data.PID
0 - Enhanced CCP1 output.- 

1/0 DESCRIPTIONS (CONTINUED) 

Legend: TTL= TTL compatible input' CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
0 = Output P = Power

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 wher configuration bit CCP2MX is cleared.
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PIC18F2420/2520/4420/4520 

2.0 OSCILLATOR 
CONFIGURATIONS 

2.1 Oscillator Types 
PIC18F2420/2520/4420/4520 devices can be operated
in ten different oscillator modes. The user can program
the configuration bits, FOSC3:FOSC0, in Configuration
Register 1 H to select one of these ten modes:

1. LP Low-Power Crystal
2. XT Crystal/Resonator
3. HS High-Speed Crystal/Resonator
4. HSPLL High-Speed Crystal/Resonator

with PLL enabled
5. RC External Resistor/Capacitor with

Fosc/4 output on RA6
6. RCIO External Resistor/Capacitor with I/O

on RA6
7. INTIO1 Internal Oscillator with Fosc/4 output

on RA6 and 1/0 on RA7
8. INTlO2 Internal Oscillator with 1/0 on RA6

and RA7
9. EC External Clock with Fosc/4 output
10. ECIO External Clock with 110 on RA6

FIGURE 2-1:

2.2 Crystal Oscillator/Ceramic 
Resonators 

In XT, LP, HS or HSPLL Oscillator modes, a crystal or 
ceramic resonator is connected to the OSC1 and
OSC2 pins to establish oscillation. Figure 2-1 shows
the pin connections.

The oscillator design requires the use of a parallel cut
crystal.

CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(XT, LP, HS OR HSPLL 
CONFIGURATION) 

Note 1: See Table 2-1 and Table 2-2 for initial values of
C1 and C2.

2: A series resistor (Rs) may be required for AT
strip cut crystals.

3: RF varies with the oscillator mode chosen.

TABLE 2-1:

Note: Use of a series cutcrystal may give a fre
quency out of the crystal manufacturer's
specifications.·' ' · •

CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 

Typical Capacitor Values Used: 

Mode Freq OSC1 osc2
XT 3.58 MHz 15 pF 15 pF

4.19 MHz 15 pF 15 pF
4 MHz 30 pF 30 pF
4MHz 50 pF 50 pF

Capacitor values are for design guidance only. 

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VoD and temperature range for the application.

See the notes following Table 2-2 for additional
information .

Note: When using resonators with frequencies
above· 3.5 MHz, the use of HS mode,
rather than XT mode, is recommended.
HS mode. may be used at any VD for
which the controller is rated. If HS is
selected, it is possible that the gain of the
oscillator will overdrive the resonator.
Therefore, a series resistor should be
placed between the OSC2 pin and the
resonator. As a good starting point, the
recommended value of Rs is 3302,

© 2007 Microchip Technology Inc.
Preliminary
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PICA8F2420/2520/4420/4520
2,22:

TABLE 2-2: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

Typical Capacitor Values
Osc Type Crystal Tested:

Freq
C1 c2

LP 32 kHz 30 pF 30 pFI XT 1 MHz 15 pF 15 pF
I 4 MHz 15 pF 15 pF

HS 4 MHz 15 pF 15 pF
10 MHz 15 pF 15 pF
20 MHz 15 pF 15 pF
25 MHz 0 pF 5 pF
25 MHz 15 p 15 pF

Capacitor values are for design guidance only. 
These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VD and temperature range for the application.

See the notes following this table for additional
information.

Crystals Used: 
32 kHz 4 MHz
25 MHz 10 MHzr--- 
1 MHz 20 MHz

Note 1: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/c1ystal manufacturer for
appropriate values of external
components,

4: Rs may be required to avoid overdriving
crystals with low drive level specification,

;;: Always verify oscillator performance over 
the Voo and tempe.rature range "®"=]---9xpectedfor.theapglication.

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 2-2.

FIGURE 2-2: EXTERNAL CLOCK INPUT 
OPERATION (HS OSC 
CONFIGURATION) 

Clock from
Ext. System

Open

o=jOSCT

OSC2
PIC18FXXXX 

(HS Mode)

2.3 External Clock Input 
The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal

may be used for test purposes or to synchronize other
logic. Figure 2-3 shows the pin connections for the EC
Oscillator mode.

FIGURE 2-3: EXTERNAL CLOCK 
INPUT OPERATION 
(EC CONFIGURATION) 

Clock from
Ext. System

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional gen
eral purpose 1/0 pin. The 1/0 pin becomes bit 6 of
PORTA (RA6). Figure 2-4 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK 
INPUT OPERATION 
(ECIO CONFIGURATION)

DS39631-page 24
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SIEMENS 
DI-3, DI-Al and D1-83 
Ionization Smoke Detector

ENGINEER AND ARCHITECT SPECIFICATIONS

• Adjustable Sensitivity

• Dua/ Chamber

• Sensitivity Test Points

• Simple Twist/Lock Assembly

• Optional Auxiliary Relay

• Screw-ClampTerminals

• Alarm LED

• @ Listed, ULC Listed, NYMEA,
FM, CSFM Approved

Fire sat,

Introduction 
The Siemens Building technologies, Fire Safety Division
DI-3, DI-A3 and D/-83 fire smoke detectors operate on the 
ionization principle. The detectors respond to the first
traces of fire in the form of visible smoke or invisible
products of combustion. The 01-3, DI-A3 and DI-B3 have
been developed for the wide range of commercial,
industrial and institutional fire detection and extinguishing 
applications. The D1-3, DI-A3 and 01-83 are approved in
environments covered by UL 268 & UL 268A. The D-B3
must be utilized with a Series 3" air duct housing. 

Description 
The D-3 Series detector is a plug-in, ionization detector
and is designed for two wire system operation. The DI-3
is designed with adjustable sensitivity while the DI-A3
and the DI-B3 have a fixed sensitivity designed for ther
individual high air flow applications,

The ~I-~, D_I-A3 and Dl-83 consist of self-compensating
dual ionization chambers and a highly stable solid stat>
amplifier-switching circuit, One chamber detects the
presence of combustion products, the second chamber
serves as a reference, to stabilize the detector's sen.sit,
Ity for changes in environmental conditions. As products
of combustion enter the sampling chamber, the chamber
current is reduced producing a voltage change. At the
time the voltage range exceeds the pre-determined

threshold, an alarm is signaled to the cbntro/ unit. The
detector locks in upon alarm and mustbe reset from the control panel.

i 
The sensitivity of the DI-3, DI-A3 and Ql-83 is preset at
the factory. The electrical sensitivity can be monitored in
the field using the Fire Safety sensitivity tester, test
module TM-I3.The sensitivity test jackon the Dl-3, D/-A3 
and DI-B3 and the adjustment screw on the Dl-3 are
accessible from the front of the detector housing enabling
the user to perform all sensitivity adjustments and tests
without removing the detector from its base.

The detectors utilize a low profile surface mounting base,
model DB-3S, which may be attached to either a 4"
octagonal, single gang outlet box or 4" square wiring box
Or the audible base model ADB-3, which must be
attached to a 4" square, deep wiring box. The DB-3S base
and ADB-3 audible base utilize screw-damp terminals for 
all electrical connections, self-wiping contacts for reliability
and contain provision for an optional concealed locking
mechanism to prevent unauthorized removal of thedetector head. :

The Dl-3 ~eries ionization detector has been designed to 
meet a Wide range of system design parameters. The
Dl-3 detectoris designed for open area protection in areas
With air velocities up to 300 feet per minute,

CATALOG NUMBl:R 6119 



Mounting Data 
Standard or Deep
4" Octagonal,

+- Single Gang or0 0 Square Wiring BoxLL/It(A')p'

Detector
Identification 

Red LED lens 

DIDDCJ:DO 

l2 11/16" (6.8 cm)

DI-A3 is recommended for use in high airvelocity applica
tions such as computer room underfloor areas. The
model DI-A3 contains a specially designed internal
chamber cover and a pre-selected fixed sensitivity setting
which provides extremely stable operation. Model DI-A3
has been UL listed for operation in air velocities of Oto
1200 feet per minute. Since air velocity has an effect on
detector sensitivity and performance, the DI-A3 should
be used only in applications which meet this established
air velocity range.

The D-B3 is designed specifically for use with the Fire
Safety Series 3 air duct housings and, like the DI-A3,
contains a specially designed internal chamber cover and
a pre-selected fixed sensitivity setting. The DI-B3 must
be utilized with the Series 3 air duct housing in air duct
applications with air velocities of 500-4000 FPM.

The D1-3, DI-A3 and Dl-83 are also available for high
altitude applications, (3000 to 8000 feet above sea level}
as model numbers DI-3H, DI-A3H and Dl-83H..

The D1-3 and DI-A3 are capable of operating a remote
alarm lamp, RL/1, RU2, Rl.:30, Rl.:40 or auxiliary relay,
model RR-3.The model RR-3/3S relay contains one set
of double pole, double throw contacts rated at 120VAC, 2
Amp. Resistive and requires a deep outlet box when
mounted to the DB-3S.The D-B3 is capable of utilizing
the remote relay as supplied in the Series 3 air duct
housing model AD-3 with a DA-3SR Relay Board which
contains one set of double pole, double throw contacts
rated at 125 VAC/24 VDC, 3 Amp. Resistive.

When multipledetector/relay combinations are used on
the same circuit, the zone module current limit will
restrict the number of guaranteed detector/relay t -
tions to one per zone. ac ua

The D-3, DI-A3, DI-B3 , DI-3H, DA3H and DI-Bg
ionization detectors are Underwriters Labc ±t>
tustea,me series s is ii,cs#ill222 ®
proved. ap

◄
An FM approved, intrinsically safe DI-3 is available und>,
model 0/-3IS. The DI-3IS must be utilized with the
intrinsically safe System 3 zone module, model ZS-3o or
MXL zone module CZM-1/IS-1.

Application Data 
The 01-3, OI-A3, 01-83, Ol-3H, OI-A3H and D-B3H
detectors are fully compatible with other Fire Safety
System 3 compatible detectors and may be intermixed
on the same zone circuit. No more than thirty (30}
detectors of any type of combination (other than thermals
or manual stations} may be used on any one Fire Safety
detector circuit.

This detector is applicable to the 30-foot center spacing
(900 sq. ft.} as referred to in NFPA 72. This spacing,
however, is based on ideal conditions namely, smooth
ceiling, no air movement, and no physical obstructions
between the fire source and the detector. This spacing
should be used as a guide or starting point in the detector
installation layout. Do not mount detectors in areas close
to ventilating or air conditioning outlets. Exposed joists or
beamed ceilings may also affect safe spacing limitations 
for detectors. It is mandatory that engineering judgment
be applied regarding detector location and spacing.

Engineer and Architect Specifications 
The ionization smoke detector shall be a dual chamber
plug-in unit which mounts to a twist/lock base and shall
be UL listed.

The smoke detector shall operate on a two-wire circuit
and shall contain an alarm indicating LED which will
illuminate to signal actuation of the detector.

DI-A3 ONLY The detector shall be specifically designed
for use in high air velocity applications of between 0 and
1200 ft./min. Detectors which are not UL listed for the
stated air velocity range shall not be accepted.

DI-B3 ONLY The detector shall be specifically designed
for use in air ducts with air velocities between 500-4000
FPMwhen used with Fire Safety Series 3 air duct
housings. Detectors not listed to UL 268A for the stated
air velocity range shall not be accepted.

The detector shall be available in a model that is accept
able for and UL listed for use in altitudes of 3000-8000
feet above sea level if desired models Dl-3H DI A3H orDB3H. 

[??=net and monitoring of the detector sens»
f y s ~ e possible without removal of the detector head rem its base The meas. .
hall %., 3surement of detector sensitivity

Ws h~ hpdrov,de a discrete electrical value Test methods1c o not provide • ·
sI k .. an output signal proportional to 
bmo e concentrations shall not be considered equal The ase assembly into h · h h ·
be of the twist/I k whict t ~ detector is installed shall
The b> J9Ck design with screw-clamp terminals.
ah.tfp®«ii csrieis orii&i
security lock sh,,f,'?'©9mpatile plug-in detectors. A
tamper resistar ,_?° installed in those areas where
the drawings. nt installation is required as indicated on



The detector, or group of detectors, shall require a two
wire circuit of #18 AWG thermoplastic fixture wire
enclosed in metal raceway, or#18AWG limited energy
shielded cable without conduit, if permitted by local
codes.

Optional auxiliary DPDT relays or remote alarm lamps
shall be installed where indicated.

The detector assembly shall be a Fire Safety DI (insert
number) with DB-3S mounting base, ADB-3 audible or
Series 3 air duct housing.**
*01-3, Ol-3H only
**01-83, Dl-B3H only

Technical Specifications 
Current Requirements: Normal - 1 00uA (350uA

peak surge upon application
of power) Alarm - 80mA
21 ±3VDC

+32°F (0°C) to+ 100°F (38°C)
per UL
0-93% Relative Humidity
0-300 ft./min. Model 01-3
0-1200ft./min. Model DI-A3

500-4000 ft./min. Model DI-B3
(Requires air duct housing)

Note: Consult factory for special application
requirements. For additional product information,
refer to Fire Safety DI-3 technical bulletin,
PIN 315-082300.

Voltage Range:

OperatingTemperature:

Humidity:
AirVelocity:

◄
Typical Wiring 

Model 
Description Shipping wk,}Number Lb. Kg,

D1-3 Ionization Smoke Detector 1 as
0I-3IS Ionization Smoke Dernclor 1 4s(Intrinsically Safe) 
DI-3H lonirntion Smoke Detector J .45(High Altitude)
DI-A3 Ionization Smoke Detector 1 .45(High Air Velocity)
DI-A3H Ionization Smoke Detector 1 .45
Dl-83 lonirntion Smoke Dotector 1 .45(Duct Use Only) 
DI-BS3H Ionization Smoke Detector 1 45(High Altitude-Duct Use Only)
DB-3S Low profile mounting base 1 .45
ADB-3 Audible base 1 .45 
DB-LK Series 3 base locking kit .50 .23 
AD-31 Series 3 air duct housing 5 2.25 (Sec Catalog Sheet f6124J 
DA-3SR Duct Relay Module (Conventional) .50 .23
SA-31 Series 3 self-containod air duct housing 7 3.15(See Catalog Sheet #6124)
Rn-3S Remote Relay (DPDT) 1 .45RL-30 Remote alarm lamp 1 .50(Incandescent)

RL-40 Rerno1e alarm lamp 1 .50 (Incandescent)
GP-7A Aerosol detector tester 7 3.15GC-7 Replacement gas container for GP-7A 1 .45ALl-1 Remote alarm lamp LED .so .23RLl-2 Remote alarm lamp LED .50 .23 RA-ADB Finish Trim Ring .50 .23

g
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TECHNOLOGY BY ISO 

1$D1A0 Series
Single-Chip Voice Record/Playback Devices 

" ·J 6., and 20...second Durations 

GENERAL DESCRIPTION

Jnformaiion storage Devices' ISDl 400 ChipCorder®
series provides high-quoli1y, single-chip record/
playback solutions to short-duration messaging
applications. The CMOS devices. include an on
chip oscillator, microphone preamplifier, auto
matic gain control, antlaliaslng filter, smoothing fil
ter, and speaker amplifier. A minimum record/
playback subsystem can be configured with a mi
crophone, a speaker, several passives, two push
buttons, and a power source,

Recordings are stored in on-chip nonvolatile
memory cells, providing zero-power message
storage, This unique, single-chip solution Is made
possible through ISD's patented multilevel storage
technology, Voice and audio signals are stored
directly into memory In their natural form, providing
high-quality, solid-state voice reproduction.

Figure: 15D14u0 Bede:;; D!oc!,; Oiagram

XCIK )[--------{
:/:: ·:.· .. 

fsss,Inferno/ Clock Timlng

ANA IN u---r------l 5-Pole AcIlve
,\ntlollos/ng Filter · Analog Transceivers •

1ANA our ~ •. : /ff 128KCell · · · · • · .
1• - ~ Nonvola//Je _f5-Pole /\c/'l•o j --..· ,--.-+--.,i SP+ 

MIC O I 8 Mulil!c~el Storog0 l2._mcolr1:ng ~i,!er r· l Amp
,\1/C REF ,\/ray ----' /_,/ -- SP- 

,-~ _ ~ Autom~lc · ---
1 V\., (} r· - · -- · Gc1r. Ccni10/

.0cu ]~-+ ~-- A~e:sBuffers ---i ----·-·- ["{ill7
lfcc\ v.. , Vs_., Vcco :o Al A2 '- , 0 6·

A3 AM As As A7 tied AK& Fi@i ici±

Chit'onter®
TECHNOLOGY Y 150 
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ISDl400 Series 

FEATURES 
• Easy-to-use single-chip voice record/playback

solution
• High-quality, natural voice/audio reproduction
• Push-button Interface

- Playback can be edge- or level
activated

• Single-chip durations of 16 and 20 seconds
• Automatic power-down mode

- Enters standby mode immediately fol
lowing a record or playback cycle

- Standby current 0.5 IA (typical)
• Zero-power message storage

- Eliminates battery backup circuits

• Fully addressable to handle multiple
messages

• 100-year message retention (typical)
• 100,000 record cycles (typical)
• On-chip clock source
• No programmer or development system

needed
• Single +5 volt power supply
• Available in die form; DIP, and SOIC

packaging
• Industrial temperature (-40°C to +85°C)

versions available

Part
Number

Table: ISD1400 Series Summary 

ISD1416

Minimum Duration Input Sample Rate !Typical Filter Pass
(Seconds) ..[°: (KHz).[Band (KHz)

ggpg'4 ·.'ri ', 'r

ISD1420
16 8.0 3.3
20 6.4 2.6

ii
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DETAILED DESCRIPTION 

I5DMo e,,

SPEECH/SOUND QUALITY at 6 4
d · es offered ,The ISO 1400 sertes Includes ev,~ allowing the

and 8.0 KHz sampling frequenc ~s, o tlons The
a a easesegg2", fd ras
speech samples are ~or I~ I itizatlon and
nonvolatile memory without the d g I DI
compression associated with other solut ons, rai 
rect analog storage provides a very true, natu
sounding reproduction of voice, music, ton~s,
and sound effects not available with most solid
state digital solutions,

DURATION 
To meet end system requirements, the ISD1400
series offers single-chip solutions at 16 and 20 sec
onds.

EEPROM STORAGE

One of the benefits of ISD's ChipCorder technology
Is the use of on-chip nonvolatile memory, providing
zero-pcwer message storage, The message Is re
tained for up to 100 years typically without power,
In addition, the device can be re-recorded typi
cally over 100,000 times,

BASIC OPERATION 

The ISD1 400 ChipCorder series devices are con
trolled by a slngle record slgnal, l<EC, and either of
two push-button control playback signals, 151AYt
(edge-activated plaYback), and PfA?[ (level-acti
ated playback). The I6D1400 parts aie con,
ured for simplicity of design in a single-messaG>
~PPllcation, Using the address lines will allow mul
tiple ~essage applications. Device operation is explained on page 15,

AUTOMATIC POWER-DOWN MODE 
At the end of a playback orrecord cycle, ,

·1501400 series devices automat1ca11y return to o
low-power standby mode, consuming typlcoy
o.s µA. Durlng·a playback cycle, the device po.
ers down automatically at the end of the mes.
sage. During a record cycle, the device Powers
down immediately after~ 1s re/eased HIGH,

ADDRESSING (OPTIONAL} 
fn addition to providing simple message playback
the /SD 1400 series provides a full addressing ca
pability,

The ISD 1400 series storage array has 160 dlsffnct
addressable segments, providing the following
resolutions. See Application Information for /SD 1400 
address tables,

Table 1: Device Playback/Record 
Durations 

• ·?-,

Part Number
•• • • t ••• 

lSD1416

..·.. -::· . ·. :· 

Minimum Duration(Seconds)
l00ms 

1SO1420 
125 ms

ISD

1 



DETAILED DESCRIPTION 

I501woo s,,

SPEECH/SOUND QUALITY at 6 4 
me sacs seres nausesassf,, f,,
and 8.0 KHz sampling frequencies, o tlons The
as a esss a 9g"3g,f"as
speech samples are store irec iltizatlon and
nonvolatile memory without the digit r,y

. . d with other solutions. ,.compression associatec atural
rect analog storage provides a very true, n
sounding reproduction of voice, music, tones,
and sound effects not available with most solid
state digital solutions.

DURATION 
To meet end system requirements, the /SD 1400
series offers single-chip solutions at 16 and 20 sec
onds,

EEPROM STORAGE

One of the benefits of ISD's ChipCorder technology
is the use of on-chip nonvolatile memory, providing
zero-Power message storage, The message Is re
tained for up to 100 years typically Without power,
In addition, the device can be re-recorded typi
cally over 100,000 times,

BASIC OPERATION 

The ISD 1400 ChlpCorder series devices are con
trolled by a single record signal, REC, and either of
two push-button control playback signals, /5(AVE
(edge-activated playback), and PrA?[ (level-acti
ated playback). The I$D1400 parts aie cony.
ured for simplicity of design in a single-message
~ppllcation, Using the address lines will allow mul
tiple message applications. Device operation isexplained on page 15,

AUTOMATIC POWER-DOWN MODE 
At the end of a playback orrecord cycle, 4,
ISD1 400 series devices automatically return to o
/ow-power standby mode, consuming 1ypIcai1y
0,5 µA. Durlng·a playback cycle, the device Pow. 
ers down automatically at the end of the rnes.
sage. During a record cycle, the device POWers
down immediately after REC 1s re/eased HIGH,

ADDRESSING (OPTIONAL) 
In addition to providing simple message playback
the /SD 1400 series provides a full addressing ca
pability.

The /SD 1400 series storage array has 160 dlsffnct
addressable segments, providing the following 
resolutions. See Application Information for ISD 1400 
address tables.

Table 1: . Device Playback/Record 
Durations 

ISD1416
100ms

ISD1420
125 ms

ISO 

1 



ISD1400 Series

Figure 1: I5D1400 Series Pfnouts 

ISD1400
AO j @ cco

RECAl 2
XCLK A2 3
RECLED A3 4

A4 5 24 PLAYE
AS 6 23 PLAYL
NC 7 22 NC
NC a 21 ANA OUT 
A6 9 20 ANAIN 
A7 10 19 AGC 
NC 11 18 MIC REF 

Vsso 12 17 MIC 
Visa 13 16 ecASP+ 15 SP- 

DIP/SOIC 

NOTE: NC means must Not Connect,

PIN DESCRIPTION 

NOTE The REC signal Is debounced for 50 ms on 
the ds/ng edge to prevent a false retrlggertng 
from a push-button switch. 

VOLTAGE INPUTS (VaV,)

. Analog and digital circuits internal to the /SD 1400
series use separate power buses to minimize noise
on the chip, These power buses are brought out to
separate pins on the package and should be tied
together as close to the supply as possible. It is im
portant that the power supply be decoupled as
close as possible to the package,

GROUND INPUTS (Vy , V,)

Similar to Vc» and Vec» the analog ana a,#,]
circuits internal to the /SD 1400 series use. "Sita
gourd buses to mirrrife role ss 5,,2ge
be tied togetheras close as PCJSSlble to the d _Lild

evice,

RECORD (REC) 
h REC input /s an active-LOW record slgnal, The 

G&is cordis henever fic is tow. ts s,s
must remain LOW for the duration of the recoy,
. "/<EC takes precedence over either Playback
}sicsif'icnaf ir iiic is uid iov&,
a playback cycle, the playback immediate,
ceases and recording begins.

A record cycle Is completed when R"tC" is PUiied
HIGH or the memory space Is filled. . 

An end-of-message marker (EOM) Is internally re 
corded, enabling a subsequent playback cycle
to terminate appropriately, The device automor
cal/y powers down to standby mode when RS
goes HIGH. 

PLAYBACK, EDGE-ACTIVATED (Pl.AYE) 
When a LOW-going transition is detected on this
input signal, a playback cycle begins. Playback
continues until an EOM Is encountered or the end
of the memory space is reached. Upon comple
tion of the playback cycle, the device automati
cally powers down into standby mode, Taking 
PDAYE HIGH during a playback cycle will not termjnate the current cycle.

PLAYBACK, LEVEL-ACTIVATED {PLAYL) 
When this input signal transitions from HIGH to
LOW, a playback cycle Is initiated. Playback con
tinues until PIAV[ is pulled HIGH, an EOM marker is
detected, or the end of the memory space Is
reached. Ihe device automatically powers down 
to standby mode upon completion of the play-. back cycle,

NOTE In Playback, It either PLAYf or PLAYL Is held 
LOW cturtng £OM or OVF, the device w/1/ st/II 
enter stonctby anct the Internal oscl//ator 0
nct timing generator wll stop, However, 

the rising ectge of PLAYE and PLAYL are not 
Cobounced and any subsequent falng
edge (Part/cu/arty switch bounce) present 
on the Input pins WIii Initiate another playback,

2 
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ISO 1400 Series 

- RECORD LED OUTPUT (RECLED)

The output RtCIJ:D is I.OW during a record cycle.
It con be used to drive an LED to provide feed
brick that a record cycle is in progress, In addition,
RECIED pulses LOW momentarily when an EOM is
encoun,'ered in a playback cycle,

IMIROPHOlE INPUT [IC)

The microphone input transfers its signal to the on
chip preamplifier, Ar on-chip Automatic Gain
Control (AGC) circuit controls the gain of this
preamplifier from --15 to 24 dB. An external micro
phone should be AC coupled to this pin via a se
ries capacitor, The capacitor value, together with
the internal 10 Kn resistance on this pin, deter
mine the low-frequency cutoff for the ISD1400 se
ties passband, See Application Information for 
additional Information on low-frequency cutoff 
ca/cu/at-ions,

IA[<CROPHONE REFERENCE (MIC REF)

The MIC REF Input is the inverting input to the mi
crophone preamplifier. This provides a noise-can
cling or common..mode rejection input to the 
device w'nen connected differenlb/ty to a micro phone,

AUTOMATIC GIN CONTROL (AGC)

The AGC dynamically adjusts the gain of the
preamolifier to compensate for the wide range of 
microphone input levels. The AGC allows the full
range of sound, from Whispers to loud sounds, to
be recorded wi1"r1 minimal distortion, The "attack"
time is determined by the time constant of a 5 KQ
internal resistance and an external capacitor (C6 
on the schematic ln Figure 4) connected from the
AGC pir to VssA analog ground, The "release" time
is ~ei'ermined by the time constant of an external
resistor (RS) and an external capacitor (C6J con
nectod in parallel between the AGC Pin aria y
artsy ground, Nominal values or 47o,??
4. 7 µF give satisfactory results in most cases,

ANALOG OUTPUT (ANA OUT)

This pin provides the preamplifier output to the us
er. The voltage gain of the preamplifier is deter
mined by the voltage level at the AGC pin. 

ANALOG INPUT (ANA IN)

The ANA IN pin transfers the Input signal to the chip
for recording, For microphone inputs, the ANA OUT 
pin should be connected via an external capaci
tor to the ANA IN pin. This capacitor value, togeth
er with the 3.0 KQ input Impedance of ANA IN, is
selected to give addftlonal cutoff at the low-fre
quency end of the voice passband. If the desired
Input Is derived from a source other than a micro
phone, the signal can be fed, capacitively cou
pled, into the ANA IN pin directly,

EXTERNAL CLOCK INPUT (XCLK)

The external clock input for the ISDT400 devices
has an Internal pull-down device, The /SD 1400 /s
configured at the factory with on internal sam
pling clock frequency that guarantees ifs mini 
mum nominal record/playback time, For 
Instance, an /SD 1420 operating within specifica
tion will be observed to always hcive a minimum
of 20 seconds of recording time, The sampling fre
quency is then maintained to a variation of ±2.25
percent over the commerclal temperature and
operating voltage ranges, while still maintaining
the minimum specified recording duration. Thi5
Will result in some devices having a few percent
more than nominal recording time,

The internal clock has a ±5 percent tolerance
over the industrial temperature- and voltage
range, A regulated power supply is recommend
ed for industrlal temperature parts. If greater pre
cIsion is required, the device can be clocked
through the XCLK pin as follows:

Table 2:
External Clock Sample Rates ! P- s

Partl24;5% ..%,
Number[Sample Rate[Required Clock

ISD

. · .. ··
ISD1416 

8.0 KHz
ISD1 420 1024 KHz

6.4 KHz
819.2 KHz

3 
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ISO 1400 Series 

These recommended clock rates should nO'?
varied because the antiallaslng and smoothing :S 
are fixed, and aliasing problems can occur~ de
sample rate differs from the one recommended.
The duty cycle on the input clock is not critical, as
the clock Is immediately divided by two Internally,
If the XCLK is .not. used, this input should be 
connected to ground.

SPEAKER OUTPUTS (SP-+, SP-)

The SP+ and SP- pins provide direct drive for loud
speakers with Impedances as low as 16 2. A sin 
gle output may be used, but, for direct-drive
loudspeakers, the two opposite-polarity outputs pro 
vide an improvement In output power of up to
four times over a single-ended connection, Fur
thermore, when SP+ and SP- are used, a speaker 
coupling capacitor is not required, A single-end
ed connection w/11 require an AC-coupling ca
pacitor between the SP pin and the speaker, The
speaker outputs are in a hlgh-impedanc;e state 
during a record cycle, and held atsx during pow
er down.

ADDRESS INPUTS (AO-A7J 

The Address Inputs have two functions, depending
upon the level of the two Most.Significant Bits (MSBJof the address. 

If either of the two MSBs ls LOW, the inputs are of
interpreted as address bits and are used as the
start address for the current record or Playback
cycle. The address pins are inputs only and do ,po}
output internal address Information as the ope;o.
lion progresses. Address inputs are latched by j,%falling edge ot AYE, LAY, or ies

OPERATIONAL MODES 
The ISD1400 series is designed with several bu.,,
operational modes provided to alow maxim,-,,
functionality with a minimum of additional co,,,
ponents, described ln detail below, The operq.
tional modes use the address pins on the ISDl 40Q
devices, but are mapped outside the valid Od- 
dress range. When the two Most Significant Bits
(MSBs) are HIGH (A6 and A7), the remaining ad
dress signals are Interpreted as mode bits and not
as address bits. Therefore, operational moctes
and direct addressing are not compatible and
cannot be used simultaneously,

There are two important considerations for using
operational modes. First, a// operations begin in.
tially at address O, which Is the beginning of the
/SD 1400 address space. Later operations can be 
gin at other address locations, depending on the 
operational mode(s) chosen, In addition, the ad
dress pointer is reset to O when the device is
changed from record to playback but not from 
playback to record when A4 is HIGH in Operational Mode,

Second, an Operational Mode ls executed when 
any of the control inputs, PAYE, PLAYL or REC, co
LOW and the two MSBs are HIGH, This Operational
Mode remains in effect until the next LOW-going
control input signal, at Which point the current ad
dress/mode levels are sampled and executed.

NOTE The two MSBs are on pins 9 and 7 o tor 
each ISD7 400 series devlce,

4 
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ISO J 400 Series 

OPERAT!ONAl MODES DESCRIPTION 
The Oeralioncil Modes can be used in conjunc
tion with a microcontroller, or they can be hard
wire(J ·ro provide li10 desired system operation,

A@-MESSAGE CUEING

Message Cueing allows the user to skip ·through
messages, wiihout knowing the actual physical
addresses of each message, Each control input
LOW pulse causes the internal address pointer to
skip to the next message, This mode should be
used for playback only, and is typically used with 
the A4 Operational Mode,

Al~ DELETE EOM MARKERS 
The Al Operational Mode allows sequentially re
corded messages to be combined into a single
message with only one EOM marker set at the enc-1 
of the final message, When this operational mode
is configured, messc:iges recorded sequent-lolly
are played bock as one continuous message,

A5 -. 4[MUSED

Tabla 3: Operational fl/lodes Table 

Jointly 
Compatible(+)

Addltlonal operational rodes can ba used simultaneously), y,,,_
vast wit th glen modo,

iSD

A3--% MESSAGE LO0PING

The A3 Operational Mode allows for the automat
ic, continuously repeated playback of the mes
sage located at the beginning of the address
space,

A message can completely fill the ISO 1400 de
vice and will loop from beglnnin9 to end, Pulsing
PAYEwi start the playback and pulsing /5DW[ w/11
end the playback, 

4=- CONSECUTIVE ADDRESSING

During normal operations, the address pointer will
reset when a message Is p/ayecl through to on
EOM marker, The A4 Operational Mode Inhibits the
address pointer reset, allowing messages to be re
corded or ployed back consecU'iively. When the
device is in a static state; i.e., not recording or
ploying bock, momentarily -raking this pin LOW will 
reset the address counter to zero,

5
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-------------- ISO 1400 Series 

Figure 4: Application Example 
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FUNCTIONAL DESCRIPTION EXAMPLE 
The following example operating sequence der
onstrates the functionality of the /SD 1400 seriesdevices.

1. Record a message filling the address
space.

Puutng the REC signal LOW Initiates a record
cycle from the beginning of the message
space. If ~ Is held LOW, the recording
continues until the message space has
been filled. Once the message space /s
filled, recording ceases. The device will
automatically power down after REC is
pulled HIGH.

2. Edge-activated playback,

Puling the PLAYE signal LOW initiates o
playback cycle from the beginning of the
message space or at a selected location.
The rising edge of PAYE has no effect on
operation. If a recording has. filled the
message space, the entire message /s
Dlayed. When the device reaches the EOj
marker, it automatically powers down. A

ISD

subsequent falling edge on ~ Initiates
a new play cycle from the start address,

3. Level-activated playback.

Pulling the PLAYL signal LOW Initiates a
playback cycle from the beginning of the
message space or a selected location. If 
recording has filled the message space,
the entire message is played. When the
device reaches . the EOM marker, it 
automatically powers down. A subsequent
falling edge on PfJY( initlc1tes a new play 
cycle from the starting address.

4. Level-activated playback (truncated),

If Pl7W[ is pulled HIGH any time during the
playback cycle, the device stops playing
and enters the power-down mode, A
subsequent falling edge on PLAYL initiates a
new play cycle from the start address,

5. Record (interrupting playbcck),

The REC signal takes precedence over
other operations, Any LOW-going transition

15
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ISD J 400 Series 

on REC Initiates a new record operation
from the beginning of the start address or 
at a selected location, regardless of any
current operation in progress.

6. Record a message, partially filling the ad
dress space.

A record operation need not fill the entire
message space. Re/easing the f(tC signal
HIGH before filllng the message space
causes the recording to stop and an EOM
to be placed. The device powers down
automatically.

7. Play back a message, part/ally filling the
address space,

Pulling the PLAYE or PAYI signal LOW
Initiates a playback cycle which is then
completed when the EOM marker is
encountered. Playback ceases and the
device powers down.

8. RECLED operation.

The RECIED output pin provides an active
LOW signal which can be used to drive an
LED as a "record-In-progress" Indicator. It
returns to a HIGH state when the REC pin is
released HIGH or when the recording is
completed due to the message space
being filled. This pin also pulses LOW to
Indicate an EOM at the end of a message
being played,

APPLICATIONS NOTE 
Some users may experience an unexpected re
cording taking place when their circuit Is powered
up, or the batteries ore changed and V cc rises
faster than l<E'C. This undesired recording prevents
playback of the previously recorded message. A
spurious End Of Message (EOM) marker appears at 
the very beginning of the memory, preventing ac
cess to the original message, and nothing Is
played. 

To prevent this occurrence, place a capacitor
(approx. 0.001 F) between the control pin (REC)
and Vo This pulls the control pin voltage up with
Vee as it rises. Once the voltage is HIGH, the pull
up device will keep the pin HIGH until intentionally
pulled LOW, preventing the false EOM marker.

Since thls anornaly depends on factors such as
the capacitance of the user's printed circuit
board, not all circuit designs will exhibit the spur
ous marker. However, it Is recommended that the
capacitor is included for design reliability, A more
detailed explanation and resolution of this occur
rence is described In Application Information.

16
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MOTOROLA 
SEMICONDUCTOR 
,TECHNICAL DATA. es[uycy@ © © ® BS

CSA SETI SEMKO DEMKO NEMKO BABTVOE UL 

G-Pin DIP Optoisolators . 
'Triac Driver Output (400 Volts)

. . ' . ~

The MOC3020 Series consists of gallium arsenide Infrared emitting diodes, optically 
coupled to a silicon bllateral switch. .

They are designed for appllcatlons requiring Isolated trlac triggering.
• Output Driver Designed for 240 Vac Line

Appl/cations 
• SoienoldNalve Controls
• lamp Ballasts
• Interfacing Microprocessors to 115 Vac Peripherals
• Motor Controls

MAXIMUM RATINGS CTA = 25°C unless otherwise noted)

• Static ac Power Switch
~· ·-solid State Relays
• Incandescent lamp Dimmers

INFRARED EMITTING DIODE
. Rating

Reverse Voltage
Vpe 3 VoltsForward Current - Continuous
lr 60 mATotal Power Dissipation@ TA,= 2s•c

Pp 100 mWNegllgible Power In Trlac Driver 

1.33 mW/·C

Derate above 25C
OUTPUT DRIVER 

Off-State Output Terminal Voltage
VDRM 400 Volts Peak Repetitive Surge Current
ITSM 1 A

(PW= 1 ms, 120 pps) 

Total Power Dissipation @ TA = 25·C
Po · 300 mW

Derate above 25C
4 mW/PCTOTAL DEVICE 

Symbol Value ,Unit 

fsolatlon Surge Voltage (1)
V,so 7500 Vac(Peak ac Voltage, 60 Hz, 5 Second Duratfon)

Total Power Dissipation @ TA = 25°C
Po 330 mW

.. Derate above 25C
4.4 mW/G.. ..Junction Temperature Range

To -40 !0+100 ·CAmbient Operating Temperature Range (2)
TA -40 to +85 ·c Storage Temperature Range

Taus -40 to +150 ·CSoldering Temperature (1 o s)

T 260 ·C
1 lso/allon BU B VOita I V .

Is an lnlemaJ cl vi I 

Moc3o20
£1FT c 30 mA MaxJ

MOC3021* 
[IFT: 15 mA MaxJ

MOC3022 
[IFT: 10 mA Max]

MOC3023 
[IFT = 5 mA MaxJ

Motorola Preferred Devlce
STYLE 6 PLASTIC

~
STANDARD THAU HOLE

CASE 730A4-04

"T" LEADFORM
WIDE SPACED 0.4"

CASE 730D-05

"S"/"F" LEADFORM
SURFACE MOUNT

CASE 7300-04
(STANDARD PROFILE)

◄

( )I urpg 3pg@, /jsg, {evics d electrlc breakdown reUng, 
For thls test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
(@) Reler toQuality and Rellablllty Section for test (nlorma,,

I 

CASE 730F-04
·(l,.OW PROFILE) 

COUPLER SCHEMATIC

;c"%
3□ · 4

1. ANODE
2. CATHODE
3. NC
4. MAIN TERMINAL
5. SUBSTRATE

DO NOT CONNECT
6. MAIN TERMINAL
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◄MOC~I020, MOC3021, MOC3022, MOC3023 

II 

[ characteristic ] symbol ]

OUTPUT DETECTOR (I

· COUPLED 

INPUT LED

lR 0.05 100 AReverse Leakage Currenf .
: (VpR = 3 V)

'
Vpr 1.15 1.6 VoltsForward .Voltage

(Ir= 10 mA) ' ..

==
Peak Blocking Current, Either Direction lpRM 10 100 nA(Rated VDRM, Note 1)

·. Volts
..

VrM 1.8 3Peak On•S~ate.Voltage, Either Direction
(lrM = 100 mA Peak) . '

Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2) dvldt - 10 - VWus

LEO Trigger Current, Current Required to Latch Output Irr mA.(Main Terminal \'.oltage = 3 V, Note 3) MOC3020 - 15 30 ..MOC3021 - 8 15' . MOC3022 - - 10 MOC3023 - - 6 Holding Current, Either Direction
lH - 100 - ANotes: 1. Test voltage must be applied within dvldt rating. , 

2. This is static dv/dt. See Figure 7 for test circuit Commutating dv!dt is a function of the load-driving thyristor(s) only, •
3, All devices are guaranteed to trigger at an Ii: value less than or equal to max IFT, Tlforefore,' recommended operating IF lies between max

. IFT (30 mA for MOC3020, 15 mA for MOC302l, 10 mA for MOC3022, 5 mA for MOC3(!23J and absolute max IF (60 mAJ, 

~ 1. 
co~
w 
~ 1,6 

~
coI 1.4 
a: e
S 12

I 
1

... 
ELECTRICAL CHARACTERISTICS (T, = 25C unless otherwise noted)

O unless otherwise noted)

TYPICAL ELECTRICAL CHARACTERISTICS 

TA = 25C

2 ,,, 
II 

8 I I 
----- PULSE ONLY ZN,- PULSE OROC \4./V

// I 
z\}

J V 
Tg =-4¢ ~Lh I•

25C -- J. ..... Y 
::tf as•c' L

10 100 
IF, LED FORWARD CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current 

1000 

+BO 

f+o~aa: a: ::::,
u -~ 
~z
0s

=800

Min Typ Mox Unit ] 

0 
V 

/.
'/ 0 ~

V 
........ V 0 

/ ~

JV 
V
/ 

V 
/ 
-3 - - 2 1 0 1 

VrM, ON•STATE VOLTAGE (VOLTS) 

Figure 2. On-State Characteristics

2 
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1.4 

~ 1.3 

~ a: 1.2
0z

I I.I

5a: .::, ffi 0.9 
o
~ 0.8 

ti 0n
0,6 
-40 

12 

10 

..... 
[N

..... r--..
...... 

......... I ,
r--- a,

"TS,r- -
10 so

· Figure 3. Trigger Current versus Temperature

-STATIC dwd
go\ CIRCUIT IN FIGURE 7

[N
..... ,.... 

" p
r-,..._

7-,
[s,

]s, p,
~

·- 0 
25 30 

PULSE 
INPUT 

-20 

MOC3020, MOC3021, MOC3022, MOC3023

O 20 40 60 
TA, .A.MB/ENT TEMPERATURE (C}

40 50 60 70 .so 
TA, AMBIENT TEMPERATURE {C}

Figure 5. dv/dt versus Temperature 

+400 h i J]vO---- r
r
I 
I 
I 

"as
C7=57

90 100 

R = 10 kn 

D.U.T. XIOO I SCOPE 
PROBE 

APPLIED VOLTAGE 
' WAVEFORM Zl 252 V 

OVOL!S- --~-;;;----~ -- - ---

Figure 7. Static dv/dt Test Circuit 

----- Vmax = 400 V 

25 s
g§ 20 s
a: w 
(:, 

~ 15 
co~
10!
5 sz 
tE

2
0 

oAtizsd rd;
PW;n ;.i, 100 µs -,- 

I 

\
\ 

y

~
..' ,

P,

. 50 100 0 
0 

1 2 5 10 2 
PW,,, LED TRIGGER PULSE WIDTH {µ.s) 

Figure 4. LED Current Required to Trigger versus 
LED Pulse Width 

2 

STATIC 0 

TEST CIRCUIT IN FIGURE 7 

Figure 6, dv/dt versus Load Resistance 

1. The mercury wetted relay provides a high speed repeated pulse tothe D.U,T, .
2. 100x scope probes are used, to allow high speeds and voltages.
3. The worst-case condition for static dv/dt Is established by triggering

the D.U.T. with a normal LED input current, then removing the
current The variable ATEST allows the dv/dt to be gradually
increased until the D.U.T, continues to trigger In response to the
applied voltage pulse, even after the LEO current has been removed,
The dv/dt ls then decreased until the D.U.T. stops triggering. TRC is .. measured at this point and recorded, .

set 49Vay_ 252
TRC 7RC 

0.4 0.8 1.2
RL, LOAD RESISTANCE (k!l) 

1.6 

◄
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2N2219; 2N2219A
NPN switching transistors

Product specification
Supersedes data of 1997 May 07
File under Discrete Semiconductors, SCO4

Philips
Semiconductors 

1997 Sep 03

PHILIPS
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Philips Semiconductors 
Product specffication

:a.... NPN switching transistors 
2N2219; 2N22194.. FEATURES 

PINNING 

DESCRIPTION 
• High current (max. 800 mA)

PIN • Low voltage (max. 40 V). 
1 emitter 
2 baseAPPLICATIONS 
3 collector, connected to case• High-speed switching

• DC and VHF/UHF amplification, for 2N2219 only.
-

1 

«t 3

DESCRIPTION 

~~ ,()NPN switching transistor in a TO-39 metal package.
3 - . ==- PNP complemen_t: 2N2905 and 2N2905A,

MAM31? 1 

Fig.1 Simplified outline (TO-39) and symbol.

QUICK REFERENCE DATA 

SYMBOL PARAMETER 
CONDITIONS 

MIN. MAX. UNIT 
Vco collector-base voltage open emitter2N2219

- 6O V 
2N2219A

- 75 V 
Vcro collector-emitter voltage open base2N2219

- 30 V 
2N2219A

- 40 V 
lc collector current (DC)

- 800 mA
Pc total power dissipation Tars <25 ·c

- 800 mW

heg DC current gain
le = 10 mA; V CE = 10 V 

75 - 
fr transition frequency

le= 20 mA; Yee= 20 V; f = 100 MHz2N2219

250
MHz- 

2N2219A

300
'on

- MHz
tum-off time

lcn = 150 mA; ls,, = 15 mA; ls,y=-15 mA
I250 ns

'I

I
l 1997 Sep 03

. , I 2 
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P Clficar· 
~

NPN switching transistors 2N2219;2N29_____________________ , 19A 

SYMBOL PARAMETER CONDITIONS 

Switching times (between 10% and 90% levels) for type 2N2219A; see Fig.2 
ton tum-on time Icon = 150 mA; Ison = 15 mA;
~ delay time lsoff = -15 mA
t, rise time 

(on tum-off time 
t% storage time 
t; fall time 

Note 

1. Pulse test: t, < 300 s; 6 < 0.02.

Vas Vee

oscl//oscope (probe)-oa]
io,In

Rs Ro
Vo (probe) 

• 450 Q oscll/oscope- our 
R1

MLBB26 

Vy= 9.5 V; T = 500 µs· Ip _
Rt =68: R2 = 35,,'''779s; t,= tys 3 ns

••• - Q· R - .
Vaa=-35V·V. 2 • a-325Q;Rc=16on· • cc= 9.5V. 3
Oscl//oscope; Input I . .

mpedance Z, = 50 o,

-
--:---=---------~F~ig~.2~T;:es:t~· ::· _n circuit for switch· . 

- ng times,

1997 Sep OJ 
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2N2219; 2N2219NPN switching transistors

PACKAGE OUTLINE

Metal-can cylindrical single-ended package; 3 leads

=)

/-seating plane

f 
[]w @[A@@s@

l 

T

- 
I - 

A . I - L ---, 

0
L, _ _,___f •---'--1. 10mm 

scale 1 .J

DIMENSIONS (m
m are the original dimenslons)

UNIT A a b D Dy k
mm 6.60 0 48 r--+--1 L ws.as 5.08 ° 9.39 a.ss"Os'tI

0.41 9.08 8.18 6.75 }J
(X

OUTLINE
VERSION

1997 Sep 03

EUROPEAN
PROJECTION ISSUE DATE

97-04-11
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