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ABSTRACT

This thesis presents-a design implement of = The Smoking Box. The system can be
divided into two parts. Consists of important The Sensor circuit, Main System Control and High
Volt Circuit.

Highs Volt Circuit can use create negative ION to reduce air pollution. The Smoking Box

can be applied to use in the place.
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2.5.3 M39AVIA99U09 MCS-51
lod luTnsaeuInsames 8051 Taseads 1 fuuny DIP Tviianiua 40 valasvn

Jd o

a1 sz i uwesasuna e 1ine nFyanunrugu Vs wriamieanus vazande
v
YA ANUUWIGYDIVIANE Al
1) Was6 0 (Port 0)
I Y 1A Yy a s Y
wesn 0 1AuRvIN 32 -39 vea MCS - 51 ansalfidudunanazioning ldueniin
9y
Hlumsaaretuniieanuiimenendaldiiluan Address Bus tiag Data Bus 9nane
2) ‘Wﬂgﬂ 1 (Portl)
P 3 a a Y a a a VoA
wosa 1 lauaaviil-89n aunsededaiaziinld AvP1.0, P1.1, .. etc
3) WO3A 2 (Port2)
1 d‘ a [~ a @
wosa 2 ldunavin 2r=28 oz ldaning Aeldiflunesa s Sasuldidunenasa
8 Iin lumsdranuienusInIeuon
4) Wa3; 3 (Port3)
Pl ' - A d s a o g
wain 3 ldunemui 10-17 sz 1damaeanihi iJunesasuwauaziornna waz 141y
A1VINIVANAE
5) PSEN (Program Store Enable)
I~ AP, J) A n:? 7=\ d' Y 1
91 PSEN 1 uvifidadyanaon An 91 29 vilagieaivlide McS <51 daan1ssu
Code T15un5un1810n Tagllandivitena1usinienenidlu EPROM 11 PSEN 95@ i 1Uv1
Output Enable (OE) Y84 EPROM
6) ALE (Address Latch Enable)
2 o RS ] o 1 Y] = B
iesainnesa 0 msa Miluvidedmianz vadoya MCS - 51 vziiv1 ALE 14
1Av1 30 ¥1192 19 Multiplex dayay1a-Address Bus Y94 Port 0 110151491155 00 MCS - 51
Y 1 1 1
1iazAviigUnsalaeiy Port 0 Wi 111 Latch dayey1a Address Bus 10 MCS - 51 9284
@0y8y 19 Address Bus 99AN1ABUNN Port 0 1INHUIT AT oyey 194 ALE W1 Latch gUnsaine
1 4 I~ [
won 1HADA Address Bus 494 Port 0 131ie 14 Port 0 131 Data Bus sie 11/
o Y] dy o = t:i & [~
@115U MCS - 51 Daesieaiausnnihfiniia Ao 1911 PROG (Program Pulse
o [ @ o
Input) dm50 14 Tsunsudeyans I ludr luTasaouInsames
7) EA (External Access)
[ ~ dyd a Y] o 4 1 1
1 EA launvin 31 d1niidluasidn <17 azldduues 8051/8052 iieuoni1lHe

] o ] I~ a [ o
TsunsuarnnilreanudrTdsunsunielu uaduiduaodn “0” vz ueni11d MCS-51%11



19

TsunsuIagerunmileanus lsunsuniouen (61 EA 151 707 41 PSEN azuoaiin) a1
I~ 4 A I~ 1 (D= ] o
wInuues 8031 ¥5e 8032 V1 EA 111 <07 taue w31z Wi Tdsunsumueausinielu
uan1ldines 8051/8052 Galivurvaudilusunsunrelunaz 19 Ea 1 uco” Faae
Disabled ROM 018 luuazaze1u115un51910 EPROM MeUanuny
8) RST(Reset)
91 RST launvr 9 915 lumsSima Mcs-51 Tagazldaniisuasdn «17 vo1etion 2
: =2 o v
Machine Cycles 9995155200 1A
[~ n{d’ o ]
8051 8051AH 1az8052AH (Huguasainiianlasnsatuauoin Tusunsulumine
° Yy 4 qya v S =
AW (501) Taems TUsunsuareduuuy e liinadeyatusounsimiladudiuiuuinia
[ a X o A 4 { o [
mnzAumskaaielFnumuauiiuanng 1§80 2 wesimnuadioiude 8031AH uaz
8032AH N 14umu 8051 az 8052 AH lamuaiay lagludosdali lseauTdsunsuly mse

iszsuaznaao Tsinsudendlganudimeusnuny CLigseumeu)

].w
vCo
30pF -
e 12 Al PO.7 L2 AD7
12 MHz PO.6 === ADG
) 18 4 PO.S == ADS
TF30pF SLAL L PO.4 —'{Z—AD-l
PO.3 =2 AD3
PO.2 f=— AD2
Po.1 22 AD1
39
P0O.0 == ADO
p1.7 (8
39 S B 7
224 PSEN PLG T —
8051 L
30 _Daalr el Plalse
P1.3 L.ON
5
o EA P23
P11
—9 | RST P1.O
D 72 P37 P27 f; AlS
Wk —184P3.6 P2.6 oL Al
1 3] P35 P2.5 ———;: Al3
T0 141 P34 P24 = A12
INT1 —2] P3.3 P2.3 22 Al
iNTO 2] P3.2 P22 =2 A10
Txp 1 P31 P2.1 =2 A9
RXD —19] P30 P2.0 2L Ag
A
e

U 2.9 Sruuazniues 8051



20

Y
' o ' ' 1 o o @ I~ 1 o
WU’JEJﬂ’JWlI’I]'IULLUQVLﬁZ nauy ﬁ@ ‘HU’JEJﬂ'J’IJJEUTﬁ'WWﬁJLﬂUIﬂﬁilﬂiullazﬂu38ﬂ31uﬂ1

) [ < Y i o = A o ' A a o 1 '
dmsuinuveya ileaNuIuTAlLeAmIaNaINI1 4 ¥30 6 0 la lud Ussyeglusew dau

~ 12 9 1 ° =& 3 A A
MSC - 51 w"lwm’emmﬂcluﬂﬂmmuwmaﬂammmﬂuaﬂcﬁammﬂuiau UIUVITODNIDNLUNUY

Ald

=)

g ' ' o o [ Y <3| o w !
mwm’e)ﬁ%zmuwuwmmmmmmﬂuTﬂmﬂ‘immmaﬂumynmmmmmﬂu 5e)"

o 1% = @

' o o v Iy & Ag o J @ @
Wu'JEJﬂ'JuJ%’Iﬁ’]WiULﬂU‘U@Ha i]::cl“ffjtﬂumﬂ‘umuﬂi, AIATUHIUNINAAWTNUN, NITIANITND

[l
= =

9 d‘ a q‘g) 1 1 Y d' d' Y %
YoYANTVUIAL6UA (word) MINNAUMIAWING LagrTNoUAAG WAL
1 o o v < 9 1 @ T o Y= a s X
niwaNuNdmTunvveya lysaunumiseanynelulang 640 Ala'lud e
A ) A 39 ¥ o A sa sq Y o Y A
wenlyseunousunld wasdilisiamesawildmironrmsimouenusu’ld 128430256

a Ay ° o o v a o &
ﬂTa"lumwu:]ﬂmmi]Wmfﬂumnm/mmuuuaumaﬁ‘wm

2.6 219930 UHANTIAUG (High Voltage)

a Ql Jd v
2.6.1 aINTINIDTHNNWAE
a = < v [~ 1 1 1 @ d! =
AIABUWIDTHF WA LI AI 18 1WA IAIAIITIAUHTURE ava1uiso) aou
[ @ [ H 4 4 =] @ I o' 4
usasu Innszuuuseu ldaduin 110 17ad wie 220 Toas Wduussau asenidn e ld
a d a 1 o 1 ] a d' T & & J o
luudiannsound 1 mae N U a9 A s UG UE Y nTenSen 1 aibes o Taw
Py 7 o & Y Y 9 o o
Wae twnesgnwaIensgssuuusutiuaedlsvnoudaslumsaananuusiaun 220 Tnad ag
d o 1 oig Yo v = ' e & w 9 =
i uus s Idmduguidyaiu uatideuananegivunaiazimiinveosnieoutlas Taeh
9 afa o d o a 1 =1 g’ v d' =1 @ Y
nuaulasvesaifiesiwnesswnawIzivina lvauaziihminnniefsuduvidoniaq

'
IS o 1

a A Jd v @ aa Jd d o = = Y 9
aIAFUNIDIFNNAI MR veIRHETINneTENNAE N TaT AR agn s Igvdontlas
] =} oy Y] = aloa q' Y Y <;
e Inguaziiiminmn saudelseaninmi ldaoudnadm
) a 3 Jd u
1) MIMNUVDITINT AN D THWNAIE
a Q' d v a o d’l d' 9 ®R w Y a Q. d v
AINFUNIIDTFWNAIET0IAYTZNOUWUTIUNAG 10N UA VA IAFUNUIDTHW
& & o iy PEY A P P - aw
waten W v Ay Ue I InF eI FNNa189: 0gNABUIBTINDS 111DI9 AT UN IR
@ 1 v A d Y] I'd [ o [ 3| o w
AANDUUTIAULALAIAWTIAUNIDIMNAVDIFUWAIY 89U TZNDVAY e uiuTuddy

w

v
7|
JU



21

Sonn <« Aounefinel ——p
Tas
R R mned i el
Hawmos NS aNeY nilouasainya Tvian
uag

150 oo

WITNIVNY

' 7 ' '
Ui 2.10 padifsznaviiuguvesadnsunnesGunate Tagna 11

[ Y] o 1 9 a o 4 @
599 Tl erdy 220 Taaa azMIUANIN 192995 RFL Aaime s tionsosdaisauniu
~ I~ [ [ a o
uazazgnildgwiluugean lnaseangeaiensassna liioas IN1DSADUIIBSINDS 1AW
4 a o @ 1 Y] [~ ] 9 P a a 4
NBININUTNABITVLAAABITIAUBD NI WA A28ANNDFIYTEU Y 20 -200 A laFsncy
5 ' ] o v o Sty LA & el 7 S ~ R )
nniuazdudh hdwmdendaadasuneaanauusuliiiaidias Meiawaveaniionlas
= s 1% Yo = 1 = ' 9 9 [
22119955 89nT T UALAL AT IA U IS IR ENDU 4AINI3 09190 T LA 13 Inaa 1a N15AIAI
@ o @ 1 [ . 4 [ 4 o
usesuazinld laomstloundufmssduonnandansaauny IWOAILANNITHINUYD
L4 a 7q Ya ) dg‘ A 9 ~ I
NNDTNIIUFENDT 1IN THINTLHAVINUUHTO U gad MNNTIUasU1adu0aus 9y
~ 7 & o o q ¥ o s Ay
IGREAT Fafinath 1dussauedanai 1@

¢ ¢
2.6.2 ADUIIDIUNDI

'
(% =

4 J v [~ [l e a e d v =1 Y ~
ﬂaunaﬁmaﬁuunJumuwﬁmm‘naﬂiumwmwmmmwwam HAUINAANDULT

) .

Y ' I @ 1o 1 @ Y Jd I
ﬂuUl‘V‘I@i\‘iﬂﬁj‘ﬂﬁQiﬂlﬂulliQﬂull‘l/\lﬂ‘iQﬂWIMLa&’ﬁ?ﬂ?iﬂﬂ\iﬂ%!i\iﬂu‘lﬂ ADUIDILNDINYIDY

4
HUIURGAUMIIAGNH UL 1IN Y

a a v

4 4 o [ @ :JJ
msezidenldaounoswesuuuladimsualaruninossunaroiuidonds

Y

a @ { J Jd 1 v
wmimwmﬂaﬂym::ﬁugmmmﬂ’e)unmmammmmumuﬁa



22

@ [ 1 a o o 4
1) aﬂ‘k)ﬂ!&'ﬁﬂTELLEJﬂﬂuV]Nhlwﬁ'1331W'3']\1@1!‘1/‘!@“@$L@1@W@%@Qﬂ@uﬂﬂimaﬁ

'
=

2) Aussauduyavzihml¥iuaounesines
3) ANTEUAYRAANANATOUW B NI IUFAIADT IUABUNBT NS VI Tia
1 @ ~ 1 a 4 o
4) AUTIAUGITANANATONWIIOS NI UTAINDT TUABUNBS MBS Y11
[ @ Y A = (4 @
5) MIsnEsEAuLsdn lunsdifinouesmes o dnavatons sy
6) MINUHATYYIUTUNINYDI RFVEMI YDA IADUIBS MBS
v g Y= o s o ' & s s a Y g o
Tagiiu ldimsiamnaes unesines Tugduuuaien Yuneunesinesnienliundan
a A Jd v
TupamgaamnssuvesaIaFunnesdunatey fie
4 4
1) NaelunnoUesINgS (Flayback Converter)
dad d 4
2) 95135ARBUIIBIIM 03 (Forward Converter)
4 J
3) WY-WANDULIDIAD I (Push-Pull Converter)
J a o Jd 4 /
4) g1aW-U5aN0UNBTINBT (Half-Bridge Converter)

a 4 4 4 !
5) ﬂ,a—mmﬂaunasmas (Full-BridgeConverter)

J d
2.6.3 gﬂ!!ﬂﬂ‘ﬂ@ﬂﬂ@ﬂ!?ﬂﬁ!ﬂ@i

+Vin Dl + Vout
Il = 5 o
Co AT~ RL
< © O

D

-Vin

i &

Y
(M) 1sAugIUveIaBIUAfeUIe INDS

d‘ dy J J
suUf 2.11 NITWUIIUVDIADULIDINDS

G



23

U

Lo
+Vin DI _ Vou
- voul
2 T T Bt I I -I o 0
 Joy) s —[— RL
o o o
Ql
-Vin B S
o &
g dad
(511)’N%'i‘WdugWUGIJ’EJQWEJiL’Jiﬂﬂ@uD@ﬁ{m’E){
Tl
Lo
+Vin D1 ﬁ + Vout
o p ¢ o)
Co RL
D2
Q1 Q2 bt
-Vin
o Bl T ol R
ot i
& s s
(M) JVTHUFIUVOINY-WANDUIDIIADT
d’ ' dy J J
sUfi 2.1 (M9) WITWUTTUVDNADULIDINDT



24

A S s 2
) 'N‘ﬂ'iwuﬁwusllﬂﬂﬂﬁ-ﬂiﬂﬂﬂ@un@ﬁm@ﬁ

A ' & ¢ P
Eﬂ‘n 2.11 (ﬂi’)) NITWHTTUHUDNABULIDIIND T

+ Vin
(o,
Ql
T~ y 3
Cl T~ I
D1 + Vout
Tl
Cb
| ( Co RL
&Y D2
Q2 O o
C2 1~ i
-Vin T I |
O e
ﬁy o Al o '
) waugmmmamﬂ-mmﬂaunasmm
+ Vin
(e, L 4 Ql
Q3 QT Lo
7
D1 + Vout
I | Ti
) ¢
v 4 Co RL
i l\ D2
2 Pt
Bk Q e
X X
-Vin J_I_
O &



25

d J
1) V\IﬂWﬂ!!Uﬂﬂi’)ﬂU'ﬂimﬂi
= 7 ¢ a % s 7 o
iﬂﬂz‘l_h/] 2.11 (N) IWITIDINIIUKTIND T Q1 °lu‘v1mammﬂaun@smamzmmu“lu

o & a o o o w = ~ Yo A D]
ﬂﬂ‘nglﬂUﬁjﬁcﬁ LLEWi]$‘LJWﬂizllﬁmﬂJﬂWﬂ\ﬁJ@QWﬁﬁﬁMﬁUﬂﬂﬂﬂuiﬁﬂﬂ"mmﬁ IHBDIVINHUD

SNy
LI e A |

uad T1 azimuava lnsinsuazusauats Idianyuz ndaumanueg daiuiie Q1 insvua
laTlea D1 Svegludnvazgnluneandunas livhnszue Salimsazaundsnuivalusns
d ) ] < ) a Y 3
vountioutlas T1 unu iile Q1 wgahnszuaaumuiman T1 gudi lfiAaasnduiugg
o o = o = = ' - J
au flva InsunFuazusauan uazlnszua naniulaTea D1 Tdsdunuszqednn Co
Y o 4 ¢ 7k Vo = o
waz Ivaald A1V dus I NTL N WAYDIABUNBTIABSIZ UL BN UAIAINDNITHI9TUYBY Q1
$190901111n32UaU03 Q1 dasrdruiiuIusouvoniouasinedva s URDUNA
J Jd o Jaq Yo o 1 @ 1 1 1
Warsuuaneuiesines iWiuneunesimes nlisiasanld ligain Tageglugaalil
a v Y1 oo 1 Y. 19 oo Y =
1Y 150 Jad uaz A dyanasuniy REVMEL Aoudnagaaldoinsaiduiulosasiisim
gn
dad d d
2) Wa3AsAND D MBS
= 3 Y Jad 7 I Y o
13U 211 () szmulanesiisansunesinesiansus Indidganunaiouun
¢ o =i T sad ¢ ¢ o =
ABuNBsINeS uandeuas TI TudesNsanouneimesszimuava Insuiiuazua
@ a9 YA @ [V aaj A o =< 1 @
mAua3 1Al aasany aslule Q1 Winszud lalen DI Wwegludnvmzgn luneaasa
1 1 @ Y o' =2 [ v d’
ua D2 vzogluadnyaeg lunoanduuas lihnseue nszuadelvadulalon DI nazAumiion
o v Ji & d 9 P 1 =1 [
W Lo lgedunuidsegedna Co saz Tvaa I vz Alinszud Tnariu Lo aslimsaz auwd
it M ludiuaae o Q1 ngainszualalon D1 vzagludnyuy luneandy 4
o { 1 (] v o = @ QSJI v A 1
nszud Inasinvanaauas suuuinianlu Lo vzguaim i insnaudaussiuiannsew
o @ 1 < ] [ ' @ o =
diueg laTen D2 Nzegludnymzgn luuedasa Lo szdrumnasniuesnui lviinszua
1 v W [ < 1 = 1 ] 1 4
Inarudniuuay D2 oon lfdalnaald vzt lad 19z inszue luariuTvaa Idedeseiin
Vv ' ' ' '
waluriei Q1 hnszuduazngaihnszia M ldinmsnszmonye s suioIdnadIni
4 o
Wasuuaneunesines
Jdad J ’q Yo w Y ' [V [V 4
WesAsansunesnesluidsnuldluriudernunuvalouuaneuneiines
] ~ 9 = A 5 [ [l < o s A 9 o 9 Jdad
uanszuai lavzliminszioudind od1a lsdawagunsaifmudiuziliesiisanou
J (:JI = '
19IINDTHUNIINGIND
d
3) WY — WaneUID3 MBS

'
@

J 7 o J oA 1 o w v ¥ 1 @ 5’3
NY - Z‘l‘ﬂﬂ@‘L!L'J?JSLWE)?Lﬂuﬂﬂumﬂﬁm@iﬂTZTNJW?EHHEJﬂTtN\‘]TH lﬂ@:\i@%m 500 9 VU

he

(=3

1 @ a 1 [ 4 1 < [ [
Tualidededs Tninams luaumasidnsuimanvyssununionaed vz inanonisng



26

a J a o) 1 Il < @ a
[@orevounes NI g dnes lad1e 0613 lsnawluilagiiumatianisaruguuuuniugy
o a Y i v o o ¢ dm g S il
nszuavzildanilymiias’ld duluny - wanewelswessuuneunesmesiuiauls
AT UaIATUIIB FHNAIeNADINTH AL
913U 2.1 () Q1 uaz Q2 szaduiuwihinszua luudazasamuraIMsiinuie
Q1 thnszue Dlszegludnymzgnluneanduua D2 azegludnyuzgn luueansa uagii
nszuaru Lo TdaTnaald ile Q1 ngathnszud Q2 aziswinssua D2 szogludnvuzgn
luneanay uaz D1 szedludnyaizgn luneanss wazihinszuaniu Lo g Tvaa lawuiy
[ :// &KX A 1 d' Y c; FY o = 1 9 =1
gaiuInandelinszud lnaneiileldnasanar nszuain lamuednadeneudias oy
3 a ¢ d d
4) 31avl - UTAINRUIADINDS
4 a o J do I J o = @ 7
g1 - UFAIRaUBTINeI TaTluNOUNBI MBS lUATZNAABIAUNY - WanDUIIBS
J Yo Y 1 vy Y ¥ J a < 7 I3 A J
wosuaz 1ns1ds0uldneudg dofaete1dW —uFAIAUNBIINBINAD 1M11ID T
a J a @ ! 1o Y ' J L{:j ~
nIuFanes lusiisusuanadeuvas liinssuadesninouiesimesiie 3 uuuila
U Y a 1 v v
nanudazaansine bigunasvoaland 1a

= < 91 J a d o @ b2 B o 1 @
%Wﬂg’ﬂ‘ﬂ 211 (%) %:mu”lmmwmwmaimmGmmamﬂﬂmwmmﬂﬁmammmu

A oA =

' J a J v 1 v 1 agj y @
ANATONINNUIDINITULTLADT mma’a%zmuﬁﬂmamuauwmmuu Lﬁ@ Qluay Q2 aau

@ o Y

~ A v @ o J 1 Y
AUUINTS LT wam"lmzuaﬂymz@mﬂumiwmumaw% 7 Wjﬁﬂ@ulﬁﬂﬁl@@§ Uﬂl’?uﬂﬂui AU

annseNvazi1uue U Iwsind e lauiieins Iniaue s AU DA 110991NHAVDINS

=]

1 A 1 £ o ~ 1 AR A & g
13 ’Jlﬂﬂﬂﬁzfg Cl uag C2 INDLUNATIULTNAY ﬂ‘i&uﬁ‘ﬂ‘lﬁﬁNWL!‘IJ@II‘W'ENW'SNN?]WEIQ Fudums

o w [

¢ o w X a ¢ ¢
Pdandanugegavetnsunesaes Tasfidunugegaiannnl - uSataounemeTaINIID
° ' 1 1a v
w1 ldvzegluraelufu 500 Jaa
a ¢ 3 dJ
5) o - USAINBHNDIINDS
~ [~ = 4 a 4 qs;’ = @ 1
1In3URN 2.11 () 9 HRU TANTN1IDINT MU T A ADT IUIIVTNINUADI 4 Ay
o v W <| ' 0 [ 0 [
wnuaduiuiudg Tae Q1 szihnsziiandeudn Q4 uaz Q2 azinszuanioniy Q3
~ 1 ~ 9y A v 1 =S [ J = d o o 1
nsei Inaruua lwsuidveandonasssidnyuzimufeinuean - usaTneuNBTINDT UA

v o ~

9 =\ a 4 4 d A d' =1 [ 1 1
ma"lmﬂsamawja —UIAINDULIDILADT D EIJ‘EN&WNTLW]‘UG]V],W‘iiﬂﬁ]zmlﬁﬂﬂu@lﬂﬂ‘iﬂhm1

'
5 1 OJ s 0 3 1

fu Awserusunanszuad naruve lnsusezlisdininda-usataounesmos seauise

1 o w ' [ q’/l a a Jd o ~ o w ule 1 [
mamawm'l?fqemw muumwazwmamwwmméfadmimawmqm AALA 500 ’Nlﬁﬁ\i

v R v a Y J Jd a Jg [
1000 99 m:uﬂuau“l%ﬂaunaimamumja -uSaatlunan



27

= [
2.6.4 192INITIAU (Voltage multiplier circuits)
= [ < = = 1Y
2095035 siuevsSsanszuan U a0 83 1S IAUNTZHAATIN A W oB N
1 g ° o 1 ' 1 1 )

Trfiaududwaunygalaedszuiu Ae 1Tus1a 2 11, 3917, 41711 994 YIAIBOAVD T I

[ 9y Y 1 dy ~ 9 o 9y ~ Y a I a =
nszugaaumenudn luaasmaiillaTeadldazimihiadreadasdadatsiaumy
v ' 1
YUAD UM AVDEIINTIY

1) 29asiiussnmiluaeam (Voltage doubler)

= = 2 v g : &£ 4 I3
31U 2.12 (7) uaz 31N 2.13 uera RN AUIT TR ANV UATINAULDL LU VAN
A o w o ~ @ v [ A d A 1

adumuaIAY Msmauvesuuunsnluvasinseauwd viduadugl o ae Tuaig

£ a d? L7 :;’ a 9 1
a1 (1) ¥4 Vit ungud teauangegedu lalea D1 szgalouemaunih diulaloa

@ o Y Y a L) Y a J a

D2 gn lueandaunmgiiliamnsouny D1 Aea3na99s Hazuny D2 AAIAH A 21993
@ ci 1 .:(ycu ] J ) o '
aalugyai 2.12 () amaiauiudsey Clazgnainy sz 9aHnIe11aUs 99U VC1 AToY

1 @ a3

O Y W Y v ' ¢ o q ¥
FuiuIutAIgega Vm veuseuynd dauauninlszy €2 1z lignansailisginlv
[ & g [ o 3 ar 1 AF 1 A @ 9 1
useau ve2 sutunssdueoniinuiuguiod aau 114919381 (2) IBHT W HITIAAAINAN
vangegalilfsdaugega lalea D1 azgnlueanaunig daulalea D2 vzgnlunemau
Y o v S Y "o a ] dycu < = @
wih hldansadenates alnudegain 2,02 () usraafidunudsey 1 azlussduan
' <] = v = a A A o AL 4 Y
asouitlu VCI = Vm Sepaaauazinaniuas uiuussiungmaie v lunisaniadlsza
' Y A @ ' dy Y o o ~ [
UA C2 AU VC2 it <2vm ndeningraraiinga laTeanadesdivs il luneanduy
< = a A a ' o Y @ = R R~ @
1 wazilualiouaiesnidareesegaananal i lussdueon Vo2 Nanlly 2vm neda
VA ~ @ A o ' % < 1 § :Jl
uaiiie 19ns s Vel inianaifindl Vim uieusiqn V2 vuia@nandn 2vm et la
A =\ a o 4 1 4
Toa DI 30 D2 ai3udl lwemAumd wagshnszuaansailszy1¥un c1use c2 wieldusa

sunaulidlu vel = vimitag VG2 =-2Vm a1y



28

0 -
+

VCi
i -
+ L Y- "
A + 4
c1 > f
.
+
. @ VD1 ¥ D1 VC2 —4— C2 2Vm
(M) PRI U UN YIRS IA Y
Vm
. D2
” C\G
H
c1
t —

o ! { [ A d 1
() 2esmshaulumaissud s ngudiningage

D2

0 el
Sl e==
o—t

D1

(M wvsmsihaulugnaiussdudiaansnniuingigansmangega

U

d’ a Y nd! ﬁ' Y
519 2.12 NIVTNIUTNAULVVATINAUATUAY



29

D1
o o *
+ > ‘r
4
v 4 vci :F c1
> 2Vm VO
e
vVC2 —T - C2
< \ 4 J
—i¢ o =
D2

1UM 2.13 20930 ugeAufIn

o w o ey o e ' < v

aMIuesaNg Ui 2.13 Muiinshawiudsi fe lyraiar (D Fawsesudh v
A 4 L= - ° ¢ Y vTo &
WuvLINgUl deruIngegeniy lalon D1 asthinszudiasnsatlssy Iiundaf sz c1
W VCI HAwiduagega Vm vaanswiudh v daulaToa D2 vz e liinssua wild o2

1 1 { & o 1 . 9 1

Tignansadszqiag vez =0 luaasaii (2) Fauilugeiuseutiaaaninmuingagaly

1 -4

k4 '
drgud Talan D1 sag D2 iages hivhnszua ¥ ver AeagNn vitay VC2 neag
{ 1 ' & o 1 { [ 4 11
nfgud Ao luraaial 3) uiugiussdudnanaaingudllgaiaugaga lalea D1
() 1 a 1 o 1 1 a o J
v¢ lirhnszusredamiausuRuniulugimnar @) drulaTea D2 Suminssiauazaie
Y 1 A ay ) Y @ K a0 g
Uszqliun C2 9w V2 =2vmiilo fugaianat (3) uad 15981 Vo = VeI +ve2 Safiauiiy
v e Y 1 o = Y A )
2vm naanniuda laTea DI ez D2 vz livhnszuadn snBuiile Vel < vim wio VC2 < Vin
Y
MY
A U I 1 d‘ .
2) 2asiinussaudumumuaz dim
~ A v & 1 a o J ' .
i 2,14 20 5muussduduaeun 2eesiinus sfuiua i (Voltage tripler) 192

A @ [~ A < [ [ = dyo.l
VTNV TIAUY W IN (Voltage quadrupler) “NiTJﬂJﬂuL'IJH’N%iLﬂEJ’J NITHATIVUNAUIUN

A o g ' £ A
flﬂﬂ'J\Wﬁ&WﬂJLLiQﬂHL“LluﬁiNm’lLLUUﬂﬁﬁﬂau



30

< 3Vm >
Vm 2Vm
[ [
[ )
C1 Cc3
+
D1 # ? D2 D3 *
i c2 ca
[| |
i [
2Vm 2Vm
< 2Vm —
< 4V m

A a [~ 1 A
E‘IJ‘V] 2.14 ’Ni]5&W3JLL§Q¢I14L1JM?HMWHL!§$ﬁm1




Y

115 UNIT00NUUULANITHINUUDI995 TuunTl Idusndaulszneunisesnuuy
I ] A
W2 du Ao

. S - & 2 v

1) AIUYDIINITATIVTUEGUEE T, 2995AIUAN Tag1easnadeetiazisznov liUareya
o 9 4 L4 4 o 1 4 a":zl I~
Maumamuzeniusuazasaunds ludrumadiusonnursiuszdluTusunsylulns

2 ~q ¥ o B @ ¢ o !
ﬂ@‘]«ﬂ‘ﬂﬁﬁlﬁ@ﬁ MCS-51 ‘Vlclclfﬂ'.]‘Uﬂllﬂ']5ﬁﬂﬂ1u1ﬁ3@ﬁ]§ﬂ?ﬂﬂnqL]Jﬂﬁﬂl‘vnq815@“33%1\‘11“ 73U

UNN 3

N1500NUUY N5T319 HATNIITINGTH

4 J [
‘V]N@S]}THé’lﬁﬂlﬂﬁﬂ%ﬂigﬂﬂﬂé{’]ﬂﬂﬂﬁG]iUQ%UL%HLGBﬂ{LLﬁS’,’J\Wﬁﬂ’JUﬂN

1 4 azl [~ & =& 1 2K ad o 1
2) clUﬁ'Ju‘Vlﬁ'@Qu%ﬁLﬂuﬂﬂﬁ]iﬂlﬂﬂLﬂi@ﬂW@ﬂﬂWﬂWﬁ PAYSNANIIIDTNITATUIU I

A9 V099ITHALITMTATIN

NIT
< %
LY ULEDT

(Sensor)

Talsunsu

MCS-51

b

51 3.1 Tseadramsihanvesd

A
1995tA509Wen
s I
91N
NITAN AN D
i
WK Tl diaaugaeinia
9
AU
220
o o
J13ALLIT é o
Thaa NITUAAINDAN
P
v
N7
AT LA ——
(Sensor)
8 "
AUUHITAANAN

U

3




32

3.1 399575399V (Senser)

a9 3

o il o saq ¥ o 1 Y a A g oo ) < ¢
ﬁ'IWSU'N%‘imfumf@iﬂiqfﬁﬁqﬂ‘l}'ﬂ'ﬂﬂﬂﬁl']ﬂ']l"ﬁﬂiﬂ'ﬁﬁﬁﬂ"liluu %31‘5’3\‘1%5&%“&"565

UG

§1uu 2 ya dnvnzaeesduesaegii 3.2

+ §V
y I 390
\\ 2 S it 3'_& OUTPUT
%/

220 3 M-S LM339
GND
i L ' -

o ¢
LPHIFDI

50 33 melugquyvsuazmsihauvessisges



33

o < L= o [V} dy A A Y Y a a
N3NV IF U NNy MITthauaae T ieliauthinl9usngan
' 9 v Ao o A
A ludguyrianyarmsianuvedinsie
= 7 o < & ® v q Y v o '
D Wedues 17191y, uimes 2 o delisesauquudniiinu lasnssie
4 Yo J o
1l 220 Taad TAU2993A199 Mmeludltvinanu
4 Y a y a4 0z 7 o < 7 o
2)ieaulyuimseennndguyn’ iues 2 0w, umes 1 ¥ 1w 19asaunw
o @ J 1 y o =
vedaliidalil 220 Taad eennnaeesa1en meludiel?nszuiumsiinuvesdquyns

RGN

#'
3.2 1n303n@N0 1N A
o (% d' A QSJI Ja 1
aAMIVMIANUD UINTOIWNDINIA (Hight voltage) 111519 19350151 a001lsz9a
S A 99y (o oo v o qy o I o
pannndautuite 1 lUFudmlseguanvesafu ilvenmvesniunaredunars afuias

1 < { v . o I~
Auazeoanazme 1l n1soenuu1199s1H70999 503590 (Voltage multiplier circuits) 111

Se

oA v Y] o @ o @
A UANTIAUT TAgusIANDIANN VI T NART ISR uaa lannaunsdade 11

=n,

o o a3
Vour =V, X mugavasaanuilse yag 1nTon (3.1)

1ay V,, fio usdsusaannugena = usaaui 190159 X V2
o v o
TugRve IR AR Uz uay Ia Tan =80 4
k4
20UV NNGA82 X 80
Voyr =220 X VR %80

Viyr = 24890 Toadl

9

o d w 1 1 @ < @ { 1
hgUnsaiianuanaes WA u99InINIdN 9102995317 3.4 aseauves

s & 1 Il 1 < [ A 1 v
IDIANAVBIINITHIN Voltage UTeanst 24 kv aariu R2 Wity usaau Iaviidariiuesnla)

Y
~

' < ! % o Y @ o
uﬂzm’oaﬂmaﬂmqummﬁ G?xﬁ]%‘ﬂﬂﬁillmQﬁﬂlﬁ]ﬁ’ﬁ]?ﬂ?ﬂll@ﬂﬁ]?}@@ﬂiﬂﬂﬂu IﬂJLﬁQﬂﬂJ@J

ISy

~ @ t:y @ < d? dy
amaiuandeenutioe lswduTuanavesernis 0, WuleTauvuun ToToudivs o

q

wva o - =) { | dy
FUIA IUNMIAATITWELAzH 1Y 15a Tue 1A



34

Negative ION

e
el c3 cs c,zé",:"
" EirY
A e -2 =
220V p1 K D2y D3) &\sz ¢ \$ 077/ '
0—__:\/\/\/ I I | [ ‘, ’.o ..—>
R1 || H ’,"/
100 Tafi c2 4.t 7 c78 c80 47M Tasm

U 3.4 1anIussdui 1dfafuse ez lalen

3.3 Innadndguyns

Tnsta¥weedqunrEinnnntie 1.2 nias 67712 mas g 2was nisadraldmdn
agiiifloundie 4.5 A a3 ifu@nuﬂﬁﬁ%’né’ﬁﬁqfr

) himdnegaifienndodiulnssad o sdaminiiosnuuyl’

2) urnmaadnlanAsdudharesd Tuangiuasiion

Ui 35 TﬂﬂﬂiNmuﬂuwmﬁﬁuymaﬂuawv
enansiduenarsiianuliaviunsidanuiensfneimint Loygelvhlulduselesimunism

lainsdilas iy aﬂmmmimmmauuamLgawaamqaqmmmaaLaﬁmiﬂqﬂmqwmﬁmlﬂﬁu



35

EY = a

31 3.7 dhmanadnlmndadguyranuan

u Y

(%
&

&z d‘ ¥ o o £ = =2 ! 1 ¥ o £ ¢ v v
nansiiluenarsianulidmiunisidnunenisfinyivintu leygalihlvlduselesdmunism

Lidnsdiles edu Snvieihudlvidaudasiomuazdesdnddiadivaaenaisynasaninisiluly



=
UNN 4

NIINAASLasHaN1INeIaaN

o d o
4.1 ﬂ1§1’lﬂ’GTI’E)’Ufﬂi1’]1\311«!‘11@@334]5!“1?1!!%9i!&ﬁz?flﬂiﬂﬁlﬂﬂuﬂ1ﬁ‘i’n\‘ﬂ‘i—!

SsuazTUAdUNITNAADY

4

D el 1d U s s gelsznov lUdreueadd (LED) uaz In Tdnsmudanos

[ =3

3 o o < R '
(Photo Transister) NAAOUMTHIUIAGIINTEAIBUIINTOIAQN VA AAHILITENI191DAD
waz Il Tdnsudanes
o [ v aa [ @ g a & =
2) s ialasldiadiimes Jauseiu IWiednaves I Idns mEames FivzAoall
HIIAUANAT DN BY
o < J ) T @ 2] dy o Y A a o
3) 11995 F e 1o s W UA9s AN FIs A DNl I louaInd
! J Yo :J’ { 1 =
10 220 Taad TiusesRInwanoglugguyws
o [ Yo aa I @ J A 4 A
4) s lavldiadnmes iauseau 1o 1Anaue139930uANNAERE (Delay) 1

1 ' E4
W 220 Taadw3 ol GelumsSalaadmaiianaveseesaauguilazdeiale 220 Trad

4 < ¢ o
ﬂ]iNﬁ 1 WHANTINANDININFULFDILUASINITAIUANNITNINIY

[
v

o a o J J ”y
msTansan | 2sesebumes draa) | 29asmunn (o)

1 2, 220
2 5 220
3 5 220
< 5 220

5 5 220




37

Negative ION
. >

D80

R 1 R 2

100 Tosfa G2 c4 // c78 €80 470 Tov

U 4.1 2993M A5 90w

o A

4.2 fni‘nﬂﬁﬁ)‘l]ﬂ1‘§1’|1\31ﬂ%@\13\3%3!ﬂ5@\17\|@ﬂi’)1ﬂ1ﬂ

o 4 qu v 1) @ < = @ i 1 Jd
119UnsaliaruAINAe A HI99ININTIAY 9102993 3UN 4.1 AsadIuveaL0d
WAVB4I993 9 Voltage sz 24 kv darin R2 iuidiu n3edu Ilaviideiiueanliioy
1 < 1 % o g v
deeanmalmsidiugornia iz li luwanavesemaunndaeseniiniu Tuianaveseima
~ o dy o A v 1 v g d?‘ qy =
fuandeaniniog lUsamau Tueavesermands biua pdadu Te Tauiuw ToTaudies T

Y
AuaNTa lunMsnsoImsisLazaye Isalueine

AsuazTuAIUNINAaDY

= o oh VIS & @ 1 1 @
1) 91119935100 4.1 imanaaeylasmsidunuisegiazdialaTaaundosiuiuoy
° Ay [ = [
ATUMUTIUIURGEINIHT I 9T NS IAU
' ’q Yo o o 1 g &L~ =)
2) 1181 220 Toad A AU iinsnadeu launsTiuenlS uddivaeaioouuns
] ° v < Ay o q Y = - - 7 7
aunudszgiirlunedndg daredywailldegirlvnasatioounsznsunsoldTrasimosn
amsndauseau ldunnat 24 kv
o w 1Y o Y
3) nageumIfnaiulaemsiuergdugaudilung3lndy
() ¥ [ 1 ' ] a o <
4)waminaavdi 1d e afuglazoremeld daufuaieg i llimsfaduifuvo
A
1nT0IWoNDINA
A yy @ 4. Y o 4 1 a
5) iite ldnaiuiiime louds inmseenuunssiaieanseseimalmilasiiugais

}4 1 ' 9
INIusauIUBNFz sz @nsnmlunisadiausadu High Voltage 1iiniu



38

M5 2 Nﬂﬂ'l’iﬂﬂ’ﬂ’fN’Nﬂilﬂgﬂﬂ‘i"‘ﬂﬂﬂ'lﬂ'lﬁ

@
vl

M3IansIn SEALNTIAU Wan1snaasd
(alaas)
W A -7 L=
1 9kV fanTuglegonuin
2 12kV dalinfugileganun
o 3/
3 16 kV aTuglantioyas
4 4%V AU

=y =y : |
4.3 ﬂ15V|ﬂﬁi’)Uﬂizﬁﬂﬁﬂ1ﬂtlﬂuﬂiﬂﬂﬂ1ﬂ1ﬂ
MInago Ul aNTANIBdLHLNI a9 NI anseen U lanse luv la Tae
M HUAT e IMATHansauuureny i lddannsuiner Buitinisnageulse

ANTAN

210

00 /\/\_

LHUNT D981 waau
AARINME

Ui 42 mnageudszaninmusunseseimauazinaugae e



39

vz TUndUNISTNAaDd

v v v
1) MINAaeITui 1 wrunsenadoumaafIndsinauaae1ne Tasldununio
NAABLBYILHINNAINYADINIALAZLNUNT I IMAT anDT
v ' Y
2) Wavinangaemandeunaineniuywsuazaiugldmsumanaaeviiinildes
k4
Tivinaugaoimagaaiurudh 14 Uaesia 13szum 30 wi
@ J Y o [ v = VA 1 a o
3) nasnnilaeslvinauganduliuds 30 wiRezwunhurunsomaaeuuSnuda
Y

fwsuriuer Bosfiviniudnegswauun

Y (] 1
4) NINAADITUN 2 ‘ljnlﬂuﬂﬁﬂiﬂﬂﬁﬂﬂ%ﬂ‘ﬂﬁﬂ&mulﬂ‘ﬂﬂﬁﬂU Tﬂalﬁuwumm

=1

namouHu A I Fumunseto maflanosaud 4 FuTusugaino
5) ﬁlﬂﬁﬂamawmmﬁw%’anﬁqﬂumﬂ‘iuuw?zmzﬂ‘iu‘gﬂﬁm%“umﬁmﬁauﬁy‘mﬂdaa
ThitaaugaeiniaganSusihy Ydeaial filszanar 30 1
6) vhurinse T duanaaHI S odsud Taeasnruns sanageuly
%umauﬁﬁmlfmzﬁmhﬂi’u?magiﬂaawwn
~T—

Y i
1 1 a d @ 9 [
7) MInadoUNIsHUNALN IO 1MIATaINDS 119 4 U HewrTonsesn Tuyns 1d

2819 LANT AN



~
Unns

unagi

5.1 arq1)

=

A a < J ) 1
Tnssardumeludguynsioaavaivlsznoudie 2sidues 1¥dmsuasnany

Y L]

v v o v ¥ w oA s s A ] ] a
AW 1HUTIUIUTDIAIAIUNY AD LFUIFDS A taziyulses B oatudiuldanuaz@u
1 dng/’ LY 4 v Y1 A 9 9 Y X c’J 9 n’d!
AU SRR 9A 7 eIz sug e lsaundased i luTasaeu Insamosas

| @ 1 Y o ' dy o Y oA LR '
Wuainugueesaee arelugmau dauauguiaziimiiae i 1inuaeesaea ae

a

& o @ 7w 4 1 o 1 @ A 1 [
Tugsanmileuriuadngiue Wodauarvguinistie IMidnuashedaioluguda waaw

o Y g a Y @ A A :Iy 1 1 &£ A
greImavziminfigeaniuyws Tug aduyniignaasen vz Tk uurunsosornedad

Y Q

]
)

Y [l
4 Fudeiy uiunseI NIRRT Anseaduywrs ks Huazoeen e AuauiAvo LAY

[

dy o . %] 1 < ' c?//
N98481NANAINITONIBIATHYATHAZN AN NHVUIAANNTY 0.1 TuaTeu Dby

=

o qu a a dy o Y [ A 1 Y EY [ 1
ansadudainmses g TaveudgonuaiGe 14 afuyvsierunsnseaudanzn ldsau
younsoslanaImasaIziaumiioununiewiile Tou Tasazaassszy Idaueenu
& va [+ o w A @ =1 P 1 9 ] ~
Faguauiavoeay o ludwsadianan adu aisniaieg neglueinaldedieiilse

Y
ansam Tagenudinlng

[

19 45 uA N gINeINUNTIHIUY D M LIS SEUDAILAN

Ay I~{ 1 a A £ & [ = dyd a ~
nagndAyiuedeBsnon g lusodvedmale Taw 49 lo Tsuilauauianayiaiuiso

wavunlasanwvesdisiaiiang Iegluanmeiludui 16

5.2 aymuazuuamsinly
o a Y Y a d? d!
nnmMsaniunsaaznaael lnssunu iy inavuratelsenms deagy
Yo dy
1ddai
' vy A r Y Y o
1) Yeyv1 11590NUULIIAE 15 UHBI9INU192995 T aeesAauuunIdsiins
1 ~q Y dyd Y k% dg) 1
nAad YAsuNEILlFlumnaasslulassnuiinedesasavuinny
Y 9 < 0 Yq Yo o Sy 0 v
uwamandly Auahimnsiiamnsoiaonldlndifesiurersideants Wandfu
v A 0 Y
UsalmiiwelWenunsobunldau 4

2) ey maden Tdsunsuiilynuiioann i ld@euTUsunsuiugynsaifiez 14 1ae

AN



41

o Y A o ' o d a
uvamamsud T iwud Iy T sunsuseuiitunaenuginisiag

=

4 1 =
3) dayri1 omsneludguyns lulimsvyuiou

El

=

nyamamsudly Hago sz uiveimaidiuaavesdguyws wio lie1naanaie
wenansarwdnlug Id
#) Tyt ileanaasveanioadeneimaiduaiu ldidszansamlunmisnses

2INF BN D
Y
=

wmansudlyinesitldndsulaldiilsednsamlumsnsesemaligaiiu

U

Ay TaedSuusfu Heigh Voltage It

5.3 UUININISHAU

[

v 4 ] 4 °
D) gnsevsulswazianieesiaseaeneinaliiviia@nas e 1iausath

a

[N}
aAa4A a

Y
a L4 9/
JGadamuaauiiiiivaiymasiniala
o A = ¢ ¢ 0 _q Y=t
2) gunsaiamntgasnseaaneImailulaisuuaaeeines axsilniils:
Y
FnsmnluminsowIMAgITLen

Y

3y anwasnlSuds dysunsu i runsaldfuinsdss sy e lriaegdiosd

Y a v o a o qy a v Y a v
ﬂJﬂ%‘UiﬂﬁEﬁIUuﬁiﬁWJaWE Vlﬂ“riﬂ'ﬂﬂiﬂﬁﬂﬂiyﬂwmﬂliﬂ’J‘lfuﬂi]ZL‘IHNMLEJ‘]JGl“UUﬁﬂﬁVlﬂ



42

USTHIYNT

a d a @ d'l 4 a ’a ad a Td Y
BIUUNT BUNINeNa. “inedlene1nis 220 1aad.” Wvesandidnnsoind. 13) : ¥ 37 -

40. 2543

£
¢ o A

i du. maidauazmsesnuuyainfunine fFnwate. AuRasad 1. ATUNNA - UTEN

E4
[ a Jd @

uma lne $180. Aunasei 1. 2537
WINa Sauaes. “nToananmsle Trud1ons UL Nne”. INGITINULSAINT 5y
o @ a a @ = 9. . 9
mansumtuda mviamnssy it aofumaTulednszeomndudnammsaa
N5214
ac o o w = sq Y J % o ° a o =
HOAYAWL 11nA. nguuazmsilizgndldnugnsaiaisieini. ajamwa : S Hiong

AT 9109, 2538



d’l @ tﬂl Y o U ¥ ﬂ' = 1 gj 1 Y o ¥ & Y 1%
wnasiduenansianulidmsumsldnuiionisdnwivintu eygslriluldussleviaunisen

Lidnsdiles nedu Snvivihudlvidaudasiomuazdetdnddiadivaaenaisynasaninisiluly



1 o 1A a
517 0.2 ndumdsvesdguyrsoanuaiiy

¥ o [

& d' ] i = S v ¥ o Y Y] ¢ v 9
nansiiluenansianulidmiunisidnunenisfinyivintu leygalvihlvlduselesimunism

o ¥
U (9

lidnsdllag viedu Bnneinudlidiaudauilenuaziesdvddiudivesenarsnnasaninisiluly



d’l @ dl Y o U v ﬂ' = 1 gj 1 Y o ¥ & v U
nasiuenansianulidmsunmsldnuiionisdnwivintu eygelriluldusslevisunisen

Lidnsdilas nedu Snvieihudlvidaulasiomuazdotdnddiadivaaenaisynasaninisiluly



46

e
v E
1 2 ‘ :
“ o a Ve P
2 RN e Bl J
3 & E
: AP I
> o | |
HOE3071
STALC COOB
o
‘ _Lcl
= SR L
cozd
! 1
Cupe 3
Craprff_ ;
Comucud
2
. 2
a A
N 5
i
<312
<470
o307l
STALC CO0B
..,
Tn» TFj|
3
3
+
3
2 :
l U
coxl T | ]
v :
= Um
- ‘/
TEY
STALE 600E
TFS00

E19
1K

STALC 600B

4
O 01T 500\

Sl Faly

n
31N 4.1 2993R70AY



47

Ii..‘.'.l'.i

1 HCHODEP

J2

aEpl

C2 0. 0F SO0 of 0.4lbF oo

“Tﬁlc 00

m‘ihnn

mHﬂ OILF 5004, pUuF GO0L
o o

qo— s [& e

po-I7Cre - Flem-ETre
RIS RLPA-ETTLHE
14

U3
SThle “008. Hoeamal
et = ':‘ E
& [}
m [}
to

ssdlel . s
e | nf!l

e DEB?ZF‘
e
af—fa CEcmme

TN
Cilke

- m-{zzm-

) 1 T a J
9.3 GHLWT“HQﬂTi’J'NQ‘lJﬂiﬂi’LLNuﬁﬁﬂiWMWﬂlﬂﬂ’Ni]iﬂ’JUﬂll



48

MEnNBLE W

QT AL {FICTET SNE @

[ce)

=

|| [l _ It f a1 Wi¢ [L=l| [L__AANA - <2
| Il _ I | T IBNE _ =
ey, =

Z

0cc <

[ R L I LRI el || | e
== I\ 71 I Wi 4 I = I=
o

U



A«%%%%q%@%%%ﬁ
Sy




50

Rr?

1
I
I...
b
'

ol
i i

il
(]
13 |
i}
pi D
30
o] 3]
(]
oi1
rxo
o1
3o
ol
o
pid
~[ces B3
[ ]
[ma
o1
[ima]
ol
=
ol
i
oo
o
o1
=0
ol
=
pf=H
a
ofed
=
ofall
{in:ap]
oigd
fiaec ]
it T
[Ha
ofsd
=30
oizl
[E5o
o1l
[Fd0

jonnoant

=
<

1
IA I:. A.I:.I‘ =
o o = = &

AN il
el

1
o o | Lo b =
=} E =1 B =

o

BlAlElel

pisd

C=md ~[tz8
pied
[0
pizl
~[ean 30
it i)
0
pisd
T30
ofsd
[[mo
ofd
3o
ofay
=00
i rw)
Inai[i}
pid
(4]}
oied
~[eso0 [=g0
i} Y|
o
i} 11
=go
ofsd
[=ga
s} 1)
[=o

|
1

1
&
e
~

0§

&
! 1 1

=
B
1
=] [=] [=
21|12 &
o =] |=

1
1

'
] )
& =)
= =

I

q‘ o 1 4 1 a o A'{
§1J‘YI 2.6 ﬁ%muﬂﬂTi’J'NQ‘]_]ﬂ‘imllwu”Ni]iWiJW‘U’E’N’N*UiLﬂiENW’E]ﬂ’fﬂfﬂﬁ



51

\\ /'/, g g'ik> OUTPUT
E/

>
220 g M LM339

'A%

a ¢
E‘IJTI U7 WITLEULEDT

d| ' a o 4
31_]7] U8 UHUINITWHNINITLEULED T




32

: AU

e Zd N % 1
WS@ : l
AH
£k
~- 0000000 ol k¢

mma ZPIAEUT
Q 20
C g
gl

4

a

afmiuawawuﬁmmnmmumas

1lns

o

1 0.9 AUIMUINTIND

51l

u

q



d’l @ tﬂl Y o U ¥ ﬂ' = 1 gj 1 Y o ¥ & v 1%
wnansiduenansianulidmsunmsldnuiionisdnwivintu eygeliiluldusslevisunisen

Lidnsdilas nedu Snvivihudlvidaulasiomuazdesdnddiadivaaenaisynasaninisiluly



54

4 ¢
ﬂﬁ1\‘lﬁ .1 'ﬂﬂﬂ'ﬁQﬂﬂimﬁlJ@Q'Nﬂﬁﬂ'J‘Uﬂll

d’ d = o
‘D’?)Ql]ﬂiﬂ! Jgayioan ATUIU
VN
IC1 MOC3082 491
d 14! v o
ginsatensneaai
Triac STA16B 600V 467
aunuilszy
Cl 0.1 UF 500V 461
v Y
IMUNMU
R1 1k 487
R2 47k 409
R3 470 3 A7
R4 270 8
ginsaldug
Connector 1 6 PIN 169
Connector 2 10 PIN 187

~ ¢ A
13197 A.2 ‘5Wﬂﬁ’f}“ﬂﬂﬁmm@ﬂﬂdiﬂilﬂEB\iW@ﬂﬁﬂﬂWﬁ

& d a o
‘mqﬂnsm PRE RG] VTUHIU
@ 4! v o
ginsaiansnami
D1 - D80 1N4007 80 912
aunuilszy
El=E80 0.1 UF 630V 80 A1
R1 100Q 1 W 167
R2 47MQ 1 W 167
gUnsaiouq
Connector 1 2 PIN 26




55

a ¢ < 7
M1919N 7.3 5']EJﬂ']'§Q1Jﬂim‘UfN'Ni]ﬂ"IfULGIf'ﬂﬁ

d‘ d = )
¥ogilnal 1Az CRLTRLY
2399559
IET LM339 187
d d! v o
gunsaimshadani
LED ausa GIER 40

Aunulszq

v Y

INTHMU
R1 2202 1/4 W 2.6
R2 1Mk 1/4 W 262
R3 3902 1/4 W 267
VRI 5kQ1/4W 2617
Qﬂﬂmiguq
Socketl 14 169

Connector 1 6 PIN 167




d’l @ dl Y o U ¥ dl = 1 gj 1 ¥ o ¥ € v ¥
wnanstiluenansianulidgwiumsldnuienisfinwmintu lesygalmhluldusslevisunisen

Lidnsdiles edu Snvivhudlvidaulasiomuazdesdnddiadivaaenaisynasaninisluly



57

lifiautdinun
Tgiou
ihulasa I UL 11U
fautdinunlgdou L
WATAILANUAN
eI UIURLININ T
seuuwanaIneA
finuldanu

LiulafasasIadgaudidoiu

AUAaN’NATTLTILTANS

AUNTYINU

51 9.1 uwudamsinuvesdguynsaouaiy

U



58

Tdsunsuuea19asmIununan

Org
mov
mov
mov
mov
elr
sl:
lcall
jnb
jnb
sjmp
S22
jnb
jb
setb
lcall
sjmp
533
jnb

setb
sjmp
sd:
@ 1
sjmp
sg:
mov
mov
mov
sgl:
mov
mov
mov
movc
mov
Lealls
mnov
gl
mov
inc
djnz
ret
cu:
mov
cine
mov
mov
cjne
mov
mnov
cjne
mov
mov

e I
0,s4

0

sl

0
s

r5,#4
rd, #0feh
r0, #70h

p2,r4
a,;@xro0
dptr,deg
a,@a+dptr
p0,a
delay
a,r4

a

rd,a

r0
r54s8gl

a, 73h
a,#9,cul
73h, #0
a,72h
a,#9, cu2
72h, #0
a,71lh
a, #9,cu3
71h, #0
a,70h
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cul:

cu2:

cus:

cud:

delay:
dl:

d2:

cg:

cjne
mov
ret

inc
ret

o8 5]
ret
inc
ret

inc
ret

mov
mov

djnz
djnz
ret
db
end

a,#9,cud
70h, #0

73h

72h

ik

70h

r7 45
r6, #0

r6,d2
gy ATl

0cOh,0£9h,24h, 0b0h,99h, 92h, 82h,0£8h,80h, 90h, 0ffh
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Features

Compatible with MCS-51™ Products

4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low-power Idle and Power-down Modes

.

Description

The AT89C51 is a low-power. high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed. in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

8-bit
Microcontroller
with 4K Bytes
Flash

- - . I
Pin Configurations Sk
PioQ1 dopwec
P12 36 [1P0.0 (400}
m203 30 P RO JADT)
P13Qe 37 Q RO.2 AD2)
Prags 36 [ PO.3ADI;
P15Qe 35 0 PO.4{AD4)
msgr 34 D P05 ADS)
mrgs 33 0 PO.E (ADEY
rs1go 32 [RO.T {ADT)
PQFP/TQFP R P30 g 10 31 D ERVPP
{120 P31 4 11 30 PALEFROG
5 I ) P32 [ 12 29 PSER
o 8588 ATy P33 13 20 P27 A5
= RS {10y P34 T 14 27 AP2EIA1)
mENC Bess8 1THP3E 15 26025 iA13)
=&aa SgRE8 W P3G O 16 250 P24 1012)
fnoon MLOCLOLE D, P3.7 17 20 (P23 A1)
I29s BHRBI XTAL2] 18 2 A P2.2 iA10)
TALY O} 19 220 P2.1 (A9
PisOt 33 [OPO.4 {ADY) xcmc;\n 21 gw.nluj
P1602 2 (P06 {ADs)
pi7d3 31 [1P0.6 (AD6)
RST4 30 (P07 (A07) PLCG
{RXD) P30 05 29 QERNPP
ncds 28 Qe ot I
o Pa1g7 77 DALEIPROR 5358
{INTO) P32 8 26 QPSEN «mMN-o oS -—ao
(AT P339 25 (P27 {Al5) caaacsPREEER
(T0) P340 10 24 [1P2.6 {Al) ooonoonhonon
(TyPasg 11 Py SLPERINE) »od o * Fi~R.80e0 faos)
apaverae Pregs 38 [AP05 (ADS)
CUOOOoOO P79 31 (1P0.8 (ADS)
CRRhl=. R RsTH 10 36 1P0.7 (ADT)
g.i & 5 &8 3 {RXD) 2.0 11 35 OEXVPP
EE 22 ne g1z 3afnc
S (TXD) P2.1 0] 12 33 (ALEPROS
(NTO) P22 14 32 APSEN
(W77 P2.30] 15 QP27 a1S)
o) P24 16 30FIP25 (A14)
5 !
MNPy 0 o oy g s g PP2S A1
L [ 5 6 6 )
G- N—OQO=-~®=
cexgz ogdss
P —

B
=
m
=

AT89C51

Not Recommended
for New Designs.
Use AT89S51.

Rev. 0265G-02:00



67

AMEL

Block Diagram

P00 - PO.T P20 - P27

PORT 2 DRIVERS

PORT 0 DRIVERS

;
'
'
i
|
y T 7 T :
i
1
:
! ;
i RAM ADDR. PORT 0 PORT 2 ;
' REGISTER B RAM LATCH LATCH ELASH !
' 1
| A |
3 3
f 4 K ;
4 '
! H
i Y i
' T PROGRAR :
: T Acc oA ADDRESS :
i REGISTER R REGISTE i
4 '
: ;
! !
5 i
1 ¢ BUFFER !
: P2 TP :
! 1
! ]
' 1
' [
¥ i
: ;
i Pe !
H ALU INCREMENTER i
: H
i :
i INTERRUPT, SERIAL PORT, !
: AND TIMER BLOCKS :
i 1
! PROGRAKI U
s Py COUNTER !
: |
} i
: :
'
\LEPROG 4 Thhe INSTRUGTION L DPTR >
ER i Vi —1—P] CONTROL G TR :
!

RST ——f ;
i 4 |
! i
1 PORT 1 PORT 3 )
' LATCH LATCH :
' 1
' 1
! 1
t 1
' 1
; |
|
: 050 r :
' PORT. 1 DRIVERS PORT 3 DRIVERS '
! / §
4 1

P10 - P17 P30 -PRT
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s T A T89C 51

The AT89CS1 provides the following standard features: 4K
bytes of Flash. 128 bytes of RAM, 32 I/O lines, two 16-bit
timericounters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vCcC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional 1/Q port. As an
output port, each pin can sink eight TTLinputs. When 1s
are written to port O pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Port 0 also receives the code hytes during Flash program-
ming. and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional /O port with internal pullups.
The Port 2 output buffers can sinkfsource four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (I,.) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI). Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional IO port with internal pullups
The Port 3 output buffers can sink/source four TTL inputs
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (1) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89CS51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P31 TXD {serial output port)

P3.2 TNTO (external interrupt 0)

P3.3 TNTT {external interrupt 1)

P34 TO {timer O extarnal input)

P35 T1 itimer 1 external input)

P35 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST
Resst input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin'is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however. that one ALE

ATMEL
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to Ve for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming. for parts that require
12-volt Vpp.

XTALA

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Qutput from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event. but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
—}l——I—— XTAL2
A |
*—} XTAL1
GND

Note: C1,C2 =30pF £10pF for Crystals

=40 pF + 10 pF for Ceramic Resonators

Status of External Pins During ldle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

AT 8905 e T
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Figure 2. Extarnal Clock Drive Configuration

NG ————— XTAL2

EXTERNAL
OSCILLATOR XTALY
SHGNAL
GND

Power-down Mode

In the power-down mode. the oscillator is stopped, and tha
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RARM. The reset should not be activated before V..
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (L) or can be programmed (P3 to obtain the
additional features lis in the table below,

VWhen lock bit 1is programmed. the logic leval at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value. and holds that value until reset is activated. It is nec-
essary that the latched valug of EA be in agresment with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 u u U No program lock features

2 P u u MOV instructions exacutad from external program meimaory are disabled from
fetchina code bytes from internal memory. EA is samplad and latched on reset,
and further programming of the Flash is disabled

3 u Same as mode 2, also varify is disabled

4 P P Same as mode 3. also external exscution is disabled

ATMEL
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||
FAIRGCHILD

SEMIOONDLIOTOR®

1N4001

Features
* Low forward voltags drop.

*+ High surge current capability.

General Purpose Rectifiers

Abscolute Maximum Ratings*

- 1N4007

DO-41

ANE DERYOTES CATHIDE

Ty # 2 Counkezz oz noted

Symbol Parameter Value Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
W s Peak Repetitive Reverse Voltage 50 100 | 200 | 400 B00- [ &0 |1000 v
5 Average Reotified Forward Currant, iD A
375 " Isad length @ T = 76°C )
lezza Non-repetitive Peak Forward Surge
Current 20 A
8.3 ms Single Half-Sine-Wave
T Storage Temperaturs Rangs S5 o +178 §c
T Op=rating Junction Temperaturs 5510 +17E §c
" hase ralings ara imiing vikies abere which the serdesadiity ol any semicoradudor devce mey b imgssind,
Thermal Characteristics
Symbol Parameter Value Units
Py Pawiar Dissipalion 30 W
R Thermal Resistanze, Junclion to Ambient 50 “CIW
Electrical Characteristics 1, =culonersianied
Symbaol Parameter Device Units
4001 | 4002 | 4003 | 4004 [ 4005 J4o0s | 4007
W Forward Voltage @ 1.0 A 1.1 W
I Maximumn Full Load Reverse Current, Full a0 us,
Cycle T, = 75°C
[ Reverse Current (@ rated Vi, Ty= 25°C 5.0 uh
T, = 100°C 00 A
Cy Total Capacitance 15 PF
V=40, f=1.0 MHz
2003 Farehig Somioanduad Gorpoe nson IRSIDT- R Haw o

LOOVNL-LOO¥NL
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DISCRETE SEMICONDUCTORS

DATA SHEET

BC556; BC557; BC558
PNP general purpose transistors

Product specification 1097 Mar 27
Supersedes data of September 1994
Filz under Discrete Semiconductors, SC 04

Mhilip=

PHILIPS




Philips Samiconductors Product spacification

e e e e e P e ey
PNP general purpose transistors BC556; BC557; BC558

FEATURES PIMMING
o Low current {max. 100 ma) PIN DESCRIPTION
v Low vollage {max. 653, i emilter
2 bass
APPLICATICNS 3 collzclor
« General purpose switching and amplificatian,
DESCRIPTICN u 3
PHP fransistor in a TO-02; S0TH4 plastic packags, 3 —‘,)
NPH complemznts: BCE46, BCE4T and BC 548, 'gf?‘%' 5 S Tk
l

USRS

Figl  Simplifisd oulline /TO-02; S5T54)
and symbol.

QUICK REFERENCE DATA,

SYMBOL PARAMETER COMDITIONS WM. AN, LNIT
Veon collzcbar-base woltags open emithsr
BCHEE - -8 W
BCS57 - 50
BCH58 2 30 W
Soen colleclor-smitbzr voltags open base
BCE5S - -5 W
BCE5T =45 W
BCHES - =30 W
low peak collaclar currznt - -200 s
Fice lotal poreer dissipation Tamb = 25 °C - B0 vy
hre DC current gain Ip= =2 mA; Vop=s BV
BCSES 125 475
BCEET, BCHAS 125 800
fr fransilion frequency oo=-10 mh; Vop = 53, 1 =100 MHz 100 - hHz
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Philips Semiconductors Precuct specification
PNP general purpose transistors BC556; BC557, BCS58

LIMITING VALUES
In aceordance with the Absolute Maxirmum Rating Systzm {IEC 134),

SYMBOL FARAMETER CONDITICNS TN, MAX. LINIT
Voao colkclor-bass voltags open emithsr

BCHES Ty W

BCOET R b £ Y

BCHES 30 W
Voen ecolclor-emitler voltage open bass

BCHES . ~E5 W

BCH5T = a5 Y

BCGHAS - a0 y
Vero emilter-base vollags open colleator . 5
Iz colleetoreurrant (DC) - ~100 i,
Iag peak collsclor currnt = 200 mi,
I peak base currant = “00 mé
Piet lotal power digsipalion Tamt 22555 - G0 i
Taig storage lemperaturs 55 +150 PC
T; junction lemperaturs - 180 i
Tort operaling armbisnt lempsraturs il +150 e

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS WALLE UHIT
Rit = thermal rasistancs from junction > ambisnt | nots 1 250 KA
izt

1. Transiglor mountsd on an FRY printed-circuil boa rd.
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Philips Ssmiconduclors Product specification
PNP general purpose transistors BC556; BLS5T7: BCA5S
CHARACTERISTICS
Ti =25 "C unless othervise specifizd.
SYMBOL PARAMETER COMNDITIONS KIN. | TYP. | MAX. | UNIT
[of=a] colleclor cut-off currant g =0 Vg = -20W -1 -1& |nA
lp=0; Vg = -20W, T, =180 °C - -4 |pA
leae emiltsr cut-off currant lg=0; Vg =~V - ~100 |n&
hee OC current gain g =-2md; Vrp =-5\;
BCERR see Figs 2,3 and 4 126 |- 475
BCH57, BCBAS 125 = 200
BCHEGA; BCELTA, BCOEAA 1286 |- 250
BCHEGE; BCEETR, BCEGRE 220 |- 475
BCHETC; BCHAEC 420 |- 200
Vo colkclor-smitier saturation voltage | I = <10 mé; Iy =-0.5 mA - ~50 | =300 (mV
e = =100 mA; Iy = =5 m& - -180° | -860 [mY
Vorea bass-emittzr salumtionvollage |1z =10 mA; g = -0.5 mA; nots 1 - =160 [~ my
Iz = ~100'mA; la = -5 mi; note 1 - =230 |~ my
Vor bass-amitter vollags Iz = =2 mi; Vop = =5 note 2 ~600 | <660 {-750 |mV
lp = =10 mé&; Vop =-5V; nots 2 - ~220 | mV
C. colleclor capacilance g =i =0 Vo ==10Vf= 1 MHz - d pF
Ca emilter capacitance Ig=ic=0; Ven=-0EV,f=1MHz |- L pF
fr Iransilion frequancy lc=-10ma&; Ve =-8%, £=100 MHz [100 | - - lHz
F noisa figurs lg = -200pd; Ve ==5V Ry =2 k2 |- 2 10 |dB
f=1kHz; B =200 Hz

Notes
1. Vppy decreases by aboul ~1.7 mi K with incraasing temperaturs,

2. Wor decreasss by about -2 mW/K with increasing termperalurs,
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“mmu Ordar this document
SEMICONDUCTOR TECHNICAL DATA by MOC3081/0

ang 0000 MOC3081

[IFT =15 mA Max]

ClubalOptoisalatoc™

6-Pin DIP Zero-Cross MOC3082
Optolsolators Triac Driver Output MOC3083*

[IFT = 5 mA Max]

(800 Volts Peak)

The MOC3081, MOC3082 and MOC3083 devices consist of gallium arsenide
infrared emitting diodes optically coupled to monolithic silicon detectors
performing the function of Zero Voltage Crossing bilateral triac drivers.

They are designad for use with a triac in the interface of logic systems to
equipment powerad from 240 Vac lines, such as solid—state ralays, industrial
controls, motors, solenoids and consumer appliances, etc.

+ Simplifies Logic Control of 240 Vac Power

*Motorola Preferred Device

STYLE & PLASTIC

6

¢ ZeroVoltage Crossing 1
o dvidt of 1500 Vips Typical, 600 Vips Guaranteed STANDARD THRU HOLE
e To order devices that are tested and marked per VDE 0884 requirements, the CASE 720A—04

suffix "V must be included at end of part number. VDE 0884 is a test option.
Recommended for 240 Vac(rms) Applications:

o SolencidValve Controls ¢ Ternperature Controls courL e NcHEMATIC
o Lighting Controls « E.IM. Contactors o
o Static Power Switches * AC Motor Starters ! 5
e AC Motor Drives e Solid State Relays
MAXIMUM RATINGS 2 \} s
I Rating I Symbol I Value 1 Unit | o r
30| crosss 4
INPUT LED CIRCAT
Reverse Vdtage VR B Velts
Forward Cumrent — Gentinuous IF 60 mA 1. ANCDE
S D 2. CATHODE
Total Power Dissipation @ Ta = 25°C Pp 120 mw 3. NG
Negligible Powerin Output Driver 4. MAIN TERMINAL
Derate above 25°C 141 mwers 5. SUBSTRATE
QUTPUT DRIVER DO NOT CONMECT
; ERMINAL
Off-State Output Terminal Voltage VDRM 200 Volts ]
Peak Repetitive Surge Current Irsm 1 A
(PW =100 ps, 120 pps)
Total Power Dissipation @ T =25°C Pp 150 mW
Derate above 25°C 1.76 mwrs
TOTAL DEVICE
Isclation Surgs Volmgem Viso 7500 ‘Vacipk)
(Peak ac Voltage, 60 Hz, 1 Seccnd Duration)
Total Power Dissipation (@ Ta = 25°C Pp 250 mw
Derate above 25°C 2.94 mwWrec
Junction Tempsrature Range Ty —40 to+100 °c
Amtient Operating Temperaturs Rangs(2) Ta -40 to +85 °C
Storage Temparature Rangel2) Tetg | —40to+150 °C
Soldering Temparatura (10 s} TL 260 °c

1. Isclation surge voltage, V|gg. is an intemal device dielectric breakdown rating.

For this test, Pins 1 and 2 are comman, and Pins 4, 5 and & are common.
2. Rafer to Quality and Reliability Section in Opto Data Book for informaticn on test conditions.
Preferrec devices are Molorcla reccrmmended choices for future use and best overall vaue,
GlobalOptoisolator is a tradamark of Motorola, Inc.

REV 1

@ MOTOROLA

& Molorda, Inc. 199



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless olherwiss noted)

77

I Characteristic I Symbol Min l Typ Iax I Unit J
INPUT LED
Rewerse Leakage Current (VR = 6 Y) IR — 0.08 100 LA
Forward Voltage (g = 20 mA) VE — 13 1.5 Volls
QOUTPUT DETECTOR {IF = 10)
L eakage with LED Off, Either Dirzction (VpR )y = 800 ViTh IDRM1 — 80 500 nA,
Critical Rate of Riss of Of-Slale Vollagel 3! dusdt G600 1500 — Vius
COUFLED
LED Trigger Current, Current Required to Lateh Oulput IFT A
iMain Terminal Voltage = 2 W!€)) MADIZ3081 — — 15
MOC3082 — — 10
MMOC3082 2L — 5
Paak On-5tats Vollage, Either Dirsction VT — 148 2 Volts
{ITht = 100 mA, IF = Ratad IFT)
Helding Current, Either Directicn Iq — 280 — LA
Inhikit Yoltage (MT1-MT2 Voltage above which devies will not VINH — & 20 Volls
trigger)
{IF = Rated IFT)
L=akage in Inhikitzd Stale IDRMZ — 300 500 LA,
{IF = Rated IFT. VDRM = 800V, Off Slate)

1. Testvoltags musl b2 applisdwithin dvidl rating.

2. All devizes are gusrantzed Lo triggar at an |F valus l2ss than or equal to mas IFT. Therefors, recommended operating IE lizs batwesn max
IET (15 mA for MOC3081, 10 mA for MOC 3082, & mA for MOC2082) and absolule max IF (50 mA).

w

. This is static dw/dl. Se= Figurs T foe test circuit. Commutating dvidt is a funclion of the bad-driving thyristar(s) only.

TYPICAL CHARACTERISTICS

TR el ), ]
#8900 —— CUTPUT PULSE YDTH -80us 7

+O00
+00
+200
0

=200 /
A0

50 /

200

I14. ON-STATE CURRENT im&!

o

4 2 2 IR/ G TV R ¢
Y CH-STATE VELTAGE vOLTS)

Figure 1. On-State Characteristics

Yy MCRMALIZED

1.5
% LY

i NQ?;V-_LEEE» T
A

113 i

40 =20 ] 20 40 a0 o) Uiy
Ty, AKBIENT TERIFERATURE °C

Figura 2. Inhibit Violtage versus Temperature

Motorola Optoslectronics Device Data
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(\A_A/) MOTOROLA

ONE-OF-TEN DECODER

The LSTTL/MSI SME4/74L 542 is a Multipurpose Decoder designad 1oac-
cept four BCD inputs and provide t2n mutually sxclusive cutputs. The LE42
is fabricated with the Schottky barrier dicds prozess for high speed and is
completely compatible with all Motorola TTL families.

o hullifundtion Capakility

» hutually Exclusive Qulputs

» Demultiplexing Capability

¢ Input Clamp Diodes Limit High Speed Termination Effecis

CONHECTION DHAGRAR DIP (TORP WIEW)
Vg M M M A 5 8 T
1

[ [l (] G ] F A

ARV RS

B GHD

Bpalajoiytyat

LA DIHG (N o)

PIM MAKES

HIzsH Ly
gy -0 Ailess rpuls &L D25 1L
2o o CAllpils, At LOWY (Mole ) 10 UL FIFSINING

MY
) 6 ol LOA
T 3 UL frebdaaane Dy and UL Tor ket

LOEIC DIAGRAI
4 & iy Ay

1) @ ®

Wy T
Lﬁ_ﬁ]})o Jolfta;%g@?f;‘fo%g%

o [}
Ve = PINTE

GHD =PR B

(O = AN HUMEERS

SN54/74L.542

OMNE-CF-TEN DECZDER
LW POWER SCHOTTRY

" M SUFFIX
4 PLASTIC
=3 CABE AR08
1

DRODERIMNG INFORMATE:M
SN LSRR caramic

SHEALZXXN  Plashe
SN S0l

LCHGIT SYRIBO2L

T

FAST ARD LS TTL DATA
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SN54/741L.542

FUNCTIONAL DESCRIPTICON

The LS42 deooder accepls four adive HIGH BCD inpuls
and provides ten mulually exdusive aclive LDW cutpuls, as
shzran by legic symbol or diagram. The active LOW outpuls
facilitate addrassing other IS1 units with LOW input 2nakles.

The logic design of the LS42 ensures that all outpuls
arz HIGH whan binary codes greater than nine ars applisd

1o the inpuls.

The mast significant inpul &3 produces a usefulinhikil func-
tionwhen the L242is used as a one-of -zight deooder. The A3
input can also be used as the Data input in an S-oulput
demulliplexer applicaticn.

TRUTH TAELE

Ay Ay Ay A0 Zead d 5 6 T 8 9
L oL b L fLHHHHHHHHH
H g L™ H L H H H H Pl Py

HoL LfHHL HHHHHHMH
g L ININNA\H L/ H H O HOR
C L oW w a\H\K| WA/ A B HoH
T v T LR & 0 el e S I B
bt ASLORHSMNH AR~ H L
H o H HobfH W H M HHH L HH
o H H B HOH H HOHH
HOoLool CHEIH B H H H HH HH L
L H L HIH HHHHHHHHH
B W L H I B HOH H HOH H HeH
oL Al W ) e S e H A
AL R HH B Ry H
LB H HIH HH HOH R H HHH
H H H- H|HH HHHWHHBHHH

H = GH Ybsge Le vt
Lo LW elinge Laved

GUARAHTEED DPERATING RANGES

Symbol Parame g1 Kiin Tep Kl uni
SUppy Vollags A 15 a0 55

b | 475 i

Tp, Operaling Amtien! Tempsalues Range i <55 25 128 i
7 0 25 70

kg Ctpu Curenl - Hgh &1, 74 ~d ma

Iy, Coilpid CurmEnl - Lo 5 40 mé.
v i)

FAST AMD LS TTL DATA
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SN54/74L.542

DC CHARACTERISTICS COVER OPERATING TEMPERATURE RAMGE junless ciharwtss specilid)

Limiis
Symbl Paraimne e Kin Y[ Klax Lt Tes) Sandiions
CGamraniead Inpal HICSH Yallags: ror
ViH Inpul HIGH ‘ollags: 2.0 W o mw': Input HICH Vollag:
54 o7 Cuaraniead Inpul Loy vollage ke
v Input LOW volsa W i 5 Wil e
L. P oe = o Al Inpuls
VIK Inpul Clamp Do Yollage -1.5 W Von = BMIN, Iy = -18 ma
. ) . bl 25 v Ve = MIN, o = MAX, Wy = V)
Vo Diuipul HIGH Yolags - i b 'nui'h”rankn 1= ¥IH
74 7 IL EE
B, 74 0.4 W Iy =a0ma | v s WIN,
Vil Ol L O Soltags eI R
| D35 0.5 W liog, = B mh e Trulh Tablke
0 wés = WAX, Wy = 2T
I Inpul HISH Curment
0 ma, Won = MAK, Wiy = 70
] Inpal LEV Curenl -0 mé, Voo = MAK Yy = DAY
g Shiaet Cieuil | (Nole 1) 20 ~100 mé
Iy Powed SUpEly Cumenl 14 s, = KK
matke 1 Mot maors than an catpulehnakl beshotod statime qor fer mons than 1 seond
AC CHARACTERISTICS [Ty = 2500
Limils
aymbel Parameler K Typ [ax Uil Test Coneillions
pLi Alon Delay 15 i I Figuia 2
LpHL Is) 16 4]
IpiH Prepegaion Deday 0 ) s Figura 1
LpHL (3 Lesnk) 20 Nl

Figure 1

ACWEJEFDRMS

Figure 2

FAST AND LS TTL DATA
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K’I BTA/BTB16 and T16 Series

SNUBBERLESS™ | LOGIC LEVEL & STANDARD

16A TRIACs

MAIN FEATURES:

Symbol Value Unit
ITiRMS) 15 A
Vorw VRRIA BO0, 700 and 200 W

16T 2y 10t 80 mA

DESCRIPTION

Available ither in through-hole or surface-mount
packag the ETABTERAE and T1E triac series i
suitable for me AD switching, They
aan e FFfunztion inapplications
such h=ating regulation, induction
rmotor st circuita.. or for phase control
opsration in o light  dimmers - motor - speed
controllzrs, L.
The anulble

serisa) are sp

arsions (BTABTE.. Wand T14
cially recomimencdsd for use on
inductive loads, thanks to their high commutation
peformancas. By using aninternal ceramic pad,
the BTA serizs provides voltage insulatesd tal
irated at 20000 R complying with - UL
standarids iFile ref E217 340,

ABSOLUTE MAXIMUM RATINGS

TO-220AB
(BTE16}

x]

TO-220AB Insulated
BTA16)

Symbel Parameter Value Unit
ITiRMs) RIS onstale current D Pl 3 ) A
il sine wirve) L To= 1000 :
TO220AB 15
TO-2204B Ins. Ta="58"G
ITs1d Mon repetitive surge peak on-state F =60 Hz L= 187 me (&) A
current (ull cycle, Tjinitial = 25°C) E= &0 Hz =20 e T
! Izt Walue for fusing Ip = S 144 A's

Crtical rate of rise of on-state current

clléely Ig =2xlg7 . tr< 100 ns

F =120 Hz

Tj=125°C

50 Alus

Mon repatitive surge peak off-state

YDRMYRRM

YDSMYRSM | aliage tp= 10 ms Tj=25°C g
IGM Paak gate cument tp =20 ps Tj=1250C 4 A
Paiayy  |Average gate power dissipation Tj=125C 1 T
Tsig Storage jLu)»:li»:uj temperature range - 4.5, o+ 150 s

Tj Operating junction lemparature range -40 o + 125 i

October 2002 - Ed: 5A




BTA/BTB16 and T16 Series
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ELECTRICAL CHARACTERISTICS (Tj=25°C, unless

a SNUBBERLESS™ and LOGIC LEVEL {3 Quadrants)

otharwise

meifizcl

Symbol Test Conditions Quadrant T16 BTABTB16 it
T1€35 | 8w CwW BW
'GT & Vp=12V R =330 F-10-11 ] KAX, 35 10 35 a0 M
YGT T 1= | AKX, 1.3 Y
Yoo Yp=Yppy RL=33kQ Tj=125"CL 1-11-10 AN 0.2 W
Iyt It = 200 m& hIAX . 35 15 35 a0 mé
IL lg = 1.2 lg1 -1 FAX, a0 25 50 70 M
I [E4] 20 a0 80
it iy Wp= 67 % VpRr gate open Tj=125°C TAIM. 500 40 500 1000 WS
pedlidtye 2y Jvidte = 0.1 Vips Tp=125"1C - 5.5 - - Ams
feidbe = 10 Vips Ti=125°C TR, - .0 - -
Without snubber Tr= 12676 2.5 - £.5 14
s STANDARD {4 Quadrants)
Symbol Test Conditions Quaclrant BETA/BTE16 Unit
c B
1 s & 18
IgT i1} w/e T - IIL; 1] A %f. 17;::::» I
YT ALL TdAX. 18 Y
Yao Yo = Vppy Rp= 22k Tj=125C ALL Il 0.2
I (2 Iy = 500 ma AKX, 25 a0 mé
I lg = 1207 L= -1 B1AX. 4 0 Imé
Il 250 120
dvidti2y |Vp = BT % Vppy Qateopen Tj=125C Tl 200 400 Yips
b idtc 2y |idlidty e = T Adims Tj=125"C AN, 5 10 Wis
STATIC CHARACTERISTICS
Symbol Test Conditions Value Unit
WV (20 |l =225°A  Clp=280ps T8 1 TAEX. 155
Wi 12 Threshold valtage W =N Jl X 0.55
Ry i Dyvnamic resistancs Tj=125.C IRV 25 el
IDRK YDRM = YRRI Tj=eyc e 5 HA
IRRM Tj=125"C 2 ma

Mote 12 mimminm 15T 1S guaraniest 8t 5% of K5T mas

Made 2 lor bolh

polanies of AZ refarencsd 1o A1
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Ciefer Lhls document by BT aniD

@ AMOT OO A

Three-Terminal Negative
Voltage Regulators

The MCT200 series of fixed cutput negalive woltage ragulators ars
intended as complements 1o the popular MCTYX0 series deviess. Thess
nagative regulators are availablz in the same seven—voltage citions as the
PACT300 devices. In addition, one exira voltage oplion commanly employed
in MECL syslems is also available in the nagative MCT200 series.

Availablz in fixed cutpul wollage options from =5.0 W 1o - 24 W, thess
regulators  employ current lirriting,  thermal shutderamn,  and  safe—arsa
compensaticn — making hem remarkably ruggsd under most operaling
condilicns. 'With adsquale healsinking they can deliver oulput currents in
exezss of 1L.OA,

* No External Components Required

Internal Thermal Owarlcad Proteclicn
Internal Shoet Circuit Current Limiting
Culput Trarsistor Safe—Area Compensation

* & & &

Avcailable in 2% Voltage Tderanze (Se= Ondering Informalion)

Reprasentative Schematic Diagram

Ard
Lokl mqd
Faf
0
Wk
L
iE
105F
i .
o
el g £ kL)
f L1k ’ i
This deare conlAns 26 sole anskion. /
ORDERING IHFCORMATION
Dt oltag e eraling
Devic e Tolerance: Temperatuie Range Packane
[ Dy et g | 2%
Surfaes Mounl
ICTFEK ST

Ty=0 lo426C
TACTEC AT

Ireantnn kourt
MOFXCT 4%
MCTRCRDET Surlas: Mownl

4% Ty = =AD" lo $126°C

TS BT Inait i dourn

XX Indeales nominal wllsge

MC7900
Seriles

THREE-TERMINAL
NEGATIVE FIXED
VOLTAGE REGULATORS

2T SUFFX
PLAETIC PALE,
A

(DAPAR

Hedsn

Ared e culpul volagas, The npul sl
reman Pypesally 2.0 W ako
ALFING 1P Fgh peand oo The NEU nppe:

X3 These to diis of ihe

inpat

ke 1
043 uF

Iretkate rominal vl
* i 18 el requialon i lozalad an
Prectabk dslanoe rorm poessd SUppy N
Gy IMpEeve skakilly ard iransknl msponsa.

n

DEVICE TYPE/NOIMINAL QUTPUT VIOLTAGE

T2 12
M T915 15
(XD 28
FAZFO0E WM TR 24

Kotorola, tre 10
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MC7900

WMICTA0SAC
ELECTRICAL CHARACTERISTICS (W) = 10 W Ipy = SO0 mA, 070 « Ty = o125 3, unkEss olharatse noted. )

Characlenshes Symbol LN T¥p Iax
Culpul Vollaga [Ty = +25°C)h Ve -4 -50 ~51
Line Resguiahon iHods 1) Redine
8000 = W12 WA b = 10 A, T = 2800 2.0
810 O = 1.0 A - VD

=12 Ve

S EAL o 25 0 MmA ]
~F.0W02 = V) o220 Vi G.0
Lot Requision {Rade 1) Fedad 11
slos Ty= 4250 . " 100
250 maA, . £ E)
50 mA: 9.0 100

Culpul ollage Vo P

~TAVER V) -2V, S0mMAL D <1.0A P18 W ~ 4 20 - 520
INpUl Pas Cumenl [IT=3 = 4.4 &0 e,
INpUl Bdas Cament Cranges Alp e,

O V) e - 25 VR - . 1.3
S0 ma 3% 1.0 e 0
EOMAL IS LEA Ty= 250G . . 0E

CUlpUl Motse Wl Ty = 26 5,10 Hz < 1< 100 kHr) [ oD 2 e

RIpple Regechon (1o = ma, T =120 Hz) RR - i i

Dropau Viollage Wi Ko ]
=1.DA. Ty= Y 2.0
fooera)e Tamparature Soelicent of Sulpul vokag: EALSTAY mdFC
508 0°CETys VI2E°C - ~1.0 &

MCTa05.2C
ELECTRICAL CHARAZTERISTICS i = ~10 Wil = SO0 mA, 00« T+ o 12570, unkess olharsisa noled. )

Characlensios Sembal 1N T Iax Ll
Calpul Vallaga (T = + 280 Wi -5 w52 B
Line Resgutaiion Mol 1) Reine
AN} 53, I = 10D ma)
~F2 00k ) 2 26 W % =7
[ ) 2 e oF
25 C I = ]
20V e - 26 Wide - 37 105
~8.0 Ve 2 W) 2 12 e - 8.5 a2
FEQkad iy
s 105
S TED A - e 7]
CUlpUl Vellage Wiy o
~F.2 =V - 20 WD B0 MASD = 1.0 ARG W -4 9% 4 AL
Inpul Blas Curmenl (1) = «28 Ch Iz X 4% 810 1128
Inpul Pias Curenl Charge Alip e,
w25 Ve = 1.3
1.54 % 05
QUIpUl Natse ollsge (Ta = 22670 10 He 9 12 100 kHr) W “ n
RIpple Regechon {1y = 20k, 1= 120 He) RR = di2
Diopou Yollage R ) Ve
I = 104, Ty= 425°C = 20 &
feeera]e Tamperalue Coeihdent of Calpul Volags Al Al e

Dm0 Cs Ty o120 O -1.0 -

HOTE: 1. Loadt s kna maguishion are spectied o constant unction emparatiurs. Ohangis in W Sue 1o basting wreads must ¢
Prbsa sty with low ey opda s used

ML UALT SGONntay

MOTOROLA ANALOG 12 DEVICE DATA
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MC7900
MC7912C
ELECTRICAL CHARACTERISTICS (V] =-19 W, I = B0 mA, 0°C < Ty < +125°C, unkss olheratse noled.)
Characlerislics Symbaol KN Ty¥p Max unit
Culput dltaga (T = +25°C) Vo ~11.5 -1z -12.5 Vdo
Line Regulaticn (Nots 1) Redine e
[Ty =+26°C, Iy = 100 mA)
~14.6%de = V)= ~30 Vde - 12 120
~16 WoC = W) =~ 22 Vde - G.0 @
Ty =+25°C, I = BA0mA)
~14.6Vde = V2 -30 Vdo - &6 20
~16 ‘do Wy = - 22 Ve - 24 120
Load Requialion, Ty = +25°C (MNole 1) ReEgad L
B0mMA<In<1.6A - 46 0
250 MA < Ly < TED mA - iv 120
Culput vataga Wiy Vo
1A VIC V) 2 -2T%Wde, S0 mMA < I = 10 &, P15 W -11.4 = ~12.5
Inpul Blas Current (T = +25°C) e - 4.4 a0 me
Inpul Blas Cument Change Alip A,
=14.5 Wc =) = ~-30Wlc - - 10
EOMALIGE 184 N = 0E
Culpul Molse \ollage ( Ty = +26°C, 10 Hz = [ < 100 kHz) s - 75 - '
Ripple Rejection (I = 20MméA, 1= 120 Hz) RR 61 de
Dropou vollage VYo Ve
=104, T)=+25°G = 2.0 -
fverage Temparalure Coellident of Culpul Yotags AW AT mEG
Ig =50\, FC LT = +125°C = ~1.0 -
MCT91240C
ELECTRICAL CHARACTERISTICS (V| =19 V. Iy = B0 mA, 0°C « T « +1235°C, unkess alharaiss noted.)
Characterislics Syrmbal fn Typ Max unin
Culpul Vdltage (T = +26°C) Vo -N75 | w12 ezl vae
Lins Requialicn (Note 1) Redine [l
=16 = V& ~225%0C I = 1.0A, Ty = +26°C @ G.0 ]
=16 = W2 -22 'do; X - 24 120
=14.8 W 2 V) & - 30 - 24 120
=145 Ve a W e 2T 1 = 104, T = 25°C - 13 120
Load Reguldion (Note 1) Rediad i
BO0MAZIn< 1.8A, Ty = 425C - 46 150
250mMA % Iy < TED mA - 17 TE
BOmMALSIn= 1.0A — 36 160
Qulpul Voltage Vi Wi
~14.8Wdc eV e =27 e, B0 mA < In< 104, P< 15 W ~11.5 - ~12.6
Inpul Blas Cument g N 4.4 &80 s
Inpul Blas Curent Change Alp I,
=16dC 2 Ve ~300de - - 04
BOMAL I 1.04 - - 06
EOmMAL IS 1.6A, Ty= 25°C - [XR:3
Culput Nodse \ollage | Ty = +286°C, 10 HE <15 100 kHE) Wiy - fi= - w
Ripple Rejeclion (lny = 20mA, 1= 120 Hz) RR - 61 - A
Dropout vollage VN vz
In =104, Ty=+25°C - 2.0 -
fMvarage Temparalure Coellident of Culpul Volags AN AT mysc
Ig=504,0°CsTys +125C - -1.0 -

HOTE: 1. Lead ard Ina raguiaion are specfied & constant junction temparature. Changes in Win cue to haxting sffacts must ba bakan Ik sccoant scpanataly
Fulsa kesting with lowdity oyda i usad

MOTORDLA ANALOG IC DEVICE DATA
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MC7200
APFLICATIONS INFORMATION

Design Considerations

The MCT00 Serizs of fixed woltage regulators are
dzsigned with Tharmal overload Protection that shuts down
the circuit when subjsctad b an excsssive power overload
condilicn. Internal Short Circuit Prot=ction that limits the
mazimum current the circuit will pass, and Outpul Transistor
Safe-Area Compensalion that reducss the oulput short
circuit current as the voltage across the pass fransistor is
increasad.

In many low current applications, eompensalion
capacitors arz nct required. Howsver, itis recommendzd that
the regulator inpul be bypassed with a capadtor if ths
regulatoris connzzbzd 1o the power supply filler with long wirs
lengths, or if the outpul lcad capacilance is large. An input
bypass capacitor should be selsated o provide good
high—frequency characteristics o insurs stable operation
under all lcad conditions . & 0.23 nF or larger lantalum, myar,
of other capanitor having low intermal impedance at high
frequencies shoukd be chosen. The capasilor choszn shaould
have an equivalznt series resistancs of less than 0.7 1L The
bypass capacitor should be mounted with the shorest
possible leads direcily across the regulators inputterrinals.
Normally gooad construction lechniquss should be used o
minimize ground loops and lead resistanze drops since the
regulator has no extemal sens= l=ad. Bypassing the outpul is
also recommended.

Figure & Current Boost Regulator
(=500 DA wilh 50 A Cumenl Limiing)

=10 i} 4 SR
il —e—v itel]
[ N, ﬂ),.,.‘ "
—
I
of Equiy,
L O MO9S
—r—n
3] N .
E— e 1 TE 1opk
Gt e : -

used shoetcout cursns an
i, Wtich e measires

42l tothesumat e
101 5A spechely

Figure 7. Zurrent Regulator
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Figure 9. D peraticon
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ARfirEs Fatel b0 ,Jf P
eieay 1

Supply

+
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MZT915
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General Description

The LM139 series consists of four independent precision
voltage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were
designed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unigque
characteristic in that the input commaon-mode voltage range
includes ground, even though operated from a single power
supply voltage.

Application areas include limit comparators, simplg analog to
digital converters; pulse, sguarewave and time delay
generators; wide range VCO; MOS  clack timers;
multivibrators and high wvoltage digital logic gates. The
LM129 series was designed to directly interface with TTL
and CMOS. When operated from both plus and minus power
supplies, they will directly interface with MOS logic— where
the low power drain of the LM339 is a distinct advantage
over standard comparators.

National Semiconductor

LM139/LM239/LM339/LM2901/LM3302
Low Power Low Offset Voltage Quad Comparators

August 2000

Features
m Wide supply voltage range

m LM139/129A Series 210 36 Vo or £1to £18 V-

m LM2901: 210 36 Ve or 110 £18 Ve

m | M3302: 210 28 Vpe or £1to £14 Vpe

m Very low supply cument drain (0.8 mA) — indepandent
of supply voltage

m Low input biasing current: 25 nA

m Low input offset current: 5 nA

m Offset voltage: 3 mv

® |nput common-mode voltage range indudes GND

m Differential input voltage range equal to the power
supply voltage

m [ow output saturation voltage: 250 mV at4 mA

m Output voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

Advantages

® High precision comparators

m Reduced Vg dift over temperature

m Eliminates nzed for dual supplies

| Allows sensing near GND

® Compatible with all forms of logic

| Power drain suitable for battery op=ration

One-Shot Multivibrator with Input Lock Out

vﬂ

-
=
AAA
v
=

100k

Wi

— Y
‘ﬂ:"’
?

104 L8

DS005T05 42

i 2001 Natiznal Semiconducter Corporation DSQ05706

waww.national.com

siojeiedwo) peny o6e}jop JeSPQ MO Jemod MO ZOSEINT/L06ZIN T/6SSINT/6EZINT/6ELINT



LM139/L M239/L M339/LM2901/LM3302

88

Absolute Maximum Ratings inet= 103

If Military/Aerospace specified devices are
Office/Distributors for availability and specifications.

Supply Voltage, V™
Differential Input Voltage (Note 8)
Input Voltage:
Input Current (V< -0.3 Vpeh
{Note 3)
Povear Dissipation (Note 1)
Moldedt DIP
Cavity DIP
Small Outline Package
Output Short-Circuit to GND,
(Note 2)
Storage Temperature Range
Lead Ternperature
{Soldering, 10 seconds)
Operating Termperature Ranges
LM339/LM339A
LM239/LM239A
L2901
LM139/LM139A
Solderng Information
Dual-In-Line Package
Soldering (10 s=conds)
Small Outline Package
Vapor Phase (B0 seconds)
Infrared (15 seconds)

required,

please contact the HNational

LM139/LM239/LM339
LM139A/LM239A/LM339A
LM2901
36 Vpe or £18 Voo
36 Ve
-D3 ¥pe 10 +36 Vg

S0 mA
1050 mW
1190 vy
760 mwW

Continucus
-85°C to +150°C

260°C
0Cto+7DC
-25Cto +65 C
-40°Cto +85 C
-55C to +125°C
260°C

215°C
220°C

Semiconductor

LM3302
28 Voo or 14 Voc
28 Ve,
~0.3Vp,e t +28 Vi

S0 mA

1050 W

Continuous
-B5°C to +150°C

260°C
c

-40°C to +85°C

260°C

215C
2200C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount

Sales

devices.
ESD rating (1.5 k& in series with 100 pF) GO0V GO0V
Electrical Characteristics
V7=5 Ve, Ta = 25°C, unless otherwise stated)
Parameter Conditions LM139A LM239A, LM339A LM139 Units
Min Typ  Max | Min  Typ Max | Min Typ Max
Input Offset Voltage (Note 9) 1.0 2.0 1:0; 20 20 2.0 myVpe
Input Bias Current litgiay 07 L=y With Output in 25 [ (300, 25 250 2. 100 | nAg,.
Linear Rang=, (Note 53, V=0V
Input Offset Current gy~ b=y Vo =0V 3.0 \g5 5.0 Y% 3.0 25 nApe
Input Comron-Mode WM+ =30 Vg, (LM3302, D Vr-uer 0 W15 9 V18 | Vpe
Voltage Range V=28 Vpo) (Note 6)
Supply Current R =% onall Comparators, 0% 24 07 #0 08 20 | mAps
Ry =, V=36V, 187 25 1.0 25 | mApe
(LM3302, V*=28 Vpe)
Voltage Gain Riz15 k€L V*=15 Vi S0 200 50 200 50 z00 Vimv
Vo= 1 Ve to 11 Ve
Large Signal Vi =TTL Logic Swing, Vrgr= 300 200 300 ns
Response Time 1.4 Vpe. VRL=5 Ve,
R =5.1 kR
Response Time VeL=5 Vpa, Ri=5.1kQ, 1.3 1.3 1.3 us
(Note 7)

weew.nsticoval. oarn
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Electrical Characteristics continued

(V=8 Ve, Ta = 25°C, unless otherwise stated)

Parameter Conditions LM139A LM239A, LM33%A LM132 Units
Min Typ Max | Min  Typ Max [ Min Typ Max
Output Sink Current Ving=1 Voo Vin=0. 8.0 186 6.0 16 60 18 MAge
VioE1.5 Voo
Saturation Voltage Ving-y=1 Ve, Vingsy =0, 250 400 250 400 250 400 | mVpo
IsinacEd MA
Output Leakage '\l'm,:,]:‘l Voo Ving _;,=0. 0.1 0.1 0.1 néc
Current V=5 Ve
Electrical Characteristics
(V'=8 Vpe, Ta = 25 C, unless othenwise stated)
Parameter Conditions LM239, LM339 LM2901 LM3302 Units
Min  Typ Max | Min Typ Max | Min Typ Max
Input Offset Voltage (Note 9) 2.0 5.0 2.0 7.0 2 20 mype
Input Bias Current gy 28 Ipgg=y with Outpuit in 2b 250 25 st 25 500 nALc
Linear Range, (Mote 5}V =0V
Input Offset Cumrent sy ==y, V=0V 5.0 50 153 50 3 100 négcs
Input Common-Mode *=20 Vpe (LM330Z, (1] V=161 -Q V=15 0 V=15 | Vpe
Voltage Range V=28 Vpe) (Note 6)
Supply Current Ry = on all Comparators, 0.8 2.0 0.8 2.0 0.8 2.0 mAq:
Ry=e», V*=36V, AN, o= A5 1.0 25 | mApc
(LM3302, V"=28 Vpe!
Voltage Gain RL215 k. V*=18 Voo 50 - 200 25 100 @ 3U Vimv
V= 1 Vo to 11 Vpe
Large Signal Vi =TTL Logic Swing, Vpge= 300 300 300 ns
Response Time 1.4 Vpe, VR =5 Voo,
R =5.1KQ,
Response Time VRL=5 Vpe, Ri=5.1 k€2, 1.3 <) {3 Hs
{Note 7)
Output Sink Current Ving==1Voe, Ving =0, 5.0 16 6.0 18 5.0 16 mApe
Vag1.5 Vo
Saturation Voltage Ving=1 Ve Vins=0. 250 400 250 - 400 250 500 | mVp.
lsisd mA
Output Leakage Vinii= 1 Voo Ving5=0. 0.1 01 0.1 NAee
Cument V=5 Vo
Electrical Characteristics
(V* = 5.0 Ve, (Note 4))
Parameter Conditions Dbl ll‘_?:%%%ﬁ LA Units
Min Typ  Max [Min Typ Max [Min Typ Max
Input Offset Voltage (Note 9) 4.0 4.0 a0 |mVpe
Input Offset Curent Wiy~ hni=p Yo=0W 100 150 100 | nég,
Input Bias Current liriey OF hpaioy with Output in 300 400 200 | nApe
Linear Range, Viep,=0V (Note 5)
Input Common-Mode V*=30 Vi (LM3302, 0 v*-20| 0 V=201 0 V*-2.0| Vpe
Voltage Range V*=28 Vi) (Note 6)
Saturation Vcitage Vini-=1 Voo, Vingsy =0, 700 700 700 |mVpg
IsiniksEd mA

wwiw, national com
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Electrical Characteristics (continueq)
(V* = 5.0 Ve, (Note 4))

LM13%A LM239A, LM139

Parameter Conditions LM339A Units
Min Typ Max |Min Typ Max |Min Typ Max
Qutput Leakage Current ViNg)=1 Ve, Vine=0. 1.0 1.0 1.0 UAnc
Vo=30 Ve, (LM3302,
Vo=28 V)
Differential Input Voltage Keep all Vy'sz0 Ve (or V-, 36 36 36 Ve

if used), {Note 8)

Electrical Characteristics
{(V* = 5.0 Vpe. (Note 4))

Parameter Conditions LM239, LM339 LM2901 LM3302 Units
Min Typ Max |Min Typ Max | Min Typ Max

Input Offset Voltage {Note 9) 9.0 g 15 40 myYpe

Input Offset Curent lingey~livgey: V=0V 160 50 200 300 nApe

Input Bias Cument lingsy ©F lin—y with Qutput in 400 200 500 1000 | nApc
Linear Range, V=0V (Note
5)

Input Common-Mede V*=30 Vpe (LM3302, V*=28 v'=20| 0 V'-2.0| 0 V=20 | V¢
Voc)

Voltage Range (Note 8)

Saturation Voltage Vin=1 Vbe, Vingwy=0, 700 400 700 700 m¥pc
lgnr=d mA

Output Leakage Current | Vinpy=1 Voo Ving=0. 1.0 1.0 1.0 HADC
V=30 Ve, (LM3302, V=28
Vie)

Differential Input Voltage | Keep all Viy's20 Yoo (or V™, 36 36 28 Voo
i used), (Note 8)

Note 1: For aperating at high temperatures, the LMI3QLMI3GA, LM2001, LM3302 must be derated based cn a 125°C maximum junction tempersture and a
thermal resistance of 95°CW wlich applies for the device soldered ina printed circuitboard, epsrating in a still s smbient The LM238 ard LM 130 mustbs darated
based on @ 150°C maximum junetion tempsraturs. The low bias diseipaticn and the *ON-OFF" charenteristic of the oltputs keepe the chip diasipation very srmall
(Pp=100 mW), provided the output transiaters are allowad to saturate.

Note 2: Short circuits from the output to V* can cause excessiva heating ard evenitual destruction, When congidering short circlits to ground, the maximum output
currert ie approxirrately 20 mA independant of the magnitude of V*.

Note 3: Thie input currert will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-tass junction of the input PNP
transistors becorring forwand biased and thersby acting e input diods darres. In addition to this diode action, there is also lateral NPN paraeitic transistor asion
ontha IC chip. This transistor action can cause the output voltages of the corparaters © go to the V* valtaga level for to ground for a large overdrive) for the tme
duration that an input is diven negative. This is ot destructive and nomnal output states will ns-establish whan the input voltags, which was negative, agan returns
to & value greater than —0.3 Ve (at 25°)C.

Note 4: These specifications are imitad to —55°CuTg=+125°C, for the LMIS/LM120A With the LM230AM230A, all tempsarature spacifications are limitsd to
—25' (T 45+85°C, the LMIIBLMB3DA temperature spacifications are limited to 0*C=Tas+70"C, and the LM2901, LM3302 temperatura rangs is —40'CaTa=+85'C.
Note 5: The direction of the nput cLrrent is out of the IC due to the PNP input etage. This current is esaentially conetart, independsnt of the state of the output so
ro lcading change exista on the referenca or input linss.

Note 8: The irput common-meda valtage or sither input signal voltage shoud not be allowed to go negative by mere than 0.3, The uppsr snd of the commmon-mode
voltage rangs is V* —1.5V at 26°C, but either or both inputs can go to +30 Yo without damags (25 for LM3202), indeperdent of the rmagnituds of Vv,

Note 7: The resporse time apecified is & 100 mV nput step with 5 mV ovendrive. For larger overdrive signals 300 ne can ba cbtsined, sse typical performancs
charecteristics section.

Note B: Positiva excursiona of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode rarge, the
corrparator will provide a proper output state. The low input voltage state rust not be less than 0.3 Vpg {er 0.3 Vpcbelow the magnituds of the negstive power
supply, if used) {at 25°C).

Note B: At cutput switch point, Vo=1.4 Vpe, Rs=00 with V* from 5 ¥pe 1 30 Vpe: ard over the full irput common-mods rangs (0 Vpe toV* =1.5 Vi), at 25°C.
For LM3302, V* from & Yp © 28 Ve

Note 10: Refer to RETS139AX for LM130A military specifizations and to RETS1238X for LM139 military specifications.

wievw. national. com 4
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