X = v - 4
15 0INDN 0 lBUNTINULTIDTNAE

OZONE GENERATOR BY SOLAR ENERGY

Tae
Wewnsy  eRfnant

¢
a a d
wgnwgns s

o

WIEUIS P9naIfag

WIETUNR udszln

a L4

™ ] ¥ [ = a a: <
YsyaniwuitdudiunilsvsamsfnuandngasiSyyiranssumaasiudia
awiminanssuiddh
as =4 Y o
aoiuma Tuladwszeoundudgunmsmansziia

Unsdinyt 2538



X a w a d
m%‘aawa ﬂiaimuwaaamummmﬂ

OZONE GENERATOR BY SOLAR ENERGY

Tae
wewndy  edfaniay
mﬂ*nmqﬂ?; sarina
B3 Sananifad

WeTadia Juilselw

..............................

’L‘ w, A TIET Ty
e
29"

aa e d =)
weLfAs Tl InBiagna

037253



a o=t

USyriinusUmsdnm 2538
Ma3 s su i

a s 9] = 3 9 v
AuLIAINIsNANaas  anduina lulagnssasundidgunmsa1ans L

d'l zi a . e =Y 4
1599 1AT0INAR 19 1FUNAINULAIBINAEY

s 9

9
AR

Lwowansy  asdfimnsad 35104048
- 2. wenuagns  Flsudna 35104155
3. WIUIS senmMIfad 35104228

4. mevugn  Yudsyln o 35104230

@.k&

aa o

@e. A3%anl  Twihwna)

PR
219715915




4 a
IR 1

wowusy RSl
WM 3 1391ina
WHUIT SannIfad
wwluda  Pualseln
an o 4 o )
MR IAn  InBnRwna 91n5dnSam

Pt =1
UmsanEl 2538

a 1

INaaye

o o 4 4::’ = & a o o a o
Ysyaninwusaiull ueasduaiowaamalo lsunnnasnuuaenad Taons
Uszgnaldmau Iflwsege msvhaouiunnimdsnunaemadundauiiundsa 1y
& o @ 7 Y daa aa 7 7 a
ihdalivunaussdunszuaase 12 Taad dnud1iees 83 4% asunesinesuazeosadali
Husagegawdaldadszum 10 Alalaed udwldudundoalasaioaiamale o
sonm laoerduilsingnisallalsun TasdSuamalelauinaaldesdseun 20 Hadasy
l [l [ ¥
dotalue Famalelvunldeusairlddszgnd ¥ ldvmome 1wy mstiniariude Tag

v a oA a4 A > 1Y
mwiz Tavewmiln 7 nau nSeauyelsaluiir Wudu



Khemarat Wongtimarat

Thanongrit Jirotkul

Bavorn  Angkhanavisal

Bandit Punprapai

Asst.Prof Siriwat Pothivechakul Advisor

1995

This thesis show the ozone generator which used solar energy that applied high
voltage theory. First ,solar energy transfer to electrical energy that had direct voltage 12 volt.
Later ,sent to DC-DC convertor and high voltage generator which generated high voltage
about 10 kilovolt. Then sent to electrode for generated ozone, which used corona phenornena.
Quantity of azone was about 20 mgO,/br. ozone can applied in many purpose,for example

waste water treatment especially heavy metal, color ,ordor and kill germs in water, etc.
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Ozone Generator by Solar Energy

YBUIVAYDIIATINY

vouwauea lIas s s usInmsAnymsauveuraduaefing (Solar cell ) &4
“lmﬂutmaawamu MshnuveneIAeunesiaes suhmiiflassduusidulvass
1217a% 910 wammamwu‘lmszﬁuusaﬁuqwuumiiw“lﬁ'ﬁuﬁauwﬁﬂWﬁmsaqa (High

d‘ a W IRy a é ° Y d’ a
voltage generator) tioNanUsIANgtou W AuLNBIan TasasimThAnaaTe loy Tasly
»

dutdeserdna lnmsiwsaainiveseimea nisswsavessenadouiasinle lsuuas doq
- wa o_ W oy =} =2 3/ Ls @ Y 3/ clyw
anufuanavedlelaulumsdniadude suwdmsaduglnsel awndnastraduiios

waaslugdd |

Light
- ELECTRODE
SN
\'\.,‘ - fan
/ £CU de-de high volt
I | converter [~ generatar F—{K ,
1 :
Soiar celi ‘ Battery Ozone Generstor  ozone

17 1 usudaaasnishauveunseawda To laundsnuumeiiag



2.1 msfuialelay
gﬂi’:’wdwuamﬁ’m%’wTaiwuuuﬁyugm usadu IfhezgntlonlisianTasaisaoda
ﬁﬁ‘1ﬂ8ﬁ1ﬂﬂ?ﬂuazaiaqmmﬂﬁ"uémﬂimﬂvfaaaqaq' mmm:gnﬂ,ﬂdm‘ﬁmmmﬁﬁyuam:
Ramsuandvesemaiieinniannunisaaun WihgaudionTasmldessianaseou
GLTT aan%muiummﬁﬂzgmﬂéuwﬂuTaTwmu*f;:uﬂauﬁaf‘I
1. Oxygen-free radicals are generated by ionic process:
O, +e—>0; +2e direct ionization (1)

—> 0" +0+2e dissociative jonization (2)

—->0+0+e dissociation 3)

-0 +0 dissociative attachment (4)

2. Ozone is generated by free radical reaction:

0+0,+M ->0,+M , M=0, or N, ®)
= ADIAINTANA !
Haag
|
| ] |
TN I e ]
T EI e S
S e Dinlactre
2. Diettias o gany 0,
i
— g,
'_’ /._‘ ’ - A /':_ Slactroge

(

[2LTS ’

l

X Rasie azanatar canfiguention” (Sorrce: H. Rasen,

“Onne Generalion wnd s Relulinnship (o the Ecnnemicnl Anplica-

tineg af (rone 1n Wasterealer Treatmant,” in F. L. Eveas HI (ed.?

(Yznne in Water and Wastreater Treeatment, Anr Arbne Scienee
Pubirzhees, Ann Arber Ml 19720

™~
~~

!

3
-

7 21 umunuaaandnninhauveanseafuiiale Tau
useau Mthiianuddylumsduiialelou ﬁﬁﬂ'wa"f'uﬁufﬁ'us:v:ﬁwizm'w(fa
v¥933ian lATALIATAINAY
vV = kpg
de v : usswuiisudiy

p : ATNAUNIYEIINO I



g : ssuzuml
Tushueavatu arvawiselumssuiials TausziudadiuTavasetunuam
A ladanas nuazusiduddigeuassnfuiuanunuves ladiaansn
2
Yield : k,(feV')/d
4 4
Wo f:anud
V . 458U
1 d' ~s o
e : MAIN ladaAasn
d : AnunuIvedladanasn
4 1 a S, s A v o
ninaumsinuneciilgmilunisesnuuuassiiutialolsu As 1doaneoum
ladiana3n Iuniiganiiesi lduasnuussdusaamildge vuzdordwie 1 loTau
A o o~ A a 2
110 psideununssaulige q fo msrwusiusagaded (O3 <V 2)“1u6'nmmuwms
d' ar ° 9/ a a o o 1 .3' v dadda
fuseduge q gninnld msledanaiafsz@ovnioldtoiiu luilegiuliishtonlums
a - — 9/ a P = 8/ ely a oo
Sy Te Toundasanms laomuanydvenseuan 1% vonenii luaismudssansain
o é!u p-1 LY =y a sldn' 1
yoaniswan To lsundalinsiannguainladianasn Inagedu tazmsszuoniudousen
P e a & dacd =; = a a!y c; L)
vnranduiialalau luilegiuiiasmsnissnaalelou 3 yianwugiunldegae uuve
1 s T
o7 laman(Otto plate) LLUUYB(Tube type) AZHUY Taisdsiwan(Lowther plate) UADLITH

TRuaas Pidagudedi
1 4 1 4
meoa Tamangnesnuuudiulull 1905 uuuiifldszdniamlid uanddildiue

o=

Turedmvesylstaziuan
i a’: ° d'd 4:‘ o o
uuuvisiulsnoudasiiuunasanmsrasanijiaasluzufi 2.2 Sanlasad’

b3 i} - o’ v a Ao
11Nuaﬂvzzﬂunammummmziau 9 ﬂzgm:mumm%'aué'wm nauﬁ"magﬂnnmmu

& “ o ]
mimaauﬁ"wmmag



tilsees - ’ . @_

Dharpaene gan
e
. e
WEgtee ganleed whpesergns

L T e Ry

| YRS
14

[ S,

R R S
S

T

Lo 20 v darge 2ammd Maggrgrotbange oo 90 metes

T I ST e R
e oDl dimiidd
>

Ln,

Bl — . 3 i 3
,‘ ;
- J__ Stags pane
>
7

[ cherar s

S S N SRR
P =

Y
L et e ra ATl

A - Trwtaepey VA

o o

< 4 '
317 2.2 inFeaduia lo lauiuveen lamaauaziuuve

Hugh siitaue

remal wiumtreeks T

Al

Glaes sngaearar

]
4 —_— e
=

Atumepum heat £§g (< V-

dissinainr = ettt Crramic dimtectric coarad

=
! 1tpel stanie aqe
HRE L 1 (oo oh,
=
A3
/
P oar gy Arlen g im g cres T T A
o

. Alteraative nznnaror configurations. fa) Ot
A} tube-type generator unit: e fawther mlate r
“Qenne Generatinn and 1z Reintionship (q.lhﬁ
Wastioater Trogtment,” in 171 ] .
ment, Ann Arbne Setence Puhls

to place-tvpe generator unic:
generator unit. !Source: H. Rosan,
: ficnnamicai Applination of Ozone in
Fuans (Il ted.), Qune in Water ond Wastewater Treat-
v Aun Arhor, Mich,, 1972.)

o o

517 2.3 inseatuila o TouuuuTasesiwan



Typical tube-tvpe generatnrs at Choisy Le Ray, France. (Canrtezv of
Trailigaz Ozoae of Ameriea, ine}

d' d'l [ o T
3U% 2.4 pluvuveunsesduiiale lauuuuvie

muluvioaunsaunudwvieduaniae usauifhusagaezgniloudhsendngnh
o A ] v d A v A o ° 9y
findeusylunasaudaiuremaniiegduuen uazeimamisendinuszgninliii
o S & agd e da o
szringesaiy pluuuimaarawvesnseenuuuds iy 1 luilegiiu
P Y Asy 1 dyd 4 Add’ o
Yuuuiianmlfnlyeduniga q dReuuuTamesimaa 35 lFmassuionu
o o o
foudwona 2 uuudredulhilumsszioaudou) gaifunn a gas tght
a -1 a o
arrangement of an aluminum hest dessippator, EJl’c'lﬂIﬂiﬂl‘r1ﬂﬂlﬂﬁﬂﬂéj’wl‘ﬁ"mﬂﬂ’,smcone-
- : {a 3 o y
rubber spacer, HaiAdDUIIHIATIUTDITBIan TasamAnTidmuenuazd iy gupudl
Wilsz@ndamae
msszusanudeuiisaiuiiaToTa fubes or plates] ssiulssAnsamasfuiia
Tolau invesduiialeloussgniloudlueendinu,sendivutluena vie s1marudaly
v - A o = Aot t t a
senindian Iasaveunioaduia Te Teudliauw Idihus wqanseuey dulusendinunises

v
13Telau 5-7 % Tanhmindeezdumu



| FILTER CHILLER |
l AR [
[ | S | VENT
[ ) COMFRESSOR I
! . -
l AR NESICTANT l i CATALYTIN
PURIFICATION nnveas | D20NE
l FLANT - ' l nESIaNveo
{_ !
1 cu ren i NEmsIEa
voun | :
OXYGEM | ! h
ATOAAGE —_—— e ——
Louo VABQRIZEN QIONATIQR
cumcuaseQ cxvGen | 1 | L. tesarep
Lo i | wearEp
AxYaFEa | [_f \ / L ] warzp
' . niong ’
[elalZREYAN Fals)
f_ — GASEOUS
e | oxvGen N roouma . A
_L_—J WIATFED waen
MITRCSEw
wEALT
DBACGEN CI0mE DLOMES
Srasmrt \ nENTOMINN L ONLTAr D

« Flowt diagrams for air and nxygen p:r"mc'ttmn log. o.z')ng productmn from
oxvgan-nriched air. The air purification unit may he omxttm v.her»pu o oxygen is used
ar it mav he nsed withont nxvgen cnrichment, - Lz P

-

5191 2.5 u.wumwuammsa%’wTahuiﬂﬂ%’aaﬂ&w

«

517 2.5 nemamunmamsunisadialoloulagldesndnumiuer 11 lusmealu

9
]

&

msileumanuiiale oy

TONLIG aiEn ———

- 234 n 3
STAINEEST RTRZL fypE \ WATED QuT
QISCHAPAZ \
N f
Arast rag — \ S

AFARE Cer ___/

AR IN

WATER v

)f l‘”{. lnt\NS:‘ORMF_:J
77

7757

Larga-scale, tube-type generatac f
ar production of ozone (rom air
nxyegen by enid plasma discharge. wir or

;ﬂﬁ 2.6 1a3earuila loTounuuve



%fﬂﬁ“l‘fﬂuswua%aTaTczfuﬁunzﬁ'ﬂaszﬁm:i’aadnmﬂ o Te Toudlay
mmsn‘lumsmﬂgnsmm (oxidized) ’Jﬂﬂ‘D‘IW’JﬂUNHSﬂwmﬂﬂﬂ“)’lﬂ‘lﬂm 1loWSu EPDM
wazegiion  Nimueiivziunls 5 ﬁmmsmmhﬂammumﬁ ut lewraou mvasy

UazADUNTA

2.2 gangiiiumsfalelyy
mmuamwnnnwwﬂeumwﬁaﬂﬂﬂahu wilioasnisiale leuanas YR

‘naﬂs1msfrawmvaﬂaiwmwu ‘HUﬂ?J’J'lﬂﬁi ‘uwmmsau“lmmaiaicvmﬂumwﬂu

‘lumsm:muﬂszammwmsaqﬁuﬁﬂiahu

2.3 mal¥lelaulunisthiiasiusey

=)

e To Tany (0 0,) ﬂamcvaaﬂcmuczfmﬂﬂsuﬂiaIﬂsaﬁmiwnwmammﬂw o
nnaﬂiwummwmuuuﬁwu azﬁ!umwmmmummsnuadmu"lﬂamwmu A
Taiwuuuﬂunm“aanmazaaﬂmmﬂumclfaancmu"lﬂmmaiﬂummsau M1l
mmsnwaﬂmcﬂaTcxﬂwummwmuuumq wazfin13 18 muumwﬂuﬂaq Han

und 9

malolau w xmmmﬂ‘muuuma Auanlandindalszmsniwesle Ty Aoy
f19004% ladTius 1An IaTqmﬂzmmsaaﬂqf"lﬂcﬁmmmmaﬂmw‘lnnumsﬂswnaumamu
IAnaowiia & mﬂmanmwmvmmmmu“lumsm'lﬂ“l‘x’ﬂumsmuauufru et
=3 Ty Y '

dmiudy umnﬂ%’“lunssmﬁmswaﬂmaq uf‘hrersw Tﬂumm"lmaamsﬂzaﬂaaﬂcv'lw
wazmunsoidasenlylg ﬂsziwuwﬁﬁmﬁﬂﬂrmmm flo Fafinaunteluth AN
umﬂmtﬂaimuumum“mwmm%aanwmummu uaﬂmnuTaTWUQmmm enmaTSﬂ
18uaz mamiwummmmaw "luuﬂauuaw"luuanaamaaaﬂ
2.4 aaouiTRvealslay

- Lﬁuﬁwﬁxﬁﬂmﬂean%muﬁgﬂns:é’;’uﬁ'aanszuﬂ"lﬂﬁmﬁqa (High Voltage)

niositgansihTomn
[~ oty
- iufeiitndugy
v ¥
- NUMINTUUS sMraas laeanilos
- fiffndoendiathu(Oxidation Potential) g484 2.07 V uﬂﬂaasunmﬁﬂuaaﬂcm‘vumua
136 V

- Msazmsihwedlo louifa Idigungic



- ansansdl lduuil pH M
- aansosh auuanseld

- ansavend ladtumssu gl uega

¥
ol o . L K]
- numuﬂimaqa 48.00 ANNAUNTa luMsazaiinnudu 1 Ussome

A
25°C f19 6 mg/l youfien -122.0 °C  yAvasuMal 192°C

Sle 11140 C-t Values (mg - min/L) for 99 Percent Inactivation of Microorganisms with

sinfectants at 5°C :

Disinfectanc

) Free Chlorne Preformed Chloramine Chloride Dioxide Ozone
croorganism (pH6 1w 7) (pH 8 w0 9) (pH 6 10 7§ (pH6w0 7)
foh' _ 6.034-0.05 ) 95~180 0.4-0.75 0.02
10 1 1.1-2.5 T T770-3740 0.2-6.7 0.1-0.2
avirus 0.01-0.05 -3810-6480 0.2-2.1 0.006-0.06
ge ©2 0.08-0.18 N = o
lamblia cysts 47->150 - = 0.5-0.6
muris Cysts 30-630 1400 7.2-18.5 1.8-2.0
ource: Hoff (1987).

o ' ) o a ' 4
M3 2.1 waARaf1 C.t (mgmin/L) UBeieond lada q Weldisasaunss

1% 99 % # 5 °C

able Ill—1  Summary of Ozone Applications
ST = WML ————— R e

Point of Ozone Best
“ontrol of: Application Dose Pathway* Notes
e/Mn Pre, Inter Med Molec. Inter may be best with high-DOC waters.
“olor Inter Med-High  Molec. Two-step stoichiometry.
Caste and odor Inter High Rad. T&O may be produced by low ozone doses.
OCs Inter Med-High  Rad. Molec. may be best for some compounds.
articles Pre Low Unknown  May require high calcum concencragon.
\Igac Pre, Inter Low-Med  Unknown  Can be used with flocator. :
>athogens Pre, Post Med-High  Molec. Pre in U.S.; post in Europe.
"1, by-products  Inter, Pre Low-High  Molec. High levels of removal require Rad.
3iodegradables Inter Med Unknown  Design of downstream filtration process is important.

*Choice of molecular (Molec.) or radical {Rad.) pathway.

d' M
M3 2.2 agduszianveudsildle lawinia 1dnad
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2) Nuazazaadenisaae s lyuimaoainnis 19w
woninTo leuiineesdindu Jui i e louamodaldos g ude 1dsuay
Y <t g ¥
fourmsuaniios
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Mszneuduns duazeiunso
sanic) McGuire 18YNNITNAGDY
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Tanhmsdszaoudunidniing 16 aaniilfasndumeendlad 3 & fe asesu
Taadvunlosvanuua Tolau luanrizidoadu udrhmsfanminalfisoeendiaty

114 50% vesanududuisudy Haif Life) 'lﬁ'wamsmamﬁammﬁ 23
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TASLE QXIDATtOH HALF-LIFE GF VAF‘\IOUS ORG HIC COMPQUNDS
Compound I Chlsrine Parmangcncte Cione
Aczlophenone i Lyl 43 a s mnﬁ
Sanicidehyce f AN Vi 38 min 2% min |
Se..-:‘mc.ote X i 47 Tun >$d g 22 min
1, 2.2iz {2cnloroelhoxy) 2thcne ' >320 < 37 a 35 mia |
3is (Z<h! "-er“.yl) ether Y 535 4 is a M omun {
Szenssi { T NS > 5o |
Zamgnor ; Ewlemisy >34 a . > 12 mun !
z-OicnioroSenzzng . [ S 22 = SR
£-Nitrconsnol I ER 1 2 mun

. fn2inyi-mectuate b >3 < 22 d 3.3 min
=Tolunitnle {520 3 8 ¥ 5.4 min
Olccetene-l-soroase l 100 = > g .3 min
Discetonet-xyicse ‘ > 15 ¢ sid g 23 R
fslusne i NA N/A 33 min

. Slhyicenzene [ MIA A L2 rmin

X 1, I, 3-Veimsethyibenzens i NIA MIA 1.9 mm

d:day  min:minute N/A:Non Application
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o et

TaMumminaan%‘lwﬁ’miﬂs:naueﬁumunﬁaéiufnﬁu‘l%’ TagToTauezluoons
1ad lepouvesTanziiazmoeghnhliffinvesndinduiviy idufaiiumslsenouds
uiiliarmoihudannazneuusnsennanmsazas

whuns 18 Telouiimbided Wszneudan et fazann1k ToTaues oond
st Fer Wiy Fe™ ity Fe™ v:qnlalaslad @Eydrolyzedypaoidiu Fe(0), an

AZNDUDBNYT AITUNT

Fe¥™ 5 Fe* +e¢-

Fe™ +3H,0 —» Fe(OH), +(3/2)H,

ble [[I=2 Reactions of Fe(ll) and Mn(il) with Alternative Oxidants and the Theoretical
action Stoichiometry

AR - I
tal/Oxidant Reaction Stoichiomertry Ec. No.
Fe(Il) > )
0O, (aq} 2Fe27 + 40, (ag) + 3H,0 — 2F¢(OH); (s) + <H 0.14 mg O-/mg Fe U]
O; (aq) = O, (3q) 2F’T + O, (aq) + 5H,0 —2F¢(OH); () 0.43 mg O,/mg Fe i2}
+ O, (ag) + 4H” i
HOCI 2Fe?™ + HOC! + SH; O — 2Fe(OH); (s) 0.64 mg HOCI*/mg Fe 3]
+ = \SH>
ClO, — ClO,™ Fe>~ + ClO, + 3H,O — Fe(OH); (s) 1.20 mg ClO./mg Fe {2
+ ClO,™ + 3H™* B N
KMnO, 3Fe?™ + MnO,” + 2H.O — 3Fe(OH); (s) 0.94 mg KMnO./mg Fe i3]
+ MnO, (s) + 5SHT
Mn(I) 5 (2
0,(aq) Mn?~ + %0, (ag) + H,O — MnO, (s) + 2H~ 0.29 mg O,/mg Mn (3]
O,(aq) = Ox(ag)  Mn*" + O; (aq) + H,O — MnO; (s) 0.88 mg Oy/mg Mn el
. + O, (aqy + 2H™ _ . 7 y 4 R
HOCI © Mn®T + HOCI + H,O0 = MnO, (s) + CI” + 3H™  1.30 mg HOCI*/mg Mn lel
ClO, — ClO,~ Mnr?~ + 2CIO, + 2H,0 — MnO, {s) 2.45 mg ClO./mg Mn s
= 2ClI0,™ + 4H™ .
KMnO, 3MRTT 4+ 2MnQ,” + 2H,0 = SMnO. is) + 447 1.92 mg KMnQO,/mg Mn i)

Source: Reprinted with permission from Pouvreau, P., Jour. Frangois c'Hydrologie, 2:169. € 1984 Journal Frangois ¢'Hydroicgie.
*HOC! expressed as Cl, by convendon.
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2) d’mﬁ%’niaiw (Ozone generation)

Fumissadulelau (0,) sinfweondinu (0,) Tauiniesilofildie insoeduila

TolouuuuInlnhdamnss (Corona-discharge ozone generator) ﬁ'ﬁﬂﬁ 2.7
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ll ’
i\ 1
i ~‘le’t(CG ‘
il .
12 |
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3) ff?UNﬂNTﬂI“BuﬁIUJ‘I(Ozone contact)
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Drive motor

Contact chember £ Qzone rich gas
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- e - R e intd

= & - a °y = - “(
51/ 2.9 nFeanaule Jyutuhwiames Tuy
4) auaole laou(Ozone destruction)
] dy ] o 4 as a Lt ar v
wiheiidumireinaelelau esnnle lawiludeondladnussamnsadansou
o 1 A~ 9y 9 = L &' = 9 o
Tanzuazifuduaswdeayud Idiiotinnumdudugats 100-200 ppm AaiuTadedinis
manele lountimasegluszuy Ittiarududumiedion 0.1 ppm nouszdesguss

y1nf

t 3
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2 an o t  Aetas ad &
FI5MsMmereInieiiliizay q nawds fg
1. vhdunlden (reinjection )
2. ms 1¥anudowive Ifaaud 1109 (autodecomposition)
3. MBI UB A (dilution)
1 9 a asa. daou & o g . . . .
4. alinmlgnsosanvunulanzoonlas (catalytic reduction with metal oxide)
Toloudhumaiithlsz@niamlunseendladqegaiaiiuiitdonlflumsiniaih
v 14 » ] v
d 5y Ay wazaszhnhiudunienssnnunersgasuasngninlgasnnuas iy
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b=5.1KV/m, d=szozun § cm
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HIGH vOLTAaGE

1

317 527 nesedinmeiduasdatsuun

swmsginsel

1551003 (Varister) (1195 S20k250

R1

R2, R3 =100 kohm 10 W 5%

R4
R5
R6
R7
RS
R9
RI10
RI11
RI2

3.3 kohm 12 W 5%
2.2 kohm 1/4 W 5%
10 kohm 1/4 W 5%
560 ohm 1/4 W 5%
470 ohm 1/4 W 5%
220 ohm 1/4 W 5%

1.2 kohm 10 W 5%

3.9 kohm 2 W 5%

100 ohm 2 W 5%
5 kohm



n

C1 = 1200 pF 200 V. dionlaslan
C2 = 2200 pF 50 V. dianlaslan
C3 = 220 pF 16 V. dianlaslan
C4 = 0.01 pF 50 V. T

CS = 0.01 pF 50 V. luah

C6 = 1.46 UF 2000 V. 15513

C7 =55 nF 2000 V. (#57in

C8 = 1200 oF 50 V. lueh

C9 = 1200 nF 50 V. luah

DI-D8 = #ueilalen 24V

Ql = 25C1687

Q2 = 25C1573

Q3 = 2SD1886

IC, = Timer 555

IC, = MC14027

T3 = nifeudases 1asd (H drive)
T4 = n¥eumlas Maonuaveaduiua wes TEL 14610F

e 500 Saduowil
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8 kV(peak) S kHz
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1. asazae TudaFoy lelelad (Potassiun iodide solution)

» v ¥ 3
asazawTumadouleleladkn 20 g halindu 1 L Ohndudesduididea

t 4
1A 1R I U 0w 1914) iy BB luviadnediades 1 An Seezihumaned]d
2. n3zFayIn 1 N (Sulfuric acid , H,SO, , 1 Normal)

3. msazawias g Indey InTodania 0.1 M (Standard sodium thiosulfate titrant 0.1Mol)
;4 [)
azano TwRou InTedaiaNa,s,0,.5H,0)8m7u 25 g Tihindu 1 L dwshlild

1AsgIUBIauAUAT A 1ad (Standardize)iu Tnunandoy Ty lo Toiaa(Potassium biiodate)

- = . .
3o Inunaidou'lalaswa( Potassium dichromate)

4. msazawiasguTadoy InTadaia 0.005 M (Standard sodium thiosulfate titrant 0.005

Mol)
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11 Na,$,0, 0.1 M #unson13 50 mL uudesnldiiu 1000 mL dmfvaunidoams
y y o 4 ¢ o 9/ d’u 1 [y
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v 9/ o a s -
0(_]1’!’10191 fmﬂauawaaumnmmammummmmmmw

DIZUIUNTITNATDY
1. hmsazatw nunaidonleTelad (K1 soin) 100 mL 16y flask (IngUnsay)

Y5uns 250 mL

2. aedna 1ith uaznszua du SuwnvesdBasunesines uazdnar IMidu

s aa o L4 o o

PMYNUBIATABUNIBI DS MwsniInaass ufinka

3. Waaaunulelovadlumsazan TnunadonleTo lad durar 5 uw

° P ] 1 a/

4. iansazars Inunad@on leTo laanrumiswuTlalau 5 widt 1) lvimsa fuas

azmoasgu Tadou InTodanta ( Na,S,0, sol” 0.00s M) tiufinsiansazmonasgiu

Tados InTodaiianly
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5. frunamyiina TeTauit 18lunm 5 il vingas
mg O,/L = {(A+B)*M*24000}/mL Sample
A : mL titrant for sample
B : mL titrant for blank
M : molarity of Na2S203
(ﬂuaztﬁtjﬂmsmﬂ?mmIaTcnuﬂ_'lﬁ'mnmﬂNu'm )
6. Unina ToTouildShnfnaifatulugae s mit - fmieduiadnfy (mg
O3 /L/ 5 minutes)
W ldd i mg 03 /5 min Taomisdan 10
i lddnnutum mg o3 /hr  Tavguaimg 03 /5 min A2 12
i lUfuaniiudl mg 03/ Whre 1aovis mg O3 / hr 470 A

o <t 4 L4
DUWNUVDIATABUIIDIADI

7. fufinnanisneasumzins e iRan1Imans

Jja )

P

msazanil
1. esavare landon Inledamadudu 0.1 F azaw 25 nsuvesladon InTedamia
o’ P d'al A ° 9 d 1 a as P
(Na,S,0,.5H,0) lwihndundudsaudwasinldiouln q @y 0.1 afuveslsihon
o a = o H o’
miveTiuaas Wudh IiUSinasvesensazaiutiy 1 8as Humsazawilluviathiaa
d’ s 9 1 9/ )
mrazawiinag Inmsamanuinduneulinaiu
2. mvazaninasgu umedou le Tomadudu 1760 F i Twunaionlolena
&I10,) W ifudaludeunfigamgil 120 ° ¢ dunm 2 H1Tus wdninnildigulue
13 ;4 H
agofines ¥ Ivunadon 1o lowma i I minAudueuuas Indifuany 0.365 nsy
Yy @ ° v o o 3 v & ° IY)
azawluiihndunasi asazaeiilsnes 100 cm luviadadsnias muaumiaInady
8 c; ] dy .
JuRudusuvDIAITAT ALl
3. asavane Tnunandonlo To lasidududsvas 10 avaneInunaFonlelolad

t 4 )
&1 10 n3uluhindy 100 cm’
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4 vt 10 1.0 nfuveadlsfazanoninig (soluble starch) wazaeluiindniles
aultifuutladontufinnedung 250 ocm’ mideufiden 100 cm’ adliudanuldudl
armo Avansazaond 1 wiindahdEy @ulwmadouleleled 2 nfy auas
avenoft Idnauiuudafin ¥ luveditignen dhdpansIdmsazauiifhunannunas
weu msthueialsan lele laaunu Inuna@onlolo laa

msasanoiuth 2 om’ Fudufimmedlums Indsaudazns uazezdeql

a ‘o

) o ' [~ 4 @ a
Tdhutlounduiouszfegagamszazdidimunsnfeunlacd1ddanu  duduutleasly
vz loToAullaududuge lelefusngnaaduuuasiiid

5. ensazaensaday3n [udu 0.1 F

sy

I5NAfN
o 3 y 3
Yulamsazang Iwumandoulelowaun 250 cm™ ldluvanginsasuuia 250 cm

wnmsazane Tnumandiou leTe ladidudufovaz 10 US1nas 10 om’ tozmsazmonsadian
Sadudu 0.1F '

U51nas sem’ thasazawildunlnmsafumsazao Tadion InTedamanniiusaou
asazaef1aTEnseu Muiudl 2 om® s i8msazaihdu 1l s adeoudh
Guvimiol) Fnsnaassdnsnnss waftldlinasuandamaiu 01 cm S1ueim

anudutuvetmsazany Imdey InTedFamasnaunisdeas
I0 4(aq) + 6H, Ofag) + 51 (aq) —> 3L(aq) + SH,0

25,0, (aq) +L(aq) —> 5,0, (aq) + 2L(aq)

v ¥
NNaUMITeEoItlazefuamsdunus 921§

S Tuaves LA W Iuavedkio,] = 31
[muTuaves LA IMTu0vedNa,S0,] = 112

[$ U Tuaves Na,sO,/4mau Tuaveskio,] = 6/1
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a dy v Yy a
uNQ’ﬂmﬂIﬂ’iﬂ‘Vlulﬂ‘ﬂﬂaﬂﬂ’dS'Nll 30Uy nyuay 4 e

1Lussdion Iasauuudu
v v 4
Auuradian Tnsaunuau Wi laduausidnitoeFiduneiien udumelsu
nowasmiiuae B3dmsuidnszua i Inaruld dawdaduimsifudualaneqund

ywaan o lmidusduiaaun I uvead 1 ls lousenun

12 ia

514 6.3 uanuredian Insauundu

2.LK3Ban Iasauyuge
Hunradian Insanuuauy fh Waduauegs Fvhnnvaasauuurdes ads

Y ¥ )
g Ifhudasuiiale loussnin dauusaiuiminuduasdSusuduweauisaldad

maau i 18

12 s

511 6.4 uaaaunsdionlasauuugn
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3. uredan InsauuuSou

¥ I . v
MunuiumstTunowaad [umuauy Idthuuadvave  Taslevisiung

sian lasadmsune IWuasitiudan Insaiitlunsiidae

12 s

71U 6.5 uamumidian lasauuuszuy

HanINAany )

uuudian Tasa gap  |kV. |mA | War | mgOymr | mgO,/Whr
(cm.)

dian lasauuuye 10 1132 |12 | 1584 |204 0.129
aanlasauuu@adey | 1.0 16.1 | 024 |486 | 006 0.012
2UIU)
granTasauuyu(ly 1.0 183 {06 |1098 | 0.12 0.011
IN8BURUIN)
dlanlasauuussuiy | 1.0 241 [0.15 |3.62 0.03 0.008

AT 6.2 HAAIWANINATDIVBUINIBIAA IATANULAN

e * undeeldinieanda Ifhusaganszuansludealfiians Infhusege

* 1 kV waze1 ma femidna IWfhuaznssuagegandiy idnowdaamand
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a d
> il

INHANMINATBIM kV gRgaveurdianlasaudasuuunlsuld Seamudey
nngegaludgade 1 uuuszuy 2. wundudlindeunuan) 3. nuuduaadouauan

& 1w 1 =t o o 9 a L4
4.11‘1]‘1]?9113181“11] = 1.0 cm. IMNY Llﬁﬂd’ﬂﬂ’)’liﬂﬂiﬂﬂﬁ‘l&ﬁl1ﬂﬁ1ﬂﬂ11ﬂlﬂﬂﬂﬁmiﬂﬂﬂu

v

E = ” Foamwdrunngege ldgede 1. uuuszunw 2 nvududlindeuauau

3. HuUEUEAROURUIY) 4. HUUYR  iuReady
d‘i = Q el 1 o~ Q' dy [-] Qs
ionnsanaszuauasia Wi mun USualelsumudumunszuauas ids
* td v
il adusuiiowdewnnnleleufanndsingnsallalsu uay Talsunhidida
v ' 1 4
msgapdoluszuullih dudediedensfifalolamnn Sedealstdevfinnniu
é’i 9 ‘a d'dng c; [ Y A’l ::’ o [
WelsinsdianTasantiuiimindiy (6 17 X 12 2) Swuumaiifuce une) uas
! ’ Al
seozundimiiu(Lo cm) wud Blanlasauuudiilifalelvusnntiga (1 mgO,/rgsfi
& =t @ @ g v 3 o &4 1 =) @ =
ge) AeuvugasuNUNEIURIN (f1 mgO,/Whrgaiige) fBuvuye uRoatu Teagl

Tdhasldunadion Tnsauunge Muldszumitiunsmd lunsewdale Ta

a ¢
39152HANINAADY
. : G\ ¥ , - ~.
1. YsuaTe Towida lddlulS e Tsufasaeluii lusranafinaass 1uls ™~

Usinulelounndneininaies ifesninlgnsiamandl Taolilelourgisnduems
azane KI udnhun lawmsmwonySuia To oy
2. Y5ua leloun lddesunn oviioawi0in
2.1 $hudan lasattomiu i
d' =y :; 94
2.2 Hywuilesnnundanlnsanildfe
a vy o o g & at o
- den lasauunMiduasadnihmnme Ivinadadeniiungad

TuSsunaziialalsunowiisnnaa

‘ - ynuveuvRMeBan InsaliarumS vaau IfhaandwSina
d‘ </ = ) = é’
ou wazlmnalalsuineuuinuduy

6.3 N1INARRUNIM IzaznY i saN
1&hmsnaandianatSina le leuiildoinns Iunsdan Insedmeuvay $1uu

5 una TaoldIihus sqanszuanssnindemaass foundaIdinsdsy gap Aszozes q
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udahnsiadsina e loui IdnSsumoutudunusifuman q uaz 1&vhmsadum

° t ar d' ! cidd'
ANHUIVIRAQUINDMNININANG A

NaN1INARBY
T=25°C H=65% gap=05cm. Waanogauaud
kv mA Watt mg O,/hr mg O,/Whr
8.4 6 50.4 4.176 0.083
12.0 12 144.0 9.072 0.063

MINN 63 LAAWANITNARDUTBUIND gap =0.5 cm Waauegamaudh

T=25°C H=65% gap=05cm Waauegauausen

kv mA Watt mg O,/hr mg O,/Whr
8.4 6 50.4 4.68 0.093
12.0 12 144.0 11.448 0.079

ATV 6.4 UTRINAMINATDUTOUIID gap =0.5 cm Vimawegduauoen

T=245°C H=72% gap=09cm. waausgmuamin

KV mA Watt mg O,/hr mg O,/Whr
12.6 6 75.6 4.752 0.063
16.5 12 198 11.304 0.057

AT 6.4 UTAIHANITNARDAUTOULD gap =0.9 cm WanwsgAuAuId
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T=245°C H=72% gap=09cm. Ynanogauausen
kV mA Watt mg O,/hr mg O,/Whr
12.6 6 75.6 3.024 0.040
16.5 12 198 10.08 0.051

AN 6.5 UAANANIITNATOUTOULD gap =0.9 cm WAANBYAUANIBDN

T=25°C H=73% gap=13cm. WaauOgAILALLN
kv ‘mA Watt | mg O,/hr mg O,/Whr
16.8 6 100.8 4.536 0.045
21 12 252 17.208 0.068

A1TNN 6.6 HAAIHANINARDUTOUD gap =1.3 cm Naawegaiuauth

T=25°C H=73% . gap=13cm. WaaNagauausen
kv mA Watt | mg O,/hr mg O,/Whr
16.8 6 99 5832 0.059
21 12 2484 16.128 0.065

AT 6.7 HARIHANINAABAUTOAUNG gap =1.3 cm VnawegAuauoen

1. mymdinulelou fualdongas
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(A + B) x M x24000

mg0, [ L= mL sample

A: mL titrant for sample
B: mL titrant for blank
M: molarity of Na,S,0,

1UIilo gap = 0.5 cm. Waausga unild Na,s,0, ATMduYY 0.005 mol/L = 6.5 mL blank

b 4
test = 0.7 mL 13118 KI =100 mL 1fiamanes 10w1i unulugas 14l

(6.5-0.7) x 0.005 x 24000
100

mgO, / L =
= 696

60minx 100mL
10 minx 1000mL

wlasmisedly mgo, / hr = 696 x( )= 4176

2. dunaduiioswauusedan Insaminy 5 unaviiny e 1= 12 ma $1uugahn
walalswigdauasduig Tnnnuaei I = 6 mA 10 tasanuduuaRnnndln &

QI oy a d' -~ a” 1
ﬂﬂﬂﬂé‘ﬂdﬂﬂﬂﬁﬂ'ﬁﬂﬂaﬂﬂ‘ﬂﬂlzﬂ I =12 mA Usualslouinnavuinan

4'! aoar 9/ P} ] -
3. WedAawaay dudueeeinia uaz dussnvesemis JrauandavealSunn

9 ¥
Tolgwies aaiuAIT@DARUINUNAARIAIANNTZAIN
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Front View
1 Solar Cell ¥ (i/p de-dc conv.]
Iitp dedcconv) |5 5| Viofp dede convy)
1 —1
ilo . E—o
[ O.H.VGen : DOQ-:]
le) —:O.O_‘ J 4 T E ¢ -
0.0 Q0 ° 90 79
LE— + el
"j_";’. Electrode Set
Battery
Back View

7% 6.6 uandnUzMIADNITYBUATBa lUR1TNAGEY

& s =3 d & (B o a o
2. Wanies Tasduaintiasauvasne luisauasoning
. [ b4 ) ']
3. (HUAWSIAU HY nduisesg TasmsyUsuanudsaoanudmmuisua s lu
' ] e o
gL wet I tegalusaa
& 1 Y] a St A o o
4. TUNNFINSTUAUATUTRUN KA BUNN YIS A%-A% AouneTved uas
o = e 9 I'd S Ao o L4
UNAUTIAUAY IDMANUDI9T AF-A% Aounesines
5. Wanaaunulo louasluesazas Tddadoulele'las Wuat s uii
6. hmsazame Tdadou loTo ladnrumsvuleolan 1 Inmsa suaisazane
nasgu lden InTodama duiinshasazarwmnasguTadon InTeFamaile
7. fnuwnliualelaulaldgasnnnsnaasi 6.6

L |

8. tufinnamsnaapuaztuinNg
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HAN1INAQDY
119U T H Input mgO, /hr | mgO,/W
LM hr
(°C) (%) | V(volt) | I(amp) | P(Watts)
1 29 83 12 24 28.8 8.64 | 0.300
2 30 75 119 | 23 27.37 14.256 | 0.521
3 30 75 12 22 26.4 18.432 | 0.698
4 30 75 12 2.1 252 13.104 | 0.520
5 30 75 12 1.9 22.8 14.112 | 0.619

A151497 6.9uansNanIsnaaslsun le loufsususauustan lasa

a s

JURTICUHANITINAGNDN

asmsasmsnalelau - Suundaalasa

8A31M3NA 18 19U (mg O,/hr)

20
18
16
14
12
10

8

ON &
—t—t

5

SuuLReBilanlasaEge)

s 6.1 naasdasmsina s lowfsususunndianlasa
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8a3 Mt 1o leumasny (mgo,/Whr)

0.7 1
0.6 +
0.5 1

1 2 3 4 5
TIUIUYADIAA A TA(YR)
d' & o 1 [-¥3 ~ e’ o -
N3N 6.2 uaaidasinisina 1o leuaendsuiounusinaunnedan Insa
s oy -] A o U a =" Q' d? d'
nnnssanmsifale lau-S1uugadian Tasanuidasnsiians lewiuiiuie
] [} ) ) v
$mugadianlasaiuein 1 galdude 3 ga udanaudeiindly 4ya uaziiiutunn 4
g Y A4 a o a 2 as LY a [

gaanoaiaiiuuiudian lasadly 5 ya GasandsstunsmsainisiialeTaumas

M - $augmdidn lnse

- enfSaumsusaninsinalslaunazenimsifa lo loudendanu lasldinses

dutda Idfhwssqenssuaassluieanaaod Inihus wquiluunasss uazldmaudianlasa

td
v A

5 YAMIAUAL

Power supply w mgO,/hr mgO,/Whr
DC HV Generator 248.4 16.128 0.065

4 v 4
NITNAINUU 22.8 14.112 0.619

M3 1N 6.10 uaesdSinamdnunlslumsad Telauveunseesutiale lauua

asuuy

3 L4 o g d' g ' d' o o
WU'TI?)ﬂiTﬂ'ﬁlﬂﬂIi’)T‘]fu/WﬁN']uﬂlﬂﬁ’Nﬂi’Tlﬂ';'N'Uu ﬁ'.lu 9.25 MmMusunIeeduila

¥y ¥V 4

fhusaganszuaasoiilifosnnmsiinnuaunsalumsduiiale lewdudadiulasasady

ANUAASTUNIT Yield = k,(feV')/d
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A =
@o f=anud
' Pai
k, = fliah
V = 159U
1 A ~=y =
e = AN ladlannsn
o =% d'dyd
d = anumnvedladanasalunilfosinim

waztenimnn1es dmouuna iu'ld pe AliSsuueslianudgeialszanu s

g A

kHz Tuvazimieaduia llfhussqenszuaassiid pe Afoy 2eshadraiuialisan

mafa Te Tai/masnugand
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JUM 6.9 uamamsinalalsmn



() switch Fuse O
it Lamp  Battery Solarcell Volumb
(O Fuse + O + o
O o - O - O Earth O
220 V. Fan
Back view
E.C.U.

D.C.

L]
[]
Con.
l:| >Heatsink
[

[ TUHCTION 1 ]

T.R. T.R L[

| TuHcTION 2 )

H.V.
Hec.

= & T

Top view
- T - SO
ON  Solar O O low high
£ .8 0L
O 220 V. High Volt Ground Adjust ECU.

Front view

51/ 6.10 nanIMs N HAZRYRTRIFI YBINTDT
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I 45 cm, 1/

1N 6.11 uaaIvIAvedIndna

N

<

v ¥ .
JUM 6.12 uaATzUUTWNIMUAYEUATBINEA 1o TvundanuuaseIing
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1N 6.14 namamsazaw TdaFon leTo ladivl§asonduTe Tauuds ua myazaed

“masguneunazvdinmsihiadde TeTau
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4 a [y a o LY 1 a 1
1. inspananToToundesnumediadennsosuurassiondsnuld 2 unds Ta
1 o [y a a o o o { 1
undandanundnde wawuumeiadiazannsafundsnudised 3luuuaaey dw
§ o ° ' 1 {w 1 a da v w
Sounasio 19 Whnszuaady 220 Thad 50 Hz drsesswlugaei illumeindandeny
Whunamm 9wy Tugn gadudiivennn
a o’ o a I A =t
2. 20sHda Tiihusaged 12 Taadnnwaumietiiadnie 220 v AC laull
nesisadvhoeedidiu 12 v e 1deniyneenuiiiulrthussganszuanss s kv Taol
o 4  da = & - ' a 4 o a
useRunsEeifianud 5 kiz FufivanossnisifialnlsunvouaiesiuiialoTanuas 14
Ysuna Telougegn 1843 mgoymr. 3ldTelannnnhlfinSowda 3% lolradinede
A'l 1 as o Yy 9 d’ ar
3. ipannnsHaeiuaswndsnuldsita ddesmsTelouaniuasiau
2vesaingraiiunuudy $u wivwa dersondanuldnnad
Yo o a Yt o y A 4 d A qyas da
4. ldnmaanndianlasaldiisuugaderunnntiuie lniiuiugaiing
; 1 1 sw s W o L4 a
Talsunndiu uamsnaasawuianugei Whiuvesaadaeunauilimsaina
Tnlsunszeelibududionlasa hiW1dleTausenindesnhiindsszduiendsuit
i b 4
afaunsdiaalasaliasalarsunauiinnuerimmuiiaupy
as =y 9 Qac = a0 4'1 ry : 1
5. madavTina ToToudsitmantivzlisnnunmamaousyinnluduaoudn q

[} [} £ 4
Tunisnaaed s Ensdutiavdeatasududmntu lumsdadsunalo Tou
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naaemsifToufeunseasuiialelvudunuuitotnisany 2536  1nsaenuiialelay

nisnuuaeefing uaz inseatuflalelyuiisimielunaiaiu BO10/50A

inFossuiiale loundsnuumeindlinwansalumsiuiialeTougaga 18.43

Yo w Y w o o o o L o o v o
mg0,/hr a1 iviiy 264 Jad squfuddaveniaay 16 Sad du 42.4 Jad

y
aunsouaasnisafSeumon1daai

-navIdE@n lasa
AIMTUVTIYURIBIAN
Tasavuia 15x15x
3
60 cm.
-unedian Tasanidu
nguidualas U 4
A '
UK 15 oMU
Uansuvay 1 una
2
YUIA 13.5%60 cm .
AULAUTZ UL
¥.)HAaUYADINIA

fdq 163 Jag

(@anlasansnssuon
Founu)duIuI2
faon
Y)TLUUAST HUDINA
é <t o ef
FIUAIGARNUTY 2
fa I3 Fnuaduny
A)ITUVUTSLWANN
b4 8 =
jouldyadianlasa
L)TLVUAIUANVDIAD
wan 1o louuay

e'" @
yaaesiluvesianag

uasndouradusage

Joya inFosdunuul 2536 | inFosu BO10/50A inSoaiild
1.9a51msina 5.8 mgO,/hr 1000mgO,/hr 18.43 mgO,/hr
Tolwugega
2. e IWfhs g | 201 Sad(liisaudau | 3000 Sadclisaw 42.4 ad

nan Infhusaqe) woinasfindu ToTa
mﬁyw)
3.0a5IM3INA 0.0199mg0,/Whr 3.33mg0,/Whr 0.435mgO,/Whr
Tolarudowasaiu
h
a.dmsenoy n.)yABIan asa n)vaoa lelofu n.)YAdIaA TAsA

-naosdianlasa
AMTUUTIIUA
dianlasauuin 18x
18x35 cm’
_unsdanTasafiilu
nuuaadawuvay
3 UNIVUIABX3S
cm2
V)HAQUGABINA
181 16 Taa
.)2995880 HV

4 a o
EaniaIonay

5.91M

Tafu 2,000 UM

11i61n911,000,0000M

sz 40,000170




MANUIN
d a d1
NINARILNUFRALTIDINAE
s S/ Y a o -::’ o 4'( P
NUANMST AT IFNUTZUURGINULEeNad  Tumsnaesstssiuiefny g
s I'd o J A t @ A oA
autidvewwaaduae1iad,nsdszquuameiuazmsdonlsyy Idih owlsz@nd

muaudnyaugyi IMihvesssuunesdnyuzns Ifnufimuzeay

9/ o @ 4 a o
unaaduasfind 1Sl uyiiadanounaniao(Monocrystalline) Y9IUSHN BP Thai
Solar
YPUIARANTIIIBS (Peak Power Point) . 55W
HIIAY
- WNAUTIAUGITR 17V
- 9wdn@ 12V
- Ay 212V
AT
- ANANTSIAGRA 323 A
- 9A2495 ( short circuit ) 3.54 A
psnanesuinuusinnuduudadie 4

Humauaaimanudiniussznimnuduussduanuamnsoluniste dues
. v ¥ *
unuvadnas1iad lasnisia Voo M I Annuduuaadie 9 daud 0-3000 LUX (104
v
1nandiined LUX METER) fveuwa qegafied 3000 LUX ) ldwanisnaasedsil

(M171996.1)

GRRIEATIGE usu 1WAy Vo | nIBuE 6029 I
LUX) M (A)
0 0 | 0
50 2.4 0
200 8.05 0.009
400 9.6 0.011

H 4 - - 4 -
nonInangatisnenlTygninuiizes” nfnuunsUssgnd 1 enuaseing [ ]



600 10.75 0.018
800 11.5 0.021
1000 12.5 . 0.027
1200 127 0.028
1400 13.5 0.035
1600 13.7 0.040
1800 140 0.042
2000 14.6 0.052
2200 14.8 0.058
2400 - 15.0 0.060
2600 15.1 0.062
2800 15.2 0.070
3000 15.5 ~ 0.081

3190 1.1 AT NLERnaanyusYBamINa U 9
& o oA
NINABDUNDHIYUBEININUIC Y
o ' = = * ° [
HumsnassaminnvannsalumsseIveamsiiyudesie 9 lasinisias
[ 1 4
Voo Uz I, Mynidodsieng q aaud 15-25 vaen Taslivaarie un q 5 eem Aumiilme

a Y o [y o u’; 1 = 9 [ dy
'Vlﬁiﬂ nINTIAND ‘b"ﬂiﬁ ML 7.00 D9 17.00 U. 1ﬂﬂaﬂ15‘ﬂﬂﬁﬂ~1ﬂ\1u,

m 1411!50\1 15 834M 20 937N 25 93N
Qm“@,ﬁ Voc Isc Voc Isc Voc Isc

7.00 225 17.50 0.29 17.50 0.27 17.50 0.26
8.00 27.00 18.60 0.84 18.50 0.85 18.50 0.81
9.00 27.00 18.50 1.64 18.50 1.55 18.50 142
10.00 31.00 18.20 1.92 18.30 1.82 18.30 1.69
11.00 29.00 18.00 2.18 18.50 2.04 18.00 1.88
12.00 35.50 17.90 2.22 17.80 2.06 18.00 1.92
13.00 35.00 18.00 1.98 18.00 1.86 17.50 1.70




14.00 35.00 17.50 1.75 17.50 1.65 17.50 1.43
15.00 31.50 18.00 1.10 17.50 1.30 17.50 0.92
16.00 32.50 17.60 0.69 17.50 0.60 17.40 0.57
17.00 29.50 16.50 0.21 16.50 0.19 16.20 0.18

MINA 6.2 T8 Voo uae Iy, Taouuwelumediald
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EP THAI SOLAR
BPTS 1255 HP, BPTS 1270 HP

HIGH POWER SOLAR MODULES
MONOCRYSTALLINE TYPE BPTS 1255 HP, BPTS 1270 HP

PRODUCT FEATURES TYPICAL APPLICATIONS INCLUDE

A high performance solar module — ~Telecommunications — Water Pumping
with maximum power of 55 watts/70watts — Radio Networks — Domestic Lighting
— Navigational Aids — Domestic Power
— High efficiency monocrystalline square - Telemetry — Rural Electrification
silicon cells. — Cathodic Protection — Medical Refrigeration

— Obstruction Lighting Railway Signalling

— Designed for maximum reliability and minimum

maintenance.
TECHNICAL SPECIFICATIONS
— Produced using in-house technology in cell

manufacturing and encapsulation. BPTS 1255 BPTS 1270
— Highly resistant to water, abrasion, hail impact Power (Watts)
and other environmental factors. — Nominal Peak Power Point 35 70
— Lightweight anodised aluminium frame with Voltage (Volts)
silicone edge sealant around the laminate. — Peak Power Point 17 878
: — Nominal 12 12
— All proven products, only materials with : ; — Open Circuit 21.2 21.2

extensive field experienced used.
Current (Amps.)
— Designed and manufactured to comply — Peak Power Point 3.23 416
with European, American and Australian standards. — Short Circuit 3.54 448



BPTS 1255 HP
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36 series connected, 104mm monocrystalline
silicon pseudo square cells.

Toughened high transmission (92%) glass,
3mm thick.

Encapsulant: Ethylene Vinyl Acetate (EVA).
Back surface: Polyester/Tedlar trilaminate.
Frame: Anodised aluminfum.

Frame seal: Silicone.

Junction box: For external connections, and
by-pass diode incorporation.

Weight: 5.9 kg.

Dimensions:

- Length: 981 mm.
- Width: 447 mm.
— Depth: 38.5 mm.

Module power measurements are specified using sun

simulators referenced to International Standards.

Figures specified are at standard conditions of

100m W/cm2 of light intensity (AM 1.5) at 25°C cell

temperature.

BPTS 1270 HP
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| _.:72: 581 CRS. 72,
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36 series connected, 125mm monocrystalline
silicon pseudo.square cells.

Toughened high transmission (92%) glass,
3mm thick.

Encapsulant: Ethylene Vinyl Acetate (EVA).
Back surface: Polyester/Tedlar trilaminate.
Frame: Anodised aluminium.

Frame seal: Silicone.

Junction box: For external screw terminal
connections, with by-pass diode and
blocking diode options. The box has a
hinged weatherproof lid and three cable gland
entry points.

Weight: 7.5 kg.

Dimensions:

— -kength: 1165 mm.

= Width: 530 mm.
— Depth: 38.5 mm.
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BP THAI SOLAR

DISTRIBUTOR

BP Thai Solar Corp., Ltd. BP Solar International Ltd.  BP Solar Ltd.

101/47/9 Nava Nakomn Industrial Estate ~ Solar House Credsec House, Oxford Road,
Phaholyothin Road, Klong 1 Bridge Street, Leatherhead Stone, Aylesbury

Klongluang, Pathumthani Surrey, KT22 882 Bucks HP 17 8PL

Thailand United Kingdom United Kingdom

Tel: +66-2-529-1105-6
Fax: +66-2-529-4542

Tel: +44-372-377899
Tix: 838867
Fax: +44-372-377750

Tel: +44-296-747 222
Tix: 838867 BPSOL G
Fax: +44-296-748 111

BP Solar Australia Pty. Ltd.

P.O. Box 519

Brookvale

N.S.W. 2100

Australia

Tel: +61-2-938-5111
Tix: AA 70605 BPSOL A
Fax: +61-2-939-1548

BP Solar Espania S.A.

Calle Primera No. 5

Poligono Industriai de Valportillo
Alcobendas, Madrid

Espana

Tel: +34-1-661-1614

Tix: 48496 BPSE E

Fax: +34-1-661-4713
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LM158/LM258/LM358, LM158A/
LM258A/LM358A, LM2904

National
Semiconductor

Operational Amplifiers/Butfers

LM158/LM258/L M358, LM158A/LM258A/LM358A, LM2904
Low Power Dual Operational Amplifiers

General Description
The LM158 series consists of two independent, high
gain, internally frequency compensated operational am-

plifiers which 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.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which
now can be more easily implemented in single power
supply systems. For example, the LM158 series can be
directly operated otf of the standard +5 Ve power
supply voltage which is used in digital systems and will
easily provide the required interface electronics without
requiring the additional 215 Vo power supplies.

Unique Characteristics-

® |n the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage.

® The unity gain cross frequency is temperature
compensated.

®» The input bias current is also temperature
compensated.

Advantages
® Eliminates need for dual supplies

8 Two internally compensated op amps in a single
package

® Allows directly sensing near GND and Vgyr also
goes to GND

® Compatible with all forms of logic
& Power drain suitable for battery operation

® Pin-out same as LM1558/LM1458 dual operational
amplifier

Features

®= Internally frequency compensated for unity gain

= Large dc voltage gain 100 dB
a8 Wide bandwidth (unity gain) 1 MHz

(temperature compensated)
& Wide power supply range:
Single supply 3 Vpe te 30 Vpe
or dual supplies $1.5Vpe o215 Vpe
8 Very low supply current drain {500uA) — essentially
independent of supply voltage {1 mW/op amp at
+5 Vpe!

®  Low input biasing current 45 nApe
{temperature compensated)

w  Low input offset voitage 2mVpe
and of{set current 5 nhApe

® Input common-mode voltage range inciudes ground

® Differential input voltage range equal to the power
supply voltage

w Large output voltage O0Vpcto V' — 1.5 Vge
swing

Connection Diagrams (top viewss Schematic Diagram (each amplifier)

Metal Can Packsge

mvInTing
eyt 8

RON INYENTING
Wt §

Order Number LM1S8AH, LM158H, LM258AH,
LM258H, LM358AH or LM358H
See NS Package H08C

nPyty

v

ouTPUT A

1 7
INVERTING INPUT & =t p— QUTIUT 8

NONARVERTING 3

INPUT A IKVERTIAG (NPUT B

S NONANVERTING
%0 = nPUT R

Order Number LM358AN, L.M358N or LM2304N
See NS Package N08B

SuTPut




LM158/LM258/1.M358, LM158A/
LM258A/LM358A, LM2904
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LM2524/.M3524

LM1524/

National
Semiconductor
LM1524/LM2524/LM3524

Voltage Regulators

Regulating Pulse Width Modulator

General Description.

The LM 1524 series of regulating pulse width modulators
contains all of the control circuitry necessary to imple-
ment switching regulators of either polarity, transformer
coupled DC to DC converters, transformerless polarity
converters and voltage doublers, as well as other power
control applications. This device includes a 5V voltage
reguiator capable of supplying up to 50 mA to external
‘circuitry, a control amplifier, an oscillator, a pulse width
modulator, a phase splitting flip-flop, dual alternating
output switch transistors, and current limiting and shut-
down circuitry, Both the regulator output transistor and
each output switch are internally current limited and, to
limit junction temperature, an internal thermal shut-
down circuit is employed. The LM1524 is rated for
operation from ~55°C to +125°C and Js packaged in
a hermetic 16-lead DIP (J). The LM2524 and LM3524
are rated for operation from 0°C to +70°C and are

packaged in either a hermetic 16-lead DIP (J) or a
16-lead molded DIP (N).

Features

® Complete PWM power control circuitry

® Frequency adjustable to greater than 100 kHz

" 2% frequency stability with temperature

m  Total quiescent current less than 10 mA

® Dual alternating output switches for both push-pull
or single-ended applications

® Current limit amplifier provides external component
protection

= On-chip protection against excessive junction temper-
ature and output current

8 5V, 50 mA linear regulator output available to user

Block and Connection Diagrams
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Order Number LM1524J, LM2524)
or LM3524J *
See NS Package J16A

Order Number LM2524N
or LM3524N
Ses NS Package N16A
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Input Voltage

Reference Voltage, Forced
Reference Output Current
Output Current {Each Output)

Internal Power Dissipation {Note 1)
Operating Temperature Range
LM1524
LM2524/LM3524

Oscillator Charging Current (Pin 6 or 7)

Electrical Characteristics

Unless otherwise stated, these specifications apply for TA
LM2524 and LM3524, Vin = 20V, and f = 20 kHz. Typical values other than t

Absolute Maximum Ratings

AQV Maximum Junction Temperature

6V (J Package) 150°C

50 mA (N Package) 125°C

100 mA Storage Temperature Range —65°C to +150°C

5mA Lead Temperature (Soldering, 10 seconds) 300°C
w
-55°C 10 +125°C
0°C to +70°C

= —55°C to +125°C for the LM1524 and 0°C to +70°C for the

emperature coefficients, are at Ta = 25°C.

LtM1524/
PARAMETER CONDITIONS LM2524 LM3s24 UNITS
MIN TYP MAX MIN TYP MaX
Reference Section
Odtput Voltage 4.8 5.0 5.2 4.6 5.0 5.4 v
Line Reguiation Vin= 840V 10 20 10 30 mV
Load Regufation I =0-20mA | 20 50 : 20 50 mv
Ripple Rejection =120 Hz, TA=25°C 66 66 )
Short-Circuit Output Current VREF =0, Ta=25°C 100 100 mA
‘Temperature Stability Over Operating Temperature Range 0.3 1 0.3 1 %
Long Term Stabitity Ta"= 25°C 20 20 mV/khr
sciltator Section X
Maximum Frequency C7=0.001 uF, RT = 2kQ L 350 350 kHz
Initial Accuracy R and CT constant 5 5 %
Frequency Change with Voltage ViN = 840V, Ta = 25°C 1 1 %
Frequency Change with Temperature | Over Operating Temperature Range 2 2 %
Output Amplitude (Pin 3} Ta=25°C 35 35 v
Output Pulse Width (Pin 3) C1=0.01uF, Ta=25°C 0.5 0.5 us
Error Amplifier Section
Input Offset Voltage Vem = 2.5V 05 ] 2 10 mV
Input Bias Current VoM = 2.5V 2 10 2 10 HA
Open Loop Voltage Gain 72 80 60 80 dB
Common-Mode Input Voltzgs Range | Ta = 25°C 1.8 34, 1.8 34 v
Common-Mode Rejection Ratio TA=25°C 70 70 a8
Small Signal Bandwidth Ay=0dB, Ta=25C 3 3 MHz
Output Voltage Swing Ta=25°C 0.5 3.8 0.5 38 v
Comparator Section
Maaimun Duty Cycle % Each Output ON 45 45 %
tnput Threshold {Pin 9) Zero Duty Cycle 1 1 v
tnput Threshold {Pin 9) Maximum Duty Cycle 35 k%) v
Input Bias Current -1 -1 pA
Current Limiting Section
Sense Voltage V{pin 2) = V{Pin 1) 2 50 mV, 120 200 | 210 180 200 | 220 mv
PinQ =2V, Ta = 25°C
Sense Voltage T.C. 0.2 0.2 mv/irC
Common-Mode Voltage -0.7 1 - 0.7 1 \
Output Section {Each Output}
Collector-Emitter Voltage 40 40 v
Collector Leakage Current VCE = 40V 0.1 50 0.1 50 BA
Saturation Voltage Ic =50 mA 1 2 1 2 \
Emitter Output Voltage ViN = 20V, Ig = ~250 A 17 18 17 18 v
Rise Time (10% to 90%) Re®2k2,Ta=25°C 0.2 0.2 ™
Fall Time {90% to 10%} Re=2k2, Ta= 25°C 0.1 0.1 Hs
Total Standby Current ViN =40V, Pins 1,4,7, 8,11 5 10 5 10 mA
and 14 are grounded, Pin 2= 2V,
All Other Inputs and Qutputs Open

Note 1: For operation at elevated temperstures, devi
to ambient, and devices in the N packsge must be derates

ces in the J package must be dera

ted based on a thermatl resistance of 100° C/W, junction

d based on & tharma! resistance of 160° /W junction to smbient.
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MC14043UB
MC14050B

HEX BUFFERS

The MC14049UB hex inverter/buffer and MC140508 non-
inverting hex butfer are constructed with MOS P-channel and
N-channel enhancement mode devices in a single monolithic
structure. These complementary MOS devices find primary use
where low power dissipation and/or high noise immunity is
desired. These devices provide logic-level conversion using only
one supply voltage, Vpp. The input-signal high level (V) can
exceed the Vpp supply voitage for logic-level conversions. Two
TTLDTL Loads can be driven when the devices are used as
CMOS-to-TTL/DTL converters (Vpp = 5.0V, VoL & 0.4V,
loL > 3.2 mA). Note that pins 13 and 16 are not connected in-
ternally on these devices; consequently connections to these
terminals will not affect circuit operation.

® High Source and Sink Currents

‘@ High-to-Low Level Converter

® Supply Voitage Range = 3.0 Vto 18 V

® Meets JEDEC UB Specifications—~MC14043UB
Meets JEDEC B Specification—MC140508

® V)N canexceed Vpp

MAXIMUM RATINGS"® (Voltages reterenced to Vgg)

L SUFFIX
CERAMIC
CASE 620

O SUFFIX
o ! soic
: CASE 7518

Rating Symbol Value Unit
ORDERING INFORMATION
OC Supply Voitage Voo ~05t +18 v |
Input Voltage (DC or Transient) Vin ~05t0 +18 \'4 ::g:::ggggf gl:sl;:ﬁ c
Output Voltage (OC or Transient) Vout -0.5t0 Vpp +0.5 v MC14XXXBD  SOIC
Input Current (DC or Transient), per Pin lin =10 mA Tap = —55'to 125°C for all packages.
Qutput Current (DC or Transient). per Pin lout +45 mA
Power Dissipation, per Packaget Pp 500 mw
Storage Temperature Tstq ~65lo +150 ‘C
Lead Temperature (8-Second Soldering) Ty 260 *‘C

"Maximum Radngs are those values beyond wiich damage o the device may occur.
tTemparature Derating; All Packages: - 7.0 mWrC from 65°C 1o 125°C.

MC14049U8

Ju
(o A A
x A

CIRCUIT SCHEMATIC
{1/6 OF CIRCUIT SHOWNI

MC140508

LOGIC DIAGRAMS

MC14049vu8 MC140508
J——‘I >0— 2 J-—‘{ D2
5——‘(>°'—4 s——D—4
7-—-! >o—6 7—{ >—6
9———{>o— 10 9__.>—|o -
‘1-—{ SO——— 12 I'I——-l >— 12

I‘—DO—L': u—-—-D— 15
 NC.= Fin 13, 16 _ NC=FPin13,16

Vgg = Pin 8 Vss-- piang8 T

Voo = Pin 1 Vpp = Pin 1




MC14049UBeMC14050B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgs)

Characteristic Symbot | 42D L Lok 1257 Unit
aracteris
ym Vde Min | Max | Min | Typ | Max | Min | Max
Qutput Voltage “0" Level 5.0 - 0.05 — 0 0.05 — 0.05
Vin = Vpp or 0 VoL 10 — | 005 - 0 005 | — | 005 | vdc
15 0.05 - [} 0.05 — 0.05
“1" Level 5.0 | 495 4.95 5.0 -— 4.95
Vin = 0 or Vpp VOH 10 9.95 _— 9.95 10 - 9.95 —_ vde |,
15 | 1495 14.95 15 — | 1495 '
Input Voltage MC14049UB"0" Level

(Vo = 4.5 Vdc)- v 5.0 1.0 225 1.0 1.0 vde

(Vo = 9.0 Vo) L 10 — 20 —-| 450 20 — 2.0 i

(Vo = 13.5 Vdc) 15 25 8.75 25 2.5 l}

-t~ LoVl i

(Vo = 0.5 Vde) 50 | 40 - 40 2.75 - 40 | — |,

(VO = 1.0 Vde) ViH 0 | 8o | — 80. | 550 — | 80 | — de

(Vo = 1.5 Vdc) 15 12.5 -— 12.5 8.25 125
Input Voltage MC140508 "0 Level T

(Vo = 0.5 Vdc) 5.0 1.5 2.25 1.5 1.5

(VO = 1.0 Vdc) b fdo | — |80 | — | aso &b | — | a0 |Ve| .

(Vo = 1.5 Vdc) 15 4.0 6.75 4.0 4.0 :

*1” Level

(Vo = 4.5 vde) 5.0 35 35 2.75 35 -

(VO = 9.0 Vde) ViH 0 | 70 | — 7.0 5.50 S I P I

(Vo = 13.5 Vdc) 15 11 1 8.25 - 11 -

Qutput Drive Current loH

(VOH = 2.5 Vdc) Source 5.0 -1.6 — -1.25 -2.5 -0.9

(VOH = 9.5 Vcc) 10 -1.6 — -1.3 -26 - -09 | — |made

(VOH = 13.5 Vdc) 15 | 47| — | -375| -10 -27 | —

(VoL = 0.4 Vdc) Sink oL 5.0 3.75 3.2 6.0 -_— 2.2 -

(VoL = 0.5 Vce} 10 10 - 8.0 16 —_ 5.6 —_

(VoL = 1.5 Vdc) 15 30 — 24 40 - 17 —~ |mAde| .
Input Current Yin 15 - =04 — =9.00001| =0.1 — =1.0 | pAde
Input Capacitance Cin — — —_ — 10 20 — - pF

(Vin = 0)

Quiescent Current [[o}s) 5.0 — 1.0 0.002 1.0 - 30 pAde !

(Per Package)} 10 - 2.0 -— 0.004 20 — 60

15 —_ 40 0.006 4.0 —_ 120
Total Supply Current*t hd S.0 T = (1.8 pAKH2Z) | + Ipp rAde

(Dynamic plus Quiescent, 10 ] IT = (3.5 gAkHZ) | + Ipp

Per Package) 15 IT = (5.3 uAKH2) t + Ipp

{C. = 50 pF on all cutputs, alt

buffers switching)

#Data labeiled “Typ™ is not to be used for design purposes but is

intended as an indication of the IC's potential performance.

“*The formulas given are for the typical characteristics only at 25°C.

170 calkcutate total supply current at loads other than 50 pF:

H(CY = 1750 pF) « (Cy,

~'50) Vik

.where: tyis in pA (per package), C in pF. V = (Vpp ~ Vgg) in valts, . .

fin kHz Is input frequency, and k = 0.002.



@ MOTOROLA

DUAL J-K FLIP-FLOP MC14027B

The MC 140278 dual J-K flip-flop has independent J, K, Clock
(C), Set (S) and Resat {R) inputs for each flip-flop. These devices
may be usad in control, register, or toggle functions,

® Diode Protection on All Inputs L SUFFIX
® Supply Voltage Range = 3.0 Vdc to 18 Vde CERAMIC
. . CASE 620
® Logic Swing Independent of Fanout .
@ Logic Edge-Clocked Flip-Flop Design — -
Logic state is retained indefinitely with clock level either high or
low; information is transferred to the output only on the positive-
going edge of the clock pulse P SUFFIX
e Capable of Driving Two Low-power TTL Loads or One Low-power PLASTIC
Schottky TTL Load Over the Rated Temperature Range CASE 648
® Pin-for-Pin Replacement for CD40278
) 3 D SUFFIX
o lelled
MAXIMUM RATINGS® (vortages Referenced to Vgs) ' CASE 7518
Symbol Paramaeter Vaiue Unit
Voo |OC Suooly Vottage AOUENN RN S ORDERING INFORMATION
Vin. Yoyt | 1nout or Outout Voltage {OC or Transient} -05tVpp ~05 v
MC14XXXBCP Plastic
lin. Joyt i input or Outout Current (OC ar Transient). per Pin =10 mA MC14XXXBCL Ceramic
Po Power Dissipation, per Packaget 500 mw MC14XXXBD SOIC
Tsig |Storage Temoerature f . -6510 - 150 'C Ta = —55%10 125°C for all packages.
T Lead Temoerature (8-Secong Soldenng) 260 °C

“Maximum Raungs are those vahmes bayond whtich damage 1o the devics may ocour.

1T Deratng: All P ges: - 7.0 mWrC from 65°C to 125'C.
BLOCK DIAGRAM
TRUTH TABLE
-
. INPUTS OUTPUTS 4
ct 4 X s R 10nt |Onet| Onet
- S .
K x ) 0 0 1 Q Fy Py I
/| x 0 o [ 1 1 0
-/ 1 o X [ 0 0 0 1 3—icC
/Sl x 1 1] 0 1 o 1 8§ edx V2
/11 1 0 0 | Qo| Qo | Qo o
| x X [ 6 | x | 0p] 8, | NoChange ._T
X X b3 1 0 X 1 [
X x | x 9 ! x}] o s
x x x 1 1 X 1 1 Sl
X = Don’t Care ¥ = Present Staw 10—t Qp—1%
t = Lavel Change * « NextStats
- 13 =—4C
This device contans protection. circuitry to guard against camage due 11— al——ta
to high static voitages or electric fields. However, precauticns must be A
taken to avoid applications of any voltage higher than maximum rated . 3 I .
voitages to this high-impeaance circuit. For proper operation, Vi, and 12

Vout should be constrained to the range Vs < (Vin of Vour) < Vpp. Voo« Pin 16

Unused inputs must always De tied to an appropriate fogic voitage . Vgg=Ping "
lavel (e.g.. either Vgg or Vpp). Unused cutputs must be left cpen.




MC14027B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Characterlsti symbot | V22 -55C e 125°¢ Unit
ra c n|
aracter’s ymbol| Vde [Ty | Max Min Typ# | Max | Min | Max
Output Voltage “0" Level 5.0 - 0.0 - 0 0.05 - 0.05
Vin = Vpp or 0 VoL 10 — | 005 - 0 005 | — | 005 | vdc
15 —_ 0.05 -—_ 0 0.05 —_ 0.05
“1" Level 50 4.95 —_— 4.95 5.0 4.95 —
Vin = 0 or Vpp VOH 10 | 995 | — 9.95 10 — o9 | — | vie
- 15 14.95 —_ 14.95 15 14.95 —
Input Voltage “0" Level
(Vo = 4.5 or 0.5 Voc) v 5.0 - 1.5 —_ 225 1.5 1.5 Vde
(VO = 9.0 or 1.0 Vdc) i 10 — 3.0 — 450- | 30 | — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1" Leve!
(Vo = 0.5 or 4.5 Vdc) 5.0 3.5 —_ 35 275 3.5 —_
(VO = 1.0 or 8.0 Vdc) ViH 10 7.0 4 70 5.50 — | 70 — | Ve N
(Vo = 1.5 or 13.5 Vdc) 15 11 - 1" 8.25 —-— 11 —_
QCutput Drive Current
{(VOH = 2.5 Vdc) Source 5.0 -3.0 ~-24 ~4.2 -1.7 _—
(VOH = 4.6 Vdc) oM 50 | -064| — | -051| -088 | — |-036] — |[maAdc]
{(VOH = 9.5 Vdc) 10 -1.6 -13 -2.25 - -0.9 -
{VoR = 13.5 Vde) 15 -4.2 - ~34 -8.8 — =24 —_
(VoL = 0.4 Vdc) Sink 50 | 064 0,51 088 — | o3 | —
(VoL = 0.5 vdc) oL 10 1.6 —_ 1.3 225 - 0.9 — | mAde
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 2.4 —
input Current tin 15 - | =01 — 12000001 =07~} — | =10 | pAde
Input Capacitance Cin - — - — 5.0 75 | ==k — oF
{Vin = 0) \ P
Quiescent Current oo 5.0 - 1.0 0.002 1.0 30 | pAdec
(Per Package) 10 - 2.0 — 0.004 20 — 60
15 _ 4.0 —_ 0.006 4.0 _ 120
Total Supply Current™"t v 5.0 it = (0.8 pAKHZ) f + Ipg wAde
(Oynamic plus Quiescent, 10 It = (1.6 sAKHZ} I + Ipp
Per Package) 15 It = (2.4 pAKH2) | + Ipp
{C = S0 pF on al sutputs, all .
buffers switching)

#0ata labelled “Typ” is not to be used for design purposes but is
intended as an indication of the IC's potentia! performance.

“*The tormulas given are for the typical characteristics only at 25°C.

170 calculate total supply current at loads other than 50 of:

IT(CY = I7(50 pF) + (C - 50) Vix
where: |7 is in A (per package). C_ in pF. V = (Vpp ~ Vgg) in velts,

fin kHz is input frequency, and k = 0.002.

PIN ASSIGNMENT

e . —\J/

T3 Qa ~——VpofE=3ts.. .
223, Qg s
3cjca Qg =314

» . acdn, Cg =13
ScKa Rg o112
6C3u, [Py ==l]]

R 7 s, gf=to -

8 vgg - Sg 99—~
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