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Abstract 

To store electrical power from solar cells are generally used battery as storage. Recent 

development in capacitor technology, achieves with higher capacitancc, smaller, and low cost, 

especially dcvelopment of a supcr capacitor (doublc laycrs). This research study used a super 

capacitor to store electrical power from solar cells. The results show that super and electrolyte 

capacitor can be used without battery, with more power density, and fast charge. But capacitor 

discharging must be controlled. The important disadvantage is super capacitor is used with low 

voltage and high rate of charge leakage. In case of electrolytic capacitor can use with higher voltage, 

low rate of charge leakage but lower capacitance. 
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1.1 	 i'r:m.ulhnnua;::fllmdll'rty'1l6~ifl'H~l\! 

m1'l ellii~6!rl'Uu 'I1~'l Yl1:l'l 'l1'U Ii J'JlJ'l51~~ihJ'U1'fl1'I1i.u~ ff'fl Irl'U Yltl'l'l l'U ff::: a lV'lU1:'I;:: i'i 1:)6 
u • 	 '" 

..rl'hJ U~fl U'lblJ1 H;lh~ lu'l5,raluiJ'IiJ.,Ja~ 1 ilfl adU'H Irl a'lu lflU ff'l a lii Wl6iilll 'V11~1 'UWI a'U 

fl1:'lH 1'U fl1:'I1:) fn} 'Ui'ifl1 UJI.,J ll'tla 'I IIff 'l~ilillu 'Utl 'U IYln~~'U adil'Uff.fllYla lfllf1!11:'1~q~ f111:'l~ 

nJ~u'U itJ tJ11llWl!ff 'laliiWl6~ i ~i''U'U 'U vf'U ~'11~ -:I u;::ii1J11llW \l -:I,,!fllrlavf'U~J'Urill!lli'llll flilll 

'fll-:1 alii~6 ~'lJ'U 111 flFi' tl'l fll'J 1 tfvf'U~ iV'li''U IIff -:I alii"6i~1ll fl~ ,,!fI~ tl1'U ~u~Fi'a'ltJ i''Uvf'U~ i''U 

IIff'l J'U '1 "lllfllHfI~ tl'U~" a'll! ff'l alii,,6 ~'1J'U~'lFi'el'ltJi''UtJ~ "l!lJvf'U~ i''Ullff'lJ'U'l 1W! 'Ul 

t fji. V 	 I 

,.~,¥<\"" ",.~",."''''' ., ... "",,, d -::'1
1'I1'Ua t" !'I1'Cfa~i'l1:'Ia"~llJq~fll1;'l"lu !Yla t'l1Yl'U'YI'U'U'l ff11llJ'IJ'J'Ullff'lal'YIY'W 1'fl1llfl'YI,,!'flfl1:'ltl'flU 

'CfllJ m;utJ~o'U!'li1;'lrl'1I'Cf'laliifl 61tflrl'UYltlHl'UivliilMl'f1ofl J' 'I !l1:'I~'I11Yl1:l'l'll'U ivli'll~i~itJ 
"" d '1"~"~ "" 'i ., d " d <V d.1 i.HIuV'l!fl'U 	 II'l5l'U.fllO'l11:'1'l !V'lU'YIV'l1;'la'lu~1!fl'UV'llUIl'U~t\9ltlJ' !!1;'I~flllfl'UuJ';::'il 'tnll 
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1.3 lVlQih::«-l~lltl~lf1"HOTjl'iltJ 

1.1~elfffl'ln1ll flll!~'IJ'Vjih'J1U "lvHh'illfl!'IHI~II1;1' 'll'Jll1flUO'IJ 19I11~mJ 'l~~U'IJ'IJ'1f'lJ!'lJ fJ{ 

3'!~fJlllitl'lJllitl'IJfllnfi'IJII1J::m'l~lfJ'Vjtl'l'llUhHh'illfll'1m~U1;1' 'JfJ 111flOll1Ul;; 

U'IJfUflfJ~ ml~ ~11~mh:::~ lUfll'lt11'Vjtl~;jlUhHhfJeJfl"lu~1{J1H'fm::: 

1.4 lltl'IJtlll'1lltl-llf1'Hfl111'iltJ 

3.fm:::VIHhHhVIHf){)f) (Electrical Output Load) 11IUU'IJ'lJill'l:::frn:JJri'lumu 

(Resistive Load) 1I1J:dhJUl~l 'lilflu 1000 11eJ (l000 VA) 

~..::t: (> ~ ~OJ

1.5 lfifl11V11IUUOl'.il'iltl 

I.m'll'Cl lJ(IllH~UII1J:::m :::U1;1''ll'lVi 1 'illm'lf(l~U1;1''1eJll1flO~I.Ji1urn:nhi,;}u 

(V-I 

Characteristics) 

:;1 "' d cl _I
3 . immnJ'lJ 1;1':JJ 6'1 fl(l H'Ifl'Jn'fClfl1'IJfjll m 'l fll'lIfl'IJlJ J::: 'q II(I::: 

ll'1Vi l'U eHl9I1lfi'IJUl i::::qU'IJ'IJ'1fU1tlfJ f 
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Nftfll':i1~tlhli"lh::;1t1'nf 

I.fii fll nhvl11~1J'I.h::;'ilmJU"lflhtl eJ 1 
'U • • 

i '" ~ '" ~'" e:j _I .1'2. i't':i:::'IJ'IJ!.lllf);)flftH;)vl1 !1'm l'lffll11flllfl1':ifll':im'IJ1J':i:::~ !Ift::: fll':i'flltl1J':i:::~ mlnll~ 

l~'ilmtltN,;rui""m ~I~'U1vlvn~ 'Ufm11!fi'IJtI':i:::~l!'ljll"l£t1!t1v1 
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'" 'Ullll 2 

2.1 1.111111 

Q 0' ~ tI • ~I d' L::> r:I 1 '" " 
l'l 1'1 lU'IJ fi'l!"IIl:Il:IUi:1 'lelll'lfl 11, i:11U1J';l~ flfJ1.1'IJ el'l!"IIt'lt'l Ui:1-1 'rlll'lflU, l'l';l'l i:1';ll'l'IJfJ'llJfJlfl el ';l 

m~Hi:191H, 'I1tlflfllnh:nu'lJfi'llHllflelfm~ui:1I'lH, fll'Jfl11.1i'jlJfll'J'l"iH1U'lJij'llJtJl~n){ fllmUt'l'l 

Nru ru 1 tu tJ Ul gtJ f1! 11 Uirtll ru lUI ~~91fJ t'l, 'I1tl fl flU 'I"i 1'1 lU'IJ eH 111.1 flll'l ij ~, 'I1tl fl flU'I"i 1'1 lU 'IJ tJ'l
U d 	 U U 

. " 
l:u lf1HlfiUlml:llM{ qf'l~nrm~!~U"I'1'li1 

2.2 	 't'Ia.H1U11VllIfIU 

ilv'\pjU'YltlH1U!1I'U~ 'l~~llllUftl'l1r1JJJ\pj OhflfiUH ilii:111J1'JfJUf]!l:1'6 i~ 1u 'J51'l 

. 	 " 
i'l'1'l1'JHI-TI1'l1'U1Jl !l'1f1hhlOflUl'-lilI'lUl:l~flUH.:jl'U'VItl-H1U nml'lfl11:U~eJ'lfll'J'lJfi'l'VItl'l'llU 

11Iu 1 UfiUH'J1"1~1 Iit tJ'lv lfl'VItl'l'llUllluil v<\)11 '11 tlfl1 U f11 :rwl'llul'lh~ll'l i'I' Idfi fl11lJ~tJ'l fll'J'IJ ij 'I 

fll 'JH'VItl'l HU:Ulf1~U 1U'lJUI~~lJ~lJ lUI 'VItlN 1UftU tJ'Iv1f111 'I1rl'l'VItl'l'llUli 'J 'J:U'lfl~liijU~l 01'1.. 

Ulmr11i!'1~UfJOHnl'llh lJ'4110;'l1li:11H1TVltl'l'lnn1I'1Ul'lutU -111fi'~'VItl'l'llUlll!'U!lUU!vltJ 

w'lil ty 11 11'1'1 f1rin Vltl-N1U 'I1l!U!lUU;)'llllUl'lHijijfl~~ littJ'l'U lf1lllU'VItl'l'll'U~ hJiJ1'ull:U" i U11lfl 

It'lfll1 

'VItl'l'llUl'l"IIl'lU (Alternative Energy) l1lJ1Utl'l 'VItl'l'l1'U~lJijylf1iU~llJ'6'J'JlJ'lfl~Il1:'l~ 

i:111J1H)~'I'1"!ll'lU i~tJUH i:u~ 10"~v~'\.h1Jl1 ~l'l"!ll'lU i:111JlHIUU'lmlJHllrl.:J~1~1Jl11lu 2 
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'i TlJ O~fm i ~l'lil~~lU eJciH~fl!~HlJl;~!!~QiHi eJull:i :::1~fI'l'ff1'l1 ~~ i U mJv,1UlJ1.fflUi~'VIil~~lU 

lIilfl'l 'il1fl~1~flll1~U fll:il~lJ~U'\Ifl~ fll'J Hl'lil~~lU iu lllfleJciHiiifl!~fl~iflii~'il1fllHnU'ff1!l1~ 

'ff1!l1~lIilfl'l MtI flm'il~i)J!~lJ 1~,}11~!fI':iEl!ii'ilflfh~fl~H'\I1H!lll:::'J1~1~1'\1t1~1l'i:::!'YlfI'iiiH'l ~1 

lllfl nlJO~~lU1Ull'J:::'lflm~i1lJlfl~U '}i1iM''fl11lJfi'(l~fl1:i'VIil~~lU~~!~lJlJlfl~UII1lJLll~lU 

iU'ffmUfll:iwil'll~'I1u i1flUHl'lil~~lUlun'ilm:ilJ~N"llllU~lU1UlJlfl hWllll'll::: 

l'lil~~lULvHll ~ofl'lh ill1~lJlfl~U fllmJ;1I Ll'Hh1uu'il'iluuyhlM'ln\i}fll'll~1'111M'lfllilfm:::lltlU 
~ . 
.. . 

'VI HI~ tI fll1'U~ 1U1'I11lJl'lU1 U1lJ 11'il::: l1ll'lil~~ lUlJl'VI\i}U'VI U iJmJ1 U~1UlIlllUl1'Ii1l'mU11i11'fln 

'ffUlJ'ff'4u 1I11:::i1fll'Jrl'UI'I~1111;'1:::1iu l'lil~~lUllHhif l'lfUlflHfll:i fll'Jftmllf111lJ!l1lJ1:::'fflJfll'i 

11 'i::: qfl~i~~1U 'VI ilH 1U U'ff~ tl1111ilu1U fll 'J ,!lJ J11~eJlfu~ 1'11 flU 'VIH fl1'i 1 flEi \91 'i '\I eJ ~ l:l'OlUUl j)U 

l'lil~~1U[1] lfl fll:l'UlNUlll'l1 l~tI ~'VIil~~lUllli 'l tlU11'1~ 'tItI~fll'J lrllihfhUN alil IIH~ll 'J::: !'VI rl'L 'VI {l[2] 

flWiYlJlJUll~tI'l liUl'lil'l'l1Ul:l'fH~lUIrl''JlJ!ii'ill'lm~M[3) ~l:l'UlJl:l''4Uhw mN'I'lUl~tI!:1~Il:l''ilJ 

fll'i tI'4i'flEl'VI ilH1U flull'J::aiJu 1I1'i:::lJlJ~!l1lJl:::l:l'lJ'UeJ~ l:i 'l '1,.jlih!'lI1;'It:!Ul:l''lflll1'flUlIlJlJfifll,J' 1 

:i:::lJlJ~ll1'1hU[4] 111;'1::: fmftfllJ1l'!,llfl1'V1fhil~ l,.jlhlJtI~:i:::lJlJ1'll-ft11'llClt:! ~1~mJ~tlllm:::lJlJ 
" ~1 111hu L vi VI 1 ~1.nUHll'il1flflUlll~UU'fl11111,J'lJtll:l'~ tl111'flU[5] Utlfl'illflU6-3 ij'l lU1iUl11;'l::: 


l1'IhU'llUtU"l 8fllJlfl~1M'fl1llJ'ffU1'il1U11tN111-ft1if 


l'l ilH1UlIl:l' 'l eJ 111'fl u1Ull'i:::l'VIrl''1 'VIU 'il1flfll'JfhU1ill i''l~h llJ'\I e-ml1'l tlll1~ U:i 1U1U!II~U~ till '\I tI~ 

JJ ,~ )f f 

l1ui1'ihll'J::;I'VIfl'l'llJ'hiJrhl'l'htllJ 18.2MJ/m2 - day[6] 1'11111'l'iiUi~':h ll'i:::l'VIrl'hw:Ul1u11rlmi'lJ 

fll:i'U ll'lil~'llUUl:l' ~tlll1\ilUlJl1~ll'i::: lU'lfu1~lJl fl 


1uflm~lJ'VIil~'llU 'hHh~L~"1fl1'l11;'1t:!Ul:l'~flll1'flU 1~eJ1.11111i~lrltl ili:uul:l''ltlll1'flU,1u 1~u~1Lll 


'il::;j)~lfilJ!llu '1v1vhm:::ul:l''flH H1UU'U'flll'l tI~ !rlfl~fl-3fllnh i1l1~tl'Uflll mill"'!vlVll~1'l 'Ill ~ 


')lH1U~1f.1i,.jvhm::;ul:l'l:l'il'U ~'il:::1,*f,lllmci'1uflmll~uu ivlVl1 m:::U'ffWJ 'l'illfl11lJ1'l11'l tI~ 1 M'lllU 


m:::ul:l'l:l'illJ I..1U 'Mr,il1u fll'JU 1 i vi VI l'il 1 fll'llCl t:!Ul:l''l eJ 111'flUUllmfilJ HiUt!'U'flI'fl tl~ ,,:::~(l'l i ~ 


!fl~eJ~ll :i:::~ Lvi (Battery Charger) ~'l'il:::~(l'liJfll'Jlli'lJUH~U iv/Vll i M'l'l1lJl:::l:l'lJtllJ !I'U\9II\9I(l~~i~ 
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. ~ 

lf1U1'il'Ytl::::11 H~'I.,t'hHh l1'~1I1fUclHl-aH1;1' 'leJl'VlflUlIdhl'U lfl himltit)'U ~'U eJdn1H'111lJl1i'lJ'\JeJ,:j 

U'ff.:JeJl'Y1flU HI:1::::ii,:j¢leJ.:JJJf)1'i'fftl11U01/)::;fflllim'Yt'l.m,:j'Ytc1Hl'U h1'nlJlI'I~eJn/)::::\) h.. 'UeJf1111f1ifo.:J 
~ u • 

~ll1J'U¢leJ':)Hh11:111'Uf)1nJ'i::;~hnH'nuHU~!~eJ~ 1'U'l1'Ulioif!'ff'l.W11ifil':i'irflt~U'Ytc1Hl'UhHh 

H1'U~1!~'IJ'lh::;~hHh 

~11~'IJlJ'i::::~ ivl~l.,tl i'tlL!uuij!Cll'll~'i'I{J'll (Electrolytic Capacitor) 
~ 

eJU1'l!'If'U 'Il'UUI 'tI'i::::ff'\'lliill'Yt 11l1::;'i::;o::::ml1i'Uf1T:ii~ll~U llfi1wll'Ui:OflU\)::::H' Super capacitor 

~,:jI'lft'lflnu~11~'IJ1J.i::;\)UUuijll1i'11m'CI'Yi' u~iJi'l11lJ\)'ff'lfi';h1Jln iJfheJu;'lU~ 1 vll:rfl (Farad)
q 'I <U 'U 

cij <V cl j::; '" _I _I" .. • 91
!1J'U~1!fl'lJ1 'i::;~!!UU 2 'If'U (Double Layer Capacitor) meJllUU9j'lJllJeJ'i UCI::;lJl'Ilfl11lJ~1'U11l'U 

illu1'U~lf)';h ~11~lJlIl::::~i1i'tllO l'Vll ufiiJ1i'eJtuofieJ H'~num'l~'U~~l ('lh::::lJlw 2.7111:11'1) 

.. cl "J • '" 91" <V cl _ 1 "" cl <V "J .I_~ "I 91 • 
lJ'\J'UHUl1f1l1t'!::::111'l1 tlJ~.:JlJln'Un 'IleJfI'\JeJ':)fl1!flUlJl::::~ 'ffllJl'it1l1~!nUVHHn'U !lll'1l l~eJUN 

n~l~l UCl::::~lflf1J::::ll'ffivl~'11H'n'lJim::::n'U (Load) "l~M1IrleJl'fiuunullu~!~eJ~ U~fllHh~1!~U 
_I ~ 91 91 d cl _I _I 91 '" 
lJl::::~lJl !'If\)::::~v'llJnl'Ji'l1Uf'!lJm'i!flUlJ'i::::~ UCi:::: fll'ii'llfllJl::::~ (Charge and discharge) fleJ'le:llfW 

l'l\)mlll:1'l~'U ivl~HI1J'U "lvl~H (DC-DC Converter) I~VHU'tlI:1,:jUH~'U ivlflHflnrd,:j!1J'U 

"J .I ... "" 191 <V '" .i! ~ 91", if "'.. "J 91 <V
nl~Hvni'l1'H'U':) lImlJl::::'fflJnUi'l11lJ~eJ.:)ml !'Yt'il::::UJv !'lfnUmHl"lfI:1C1Il'ff'leJl'\'l~U \)::; !flU'i'lfl'U 

~<V d!j} 1I Q.I dt :v .:SI G 
,:j 1'U111U'U 11:::: hfll 1 i'l1Uf}lJ ~lfl'fflJeJ'lnClf:l,:j~l (Embedded System) !'YteJ 111 'ff1'U i'l1UI'} lJ lJ'lI'Ul~lJ;ln 

i'l1Uf}lJ ,~~ lfl UCl::::'I.b::::lIii~'Ytc1,:j':)l'U 'vl~ll~flll::::Hln;':m'U 'vl.,hll1f1 l::::umli'l¥'l i.,i~ 11l1fU"lfCl-a 

~ t! ~ Q..'" ~ 
!lff,:jtl1'\'l~WU1J1J~~¥'l'leJ'ffl:::: (Stand-alone solar energy system) 

1'UHUi:OO'lIel'l Tatsuto Kinjo [8] '~'ff~N'i::;UU ECaSS (Energy capacitor system) 

l~uH Electric Double-layer Capacitor (EDLC) l~eJi'l1Uflm::;~U'IleHU'i'l~'U'IlleJeJf) hn.lH; 
_I if", "" .. 0 <V ~ "J >i 91 0 

f,JlJf1Jtutlll:1i'1'\'lJ'eJ'Ufl'ffflll:1'l !'U'll'U'\JeJ,:j R. M. NELMS [9] ut'!:::l'Itu:::: lflffHlUUU1I1CltN'\JeJ.:! 

191. 1 .. _I'"if 1>i<VDouble-layer CapacItor ~fl 'lf1,:j1lml:1~!~eJJ' !'YttJ 'lfnUflll:::: (Load) UUUI'I10lJ'i~~UUU'lf1 (Slow 

discharge load) III:1:::mJ'::;UUUl1C1-a (Pulse load application) l'UU'\'lfl11lJ'IltH S. Nomotoa 

"191 • "" 1 ,.,
Ul1::::l'Itu::: [10] l~nCil1m I'IH'ffJ'N'tleJ'l Double-layer Capacitor ua:::f111 
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hl3191 (j d t <=II 

Donald Cahela Inl::: Bruce Tatarchuk [II J !~ff:JHHUUulmH!'VWU!YlliHJ~ super capacitor l'1~ 

hmluu'Uflullfr:nlJu ~1fl11lJl'i'nll'11'U~~eH)'umlJ U€l:::rhrl11lJI'i'1'Ul'11'U r1 i If 'fl (Leakage'" . , 

resistance) U~''Ul'1Vlll~u~mf)~'il:::l~~Td' F. Belhachemi lI'fl::: S. Rael [12] ! ff 'U f) UU U ~ 1 'fl f) ~ 

lVi!'J1Jl'vhYll.;J i~Yh'lm,!j Super capacitor Ull1] fffl~~~ (Two branch electrical equivalent model) 

IIUU~·l'flfl,!j.tf ihI11'i'1'U'VI1'U 2 vl1~m:ll~mlJilu vl11~1J1h-:::~'li';j':ilJi'l1 U'fl:::vl1 !~ull:J:::~uumHu 

th'~ IIUU~1'flf).;J.tff)JjlJlfnl(l'fl:;;:!~!'J~'UeJ~fll)~eJUff'Uf)·muu Transient U~ lJ fl 11lJ <i U "* f) 'U 

''Ul'1Hll~U~ T. Smith U€l::: 1. Mars [13] !ff'Uf)UUU~lmN~41!'Jl!'fl:::i'i'lI'il'U hl!'JlJlI~vl1!fi1J1h:::~ 
,. ,. 

U'fl:::vl1~1'U'VI1'U~f)f)'4mlJil'U '1'hhi'fll:Jl~rini.:J 2 Ulf1'M41l'lfl--h 

_I 1 .1 liJ '" ~ .dl .e1 ~ ~..dl liJ '" ~ 
lJ:J:::Il'1ff l'1!'J!W:::lfm!'J"llJ':i:::Il'1ff li'l~:J:::lf'Um:HlJtylf1'Yt'fl.;J~l'Ui'l,!jf)€ll1 i!.:J l~VIi'Jl'Ul 

I 'VIfil 'U hUf)lJ~ flflVlft.:J.:J 1'U1l1flttlf ft.;J'Ytft'N l'U ~'U"l !~'U ~1'U 11'U nl'lI'liJJlJ'Jl'l ~ J1lJ 11li,)'lfll:J 

';i'Jl'U 1'Yt ft·N l'U 'VI?lIll'1'Ut'U"l lH'l:::n'hlf lJ l(l~'il::;1~'Ytft'l.:J1'Ul'1~Ul'1'UffllJl 'Jtluli 'l'111lJll:J:::ltll'1f)1 'J 'l~ 

- f)uH".ihn'Ul'1~!ll'1'UI1J'U!llffi·H'hI'Ui'l'Ytft,!j'l1'Ufl11lJre)'U (Heating Source) iiii'l 
<It '" v ~ "'~ <ItIU'UHl!'J'fl::: 60 'II f).;J'Yt'flHl'U'VIi'lU l'1'Ull'l'lUm li'l!'Jll::: hf)Uil1l'1~f1ffllfm 'JlJll'fl:::!flllfl'Jm 'JlJlU 'U 

lfftf) 'YtftHl'Ul'1i'lU'VI'U~lil'Ul'UflU'l~,!jl'Ull'J:::tfll'1if '~!u1 'Ytft.:J'l1'U;1lJ1" I~'U 'U!'J::: lJ'fl!Y'i11IW::: 
'" 

,. 
f)1:J '~'Ytft':Fll'Ul'1i'l!!l'1'UI1J'U!:)ff)I'Ytil-3;1il1'Yttlf€l1 (Liquid Biofuel) fl~!1J'U 

f fl!'J":;;: 24 'UeJ.;J'Ytft'ln'Ul'1i'lU'VI'U~.:JlflJi'l li'l(l'il::: HilUtl1f1'U'U1:Y ·:ul3'Ulfftf) If) 'VI1'UeJmm::: 1uh~t9f€l 

113 'U fff).;J'Yt ft.:J ~ l'U l'1 VlUl'1'U If ftf) 

- fll'J 'l~'YtftHl'U'Ilf1t1'V1'Urllld'lJf)lJ~i1'i1m:::!lff'hHh li'l!'JlJ!Yi'l1:Y1'UfeJ!'J'fl::: 16 

'Uf).:JVlft.:J.:Jl'U~.;JlflJi'llf~f)fli'lt1J'Ull~lJlWI'YhillJ 1,060 ';'Uvl'U li'l!'Jlil'U~l1ftH1'U;1lJ1'fl'~'U UMlJ 

'Jl'1'Ua'f)!'J 11J'U~'U 

http:IIUU~�l'flfl,!j.tf
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<J '" ,

2.3 l'UI'l'lnma,UnWWItl 

Yl fl 'l'll'UH U 'I f) lVl \91 VIii 'UII 'H rl '111 fl 'l'l1'U 'VI \91U '11 'U ~flU 'J ~!.f1 '11 'H rl '1~ ii f)g'ii' 1 '1u \91llJ 

'Ii 'J 'JlJ 'lflflmi::::UllJ1 'i!:l ii'VI flU'VI'U M elfh ~ '1 ~ ~lrlfl l1fl'l'll'U U U 'If) lfl \916 il\91!1J'U Yl fl 'FIl'U 'H lJ'U!1U'U 

( Renewable Energy) ~fflrlqJ~'!;A ulm'J!:Iul1nHi~f)fh'lilii'U'!;flU{I:;;iit1fl1HlA:;;f)'j::::'llUiuo'l 

~Hl \91 U\91 'J ~ !1J 'U Yl fl'l 'Il'U u:;; fl1 fl i li vhu g 01 (J 11 fl "] ~'U 1l::::vh 1 l¥ E 'Ill1 fl ft' 'ellJlil 'U Yi':El I'If{l'' 

U U 'l Cl1V1fl6~ 'l11J'U E'lu 'J:;;~':El'om'lt11 ~fl 'VI HlU flff'lfU \91'Hrl'l ~ t:lflU llJl1 ~f.lil\91 i Yl~ 1 I rl fl '1111 fl 
~ ~ 

U1lJnO!U~lJ'Ul 'If'fl''U U 'I mii \9161l¥11J 'Ul1fl'l'll'U iYlvh '1 ~1 \91U\91'J 'I II~ l'lf{l "UU'1fl1ii\916i:JU11J1Hl 

Ifl ~ fl'U ~flllJVIfI''I1l'lUU ~flliifl6i~ ~'l'l'11 1 l¥u'J::::ii'VIiiflll1 1 'U flni''IJl'Ifl'l~l'UUU 'lmiifl6iliu11J1'JO 

l'l H l'U MfldH!~lJu'J::::if'VIiifllYl ril'U1mV1'lf'fl"UU'lflliiflVl'll1mlflul'J ~'1~hU1Yl1 fl9Hll'1 B'U ii 
_ 1 "" "" 9 _1d.., "" ..., '" <1t '" "J ••1_'<4 i "'.. .1 d' cl
lJ'J:;;U'VI'lifllYlI'Ufll'JllJ'fI(J'UYl'fl'l'l1'UUU'IeJ1'V1fllJ Im'IJ'Ul'I{I~'11'U rrll11 \91~'1!:1~ 22IlJtl'J!'lf'U 

!lin tllVlfl610fllllflugn~Ull'VleJ{[lJU11fl ~uf1'U \911'1B lfl\916 IdeJlIU'IeJlii \91V!~'U'VI N 

lJ1iim Bfli'Um 'iU1fllfl''\Jtl'l [gfl 1I::::iiI'111lJl-u'lJ'\Jtl'lUU'IlflUl~~UU'J:;;lJltll 1,350 119l~/flln'l!lJ\91'J 
:v , 'ji 1 

l!~ fli111:;;'fI'IlJlii'l~'U1 (If) Ylfl~n'U'IJl'l ri1'U~eJ'I~qJliYuiudjtl~l'U'ir'U'lJn Ulfllfl'~H "] thim1lJ 

'ji v w ~ 

1(I fl I'Ji'U ~'U1fJ 1 CJ1'U ~'U '1 mil ~'UnlCJ1i'l1 f'IJ fl'U i \91 f) f)f) '1CJ1fl '1'111 l¥fill lJl-u'lJ'\Jtl'lU U 'l 'fI ~l{I 'l! 'H ilB 

'l.l'i::::lJltll 1,000 119l~/'fIln'll1Jfl'i ('H7tlu'J~mtllftlu'fI:::: 70) 

U1mtllUU'If) lii\916~ IM'IJ'IJ'Uif'U~1Alf'U~'Hrl 'I 1l~iiu~ lJ 1til~ 'l,!;Aldtlif'U ~ tT'Ul'l l1j1J 

~'1~ lflrl'IJU1:!~mii\91v fl'ltT'U 'H 1fl~f)'1 fln1l¥if'U~1\91i''IJu1:!~ Bliifl6i~mfl~ '!;\91~ tl1'U ~'il:;;~tl'lU i''IJ 

if'U ~ i''IJII1:! 'Itt'U"l \91llJ fll 'JItl~ eJ'U ~'U fl'lU 1:! ~ eJlii \916 ~'11l::::!tl ~ fl'U ~'illflii fl'19l::::1'Ufltl fl IU ~f1f1' 

\91::::1'U\91 flI1:!lJeJ 'U flfl1l1fltT'U lIlflfll'J~hfll~(J'l Vll M~fll{1fl1'Hlien'i''U'Hlh-u'1'H1Al'1flliifl61'U 

y "" '" 1 9 3J 91 y C!) <!I oJ ~ ~ 'jl tV g do,.>ttl 

q I!)H)'U IW::::!tHJ'lCJ1fl 'fIfl Ifl'H'U'H'Ull'Ulm\911'1eJl'tl\91U1'Uq ~'H'U11 \91'1'U'UlI'lfleNU m1jlJYl'U'tl'i'lJU1:! 'I 

~ 9 4!t f1:V 9J 'jl jJ 'jJ.:A 9J.l d! Q.I 

'U'U"] l'UU'U1l'H'Utl!19l (l;l1JfllJU{I::::lJ1WW) 1'H1:!f)fltl"eJ'I\911lJq~flliHl1U I'VH)1'HYl'U'VI'U'U,,] 'J'lJ 
, ., 

1I1:!'1flli1\916i~mfll1 '!;A\91 {IeJ\9111'1lJ 

, " 
i'Uri1'U'U fl 'lU 'J::::I'I1f1'i'tl (Jc)$'1fl'ltlg'IJ1!1t11 i flft'UYUi;Y'U 6'Q\91'J ;~ I~i'ml flHl'U lIlfl 

u1:!'1mVl\91v1'UIflWcfl'Q~ l1flH1'U 1\91(J!'Q~U~'li''IJ'1~'ii'1u'J::::t'VIfI'un:lJltll 4 ii~ 4.5 m"1\91~'1h llJ'I 

~tl\911'iH!lJl9l'J~tl1'U U'i:;;fleJ'IJ~1(JYlfl'l'l1'U'illfli'~iY\91'i'l (Direct Radiation) un:mtll 50 IUB{I~'U 
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l.hUl1!lffttll1h..ll'O:lHl'Ui''11Jm:;'illU (Diffused Radiation) "ilun~'illfl1;'l:;iJimhl.'U'n'Wlf1lfl Gi1'1U 

2.3.1 N1:1m:;I1'IJ'\I1'l'llrlJ1~U'I (Declination Angle) 

Ida li:1fl 1 i'I'ilHiJ'lJfl1'1iJll1116'1l:;l'h hf'q~f1ll:ll1l~u'U!l1l1;'l~ vhI. H'ln~f1lJlll~U'Uull1:1'1 

'\IiJ 'I f1l mvi:i'l1J'U iJ flhlfl ~'1iJYltl'ii1'l1l'J :;iYl1 i m Vi'UiJ 'Ili'l~iJ'I:i'lJl! t1 'I rnl1116 l~ iJ 'I'ill fllJ lJUiJ 1:1~'il~. '" 

l!1;'I:;lj 11 iJ:;9ilf!i!ll~U'U. '111 n1ltl'li'Hn1:11~li'l~iJ '11'lJl! t1'IftllllHlvll'l l'U. M!lfFJYl1:1~vll hf'!n~ flTJ 

III ~u'U.mJ 1:1'1'11 iJ 'I q~f1l1:1,jl'l '1 J'U.I~ji)'IlJl'illflljlHt)rH~ 11:1 fl11'lj'U.Hl'IJ11fl'U.'IJ iJ ::J~1W 'I ~ ::J11fl'Uif'1l:; 

i'l'i11flnm:;'U1'1J~11;'1fl li'1nJiJ'lJ~1::JiJll1116ljlJ1~U'l'il:;iJfhn::11":h'l +23.45 iJ::Jfll !l1;'l:; -23.45 

iJ'Ifl'll'U.'J1'lll11'rl'lU Ida hfllf1'ilJ'JiJ'IJ~lJ'Iji)111Fl6'il~vllhrlnflqY;]m1;'l,jl'l'l il'lmVi~ 2.1 

. ~.--~ , 
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fIlVi~ 2.2 fllmfit'.:jaulflflTUJTiiflrJlJl{f-1~bhfl 

2.3.2 ilu<ijO~ iJ NfI~ tJ fll 'mfi t'.:ja'U tJ.:j f11.:j milflrJ 

• , • 'JI 

cI 'I '" .. I d .. ., ., d' 'I 'I d',d"" '" ..
!'till, f1'illflfll'.ifl'fllll IflO Sen fI:ilOHUIJUI111l1'UlJ'UU'UtJ.:jAl'i'UtJU f1tJtJfl 'liflfllJAllVill'tlU 

'illfl 280 ppm lutJ~fllflu 370 ppm luilu,\!iru fll'liiiIflUiirill~lI4'uulfl 700 ppb Iflu 1,700 ppb 

um;'luIfl:il'ilUelelfl'l'liv;lUlfl270 ppb [flU 310 ppm ~.:jfll:il~1I~U'Uel.:jfll'li!'tl~1'rl'lfluNflU1flfll'.i 

fl'.i :::1'l1,\1 tJ -!Imp" rJvf-!I ill,Iflo'll fl~llth flU ufit'-!I a hWfl '.i .:j'il1 flm-!l el 111flO'il:::fl fl fl'.i:::flmJU~b lfIfl 

I!fI:::ii1J1Hhu~::;Vi'tJUfl()'U i'lliJ.:Jm HJ1fllfl'UtJ.:j IfIflri tJUtJ tJfl'hlii-!l tJ1fl1fl 'll~lJlwfl1mfit'-1a~ 

~::;'ti'tJuu::;~ fll~ Ofl'll 8 fliH f1't1fN 1flfl ~-11flu8fl'.i uhu'U tJ.:j fll'.iufi t'.:j a~::;'ti'tJu~tJfluufit'-1a 

I~HJfl '.i 'l~1'f1'UU'U '.i'.i Olfllfl 'll~lJlWVi().:j.:j1U'tItJ{jfl l'.imi t'-!la~~fl'a~ri''U I f10'U '.i nJ1fllffu::;ii1J fI'U 1f1 

,hi'lf.lJ~tJ~mVim '.i01fllffi u4um 1fllfllfll fI'.i lff~lfl 01 fl18ftiH fli f1{Jll} ~tJiiril'lll::;lJltu 30 

~ 'J,I ~ i I dt. .J ~ ~ ~ ~ C>. 

lfltJUlI fl'.i 1f1lJ IW::;U el Ofl "!" U 'lf1'llfl elU m flglflll 'Ii-!l lUUN fllJl'il1fl'll '.ilJlWI1l'1l1m::;11 nnwViU fill, 

luu~fI::;~fll ftfl nlJ ''llii'l'.i :::0:::11 H'illflfl1'l tJll1fl rJflU m:::u 10~1't1el-1UJ'1lUi:'1::;8f1i:ilf1iUfh 
Q,) ~ cf..::! ~ I .J ,<:v .d ~ ~.J «::t .d'<V I QJ 

ViflH1Ull~ 'I tJ1f1fl Ofl~fl'afl'li'UlIfl1lJlflfl,,!fllfIlfl'U 300 W1m2 flCI:::fl~fI~1"1 'Ii-!lfll'.iLlNH~'jJ::;lJfl1 

flflM ~ 111 fI:::~u I') UfI::;l18>'l '.i1 fl1 '.iflfl iN~ 1f)';hfll'.ifl~fI-1'UtJ.:jVi()'l-!l1U m'J urH-!I a~fJflflflcJ$\J 'I j'" .... 

http:hi'lf.lJ


n@LI,~.l!tlU~l!l1.l!t-tt:tmlUt-@ll,rnl1~wtlU
(f; i=' I'D I 

n~LI,l@t-t~t-@ll,ml{m~~l!nt-lln:LtM ­ /' tI' I 0 

n~n[,11 L[,L n!;!> nltLl,l!1~LI, n~n~ nlb1q~n~t-@rb~n.J[, ­
" ,.; 

t}1;~n~(!'[!l1lln~:.:',11 L,~lt-ftl{m~IH~t-£~ntlurtlt-I;11MN~Il,M,LlmU~~l!l1
" " . 

~1!}l!9l~ ~LI,l~t/1n:UMlU'.l!~t;!l1Nbn:1ULI1I1L1,~Wt;!t:t~~t-£~mLUIi@ll,mLft~/1,!:tll!;t nlllil~l~~~n~ 
. " 

~Il~nnl~l!}l!gl~NlJ,At-~ Ulllttl~9~~L@I;.l!l1ftlt-t-11M@ ~Ulftt-lP@l1lA~WIlt:t~t-S;Nbn:1ft@.v Ii@[\' 

t~nll1~WtLU ut;!11;@1l,~1!}l!9@~/hlfL~nt~~q;!n~~l!}t;!gl~l!LI1t-@tJ>1 ngt-,!,A9~~L@We\l!LI1 
~ • If;.(f. 

~t-!~mll!@~I1L1,~wt;!t:t~ntJr t;!1~LI,l!tI1~:::tq~n~~l!11Iilln:Ltl;\ ~LI,I~t/1!!tJ~mfw11 
" " 

~LI,I~t/1n:Ul!U.mLl,::::WIlH ­

It:,rt:1n@Ul;nln:nw@n:t.l!litt-@ll,t~nll1::::!'U!'LUn:t-Jr.n~LI,l@t-.l!1111!.t-Hl1LUl~LI,l@t-.l!II 
(f, i1!l t f p rtl om ~ If'I' b ro FF b­

rtl t-t-11 M@ ~/hlfl~I1(W~t /1~t-@n[,11!:'~It:,n:lt-@ Il,~ t-£ !"In tll! ~l"n:.l!mtJ n 11 t-~ ~LULIl t t 11 nll~mft:I{ 

" 
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. " 
'ill'jl,rVi 2.1 1!'fff1'1rilei'ftUli'!'IH),rrh"!~b~l~'l 

il1'ffU 

. . 
UJcJfWhJ~',i::;~u~h 

85 

70 

8-27 

6-19 

2-78 

21 

48 

69 

70 

~ ~.. 
2.4 I'llUI'H'JJ111'UiHI'IIiHIUfl\'ltlTfI!lIli (Solar Cell) 

". ".19f'"l'j19HHI (Solar Cell) 

19H1alrll¢i1:Hl'ill~fl (Photovoltaic, PV) ~~~H~~~1Jl1l1flr1T'hlv11~iltgml~fl (Photovoltaic) 

lf1fJUfJfltJ6fllilulviM (photo) 111J1fJO~ !I'ff'l Inl::; l1'ftA (volt) 111J1fJO'l UH~U'1v1~1Irlm1lJl1h 

ua'111lJ 1fJO 'I m::;U1U III milYll '1vI~ 1111fll11 ',iVlflm ::;l1U'tJeI'Il! 'ff'1Ut,r]'ilQ~~i'111lJ 'ffllJ1H'11U fll',i 

!'lI~fJU'VIll'l'll'UU'ff ~lilU'VIll'l'llU '1v1~1'1~lflfJ~H 'ff',i'll'1~il !'lI''ftall'ff'lfJ1f1i1U tiel ~'l'll',i::;~lJ,f~r11. ~ 

1I1fl'ffTJrl'lI'lTI.11I'1fU 'Mili'ltJU (Silicon), llfllll~{I:U eJl{I'll'1UA (Gallium Arsenide) lilu~u ~'llrltJ 

l~rUll'ff'ltJ1f1'f1 ulflfJ'fI ',i 'l~1I::;1'll~mJlilmI111::;U1 lvl~1 U'ft::;lI::;OfllWfl!iI u'll 'J::; 11 i vlvhmm!'ft::;'ftU'" . 
f • tI 'JI • 

lriel hl'lni'!H'.i '1~U"lvl~1li'li'Tn'l'fftl'I dltlU 11'll'llaU'ff'lei Tfl'fl6~m'li'l rlUfJ'lI fl'.itll'vI~l m::;u'ff'fll' 'I 11::; 

·'\".1 "'. "1"'m !YIqlJfl'.it1l11H1U Ii'! 

<I .t::\ d' d ~.t:!\ dod .:: • ~ ~ 40 (,V 

!'lI''ft'ftU'ff'leJ1l1~{l11',im'll''ft'ft~',ifJ::;111',ifJfl'ffU'l11 Solar Cell i'lel li'll'eI'll11!'Ufl'VI'ft'l'll'U 

'1v1~Till fl'VIll 'l'llUU'ff'I el1f1'f1Uli'! fJl'l ffi'111:U ~elUlI lfl f11'lel lf1'fIVlI::;Yll!l riW'Hl'll''ft a 'ff~V::;~r11:U 111 1fl'" . 
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- 1l11Jl~rlTVlf'U'tf'l'UU1~hlqjUll~lgfl Hll~1:Y1:Ul'Hll~lH~hJ'UU1~1~ 


1:YllJl'St!U 11tll.r;1 ~IJVl1;l~'YI iI'l-:J lU 1Yl1f 11$1'1 fl ifu ~1JU 111 fl Ull~ '1 ~'YI iI-:J-:J1U 


;I 

rlel1M'1f1~mHn1::;$I1umfllftUll::;ul 
9~QI ..::':..at .e...Idt ~ ~ 

- !'If'YIllH1U'Ulfl1i'SnJ'lf1~ fllJ U1:Y-:JIJli'lI'HJ 9i-:J1:Y~mY'lUll~m'li'l1i 

- 1,j1f11il'\l1J-:Jlff{)'\IW::;1.r;-:J lU Ull~1,jiJflntlli\){)1.IllYhJ'ihm{)iUl1~tl'IJlJ 

"1 I ~.,. '1 lei ai "1 ~ '" -'/ '1 I = '" eI - tlJ1MlI1:Y{)~lm::; lJlJfll'SlfIlllJU l'M1'UW~ !'lf~lU'U~ lJlfllillJllfll1::;Y'llUI1:Y{)-:J 

~ 

'lb{)€1~llty'VIlfll'S1:Y::;1:YlJ'\IeHnl9i~TFllU'ium'If.nfllft 

mqflllH~lU1iU{)l1tl'S~1JlW 20 iJ Ull::;UtlldhliifIl'YI1:Y~l!1:YlJIJ 
~ ". 

- U1Mumm 1:YllJl'St!~~I'l~Ull::;tfInIJU~l{)'1$1~l{) 

Q.I D :? ~ <I 

2.4.1 'VIllflfll'Si'lH1U'UeHI9ill€1U 1:Y'ltJli'l~{) 

l1:Y\il~liJU'lr1hHhrlfll'U\)~!'b'll ftmY~l)ll1lilif fi I) 1:Yn~~1'l1U1 1 \ilUl1:Y\il~~1'l1U nY-m• u • 

Q,I t Q.lc:.d 9J ci °991C!> 1 9J d~ x:S.e9.:::! ,3 <V I 

1~U1i::;11lJflU elm fl\il'SI)U'Uc)"Iel::;\ilellJ'U HlfIU~ i'll ! M!fl~ f1 H1:Y'SHi'lIUUVlllfl9i-:JlJfl11lJ c:11flty~1) 

19i t'I ft'YI iI H lUll 1:Y "II) 111 \ilV Vla fl'U el ~9i1;l f11) uu j '!i'l tllJUI'l1U 11 Yl vh~ '1,j ~ldI) ~'Ul fl1,j u 
Blg fl~ HIU B1:Y'S~ ~'l,fu;~1l1IlJU,j'IJ~Uflntl f U1J l 'l1:Ymr~lg flU'el{)rlI)U~'iI::;U 1itll.r;lUI9i€1ft 

'YI iI~-:J1UU1:Y~I)TYi~ if fll'Stlfutll 'ltl'lJtr~'\IfN9ii1i'nJuvh '1$11 \il1Jfll'H~lJtl'l'S l~e)'jJU t'!iu 1 UH1U 'VI ~6 

vl6tl'l1I)f1:Y llJU,j'U t'I~lu9iilfll)uul,!i'lt 11UW.h tn'S l~tl fl1'SI~lJYlIJ1:YvlC)f1:Y~~U11111U,* 

Blgfl~1elU 5 1'l111'litllu1 fI H 1:Y{HBlgfllil'SIJU'\II)'l9iilfl IJU 'U::;')'h1M'ln~fh~fl~'jIJ1-lii1:Y'j::;l'HnIJ 1 
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o i 9J Cc\~ '1 9J '}J "[ ~ I L':),~ <J} "[ A .c::l <I~ deC'.:), q tV

'j):;;'rIl l1Ifl~'lHlflflU'Ij"U~ N ~U'rIH~HflU'lJlll m fllJ'l1Cll'le)Ufl1U U)flU'l1~1l11tClU'l1fllClflWl)flU 

1l1U.:j 3 f11lJ:;;,)1l i,rlflflifl~-h;jihn:;;iu i fl)~'(l'~m-l~fl'llfl.:j9$ftl'1fl'Ul'h,,rtflfllflu9HlflflUWfl P 

photons 
Electron now 

~ 
N ~- type semiconductor ~ 

Hole !low'" P'-Njundlou 

P' - type semiconductor 

d 0 If ~ rI 
illVl'rl 2.4 flUl'll~lU'llfl~I'l1ClClIt'(l'~fll'rl~HJ 

lrlfJ\'h9$ftflflU'l$UWI N 1I11:;; P llnW~flUfiu hW9$ftflflU'I$UWI N tlg~l'UUU'lJfl~I'l111rl' 

11 fl$iU~19$f!lfl flU N-Type lJ:;;11)::; flfl U~1Uff1U~Vl~flll1l:;; hnhfi fl~ 'ifl U uCldjff1Uifl.:j -:il.:j tl ~ 

lfi m!'flU ff1U 9$ftflfl U P-Type 11:;;11):;; tlflU~1trjHlfluff1U i l1tY Ul:l:;;iifilgtlWl )flUI11 Uff1U U'tlU 

11:;;11uflY ~~mVl~ 2.5 
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l?lv~;{nnJ'U"eJ.:JclHlfHl'U N-Type lI:::iiml1J h 11::: fI 11 vn':i1 Front Electrode ~.:Jvh 

11Ul~d1'U,y1i''lJB!~n~JeJ'U lh'Uvm;{lU1:h~"eJ~cMilfleJ'U P-Type 11::: iim:1'1J h11:::~!~fHrh Back 

• I .A dck ~~d >V llll ~d: ~\IJ QI I

'lfa~1N!fll,'H)'U11 'b'.:JmeJHlnI'lJ1'l'U1I:::'YW1V11111'IJ~mJ ljiH'l1~vf)li:ml'l'if)'U1I;;:;1~ nJv~ N-Type lI'TU 

Hole 1I:::~.:J hJii.:J P-Type 'ih\JB!~nI'lJa'U~!YI~eJlI:::i.:J'l1J11Jf)'U~ Front Electrode 1Il:l::: Hole 11::: ill 
I • 	 11 v 

J111fl'Ufi Back Electrode liJf)1.:JlIJ"lvlill\lMiaJ:::11iwU1~Mmuf)'Ulm?lt1.:JlI'a.:j'il:::ih'hr1~1I) 

lI'l11,PW 1~wm:::HlI''1vlill'il::: '111 mm:::lnY'lffn611~yt14'U 

.q d Q.d' 

2.4.2 	 'If'UY'l'tH:NI'b'l:ll:lUlI'.:J81I1I'1V 

!'b' l:l au lI'.:JeJ 1i11'16~g,'U illl 'il,11" 'I'i 1111 'ill ncMil rHm ~~,fI 'U1i1I'1~ li ar.i:J.Jl n 1'U 1M. 	 . .. 

http:ar.i:J.Jl
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Polycry;talline Silicon Solar CclI A:nnrphou; Silicon solar CclI 

'If'U~H~flI~(ll'l (Single Crystalline Silicon Solar Cell) 

tJ1111~ lJflflflfnhnrij.:rh MonocrystaIline Silicon Solar Cell 11~t! Single Crystalline 

Solar Cell I 'ImBU f:1 'Hl l11flU'I1U~rcl'd]Ul'lHIBU '(( 'I eJ l'fi~U~lhl 1:;iY11]jml'l~ '1Hil::: UUlJ1~r1U lJ 1fl 

',Ii • ." 

m::: 'lJ1U m 'j Hii ~'lJfl;j I'1mB'll'U l'Iih~ll 111 flmnl1qfiitlflU fit! U \1 iifll111'Ull1'Y1i1I;j II 1fl 'hI 11 il fl II 

ciflH~fl 'ij1miull'ri;jHilfl~iv\i''ij::;~mhhMI'II~Umiu'UVI'l ~tjlJfl'h !1!'Wfl{ ~;jiJfll1jj11Ul 

'th:::lJltl.! 300 ill1tl'jlll~'j 'ijlfl1iuu~U!1I'Ylfl{ij:::~mh'hl'l1l'1~l 1H'I~lJ'U lv.Wf:1utlilfll in nt!u 

lh'hhhfllllI'11h~uqf~fleJU'll'UfI N-Type 11~eJ P-Type ~eJ 'ttl 

- 'll'UI'IH~flnll (Polycrystalline Silicon Solar Cell) 

fl1:::'Ulum)"Hii~H~fl'lfUl'lif!~jjijlflm'jUlqf~fleJU'U~11,)lflJl11ilt!1JI~Ullyj'l II~ltl'fie)lJ 

1H'lfJu,ylmh'l~1'l ntJU~ij:::UllJl,yfll~U!I~U'lJl'l'l11~eJ!11vltJ{ ~'mU1tl'j:::lJltl.! 300-400 

ill1fl)"lll~)" l'lfilB!lf:1'1tJ111~U'I1Ul'lifihlfl1~lflill''lfilBHtHt!lii~u'lfUI'lH~m~(ll Ill)" ff'llfl~l'Il111 
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- 'lfilfleJ~lJ'V{vhy9il;lI'H)lI (Amorphous Silicon Solar Cell) 

!'IHI ll!!1,l~'V1l1'f1V'lfiiflrlii~1111 ilA~ '1urlJlIflg f1mli clllO'U!:Y'V ~'lfii fl !!~1J:difnlhi1,ll':i 'V~ 

1lJ'V {VIm~'VYh1'11'1 flfl 11 lllJ'lJ 1'1'1 '1J'V'J 9ii1!'li')ll~'Jiiihfl~ liJllllj.h~ iifl1llJ'\1l1lll':i~lJlilA 0.3-0.5 

'1lJi'l'.i'VlI 'I'll1'11"1u!1J il6'mf'V11,l~ fl~'!lI !"liiJllU1,l~'V1l1'f16'1fil flrl~'1ii~f111ilA~!1Jl!liJ~'}hfll':ifll;l f) M 

~ lU 'V~1lJ'V1V11,l9il;l!'l'VlIii~ '1url'lVliJm~111J fi'V# 'II!1flcl'6lJ UCl~1,lllJlH)'il fl~6 '1v\l'lfluiu Uf) f1M 11 

~ .:!\ tI ~ ,: Q I ". d ~ _~ d~ 'j/ tI ~ ;f \l] jI r

lll~1,l111ifll'VI'U6'1I"liml'lfllflll'il~1J!'l11l':i~lJlilA 5-10 !lleJll"lill qllmilA t'VlVl1111'1f!"liiJCl'lfllflll IflUf1 

lflt6'1 flflliJ'U lIlWfllt6li6 UiJ~~'hlQmlll9iiJ!'fIeJ{ !~1Iv\l'1I m~1JTU f1l':iVli1~1J~!~1J1Jllllll':i1,l~1'1 

Yh:llJm.:j'U6'19il;lfleJlU~1I'i!lllleJ'IhHlHf!11 !'lilfl CVD 1flul11lihnl"li'1"li!lll~llIyj eJt!i\!i\!l 111ft 

II cl'1 fl':i~ ~u1yW'Vl iJ 11,llJ 1 'ilm'!1I9iftfl611 'il ~Utlf1~1 ill ~1J1JlIuvill!lll ':i f).:j ~.:J'I1 l1Jl1J lllU tl'1 

'VICll1,l~f1 '\1~eJ 1,l!l~lUiJ1,llf1ui.iiJilA'\1iJiJeJd~ 200-300 eHftl!"limCi}uCl 'illf1'!lI9il;lflflll'il~1,l~1,llJ1JU 

11,l~rlllmm~U!l~U'lI 'V.:J 'V::; lJ 'V lV11,l9iftfl 'V 1I ~.:Jl n1,l11Jl HI '11 1 fll':i hn.llu 'lI ilA~~9il;lfl 'VU 1,l~1,llJiJ 'I 

~ 

1JU!!~lIUiv\l'!iuou flll l'i1ll~1t111l"lii'fll1Jl'.iU'il~'l'I1''V~lJfl{Vl1,l<iftl'l'Vu'lfii'fl P-Type l'I1UIll':i Ifill 

SI CJI _.I ~ q " ".?:1 "'''' "" 
fl1UIll"lil1eJ1,ll1U'il~ •'\1eJ~lJfl':il11,l"liiJfleJlI'lfll'fl N-Type 

, , . 
":::::'do ,,£<vo,a 

'lfU fl11111'il11l1,lll f1,'j ~1111 eJU'1 

d'd .J.<!t 1 I r:I q tI ~ J v,!."gy 91 
20-25 lllfl':i!"lill "li'lOeJ11t;!'I1l11!"liiJiJ!!1,l,'JflTVI'fIfJ 3 'lf1l1u!':if1 !!1'I':ilI'llUl'HlJlll fl,'JlIU'iH~fHhlu 

'I1U~fl1l1Jr:hrli\!lJlfl'l till 'Illlv\l'111fl1Illft lll~i111i.fll'VI'IJ'V'Il"liClll'lfii'fl~H'1 l~lIfl'l~ln~~ 2 



18 

-------,----------------- -------+
im~ 

--~------ -------­

lh:dh'Iii.flll'l1U '11'elUI~'l1~rm 

(I'IJelM1u) 

24 

18 

-1-------______--1 

13 

18-30 

- ------------------l----­

14-17 

13-15 

______________ 

5-7 

-----------------------­

2.4.3 I:Y1U lh::;f1el'U'Ilel.:!IIfHl'liatlll U .:.Itllfi~v 

II l.:.l If! ~e)UhHh~ Hftfl~mJlf1l 'liatlll U.:.Itl lfi'flV!Viu.:) !'lia tl!~ rn'll::;31 fh~llJ1 f1 f11l 

'ibmHinu'll::;f1'el.:.tu l!'liCltlYl CllU'1 !'liCltlm~mluL!'U'Uel'4 mlJl~t:l!ltmhm .:.Ilfl~elU 'hNh1'11'~.:)~u 

!'liCltl~'ibm~tltlulU'iilU1U!lCl::;'Ilul~~!lYm::;UlJ!~{lwh UfNIC1HltlUU.:.ttlliiflV (Solar Module) 

I '6!1flllll}" Ifto 1111 

~hld ','"' HUll 


rI idJlli lw ]{I 111/1 


(1,1 _II 
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:P:P 1'1 _I !l1 I d~ I c:: ~ .J d 

1'11'U'I1 'U I'll fN Ufl~ l'lfi:li:l 11 'J::> fHJ U1'11£111fl'U m:;; 'i) fl'fllJlI'1'UJ:HYlJ'IHN 11HHl'fll 'If ~ lJ 

~O~ 'I '" • "l 31d ~ £lI _~ wI"'" 31 " 31 d 
~tU lI'lJU~ &'U fll 'J£ItJU &11Illl'~~1'U ~ 1'11'1 !li:l::>£I~llI'UIfl'Jl::>mHfl'U!Lfl'UI'lfi:li:leJ fl1'11£1 IIfl~I'lfi:l i:l 'i):;; 1'1 eJ;jlJ 

fl1 'JiltJ ~n'U fl1 U,~'U~~hnfl !'VI'J l::>'i)::>~tJ':) eJafli:ll 'lUI'1I'1 fli:l m.! 'Ullj'U11i:l'W11 'U l'U '1 'Unnll 'J::> oem ... 

.::1 9J J;!?f _3.1 <V I;V t:f& Y d D 9J
Acetate) 11l'U\9l'U t YHltll'Ufll 'J1I eJ':)fl'UUfl'U m:;;'i) fll'll'U U'U'II eJ~Ufl~I'lfi:la'i).:) ~tJ ':)lJfll'Ji'1l flHJU I'll £I 

1l1'~~i:lfl11lJ!1~':)UH ,j'lJ'U!I~'1!'lfm\~'1i:l~fllltU:;;&umhll~ £lU (laminate) ~':)lI':;;1nfl 'l'Unn~I'1~':) 

2.4.4 Ufl~!'lfi:laUll'':)eJlYl''V (Solar Modules) 

I'ltU ~Ill! tU:;;'11 eJ'II'lfi:l aulI' '1tJ lY1~ 6'il::>~'U minu1lI'l'1 rt':)fl':nl1 hWfh,lICiin fltJ'U 11::> lifil 
q ... q 

fl11lJ~Hfffl611'J:;;lJ1W 0.5 V ~~fhfl11U~HffflV'il::> 'u~'Unufll'J!lfi1~iY'IItJ"llll'~ l'lfi:laUlI',,~nYlI'16 

~til:JJl'il-Ifl<inflCl'U'II'Ul1'1100 1'11'JHt'lf'U~IlII'1'J'il:;;lI'l:JJlH)fl~l'1m:;:;ull'hHh'l~ii" 2 utJlJull{ tdClU 

flm!fif~iY 1,000 W/m2 fl.:)m'VI~ 2,91'U'IIw::>~flnull''lyjflH:;;~'UtJ~nufllmfif~ff'\JtJ"llll''' ih~~ 

, '"', 

. " 
1(;1£11 'il::>ihiWl111 1fl ,jnl'Ufl nll11'lfi:l allll'~e 1Y1\9lvmll 'J:;;Qml'l iHU'i)~;j~'1 ~1&U~tJ,,111t'lf" a 
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i'l11lJ4u~Yhu 1fl Ethy-vinyl-Acetate ~;t,flJ tld'1Ufl'H)1I~l'111l1fl'il'HflUllH1 UCl~~m~1lflhj~ ;tU'iI';t 

~fl'lUl1U'1IclHltl!!iI',:jtlTVifl6~1l1~.:j"1 1l~""hiM'ln~uHlfl~tlu1l'1vh 0.5 bCl~ '(hum::::!m1,..lYh~ 

A~\9l1~u~~UflrjnmJUll9l'UfI'I!"IiClel lumw~'fi'tl'l1111!ll '1tfl~tlu1l'1fhil'.!I"1 ~iI'llJlHIl'11ifl'119lUfl11 
~ ~ 

." " " ....1."1 cl 0 .. "1 . " f1tl1"1iClClUlIlIfI'4mlJ UCl~m\9ltl'lfl11m~tliI' nn11~'l"1 fl'il'llJl1jJm~1'l11~ ~Ufl11\9ltll"liClClU1J11 

'\lUlU 119lulhiUUfl'l19mtlUil''ltll'Vi\9l61l~lifh1i'lltll~'V!I9l'l.h~lJ1W 10-100 1fl~ 

- i'l11lJClll9lliiu'I'\IfI'lI"liC'lelUil''l flliil9lv 'i1'11l~'fi'tl'liii'l11lJm jJ l~iI'lJ iuflnflluiI' 'I 

1Ilf)~ il'19l 1I9lUl'11lJlJIV £J'I1l1flUU11111U1~lIlW 15 tl'li'l'l fl11!~U'I'UfI.:jUfl.:jI"liC'l e1U tl fl1l1fl1l~'lhui u , . 

'i '" ."..". q .." "'''. i!IJ' "".1 .,. '" Ufl'll'lllJI1111i'l'ill'\Jtl'l19l1\ltlTfWW 119l iI'-:Jfla rMl"IiC'lClllil''1tl1Y1flUYlNlU ~tlUHlJ1Jl~'iI'Yl1i.flll'l~'1111'l 

- U~lIlWl'IclH1Ullil''1tlliiI'lU~ritl'llJ1ii.:j iafl 1l:;;~utlrlnlll9illm\h~;'1Y1N
~ 

\9l1'1tl1iiI9l61l:d:hh~'111\Plflf) 1,000 W/m2 ~'QWl1.QiJ 25 f)'1f'l'1~'IlflufhlJlI9l1!lu il'llJTWll1rhif'm 

I:!Wnll~ll-l1U~11m~H1l~1M'YlClcll'li'titl ~lU1UnlC'1119l~-i11lJ.:j/fl1Hl!jJ\9l16u 

flW l1 iJiJ'\JfI.:jI"liCltlUiI'.:j eniil9lv 1 ~ulh itl!"IiClelllil' 'I filii \9lU1l:;;iiul:;iYYli.flll'l 

lIiI'.:j tlliil9lU QU mW~tH~fllJ nlJil.:j'i'l~em,UC'I.:j i'I"lvhm:;;lIi1'iI'clll 'Qtlmwm~lif'~1l~Yh i M'lnfl 

1111 ~ty litU~u ri.:j flClI'i flU 1:;; iYYli.fI1l'11I9l f.JnlJ'\J tl.:j1~1I111"1iC'ltlH iI''1tnii\9lu 
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2.4.6 rnmftVl 'lvlYh~1!J1'1$i;'l~Ufj-:jenYlVl6 


rn'HIBVlm:;;Ufj'lvlvh~1!J1'1$i;'l~Ufj-:ji:llYl~6 ,:r.um:m)"fluu-:j'eHlflLiI'U 3 )":;;1l'1J 'i)::; 


J 

~! 

- fllmBVlm:;;!Ifj'lvlYh~lm'l$i;'l~lIfj-:jenYl~6!!'IJ'lJBfj)":;; (PV Stand alone system) 

Iii 'U )"::;'IJ'IJf-"B" '1vlYll~ 'lllf'lJfll';itl eJ flLl 'IJ'IJr:Yl'Vlf'IJ H'll 'U1'Ulf'U~ ')f'Uml~ 'l:Jih::;U'IJ fjlfJ 

. '1.L "! tI • d. ~ tI " • ~ • tI 01 tIfj-:jI"tYil eJ flHln::;'IJ'lJYlfjlflty )"::;OeJ'IJ~lfJUF-l'lI'l$lli;'lUfj'lfllYlfW 1"l OH1H'I1'IJfl:JJOU )":;;'\1 

II'lJVlIVl fl~ 1Ii;'l:;; ~tImtUltI~fJm :;;'IJ'IJ '1vlYllm::;Ufj~)" ·uil'U '1 vlYhm:;;lIfjfj~'lJII'IJ'IJ 6fj)":;; 
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connected system) 

dlU':i~'U'U~tlfl83flu'UmYnffm,"ilrJ·hHll~l'\.H)1lmru!'lJrll'lu':i~'U'UhHllm::;Uj;Hl':i.:J
~ . 

111ui'VHhm~mYj;'ffl'U !-ii"lti':i~'U'Uj;'fll'lti.:J hHhl~I'l\ilH riTHi'mli1rJ lv1ih'lU!'IlfllU3.:J 'H~e:I'¥fu~~iJ 
'1J 

':i ~'U'U~ '1'\1 'IllUhlff l!-ii'10.:J 3'11 m ru ':i~ 'U'U~ rilf\'W'11 J~ fl3'U v\'11'lllf-H!'lJl.'l tlll j;'f \I miiflrJ 3'11 m ru!'11 rluu"" , 

'hHh fl':i~Uj;'ffl Hll1U1yHh m~1l nj;'ffl'U'lfi!~1i3 rl'U':i~'U'U~1'H'Il1Uivll~l 

1 i 
r'" cc." I 


- fl1':if.li1f1m~univlfhv\'11J1'IJl.'ltluj;'f.:Jmii~rJu'Umjj;'flJVlj;'flU (PV Hybrid system) 

111u J ~'U'UVli;Y1N Vh~Qfl38 flu'Um1'l'H i'mlH1U ':i1lJ rl'Uf.l'lIfl'i ruf.li1f11vlrh ~U"1 l'liU 

rI ~.1 OJ IV ~ d'cl ,,~ ~ IV IV 

J::;'lI'Ul'IJl.'ll.'lU j;'f.:J 3TVI ~HJml'fll.'l.:J.:J1Ul.'llJ 1ll.'l~lflJ3.:JI'lU f1~I'lJ1:l ':i ~'U'UI 'lJ1:l1:l1l j;'f.:J 3TYI f1l'lfl'U'fIl.'l.:J.:J1U 1:llJ 

Ill.'l~ 1vlYl 1'flfl.:JJ1 111U.,;'U 1f11'l':i'11u'U'U ':i~'U'U 'i)::;,rU3Url'U flU 3 3 flU'U'U f11lJ1rJ tl'11':i ~j;'f .:Jr11 fI ':i.:J fll':i
" '" . 

111umWm'fll~ 


iH,UflrrrH:u~ym m~uj;'f1l1:l~1lHy.)U'lJM1'IJl.'ltlll n ·:,nnii\9lrJ 111U fl1'U 3 mlfllJtlI~U1:l~ nlJ':i':itlu::;~ ri1f\'tll

• u 

fhfl.:J lv1Yll'il.:J~fl (Maximum of power point) .ij'eJlJl.'lmfhif~111luri1'Hf1JfllJeJ3fl1l'l1'U':i::;'lI'l1 
IV lit _~ ~ rf':: cl.:!t I 

'fIl.'lH1U IvlVllUn.:J 31'1'1 ~1'l1'N ':i::;'U'UIl.'l fl'HJ3':i~'lI'l1' 'Hil! 
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_I ,f 4./
!1J1~1)'j'1nJlJi:l (Equivalent Circuit) '\IiFH'l$i:li:ll!1'I'~eml\iW [2] 

. 
2.5 IIUVlIVlB1 (Battery) 

IIU'PlI'Pl6~ (Battery) i')B ~llmw~'I'l1'1'IU'1~~"I~1JVHrHl'U!~6H1~~6111 omfl'U 

".,; _I ~ "'1 "dj "1 -~ "1 "1 " 1" ,,~.. .f,lllmWl'11'1'1:JJl'J1J1LUtHl'!l:1H1'UlfllJ 'I1!U'U lvlvn t" "tI'PlH~1t1fll',j 'lf1'l$l:1l:1fll:111'Ufl (GalvanIC 

cell) ~1l'l::;fl6'IJfi'1t1~11J1fllll:1::;~1i:l'IJ l'!!fllJfl'IJ1'I'nl:1::;l:11t181~fl 1j>l'j'1l:1~ (Electrolyte solution) 

d ~ I 'j) d' QJ ~ ~ ~ dt I dlfJ.9I 
U'IJ'Pl!'PlflHl11)1J'.i::;flfl'IJ"11'Jl'l$i:lafll:111Uflll'!fH 11'l$i:ll:1l1'Hlmflfl11fl t" 

U'IJ'PlI'Plfl~lfl'Uf,lllmwrlTI'li''IJ~''I~'IJ '1.vl~mi nT'll lli!~Nil'Pl ivl~11'1'1m'j'IJIl'j'::;~ lvl"h 

" "1' liJ"':: '" '" liJ ' d _1'/ d ''''_I
1'1.11 III 111 lJ (Recharge) l"'Hntli'l"i~ !ll:1::;ll'.in'i'YI'liflll'!1)::; llJl'PllJ 100 11Jtl'.il'lf'U 1)::;6~'YI1J'l::;mw 80 

nl tl{l~U !l'! ',j 1::; ii m n'!tyditll'!~'l.:j l'U'IJ H ffl'U ill 1'U ~ll fill lJ!B'UlI a::; 11 ijfl5 rmflii 1)lfl fll 'lll 'j'::; ~~B 

m'l~1t111'.i::;~J'U16'l 

U'IJ'PlI'Pl f)~ ~"lfl 'Uf)ll m w~ii 'j' 1AlU l~ ~ .. Ua::;1 i1 a111 a ifi'~1tl111 fl"ua i'flH 1 ili~hi1 tI.:Jl'! tl 

11 ~B1~.:jl'Ufl"lll ',i1lJ o'lenqm'l1~'ll'U'\Ifl.:jU'IJ 'Pl!'Pltl~ ll~a::;'lfiiV>l1) ::;Uj>lfl~H fl'U "hJ t~ f)'lfi'10 

11lflTJ'H, flnul'j'.:ji'flHl, flnll'J::;1)Ua::;f)Wl1niJ '1a'11"fJ1'I'UnHl~11l'UflU'lJj>lI'Pltl~6tlfl lfi' 2 flcllJ 
<t It 'II <u <I 

~ ~ ~. 
U1'l'.:J6Tfi'Pl6U'IJ'IJ~"~.:jB1'I''j'::; (Stand-Alone Solar System) ~f).:j HU'IJ'PlIj>ltl~l'l.:ji1'U 
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2.5.1 'lfii11'11 fHII1J fllfltJ~'hm;1J1J1 'lfl,'1 nll1.'1~tJ111flO 

lU'YI1,nJ~1l'~1I~1111Jfllfl eJ~'fJfl'lfiill1.'11lJl'Hnh1J1H1 'U'j::::1J'UI'lfl,'1nll1.'1~tJ lYiflrfl~ mi~ 

iilm H1J1fl~tly.l!fl'UII1J1IIfleJ~'lfii~\9l::;~1-m~ (Lead-Acid Battery) ~1t1!l1~Hl,'1'U1U1'1.h::;flU llJ-;h 
. " .5It ""'. '" '1 ",. ~ "" 

'i!::;!1J'U'jUll'Y1\!flfl11Ul,'1::;11l'lftJ 1~~llJ !'U'fJfll fl 

111J flifl tJ~ 'lfU~\9l::; ~1-fl'j11 ii tilt!11 'j::; fltJ1J I'Ylr'lt1! Itl 'Umiu \9l::; ~1~Itl 'U ~11J1 flU"::;" 1J ~ lJ 

FUSE 

t2V 
6V 

INVERTER 

. . 
flTrf112.22 U1.'1l1~mnh!lmUfltJ~lJlfitJil'Uu1J1JeJ'4m:u 

http:flTrf112.22
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12V 

INVERTER 

, , 
c..:1 Q c;t I IV 

fllVfYl 2.23 Ufl'I'l~f1l'j'UlU'U~IV1B'jlJlflf)nUIl'U'U'1JUl'U 

OJ .,.; 

UlJ1j'UU1U,WllVll12.24 

FUSE 

12V 
6V 

INVERTER 

, , 
fllVlVi 2.24 l1fl'l'l.;jf1l'jl.hU'UfI!f1eJllJl~f)llUU'U'UeJ'4mlJl'lfl'1JH'U1Jt1'UlU 

U'U'ilI'iI eJ~'ll'i1l'lfl~k1-m l'lijeJdl1t11tll1'U1J~'JUnu ufi~mlJ 1~1.i1l1f'U i ~~ lUnm~1J'U 

!9$t1i511fl'~eJl11~61Jln~f!l'lfteJ !l'Ufll'ilB~U'U'U~ltl'lh~'Hrl (Deep discharge battery) IVI'il~~fl 

BeJ nll'U1J 111'fl'llJl n\~ ltlVl t1H nl'lJ~ lJlflUg mj'eJtI i~mh'l~eJlrlfHlflumnu lU'l hwilil fi~fI1 11J 

http:UlJ1j'UU1U,WllVll12.24
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(Open Cell M~fJ Unsealed M~f) Flooded Cell Battery) ihJ1'I'liii~~IJf1ilY'lUlhmft~1:Ufi'f)'IflTHl1'.i 

'im.l'U11'1 llUfT:h IIUll!lIf)~Uuuhjfi'f)'I~Uftlmn (Maintenance Free M~f) Sealed Battery) 

2.5,2 f111 lJ1.'I'1lJl 'H)Illfil':i:ij,ufiU'VH)'I'll11 

fl1Uhl'UMIIU'l11lf)~lllfilmn~'VIl:lH111iiM'thml111 uf)lJmH-~11m (Ampere-

Hour; Ah) 'Vfti''I'llU'UUU'lI'lf)~ 12 V 100 Ah l'l'hnu 12V x 100Ah M~f) 12V x 100A x 3600s 11::; 

Ml'I'ilnu 4.32 MJ ~l!!U~I'lf)~ 100 Ah rvhtl'u11UU~I'lfJ~11::;~1(Jm::;!!1.'I' 1 Uf)lJUtlf8dH~8!'df)'I 

11111mn 100 ~11lJ'l M1tJ!!U'l!1lf)~~1(Jm::;U1.'l' 10 utJlJ!!t1ff)rl1'1~f)I~fH!1111l1ftl 10 ~11lJ'I 

!'lilll~(J1n'JllUlIl~f)~~1(Jm::;l!1.'I' 5 l!f)lJmHtJrlH~81~fml11111ftl 20 ~11m ~'Ii'lMlJY'lii~l(J 

m~u1.'l'!'Yhnu 100 Ah i'lalll1m'lllMil UU~!¥lf)~~iJfl11lJ~I'l'iltl'lltJ111iJfl11lJli1'Ufil':i~1(J 

m ::;u1.'l'~Hnu1fi' 1>1'1,fll'il ::i'I':i lUmllJ~'UtJ -:jllll~l'l f)~~tJ~i'l ':i 1110~B~ ':i lfil':i~1(Jm~U1.'l'fi'1(J un 
filMll y;J1l!U ~11l111 ~11m'Uf)'l fil':i~l flm::;u 1.'I'1~lJ~il1'.i fi 1Hll Y'l'U 11lY'l'Uf)'1Ull~l~ f)~dlll ill ':i ::;l1U 

l'Mft il!l1.'l' 'Imiilla,fll~llf)dtl'u fl11lJl1'\ltJ'lIlU'lI~ a~lllnTH!y;J1 fiU'Vlti''I nll, 8V11 'nm':i ~ lfltl ':i~'il1.'l' -:j 1.'I'y;J
. <II q q 'U .. 

, 8'l':ilf11':itl':i::;'q'l.:j-q~Ui.l~~WMlJlJ~1-qy;J~'il::;lhl!u'lI~f)~1t1I.f1nll (~wHlJlJ~1fi'f.lft~~-qwtJa.:j 

uum~f)~~~n1-m~ fif) 77 F M1fJtI':i::;mw 60-80 F) 

2.6 vY"UftUtl1::;~1I1J1JGlfl..htl tl"i 

Electrolytic Electrochemical double-layer 

+ 
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'W il.:Jnll~!~1J '1{ll1!!uud'1l::::~lItiU~ll11l1U'J::::i!Ul:l::::fl1111~Hflno'J::::lrhmNlI1Cl'l'l:::: ~lll1l1U'J::::i! 

~1~1J~i)'I'I'lhtlUH~lI 'hHh (Voltage) ll::::~l!fl1J'tJlIU' 'J::::tI::::v/1.:J 'lJi).:JU~lI il,llf:::: flfllf.'l'lI'IJ~'lJi),:n;n'J 

d -l..r.; '" d 1" '1" '1 ''1'' dt '1 ' :lJfn.ill'llJ'WlIl'l illnU1l~lf)U iiwh activate carbon 1ft1t11l1 lJ ~Utlmllll11rlll l:l'l'l::: 2 mm 1m:::: 

I I) Q,f 0 Q.I I' J dQ.1 cl I d 
'l'llI 111lIlI'\I i).:JnlM(Power density, f)lCl.:J ~i)lfll1t1'\1i).:jl'llll11l~tnU) ~.:j1Jlflfl11UU~!!jl flHlln flU 

c:: _I 0 'j} did 
IflUu 'J:;1lUl:l:::: flU II1U 'J::~i)lJ1hi):;;!'.i1fl11111J~I" i) 'J lJl fl. . 



. 

d 

lJYIYI 3 

" 
.u'UVltl'Um~vh!'n'U,n'U 

3.1 tnnh 

.1 ... 'l31 • 1 'l " ~..,
lJ';i::;'i!I'VIElUUJlI'lf,;Jlll fll';iElElflU1l11';i::;'IJ'lJfl1'IJfllJfll';i'YIH1U liHJ 1'If';i::;1l'IJH,;Jfl1 fllHJElfl!!'IJ'IJ . . 

r- Charger
I ~) 

Discharger-l 
® 

~ 
Encoder 

Ti(9 

I (S) 
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I Q.I db] 31 " ~ if .,., jJ I v.J1Jt 'j) 'j)

1Jlf1fl111 H~UVI Ifl'il1f1l9Hll1UTI' UllflFl(.l'il:lJlf1 'Hlf1fl1fl11111'\JllUTI' m e:WfI1UH~UfI 1~'il:UeJtI~ III 

hJ~l(.1 1~WU1~lfl1lll!'Il'llUi:Y'l~'1~'illf1m:1J1Uf11lFll1'il,)Ul'll'1~1'l'illll'1hU'.i-l~UI~eJU1-fftyty1tu 

~,m cllll'll' li.Yill 1 fll flrJU lf1llllllrJ{l~rJlllf1mnJm-fftlltll1turJUlgrJf1l~U-fftlltlllW~~Fl eJ II 'lU'lJW;::
'\I u t1 U U 

, f W )I 

l1llfHFleJ{'Ii'ulflli elU hl1~(.I'l.u'1ll1f1lflrJU 1mmlleJ{1uf11'j'1l 'j';::1Jlllflll 'lum:muf11n1'~1f1J~ii 
, >' 

'Ill lf1lfleJu1mmlleJ1'il:'1~51Ji'hf111111'1l'1I11ff.;jUll:~hu'l1u.:l'IJeJ~'l~;rUlfI~tlU 'Utu:uuVHl.:J.nU 

'1 vl rll ~ '1 ~'ill fHCJill nUff'l tl l'Vi~u'il:::;~ rJ rJ ~OU1 ~'il l 'ln1'il1l 'j';:: ~U1J~!~ rJ~l~tl')~I~U 'VI fl'l 'I lU '11'1 U 

UUVlIVltl~ IrlfHl1l1~hu '1llfln'11 ~llll~'J:1JU'il:li1~lu lH,j6f1f1f'l 

UgeJ n il'l tl;::umllf11nhnu'Utl'l 'J:uu1CJi11111CJill nuUU~I'IFl1llfl1llJ!'Il'm!ff'll'll'l 

. .. 
mVlYlu ~'1fl1V1li 3.11l'J:::f1rJU~·;w'1.'hu~Wl ~'lii 

ICJil1nUff'lmVl~6 (Solar Cell) fJl'l1'!l~ ullil'l'VIfl'l'llUl!ff~rJl'Vi~6IilU'VIfl'l'llU 

'1..~rllll1.'l::a~U~lVln'il~U~lfl1llll~llUff.:l 

- l'l'iln'l'il'Juu'lll'J '1~m:::,;uivl~l fJ 1 '1117l~ UUU:O'lll1'j' '1~uivlrlll'~tlUl '111 

ll'J:::1J1l1fll1 f11'j'ull M-fftlltllltu rJUlg tlfHilU-fftlltllltu~~~eJll U'I ill1f1HWU1i'llllll1iJ{
I'.} d a. tJ 

"'I 1 ;/0 ydClI 4r1 if 
- III f1lfleJU i'llml1iJ'j' Vll'l1lJli'l lUfll'illnTI'lW'l$ fll1JfJllf1n'l1:1:!U'UeJ'IlJ1'll~rJl, 

11lj(.IUll1 tllJ I'i1 fl1llJl'Il' lJll ff.:l ~M'il1n f11 lmJl1'1-fftyty 1tu elUlfitl m1:1u~~ Fl tl II 

CI.I tI 0 ,'j/ d Q.I ~ <!I 

- 1'1'il 'j''\J'lJlJrJtFl en Vll'l1UlVl '\JlJ m:::UffUll :fl1UfllJi'lffVlHf11'j''I1lJU'\JrJ'IlJ rJlVltl'j'. . 
l'l'il'j''1n{'illlU~I~1'l~ fJnl'!l~ ')j'11'illll:'il~i~'illmCJil1nUi:Y'ImVlYl6mml~IVlrJ~. 

- 'j':UU!lUmn (Real Time Clock) fJ1'I1'!1~I~U!lUnm'l11'j':::UlJfJl'llUVlllJ 

http:Utu:uuVHl.:J.nU
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Inverter 

fld:t;uft'ft'illl ll4fH11~{l'Ufhil~ 1 'Vh~lfld:t;lIt'trJ':I ~'i}lfll!ll~l~el~ lil'Ufil1.1'11'V1"hm:t;Hft'ft'ilmlti'1 

111 1111~'Il'Url1Jlfl~el~1rt'VIvhth111 

fll'.i Clel flulJ'lJ1~'i}'jH.:jl'U'i}::::lwflClClmilmi1'U'ih.:j'1 11'.i::::flelll ~1{l 1~'il mti 'I IIN $I'U 

'.i::::$llll'VIvh 1'l'il'.illJ lfl'.iflCl'U lY1'HIlClClf, 1'1'il':l,\lmJClI'ilClf, 1;J'il'.i~ln{'illlll'ilI'ilCl~ eJitJl(Jfl1'J11Hl'U 

':I11Ji~fl1 ':1ft l'U1WriWI H'1 ~1~'U'.i::::llll1"ltcn11"ltCltllfl~Cl'U ~'illlJflilYi HIlt't'lCllfl 'ila 

.. ..~ 

3.3.1 I"ltCl1."lIH'I'~f)lYl\9W (Solar cell) 

, . 
q 1....'" "" , ..fll1'1Y1 3.2 mN "lt1."l1'.iI"ltCl1."lYlIClClfl 'IH1'U 
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UWU'IHl~Uff.:JelTV1~6~'~nud'h.j'lfUflFlftm111 (Polycrystalline Silicon Solar Cell) 

'UUlf167xlOll~U~tll~J m~ttffhlYh 5.12 ttfmU l!'5.:J')uivlrht:l.:JLlfl 17.6 i1!l,1 'UUlflrllJ:l.:J 90 

~ 

1f1,1 'thmrfl 7 ni!lfli'lJ 

= 17.6Vx 5.12 A 


=90.112W 


.? d 
3.3.2 1.:J1l'J'lfU1lH1Jf1!~Cl'J (Battery charger) 

SOK 

, , 
d .? "" 

flTYfl1 3.3 1.:J1l'J'lfl'51l!!1Jf1lflCl':i 

1l1flml'l~ 3.3 11J:lflfllnll.:J1U'UCl..:j1.:J1l'J'lfl11lRCl m~!lffivl~1~M1l1m'll'!l~nff..:jCl·lYiWl6 

1l~1i Cl!oii' ln1J!!1Ji'l!~ Cl~ i~HJ~!!1J~!"Cl~~Cl!oii'l n1J1!€l 6 !rlmt1l"!"Cl~ihJ ':i~~ i vl~liJ..:j i:U!~lJi'lu ~Yi 1 
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3.3.3 U'IHH"f)~ (Battery) 

. . . 
flTVlYi 3.4 U'lmL"f)~Yiliif)f)H.:jlU 

3.3.4 1i11)·m1i.:j!!':i'.:j~m~~'UhHll 

Idf)'\!'~I9fuL9f1:)lm'r;) 1~i''UU€l'.:j1)1f)~1.:jfllil,,611~Ni'l''UH~UIf)1,1'Yj''f)f)f)1Jl 0 - 6 111:1,1 

111mrufi'f);)f)Uhf'I!H~U~el 1:)f)1) lfl19fmlU€I';) fllll" 6JJrill,iln'U 3 111:1,1 1~f)liJU iYtlJtlJltuaurI~.~ ~ 

'JJ' IiJ lid' J .. I ..:S:JJ d • OJ j} d. I IV d y
l"Ult.!1;)'ij':i!lJ 'f} ':i'f}1:)U 'fl':i'1:1!l:'l f) ':i'I'Vff)1J':i'~lJ11:1fH'l'ij .:j~f) .:jlJm':i'''1:)~1f11U'YIlUm f)1t'U.:jIlH~U'flI"U llll 

0 Jut'" ~ Q:iJ I 1V:iJ 'J)1fHJ€I'llJU (lfilU1tu'I11f11"1fllU'I'11UL'Vl f)U llJ 1 t 'lflU1~ 11 ':i'1I'U.:'I1t ':i'.:j ~u t 'I11'111J1~€I'lJ t U fll':i' t'lf.:j lU 

10K 
Your ---- 6Y 

10K-10K 
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<v 0' 

3.3.5 1\1l1'j'll1JlJfl!~fl':i (Driver Motor) 

1I1t1m'Vt~ 3.5 'Ilru:;;~ilJ lf1HHl'U1-l'l'auCltl1v<Iil.i~fl1':ii\l\ITUlJ1 'tillH'lJeJI'flB{lI:;;fJ<I il.i 

ttlfU Ill'l!ri-o ilJ li'lHlB'U 1mClm-01flf11':ii>1\ITulJ1 fttl~f1~i~'il:;;d]'UCl-o~f1 0 ~<I'il:;!1H''YI':i1'U']hn\91fl1 

Ul:l:;!fl-ol.lMrh<llU lil~U':i .:j~'U"f1fi-jtllJ~ RIO K rhlH'lnflU':i .:j~'U im1fflH'lJfl1:Hr1'Y1 IRF 4905S 
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d ," d"
3.3.6 IClU tfl~l'flel) (Encoder) l'lIU1'llelm't'/~ (Photo Sensor) 

1l1flm'VI~ 3.71f1H't'/rHiJelW~Ul'llH1m"'11rlH1'HUll'M~'1~1{jhrnlJ1'1'ilnl1hr LED 

;;~ lrlH'Il111J'ff'l~i'1Jw:mllfl LED l'h1,rln'flm:::ll'ff"lnl~lU'Ill C Ui.l::: E l111,r Output lilu I lriel 

d, if 09~"'o " 0'l~d" <V 

'il1U1HU .f1'fll'flel) 'M~U'il:::'Vl1 !mfl~i.l1l!'ff'lmU'lfl:H SilT 'Vl1 tlH'lIU1'llHm'ff'l On Off ~11J'iHi11::: 
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d 
fllWVl 3.8 !!1:1'~H rotary encoder (Incremental) 

= 	.I
3.3.7 	1:1'1~'If (Switch) 

1:1'1 fI ~!~ 'U~ 11 I1J w~ ~-:Ji.,f J ~ UU !~ll ~ 'Ul1l-:J l'Ull (1 ~ i.~! ~ 'U ~'U ~fI i.,f flU 

L:U iml'ltl'UiVlJI(1trf 1:1'1rl~UUUI1"~-:JU1:1"Hl'Ufllw~ 3.9 !I(1~ il:i:i~1:1'1rl~ U1:1''''1i.'UfnW~ 3.10 
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fll:i 'th~lt.l'IJiln·Hl:i1:u i 1'1 Hlil'UhlHlla il{ 9t.:jt~ 'U ~hlh;:;mar.la~illJ a~'t~lJl'illil 

-ff1'U~H1'11iln.:j'il:i U~'lJfl~U~a;:;i"lfl{Fl'IJil~ ilJ il'l:ii'lil'Uimawil{ 'il;:;l'lnf'U'l~ ~-3if U~ po.o ­

PO.? ~fll~lnlJ!'I'1fl'lf U~ PLO 1~'Uii~~HfmJa~i1tyqjlWil'Ulfiilm~'Ui1tyqjlm~HIFlila U~ P2.0 ­

')) ~ ru d 
!'lJlfllJTl'il:i:i:::lJlJjl'UrJm ~UIWIYl 3.11 

$-<t\TrCHt 
S"'TrCf1! 
·;"WtTCH:! 
i\\TICH.( 
i.~ncBS. 
i'\\ttCH6 
:i'WtrOi~ 

)lOYORJ 

1IOTOR! 

1I0TOIU 

)I01'Olt.( 

http:hlh;:;mar.la
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'" <I "3.3.9 BunB'rlfHI'r (Inverter) 

d -<:\ rI rI 
fIll't1'l 3.12 B1l11B'rlWlB'r 

~UI1B11flji)1YiTH,j'l~nJ~tlUfilli'!IhHhm:U1:1flH l11ufi lli''I'hH11tn!:m1:11:1li''IJ l~tl 

I1J~vu filli''I '1 vHllm:u1:1f1':i 'I 'ill flU'lJfllfi B~ 111 ufi 1li''I iYHhm:::u1:11:1li''IJ Uti'TU1'111 1~'I1U n'IJ 

lf1jB'I1~hl~1l~'1ill 

3.3.1O':i:'IJ'lJilUnm (Real Time Clock) 

j':::'IJ'IJ~H1u '111 1 i'lj'flBU 11'1 HII'flB11 Uf1lj' i'l1'IJf)1l'lJl'lj':::'lJm:::iJ flUlhn 'fl11.u'llll 

, 11 / t 

lflV1.u'B'IfI1Vliu j':::'IJ'lJfi'l11'fl111l,,1l~~llmwfiN'11~WB1'ill~Ufllj't11U111 Ulll ,h111'1 'YI~BtI 

~ '" 0:'1 '\" 'j) ",. ",. '" "I "'~ '1 '\' '\' " 1U lFiBU 11 !~Wfl111'fll'il:::f1B'Illi'llQflflB'IUUUBU f1lj'1:1j'H5!lUl1'fll l'Yifl'IJ 11 !i'l':ii'lBU !1'Ij''fll'flBj' 

"" ",c\ ",c\ "I '" Q '" ~ '" .oj 'I '" w w '1 ". '" '1 ". ai 'I "''1II 2 11i 11iU'rfl'il::: !'))1'1'1lj'flllUw\1:1iJJiJJ1WU1Wf1llJBU !'YIfl'IJfI'"J 1'IlllBj' 0 'YIj'6 11llJBj' 1 1l't6 1'Y1 11 

llJ Bld'lffruru lW lll~Ul1'16H'llfi'';"vlUi1!111m~ 01'Y1U" Bfl111'Y1~ !I'll:::1~'Mll.f11VUB fl1:1f N ;I1U >:J _U"" 

mnll'il~,ju1'11'n'lJj:::'IJ'IJ'111 Irlj'fltlUlm'fll'flBl 

~ll '1 B'; os1307 t11U'M'lJ~{l'fN;IlUt1l;n\l~'I 1W\V{l'l:lJl'rfJ1'lJd'I.u'Bll'fl 1'11'n'IJ 
~ '" 

- t11u'1B';U'lJ'IJ 8 '\11 nUl'tli'H1U~11Jlfl hwnum::::U1:1,j'l'Wfl11 500 ullum)1Jil 

lu l'Y111"U'lJfllflB~lilj'B'I 

- U'lJffrurull),IUTKf1l111U1Ull1 ml1 ~1 111'1 -iu l~BU lI'1~BUNtlfl~B'I'hJii'lll 
u u .. 

fl.fl'.2100 
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d' • '1 IIJ "'''ISld Sl
:IJ'HU1IJfl11:IJ'illtlllJ !Ull'U'IJ nonvolatile RAM '\IU1" 56 !'IJ~ nlfl'IJ'Utll;!m1ill 

fIllJiu 

!~ilmitlf)'IJ'1:IJ lf1'jflilu1mllmtlf1~wl'l1i1!:111'IJ'IJ FC 

rn:IJl'Hllt.lmm:IJiH'!:1rm;l~lJ:i1J~m~IJ:IJ (squarewave) ClClflm'1li1' 
" 

'\1 \~ 

:<i"th1V1i',.),:i 

T 

~H\ 1)1 I • 
,~l)W~ ~) " lil!;hJ~f.. 

.. In\1 
::ijt:,i I\I!;;.. 
·l·i:~ .i,-hl 

\" 

L\.O .. 
., 

:o.tt 1;1:lr,1:;,\iI.. 
It'l,'iI;I1i1

'.L:t;;~~l)t-'J!.:<lt( .. .. 
';~"'.l'Ji.. ..';'1)\ i'l:W'I!'ril; 

! ! • 

d 1 Sf '1 ~ 
flWll1 3.13 !f1'j -3!:1'jHflllJ IU1W:::fll'j'il fl'\J 1'\I Cl-3 DS1307 

" '\11 Vee, GND l,*~Clf)UU'Hri-3~llJ"l'h~IJ-3'lJewn:'IJ'IJ 

'\11 Xl, X2 ~tlf)Ufll!:1~tlilfl1l:IJ~ 32.768 kHz Im:::~11~'IJ1j<r:::'\l12.5 pF 

, .. 
'\11 SQW, OUT !'tlU'\Ilrll'Hi''lI!:1rl':)i1i'lunli1m~IJ:IJtltlfllJ1

'" 
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y 
Q.I 	 0 4 jJ

lHlOfl1)"'VIHllll'IJDUlll 

11101 flNfffHtn£Jl1111:::"1'IJin'l1l)"D Dff~mfll~D111~'\'h 'h1'mnill RTC I~ll 'hJt){h~ 

~tl!~D~ 01'1'11 nlieH fl1'j~lllrh111nfllffllJlH)'\'h illl~l'Jehll'li'eJlJflllln R.<\M l11V'llull'l1~l1m~ 

IlD~nl'j 01ll1nJlD;Jm'j~~rhnm h'ilifit~£Jll'li'mJflfI~ lt1l11 RAM !>Il!m'l1~~ffeJ~flft'D~nll fll£Jill 

~hieJ95l1:;;ih~ll)"fll'IJfllJm)"~l£J'hi!il'J;J OllilnuN~ll Vee ~nfl;Jlll~11llnnil1.25 x Vbat ieJ95 

ll::a'li'ltiilIlJ~'\'h~ lllU'IJ'IJ fillm:;;Hff~l 1~£J1I::; l~flft~~ III lllflllmHfleJ~ dl'jeJ~ ~~ll:;; iUffllJl'j tl 
'II 

~l11I~l'Jll'li'mJflfI~ itliJl U~i1~1I)"!1f11fllDl11ii~fl~l~llel~ ufl::;onnmmrlH~l£Jirl~'IIl Vee urh 

lllflflil Vbat + 0.2 l1f1fl ie.J·~ll::;mr'IJlJlrm'lft~~l11lllOUllti~~ll'Jlr1l1ftn'lle.J~'j::;'IJ'IJ UCl::;O, 

m~~ll Vee lJlnwh 1.25 x Vbat ~'il::;ffllJl'jilrim!~l'Jll'li'ellJCl~~~elil'IJle.J95i$i't)flrl~.. 
. . 1 di'" d., ~ '" Q "I" 11I111Ufl11lJllltnfJ ll'lle.J;J DS1307 'VI 'JI'1t11J'IIel1ICl111t1!'l11l::;lJllm111 7 !1J1ll ~fJ 

y 

ll'llll::;eJgillltl'lleJ~'jl1ff BCD 

...­

COHI 'h..» 
01H ",1\1 

.:...,.
02H mi.J.:J 

03H :n. 
(Mil ~ 

OSH l'~Cl" 

00;'; \J 

07H ,..;;'ilfl1""'t)<l 

aSH I 

RAM 

58)( g 

3FH 

00<: 

om 
Cl:! 

x 
x 

X 

X 

il5H I x 
r 

06H ! 

WH OUT 

'lwmmTn~-.l .---_. 
lI.ln 'liinw,J 

12. 21 AlP' 10 illl 

x xl x 
)(' 'rA1 ~iin;ru 

Wl!l'll'moilu 

iJ "m,m: 00-99i 

X x ISOWF. i x r x Inst !11S2 

'U 

1l.nr. ; O:}5n 

Idi CO-69 

t.im 01-12, oc).Z3 

xl 	 7-.1 '1-7 

-l"f, ! 01-31 

,IiiDW 01-12 

n 

http:nfl;Jlll~11llnnil1.25
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"" • ~ '" d " • ~ "'''''1'' "', ... '" 'I 'Ifllj'ilf!lI'U1[Jfl1UHJ1 !'U~Hl'iJW:;:'Ul1-1 !lIFJ !'If'11'UffllJ1HlIl:Itlfltll'UI'\J{J'U'\Jtll,lJ:l !f!'l !'U 

,j-lIIlIti-l~fhll'Uf!1~ 1'lf'U lIlfl~l'U~lUliti-l OIH iltlf1lJ1'1~!~'U 0011 0010 lI~il321'Uj:;:'IJ'lJll:I'\J 

BCD lI1J1[Jf'l11lJ';h!~'Unl:ll 32 'U111 n1ll5'IJI'Ufhumi-'l 02H ff11Jljtll~tlm1J:l11~il'il:;:hrtl~'1'U 

nJ'\Jtl-l 12 i11lJ·m~8 24 i11lJ'l 1v»£lt1nl'Uf!rilhJii~ D6 UJ:l:::'1-M'iifl D5 l!fff!.:jill~'UnJ:lll'U'lh.:j
'" 


If! t1'lii~ D5 1~'UJ:lel~f1 1 lIlJl[Jfl11lJill~'UnJ:llll5.:U~£I.:j t1'llllmh'UfhlltllillIilH'l' 02H nm)f11J1 


i~I~'U 0010 001 0 lI~il 22 l'Uj:t:'IJ'lJ1J:l't1 BCD lIlJ1£1f'111l.rhl~'Umn 22 i11m I~'U~'U 

d 

.tlTW1'l 3.151-l'iljj:t:'IJ'lJjl'Ul1J:ll (DS1307) 
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solar cell 

'illnflll'l~ 3.14 '1d.i fll'.iUi''lHt H~\\t~'lifl\l~'illm'1f(;j-aU'1l' \le)1iiFl6ne),u~'il:::::IJ1U'.i::::~ 
'I '" '" '" <:1.1.1
!l1 fl'IJ~llfluu '.i::::~ 

'" <:I .13.3.12 ~llflUu'.i::::~ (Capacitor) 
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3.4 fll'HWflUUuhhuO'JlI 

l'Ut11'U'lIel'Hl1':i elel fit tUll111 'H!mlJt~ 'Ufll'Hl1lll1l'JJ'U~ el'U 'IHH f11'j' t~l'J'U111 'j' UflnJ~11J 

1vhrJ'lfl{~fl1nh'll'U'lIel'l1'l'il'j''t'Ut11'UI'iH'1 ~ijU 
~ 

3.4.1 t11'U'IHH ll1t\1'1fl{1l (Flow Chat) 
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do..! d ~ d''!J1 d ~ 
'ill fHll'Vl'Yl 3 .16 fl11'Yll~ 11.1'\J tJ.:j 11hHI)) III1 II 'ill fl fl1 n 'lffll:l'1il1 'lftllll fllH)~l:l'1il1 'If 

r.I 

III If! lfltJU I mnHm{'iI~tt.:jfln'lH'lltJIillt\{lUJUl:l'!lflUHlfllfl11lJlcUllUl:l'.:j I~UI'lf1;1"Ill:l'.:jtJ1ilflU'\l~. 

rlJ ri lfl11lJl',j'1J 1Il:l''I ~.:j 'iI~if'ill 11lI111l.:j ~U~lcUllJ1!1U1;1 ~ t1ty ty 1III t\Ul~ t\ m ~U ~~ilI tJ n 'iI:;; ,XlJ flltrU 1:r 

lvttl'\.hlJllU~UlJlfiuuril III w11IlHU-:J 'l~iJrilf!111J!cU1JUl:l' ~1Jlfl~,,!~ 'illfltrU 'lll I i'lli'ltJU I mnlnf){ 

, " 
hwiJf)1l<il~nh I flHl:l'fHflllJlllJlJfirllHU~ H~-:JII~ flUU1:;;fltJlJ IflHl:l'fH flU 

, " 
l.h~flfJlJ'1!~"'lJl!'l1.ifJU flwyhir utl:;;nlJ~.:jflu&I~iln~'illlcUlilm111f1Hl:l'fwtltNl:;;lJU l'lfftl{ 



4.1 1JlTl.h 

" " ')1~iHH'I'l.:j'HlNI ~.:ji1 

" 
4.2.1 'IlllAfllUll1f1l?1tleH 

L '111 UI'l.:j l'1$€n{!'1$orl' hHJ~Vl~-1IlI'l'lHUlU')1HilffM Vl1lJ1J'lh;:;lJlW 15 fj'lfflf1UvfU 

o ~ " W QI dllf 'JI 1 d' " 2. UllJ1\i1fl'JlJll\i1m;:;1l1Xl1i.'l~H'J'l\ilU')1 !~'ijlflutH '1$m'J!'1$1'HI 

3. 'thrl1"l~i~·hj1JU~flmHhtm.:jm::;IIt1'lm;:;m'l~U \l11lJ\ill'Jl.:j~ 4.2 
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1.8210.130.1806.00 'U. 

4.3316.020.2707.00 'U. 

6.2017.220.3608.00 'U. 

73.94 
----------+---------\--------\--------­

to.OO 'U. 

19563.7809.00 'U. 

44.4419.322.30 
----------+--------\-------+------­

11.00 'U. 355 18.93 67.20 

12.00 'U. 2.91 19.48 56.69 

13.00 'U. 
....l­

2.97 +­ 18.91 -+-_ ~ -

56.12 

42.192.21 19.0914.00 'U. 

21.4915.00 'U. 1.20 17.91 

16.00 'U. 7.3916.790.44 

7.8017.00 'U. 0.45 17.48 

18.00 'U. 0.14 16.41 2.29 

17.48 30.151.60 

1l1tl"TiH~ 4.2 1l::;1l'f'Uifi'·:hriTVH1Hl'UivlVll~ifi'1'U'lbmi:n 06.00 'U.- 18.00 'U. ilii'l.:j~ 

rllm::;U!:I'U1:'!::;IIJ" .:j~'U i vlVll~.:j"t!~~l~1M l~fJiifi1m::;II!:1'1U ~m'Vhn1J 1.60 lIC1lJullf ua::;uJ" .:jI'lU 

lU~m'\'hn1J 17.4811afi' 

http:U.-18.00
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25 

20 

> 15-
,~ 

10") 

!i 
5 

0 

::i ::1 j j ;l ;;l ;;l ::1 :1 ;;l ;l ;;l ;;l 

0 
q 
,j) 

0 
0 
r-. 

0 
0 
oj 

0 
0 
cr> 

0 
0 
0 ..... 

0 
0 .... ..... 

0 
0 
C'i ..... 

0 
0 
cv) ..... 

0 
q 
<T ..... 

0 
0 
ui ..... 

0 
0 
,.0,...., 

0 
q 

",...., 
0 
0 
oj,...., 

n.n (,u")'ilJ,» 

4 

3.5 

- 3 
<:( 25 

~ 2 

r 15 
C 

1 

0.5 

0 

j j ;;l j ;l ;;l ;;l 	 ;;l ;l ;;l ;;l :i :i 
00 0 0 0 0 0 0 0 0 0 0 0

0 q q 0 0 0 0 0 0 0 0 0 0
r-)~ r-. 00 cr> 0 .... C'.j V ui ~ r..: cO.... ..... .... .... ..... ,...., .... ,...., ,...., 

mn (~h 'ilJ,)) 

. 	 , 
cI Q.) 1 t::;i tl) 9J dt Q..I ""I ~~ 1 	 dt 

t'Yw'Uf)'Ul1m flll1 !l9lll:::!'UlH'lfllJW:::'tIeHmll'lH'U'U exponentiall111fll time constant t=Re 'fHn-nll 
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~ 

,j'J:::'I)UTUlJlf11iU, 

+ 

CIRCUIT 
CHARGE 

rc;S2;'fc; S2~OPEN CLOSED 

IJ(A/J 	 J 
(8) i:1 

I 

III 	 rSJ ItIt 
to t1 	 to tl 

i 
I 
I 
It 

! 0 
jr­,...-j~ r-----,\ ~R JrR..J 

51 

'H· II 'd) II DISCHARGE rl I E 
S2 I CURRENTEs 

I I e-, T'------' /1C G{\ 
CIRCUIT 

DISCHARGE 
rc;S2;'fc; ~')~

OPEN CLOSED 
I 
I(A)ESI I i (8) i:1 	 I 
It 

to t1 to tl 

I 	 ~-l---- I 
I 

o 	 It 
r\:; 

(C) eJ 
I 

(D)e:1 	 IIrSJ I t 	 ~I It 
to t1 

~,jflTHIJ:::1lm'l:::f11(J,jJ:::~'lltJ(j ~1Ifi'lJ'l.IJ:::'il (http://www.tpub.com/ncets/book2/3c.htrn) 

http://www.tpub.com/ncets/book2/3c.htrn
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li'T\'!YllU~l) '1Ii'i1'111€l,iu "1 UCHlfrh~11~1J'l.h:::;'qU1J1J'1funJt:)flrleHVhJ1JilU~UH~U 'hHh 

(Voltage) fht~~J1ilU 



d 
1J'YI'YI 5 

5.1 'U'Ynh 
v Y • Y 

'UYrihl~f)rll1~"t1~Uj;j1;'lfll':iiiHl'W'tJO'I':i~'U'U nl.ll'J,tihymvhnll;J'U 1I1;'1~,joLt1'UoU'U::: 
• • JJ, :V;Y 31 

I'lW'l l"iLnt:.rJ,jo" Lnl'l1llflfll':i1'11l1;'lo" t 'UUI'l1;'l:::('h'U 't1joml"ff~uil:IiJt1Jmihnll;J'U~"LlI'l11'U~o'U 

" i'l1Uf!l.lfll':i'\'hn'Ui,,'YI1.l~ 

if.l dlll!JI ~ d'\il'JI d I~d' 
'illflfll':i1'1~1;'Io"'Uo"1'IHHll':iL'IHHl m~!!t1l'1l~'illmG1H'I1;'IlLt1"oll'1~ltl ~!JiHHH)Ql'1 1.60 

Uol.lIIUf U':i'i~'Ul'iliiU1'Hj~ 17.4811i:l~ IrlouumU5U'lHi1uum1'1j;ji:l'iJlflfl1':iLU~uud1UU i".. 
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5.3 1h:::ll.1'1fll'Ufl-llr'l1'H1U 


1fl 'i HlUif'i111J1Hl'Lh1,jH'l.h:::1(1'1fulUfl uVliifl fl 'i:::l1ffiyjYll'lllfl'VIil'FllUUff,Hl lil"iJ 


5.4 iftyfll!la:::~,jif'.i'.ifl~l'fU 


5.4.1 ~11~1J,j'i:::~ ivIYll~'UU1~I~fl 


5.4.2 ~11~'lJ,j';i::::~ iyjvh~~"l1ftClfl illmfl 


5.4.3 ~1!~'lJ,j';i::::'il 1yjYllihiflnfll';i~h i'l11:l'UCl-1,j';i::::'ilff-1
, , '" 

5.4.4 ~1!~1J,j';i:::~ 1yjYllii'UU1~m~~U~1 


5.4.5 UVl-:jl'1i1:l~Uff-16Ti1f16U-1ii';ilfllff~Il1:l:;;lh,juUll'M'ltif.)m'feJU mhyhlM'IlVl~

" " 

5.5 f)l',j'nfllmlu'.i:::vl'lJ~t)'u 


5.5.1 11~aCl-1 HtlU~11~'lJ,j';i::::~ 'yjYllU'lJU~U "l 


5.5.2 6f.)flU'lJ'lJ1-:j'ilm,jMU'i-1l'luiyjYll~1~m-:j~ulufllnh-11U~lall 


5.5.3 '~1l1U~1l.1tlU';i::::1111-1~11~1J,j';i:::'il.iyjvhua::al1Jfll\iH)~ 




d'.i!!:> IV .i!!:> jI \V .i!!:> .i!!:> J .i!!:> d' 
[1] I!f'\.W1'ilOlliI~U'Hll':i~lUVHI'H1U fIlfl1'lf11i1'1fl':i':i:utflHHf)fI f)ru~1fl'1fl':inJi1'11:1'fl':i 

lJ1'I11'1'lU1~fJ f,llli1':il'lflil'i1; http://www.eng.ubu.ac.th/~me/gen.htm [21 August 2007] 

[2) VI~.:j.:jlU'I'I~II'1'lUl'I~.:j.:jl'\.I!LH·H.lUlflWl; fmlvllil~lfJfiil\9ll!H.:j'll1:t:!'I'li1'1fW 

http://www2.dede.go.th/renew/soiar-p.htm [21 August 2007) 

[3) al'UflHUUltJU1tJUil::Ilf-jU'VI~.:j·nu m::m1.:jl'l~.:jnu 1!6'1 "lirtJl'I~HlU 1:1'h'l!lULfl'':ilJ!fl'll 
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