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Characteristic Analysis of 8 Channel 
Battery with Speed and Voltage * 

Abstract 
The 8 unit battery analyzer is used by Microcontroller AT90S8535. It can be analyzed all 

mobile battery 3.6V, for 8 independent channels. Result of data is transferred to the computer via the 
serial port RS232, and show it's capacity on the level of LED displays. That is identified the battery 
property, it's slope is in a range between 361.15-738.75 UnitIVolt at O.25Sec speed. 

nTlibml:::~f1ntlnJ1r~hbU@lb@ltli 8 'litl,,'Yl1" nnmUfllJ hwhLlJ tmfltlutmliw.wf 
, 'U , 

AT90S8535 G(1lJ1''mibml:::~mu,G(lJU~'IJtl''bbU@lb@ltli'IJU1@1 3.6V ,)lU1U 8 'litl"'Yl1"'t'rftllJnu , 
if tllJ fl';):::nn Ii" ttl rT" bfl~tl"f1 tllJYi1 b @I tlf~lu 'Yl1"'I'l tlf@ltlumlJ RS232 

" " q 

'I'lftllJnuibml:::~~lmllJ'iJ'lJtl"bbU@lL@ltlibb~:::bbG(@I,,~~dJu"l":::~U'lJtl"')lU1U'l'l~tl@l LED 
q 

G(llJ1"l"n LLU" bb tin ~1 mllJ 'iJ'IJ tl" LLU @I L @I tli~ '1'11tl L~tllJ t<il , .. . 
737UnitIVoit li1ULbU@lL@ltl1L~1'iJ:::ii~lmlmru'i11n".h 361.15Unit1V01t ~1'1'\'~'Um"l"'Y11"lwYifl11lJL11 

O.25Sec 
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bblJ<iI b<il El~~ Elii El~flTl:IJ'ih dlu,hl'l~lJ 1 mil'lrl~ Elii mill!.El ci1-.1 ~-.1 b l'l11:::11 bd mblJ<iI b<il El~ 
b~El:IJff1l1l'l '9l:::'tl11ibb1-.1~'Ut'l<nt'l-.1El ci1-.11d~lb1d tf'U~El1 mil'lrl~Eli1Elfl'9J:::\hjff1:1J11f1 H-.11'Ui.~ n11 

.d ~ Q..; Q..;.::t 1 1 Q..; ti".r::9 .:!:I.::t Q..; Q..; d 
G1'ElG1'11fl'9l:::'I'I rJ<n"ll':::-.1flt'l-.1'Yl'U 'Yl b l'l11::: 'U1:::lJlJ'lJ El-.1 'Yl11'fl'l'Yl:IJElfi El '9l::::lJ1:::lJlJ<il1d'9l'9llJ bb1-.1<n'U<ilfl 'If-.1 , 
1 mil'lrl'9l:::'tl1n11b~ El'Ubbt'l:::~<n1:::lJlJ'l1WYi ~mf-.1l1'9l'9ltT'UbblJ<iI b<il El~~ f..J~<iI:IJ1bbwl t'l::: 1 1-.1-.11'U ~~-.1'lJ El-.1bb'l1 , 

~-.1'1'1:IJ1 rJm1 :lJ111U11-.1'Y11-.1n1 rJ1l1l'l El1'9l '9l::: b '1'1 ~ El'Un'U 
'IJ 

~-.1tf 'U 1m -.1-.11'U 1i rJd~-.1~-.1 b 'it 'Un11G1'~1-.1 bfl~El-.1 ~ El , 
, , 

'Yl <n G1'EllJ fl1m1:IJ~'lJ El-.1 bblJ <iI b<il El1bbwl t'l:::"ll'u<n bb~d'tl1n11bb 1l-.1 bwm:::~lJ fl ru1l1l'l'lJ El-.1fl1m1:IJ'9l bblJ <iI b<il El1 , " 
1<n mfl~El-.11bm1:::~flruff:IJlJ~bblJ<ilb<ilEl~mj-.1ElElmtJ'U 8 '1l'El-.1'Y11-.1 n11'tl1-.11'UaG1'1:::wlEln'U , 

• I I , 

b~ m ';El:IJbblJ<iI b<il El1Yi 

<P]El-.1n11'Yl<nG1'EllJ (Battery Under test) b'1l1nm:::lJlJ bb~Tl'hn11fl<n~:lJbi:IJ<P]'U (Start) 1:::lJlJn11'tl1-.11'U 

'9l:::'tl1n11~<nwl Eld-.1'9l1bblJ<ilb<ilEl~b'1l1n1JJ-.1'9l1"ll'1f'9l lW (Charger) bbt'l:::d-.1'9l11 'I'It'l<n (Load) l'l1El:IJnlJ'tl1n11 

<il1d'9lilJ;qjqj1rnbb1-.1~'U (Voltage Sense) ~-.1'9l:::bbll-.1btJ'U 2 '1l'd-.1n1"j'tl1-.11'U~-.1d 
1. 'li1'lnm'ln{1ltl'j:;~ (Charge time) 1'l1l'j1l:;.yhfl1'j~eJ1'l1l'j!l1J\9I!\9IeJ~!.,j'ln1JJ'l1l'j'b'1{1ltl'j:;~ 
9I.d ~ Q.I.d d 

(Charger) ~dt:Jm:::!!1:YfI<l'Yl (Charge rate) 1l'\'Hn:;'I'1'l!!H~'U!!lJ\9I!\9IeJ'.i Vbat=3.8V(max) d'l1l'jfl1l:::'\1~~ 

<I ~ '" 
'b'1'.i1l'l'1'U'I'1 

2. 'li1'lnm~1:Y'b'1{1l'l.h:::~ (Discharge time) d<l'il'.i'il:::'I'llfl1'.il'leJd<l'il'.i!!lJ\9I!\9IeJ~!.,rlnlJ lm'1~ 

(Load) !~eJ~1t:Jm:;!!1:Y1Mn1J lml~M~ (Discharge rate) !!tid~<l'l'llfl1'.il!ml:::r1flru1:YlJU~'lJeJ'l!!lJ\9I!\9IeJ~ 
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AgIJfel Block Dla,;)ram oi a SaHery Ana~'zer 

mrJ'VI~,Jn1'l<n'lT:U~El'lJflrn~aJ'lJ'1i'lJEl,Jn1'l"Jl'Tf'ilth::'ilUi:'l::n1'l~~"Jl'l'hth::'iI bfl1El,J'iI::rhn1'l 
q q q 

1 bml::,{ ~i:'l bb~1~,J~'lU~i:'lfi rn~aJ'lJ'1ifilmlm (Capacity) 'lJ El,J bb'lJ<n b<n El~ 1 'U'lU'lJ El,Jn1'l~11,J'lJ El,J'VI i:'l El<n 
'I 'I q qJ 

LED 'l::wl'lJ<l11,J G) flU 

<' <' 
1. n1'lElElnbb'lJ'lJ'Yll,JeJ'l'l<nbbd'l 

n1'lElElnbb'lJ'lJ'Yl1,JeJ'lf<nbbdf dJUn1'lElElmb'lJ'lJ'Yl1,J<Kl'ULm,J~11,J;f'U,Jl'U mJ,JElElmu'U 5 ff1'Uwl,JU 

1.1 n1'lElElnbb'lJ'lJ1,J'iI'lm'lJflaJ bbi:'l::i,Jn1'l 
q 

n1'lElElnbb'lJ'lJd,J'iI'lm'lJflaJui:'l::i,Jn1'l bU'U1,J'iI'lm'lJflaJn1"i'Yll,Jl'U~,J'VIaJ<n~1'V11'lJn1"i<n"i1'i1~El'lJ l<Kbbr1 
q q 

m"i<n"i1'i1'i1'lJ~runnrn 1 bml::,{ iqjqjlrn bb~<n,J~i:'li El~ i:'l~u"i::m i:'l ~i:'l1<K 'UElmlnUiJ,J'Yll'V1,zl~ 
b ~mJ L£J,J irurul rn "i::'VI11,J bfl~El,J1 bml::,{f1 rn~aJ'lJ'1i bb'lJ <n b<n El~fl'lJ bfl~el,JfI elaJ~1 b<n elf 1,J'iI'lm'lJfI:lJ'Ul i 

Q.I QJ q q 



96 lh'lflOl ~1.h::nEltJtJru 
, w 

'juri 3 ?JjJJ1J€)'f~m1Jfl3J ET-AVR Vl.O [Dnn. J u , 

1.2 nT'i€HJnbb1J'l.J1\1~-:ib~€UJ t£)\I,] eJ3J~ 
'II 

l'1ll:il~tllJ 1£J'I.,rtlJ,jrl l~'Ul'1ll:il~tllJ 1£J'I:i~"dl'1'lW{~fll1JfJlJ ET-A VR VI.O n'lJ1Jtl{~'l'll'11'U 
l~w.,rt)J,jrl~~tl'lfl1:i (Data) ll~\lnri'ltltln'Yll'l Port C ril'U.,rtlJ,jrlfn'lJfJlJ (Control) ll~\lnri'ltltln'Vll'1 Port 

o .,rt)J,jrlfll1JfJlJll~\lntltl~:i'l1ff ri'lhJfn1JfJlJfl1:i'Vll'11'U'lJtl'l1l1irl~"hU'IJtl'lepJmru ll,j'lt)tlm~'U 2 'll~ 

fit) 'll~fn'lJfJlJfl1:il~£J'U (W AO-W A 7) llrl~'ll~fll'lJfJlJfl1nh'U (RAO-RA 7) 

PCO, PCl, pe2. ., PC1-Data 

PDO, PDl. P02-Addr_s 

P03-Direction enable 

O"W.r i te, ~ .. Read 

PDt_ A08sB enabla 

O"'Enabl~, l-01:iable 



~ " " ~ ~ '" 0 9 "" ~ d ~" Uft'UCJlq!fl (DO-D7) 'Vl'iCJlJf1Uftt1jt1jlW'ltlilfllUfjlJfl1'iI'UU1-! (WA2-WA6) 'Vll !'I'I'UCJlq!fl'il~\lf1!lfl'VI'li!f1U !l 
v • 

c:v ~ 91 .:t I 

1-!1-!flCJ'I'IflCJIil LED 'il~!!ft~\lNfl~llJ'UCJlq!fl'VIft\llJl 

(j 

~ " Uft'UCJlqJfl (DO-D7) 



98 amH1 ~lh:::nil1J1JllJ , . 

1.5 fl1'HJVf1I!1J1J"h'l'i1"l'liTf'i1/~~'liTf'i1 

l"'i1"l'liTf'il/~~'liTf'il dJU1"'i1"lm1Jflllm"l'liTf'i1/~~'lilf'i1'lJEl"1JElf~m1Jflll , . 
m1Jflll'il:rlnff"3J1'Yl1"u~,yElllf'l (00-07) 'V'IfEllln1Jirurulrn'li~m1Jflllm"lL~tlU (W AO-WA I) til li 

'I '\J '\I ...... 'I q 

-nElllf'lrlnLLf'I'Yl'lhn1JLlmj"ElElnLlIu 2 ff1U ~El ,yElllf'l~1'Vl11Jm"l'lilf'il (CHO-CH7) LLf'I:,yElllf'l~1'Vl11J 
~ 'U 'lI 'lI 

m"l~~'liTf'i1 (OHO-OH7) lU'lJrn:L~tl1nu,yElllf'lLL"l"iu'lJEl"LL1J'ilL'ilEl~LLtt1f'1:'liEl"'Yl1"'i1:rln~lw.hu'Yl1" 
~ ~ 

'V'IElf'il A (ANO-AN7) 

'lJrn:'lilf'i11h::'i1 ,yElllf'l~1'Vl11Jm"l'lilf'il (CHO-CH7) 'i1::'I111imlu6fr~L'ilElf Q4 Elcilu~1l11:: 
'I . '\I '\I 

OtT 'lJrn::L~tIlnUmlu6fr~L'ilElf Q3 'il::Elcilu~1l11:: On 'I111im::LL~1'Vlf'l~lUmlu6fr~L'ilElf Q5 ~"rln 
~ ~ , , 

m1Jflll'fl1tl1"'i1"l!'hLU'ilm:LL~fl"l1 (Constant Current) l1"l::i1Jm::LL~ 1.43A ff1U'lJrn::~~'lilf'i1 ,yElllf'l . ~ 

~1'Vl11Jm"l~~'lilf'i1 (OHO-OH7) 'i1::'I111imlu6fr~L'ilElf QI LLf'I:: Q2 Elcilu~[m:: On JU~1l1.h::'i1~ 
~ . 

~::ff:lJElcil'U.LL1J<ilL<ilEl~ ';):'Yilnl~G1f(~lf-;)~IUfil~dl:lJw11U'YllUfl.:Jfi Rl 1J'U.llil In 5W 't111id;til 
~ 
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2. nTHl€lmL'lJ'lJ'YI1.;JC§}I'U,'lH)Yl~w.rf 

m~€l€lmL'lJ'lJ'YI1.;JC§}IW]),€lYl~Lnf dJ'U,m~€l€lmL'lJ'lJ'Y11.;JC§}I'U,fllk.;J 'V\~€l hhLLm:IJm~'Y11.;J1'U, 
Il1rJl'U,~~'lJ'lJ t~rJil"1lmhn~'Y11.;JC§}I'U,.nf~Lnf~l.;J ') ~nl'V\'U,~:ff'U,H"1l1.;JC§}'U, ~1'V\r'lJ~~~'U,hC§}€l.;Jm"l 

'II 

() ... = , """ ... VI ~ ... _!1 .. "' ... .J' 
f1~GHm (Copy) ~ldJl"lbl(9J~(9J€l~d'iHJ 6~6~tJ(9J"l-J nl,€l€lnbblJlJ'Yll-J'ill'U'll'€l1"l(9Jbbd,dJ'il-J'U 

LL~'U,cr.;J hhLbm:IJm"l'Y11.;J1'U, L~:IJ"illnm"ln~lJ:lJ1b'Jl'~ (Reset) t1.hLLm:IJ"il~'Y11m~LfI~rJf , 
'l"l€lf~ (Port) bLiiI~Uyh~€lf (Buffer) "l1:IJ~.;Jnl'V\'U,@1~lb~€l'U,'l'lJm"l'Y11.;J1'U,~'lC§}"illnm"lr'iI'V\'U,~'lJ€l.;J~~ 
~i~i' (Dip Switch) 'lJ'U,'lJ€lf~ nl'V\'U,~'ihm'U,~tJm"l'Y11.;Jl'U, <B.;JLL~iiI~~tJ (Loop) m"l'Y11.;Jl'U,"il~ 
i:IJt4''U,i'n'lJ"li€l.;J'YI1.;J (Channel) 'lJ€l.;Jm"l~"ll"il~€l'lJ ~€l:lJ1'Y11m"l~~1"il~€l'lJLmimL~iiI~'li€l.;J'Y11.;J 'V\ln 

LL"l.;Ji'U,~lnll"il~'Y11m"l'1f1f"iltJ~~'il (Charge On) LL~'V\lmmi'U,~.;Jnll"il~'Y11m"lrJm~nm"l'lf1f"il1.h~"il 
. q tU 't 

(Charge Off) "il'U,m~~.;Jm'lJo;ijl'U,l'U,'li€l.;J'YI1.;J LL~1'Y11m"l~~1"ilLL~iiln (Flag) ~.;J'V\:IJ~ b~mL~~.;Jll'Yln , 
'li€l.;J'YI1.;Jbln'lf1f"iltJ"l~"ilL~:IJ ~€l:lJ1~.;Jnl'V\'U,@1~lbb~.;Ji'U,wnn~l.;J (Delta Voltage) Lbiil~nl'V\'U,~iiltJm"l 

'II , 'II . , 

'Y11.;Jl'U, LL~1~.;Jb1:IJ'Y11m"l~~'lf1f"il (Discharge On) 'Y11m~~"l1"il~€l'lJLL"l.;Ji'U,LL~iiI~'li€l.;J'Y11.;J 'V\ln 

LL':i-3i'U,iim':ibtJ~rJ'U,bbtJiiI-3~.;Jnll (Over Delta Voltage) ih~'Y11m':irJm~nm~~G1''lflf''il (Discharge Off) 
'II 

d1'lJ~lb liilILbiil~nl'V\'U,~~lbb ~iiln 'V\lmb"l.;J~'U,iim':ibtJ~ £.I 'U,bbtJiiI.;JU€l rJnll bb "l.;Ji'U, ~i.;J~1 'l1' fi"il~'Y11m':i 
~':il"il~€l'lJ'li€l.;J'YI1.;J~ €l 'ltJ "il'U,m~~.;Jm'lJo;ijl'U, l'U,'li€l.;J'Y11.;J bb~l~.;J~~l'il LL ~iiln~.;J'V\:IJ~ L ~ mb~~-311'Y1n , , 
'li€l.;J'YI1.;J 'lc§}1'lJm"l~~1'il ~€l'lJ m'lJ'Yl n'li€l.;J'YI1.;J ~ €l:IJ1~.;J111"1l €l:IJ iii L liill'lJ €l.;J LL~ iiI~'li€l.;J'YI1.;Jtb:lJ1tJ~~:IJliil ~ iii 

, 'II 
, , 

L Vl mLtl.;JLLrJn~lml:IJ"il'lJ €l.;JLL'lJ~L~ €l1LL~iiI~'li€l.;J'YI1.;J li.l:IJ1LL~~.;J'lJ'U,'V\ iiI€l~LL~~.;J~iiI LED bbiil~~.;J'ltJiJ.;J· , 
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Sd C'hHrg(~ (h1 

Clt,<:u' fll.)g 

Ski Charg*~ {)ff 
S('t t'1a~ 

Sf~t f)is(:hfH'g{~ Ol'f 
S1on~ Tinu.~-&fh_g 

• 



() 

m1'Yl~~El>l btJ'\..I,m1'Yl~~El>l'VI1~rnff1JlJ1i'lJEl>lbblJ<ilb<ilEl~ ~>lm1'Yl~~El>lflmhn~1~rJ'lJ'\..I,1~'lJEl>l . .. 
bblJ<iIb<ilEl~ ~>I'il::iEl>liJ'lJ'\..I,1~bb1>1i'\..l, 3.6V b'Yh,x'\..l, 1'\..1,m1'Yl~~El>ldH'bblJ<ilb<ilEl~'lJEl>llJ~';'Yl Nokia 1'\..1, • . ., 1. d ~.J' 
BLD-3 bb~:: BLB-2 'il1Wm 3 nEl'\..l, ~rJm'VI'\..l,~bmEl>l'VI1J1rJ~>I'\..I, 

l. idElci1>1~ #1: btJmblJ<ilb<ilEl~1'V1~ Nokia 1'\..1, BLD-3 'lJ'\..I,1~ 3.7V • 
2. idElci1>1~ #2: btJ'\..I,bblJ<ilb<ilEl~'Yl~ffEllJ Nokia 1'\..1, BLB-2 'lJ'\..I,1~ 3.6V • 
3. idElci1>1~ #3: btJ'\..I,bblJ<ilb<ilEl~b~El1J Nokia 1'\..1, BLB-2 'lJ'\..I,1~ 3.6V • 
~1'V1~lJm1'Yl~~El>ld'il::'I11m1'Yl~~El>l'Ylml"El>l'Yl1>1 (Channel) i.ibbr1 'liEl>l'Yl1>1~ 0 ii>l'liEl>l'Yl1>1~ 7 bb~~:: • 
'liEl>l'Yl1>1tl~mhm11Jb~d (Speed) 9i1'\..1,d'\..l, 2 'lid>lbd~1 ~El Step=0.5S bb~:: Step=0.25S ~>l1'\..1,bb~~:: 

'liEl>l'Yl1>1m11Jb1d'il::iEl>lll~lJm1btl~rJ'\..I,bbll~>lbmi'\..l, (Different Voltage) 9i1'\..1,d'\..l, 4 1::ilJ ~El 0.1 V, 

0.2V, 0.3V bb~:: 0.5V <il11J~1ilJ bb~:: 1'\..1,m1'Yl~~El>lbb~~::1::im::iEl>l'l11m1'Yl~~El>l 2 ~f>l 

1. nTllbm1::im11Jbbtl1tl1d'\..l,'lJEl\lbb~~dfl\l'Yl1\1 

m11bm1::im11Jbbtl1tl1d'\..l,'lJEl>lbb~~::'liEl>l'Yl1>1 btJ'\..I,m11bm1::it-J~m11Jbb<iln~h>l'lJEl>lbb~~::'liEl>l'Yl1>1 
dd a d I q,., dodd QJ d,Q ~ d Vic. 

1~ rJ1J b>l El'\..l, i.'lJm1'Yl1>11'\..1, 'Yl W~ln<il1>1n'\..l, b1J El'\..l,1bblJ<iI b<il El1b 'll"El1JnlJ bmEl>ldbm1::'VIbblJ~ b<il El1 bb~d'Yl1m1 

tl~mhm11Jb1dm1'111>11'\..1,~ Step=0.5S bb~:: Step=0.5S bb~d'l11m1'Yl~~El>l~1'V1~1J1::ilJbb1>1i'\..l, 
~1>1"J Det=O.I V, O.2V, 0.3V bb~:: 0.5V <il11J~1ilJ ~>I'il::i.it-J~m1'Yl~~El>li>lnnwJtl~ 11 
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5ample#1: Nokia BlD-3,3.7V 5tep=0.5 
294 f-~~~~~~-= 

252 _�_-------____i 
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Dlfferrtint Voltag~ 

(d.! 

Sample#2 Nokia BlB-2.3.6V 51&1'=0.5 Sample #2: Nokia BlB'2, 3.6V Step=O.25 
294 29, " 

252 

e 2'0 + .................................................... ,.:,t..<'; ....... " 
~~~+I-.... ---

~ 1S8 
-~~ lGa -1----,1'-,#.::.:....----_ 

I m· +------.--,.""'#'------' 
Ei "I -t·· .......... · ...... ·=Hyi:l'····· ........ ·· .............. · .... · ...... . 

I 12;; -I---+,I,Q------' 

o 84-1--4~~----~ 
42 + .. ,.{;f:<l!.. ........................................ . 

0.2 0.4 0.6 C.2 

Dil'f&rrent vottag_ Oifferrent Vokage 

(b) «(" ) 

5ampletl3:Noki. BlB-2. 3.6V Step=O.5 Sample#3: Nokia BlB-2, 3.6V 5top=0.25 
294 -t-"~~~~~~==-< 

25~ _1_----------' 

~ 21;J -f·" ...... " .... -" .. ·· .. ·-.. · .. -........ ·--" .... ·-.. ,,-·i 

~ IS:, +· .... · ............ · .... · ............................ · ...................... · .... ·-i 
i 126 -+-------......,.,"0---' 
o 84 _I_----~~z-~ 

42 

0.2 0.4 0.5 0.2 0.4 

Ollferront Voltage Differrent Volt ... ge 

(c) (I') 

'nJff 11 e.lfln11jl f111::l1rr;mJ!Lll1111Ju '1I€J"Uvifl::'li€J"n1" .. 
(a) e.lfln11jlf111::l1f1J13,1!!111111JU'1I€J"~~J€Jlh"rt J flJl3J11J O.5S 

(b) e.lfln11jlf111::l1f1Jl3JUll111JJU'1I€J"~J€Jt11"rt 2 flJl3J!1J O.5S 
_ .- .1.1 ~,.J " 

(c) e.lfln11J!f)jl::;VlflJl3JULJ1LJ1J'U'1I€J"~J€J111"n 3 flJl3J!JJ O.5S 

(d) e.lfln11j!f111::;l1rm3J!lll1111JU'1I€J"~J€Jt11"rt J flJl3J!1J O.25S 

(e) e.lfln11jlf111::'lfml3Jull1111JU'1I€J"iJ€Jlh"rt 2 rlJ13J!1J O,25S 

(f) e.lfln1Jjlf'IJ1::;l1rm3J!11l111JJu'1I€J"~~J€Jt11"rt 3 flJ13J!1J O.25S 
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~ 

eJU(91"i.fl1W'J5U 42 Unit 

9JlmU~ ll(b) Gn:lJl"ib1~"iUL~11 ~1'V\~'IJ~1€Jcil.:J~ 2 <B.:JLtlULL'IJ(91L(91€J~'Y1~~€J'IJ iifilml:lJ'J5U 
" . 

(Slope) LU~£J~.:Jn11U"i~:lJlrn Slope=510 UnitlVolt film:lJlrni€J:lJ~~~(91€J~~.:J~~ 252 Unit ~"i~~'IJ 
'U cu '1.1 I;j 

LL"i.:J~ULU~£JULL,j~.:J Det=O.5V tfuf\€J~1€Jcil.:J~ 2 9J~~filml:lJ9J (Capacity) ~.:Jn11~1€Jcil.:J~ 1 . " 
~l'V\~'lJfilml:lJ~~W~l~~.:J~~ Error=37.75 Unit tfuf\€Jfilml:lJ~~W~1~1um"iLL~~.:Jf..J~~1£J'V\~€J~ " . 

o d I (L"oO 

LED 9JlmU'V\U.:J'V\~€J~L"J5UnU 

9JlmU~ II(c) ~1:lJl"ib1~"iUL~11 ~1'V\~'IJ~1€Jcil.:J~ 3 <B.:JLtlULL'IJ(91L(91€J~L~€J:lJ iifilml:lJ'J5U " . 
(Slope) LU~£J~l:lJlnU"i~:lJlrn Slope=282.81 UnitlVolt film:lJ1rn,r€J:lJ~~~(91€J~~.:J~~ 140 Unit ~ 

" " . 
"i~~'lJLL"i.:J~ULU~£JULLU~.:J Det=0.5V tfuf\€J~1€Jcil.:J~ 3 9J~iifilml:lJ9J (Capacity) ~l:lJln <B.:J9J~ • 
~l:lJl"ib1m£JU"i~9J L~L11 ~l'V\~'lJfil~~W~l~~.:J~~ Error=21.25 Unit tfuf\€Jfilml:lJ~~W~l~ 1 um"i . " . 

q.., 0 d I Q..<o 

LL~~.:Jf..J~~1£J'V\~€J~ LED 9J1U1U'V\U.:J'V\~€J~L"J5UnU 

9JlmU~II(d) ~1:lJl"ib1~"iUL~11 ~1'V\~'IJ~1€Jcil.:J~ 1 <B.:JLtlULL'IJ~L~€J~1'V\~ ~filml:lJ'J5U 
" . 

(Slope) Lu~m'.:J~UU"i~:lJlrn Slope=738.75 UnitIVolt rh1~film"i~lui€J:lJ~L~~~L€l£J~~.:J~U LL~9J~ 
" " " 

~\'jf..J~'Yh 1 ~fil~~W~l~~.:J~UL"J5UnU Error=39.82 Unit LL~~€J19J9J~'til1 ~m"i~lufilLnufil 
" 

ml:lJ~l:lJl"ib1~9J~~lUL~ (Overflow) ~"i~~'lJLL"i.:J~ULU~£JULLU~.:J Det=0.5V tfuf\€J€J19J9J~rh1~m"i 
LL~~.:Jf..J~~1£J'V\~€J~ LED LL'IJ'lJm~W~'lJL~ 

9JlmU~11(e) ~1:lJl"ib1~"itJL~11 ~1'V\~'IJ~1€Jcil.:J~ 2 <B.:JLtlULL'IJ~L~€J~'Y1~~€J'IJ iifilml:lJ'J5U 
" . 

(Slope) LU~£J~.:J~uL'l:iunu Slope=921.56 UnitIVolt 'til1~fili€J:lJ~~~lUL~~~L~£J~L"J5UnU LL~9J~ 
" " 

() ~.:Jf..J~'til1~fil~~Wt'll~~.:J.:ffU Error=37.75 Unit LL~::9J~iiml:1..JbLU"iU"i1U~.:J 'lJl.:Jflf.:J€Jl'il'il::ehufilL3JL~ 
" " 

(Overflow) LL~~.:J11f1rn~:lJ'lJ1i'lJ€J.:J~1€Jcil.:J~ 2 ~n11~1€Jcil.:J~ 1 'V\~€J~l:lJl"ib1~L~9Jlm~~'IJ<ijlmu . " 
'lJ€J.:J'V\~€J~ LED 

9JlmU~ll(t) ~1:lJl"ib1~"itJL~11 ~1'V\~'IJ~1€Jcil.:J~ 3 <B.:JLtlULL'IJ~L~€J~L~€J:lJ iifilml:lJ'J5U " . 
(Slope) ~l:lJln ml:lJ'J5UU"i~:lJlrn Slope=362.15 UnitIVolt fil~~W~l~~.:J~~ Error=76 Unit tfu " . 
f\€Jml:lJLLU"iU"i1U'lJ€J.:Ji€J:IJ~~.:J:lJln <B.:J'il~L~UL~9Jlnm"i~11.:J'lJ€J.:J<ijlU1U'V\~€J~ LED ~m"i 

" " LU~£JULLU~.:J:lJlmUm"i'Y1~~€J.:JLL~~~flf.:J 

2. m"ilLml~iml:lJLLtJ"iU"i1U'lJ€J.:JLL'IJ(91L~€J~ 

m"ilLml~iml:lJLLU"itJ"ilU'lJ€J.:JLL'IJ~L~€J~ dJUm"ilLml::if..J~m"i'Y1~~a.:J ~1'V\~'lJm"i 
LLll.:JLL£Jnml:lJ~l:lJl"ib1'lJ€J.:JLL'IJ~L~€J~LL~~~"J5Ucn t~£Jm"ilLml~imj.:JLtlu 2 n~:lJf\€1 n~:lJ Step=0.5S • • 
LL~~n~:lJ Step=O.25S ~.:JLL~~.:J1u"iU~ 17 . " 
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Battery Variation 

~ Sample#1.Step=O.5S 

-4-- Sample#2.Step=O.5S 

"""*- Sample#3.Step=O.5S 

Sample#1.Step=O.25S 

--- Sample#2.Step=O.25S 

--- Sample#3.Step=O.25S 

0.2 0.4 D.6 

Differrent Voltage 

l. ~1~1lJmnt<i~fil Det=0.5V n~:IJ Step=0.5S ~l:lJ1~mLtJ~Lb£Jnml:IJ"iJl~ t~£J~~~::~lJm~Lb~~~~Sl 
, , 'II 

lJU LED n~:IJ Step=0.25S "il::~1:IJ1~rJ~mWI1£J1l~::"il'lJfl~LblJ~L~fl~~L~fl:IJ1~ ~,)ULLlJ~L~fl~~~"il::~ 
, 'II' 

fllm~m~ehufill:JJ1~ (Overflow) m~<i~filil:t:JJ L ~:lJl::~:lJnlJm~'t'h~lU L ~~1::"il:: 1"J5L ') Sll't'h~lUU1U 
:IJ1n 

c 

2. ~1~1lJmnt<i~fil Det=O.3V n~:IJ Step=O.5S LbSl:: n~:IJ Step=0.25S ~l:lJ1~mLtJ~LL£Jnml:IJ"ill~ LL<1i C) " , 
1Jl~flf~fll"il"il::~ml:IJi'l~~Sll~l~wd.~~::~lJ~Slfl~ LED 

3. ~1~1lJmnt<i~fil Det=O.2V n~:IJ Step=O.5S lJl~flf~l:JJ~l:lJ1~mLtJ~LL£Jnml:IJ"ill~ t~£J~lh::~lJ 
't. 't 'U 

m~Lb~~~~SllJU LED n~:IJ Step=0.25S tT~~l:lJ1~mLtJ~Lb£Jnml:lJ"ill~L'Jiunu m~<i~fildL~:lJl::~:IJ , , 
~~~Rl~1lJm~'t'h~lU L~~l::"il:: HLlSll1l1unSl"h1 , 

.-
4. ~1~1lJmnt~~fil Det=O.IV n~:IJ Step=0.5S LLSl:: n~:IJ Step=O.25S ~l:lJ1~rJ1~fill~flcil~~£JllJ , , 
:lJln lJl~flf~ fll"il bn~ml:IJ i'l~~Sll~ l~~,) £J bL<1iL ~:lJl::~:lJR1~1lJ1~fil fl cil~fl·h')"J L ~~1:: HLlSll'llfl £J 

:lJln 
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