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Abstract 

This research present the method for generate sinusoidal signal with Wein

Bridge Oscillator circuit. This method used the mathematic analysis for determining the 

operation of the oscillator circuit. The natural response was second order differential 

equation. The circuit design begins from simulation with PSpice. When experimental 

result followed to theory, Hardware Circuit was constructed. Analytical theory was 

confirmed by experimental result well agree. 
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t'elb1J'e:m'i'WLL'el~tJ~hh'el'elf (Operational amplifier) vf~'elVib!-tJn~'W1~1 'el'eltJLL'el~lI 

(Op amp) LU'W~tJn~~L~n'Vl~'eliln~~'l.h~'W1"'lLL'€'l:::iltJ~Hn'W'elrJ1':1nt)1\l"lJ':l1\l~lV1f'IJn1~H\ll'W 

L:n\lL~'W (Linear application) ~lLVI(;)~vl11~'el'eltJLL'el~lILU'W'elmnrtJ'el~iltJ~ L'V'j~1:::il~1r11'ln H 
• •	 'lJ 

\ll'W~ltJ ~1~lnl~1~1~~1\ldJ'W':l\l"'l~1;r~tJhJ~lLU'W~'el\lilrl':l1~~L~mn'IJ':l\l"'lU11tJ1'W~':l~'WL'€'ltJ 
'lJ 

"'l'elf"'l ~'€'l'IJ1nr) (George Philbrick) LU'WtJrlrI'€'lVl~\l~v'hn1~~(;J.J'W1LL'€'l:::v'h1~'el'eltJ 
, ", 

LL'el~lILU'WVi ~~n n'W'elrJ1\lnt)1\l"lJ':l1\l ~lV1f'IJtJ~:::~ n1~vl1\l1'W"lJ'el\l L"lJ 1~'W 1'W(;)'el'WLLm~'€'l'IJ1n r)~~ 
, 

'lJ 

" 
vl1\l1'WVi~'W~\l ~'WL~'WL~'W~ LtltJ1\lLL'€'l1J (Huntington Engineering Labs) ~'el~lL"lJ11~~\l'IJ1'i'Vl"lJ'el\l 

L"lJ1L'el\lt~tJ1~'el~1 ~'€'l'IJ1nr)LL'el~t"ll:nL'el(;) (Philbrick Associates) ~'€'l'IJ1nrli.~'el'elmL'IJ'lJLL'€'l:::eJ~(;) 
."1 d	 J' ~ " 0 ,,/.I vacuum '1I'W~lLL'€'l:;~~'W1'el'eln\1'el'elUL'el~uLL'IJ'lJVI'€'l'el~~'l.!'l.!ln1fl1L~m(Single tube op amp) 

(;)'€'l1~1'WtJ 'V'j.fl1. 2491 LL~~\l~\lJl1'V'j~	 1 ~'el~1~\liln1~~(;J.J'W1'el'eltJLL'el~lIL~'eln1~H\l1'Wn'IJ 
, " 

'el'W1'€'l'elnrl'el~~':lLl'l'elf (Analog computer) ~\l(;)'el'W~'Wn1~'0.1'el'eltJLL'el~1I~lH"'l:;LU'Wn1~H\l1'W1'W 
" ,

L:n\lrl,Ul'lfl11~l'lfL'Vh~'W t~tJH~'elLU'W':l\l"'lnYl'el 'IJ':ln '€'l'IJ rio.! bL'€'l:;Lbn~~n1~~~L~'elfb~'Wb~tJ'€'l 
'lJ 
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b'WUIOllOlu'W'el'elLlwen-JiI b'W~Llbbuul'el~ (Ie) {;lm,J~[?]~'W~.J1t(91£Ju1'';'Vlbb~fl"ll~~ ~..:I(:,J~[?] 
q '" '" 

'el'elLlbb'el~i1bU'elf 702, 709, bb~~ 741 ~'W~lb'W-rl'J..:IiJ ~.~.2507-2511 ·JH1.l~~U1'';'Vlb'Wi'Wbb'W~b"1ii1 
" , , 

~'el'W~m[?]'elf l~(:,J~[?]l'el~'el'el,Jbb'el~i1bU'elf 101/103 ;'W~lb"li'Wfl'W b~'el'el'elLlbb'el~i1ijn1nLl~£J'W 

lLlbbUUlOllnVl~'el(91~ryryln1~bil'Wl'el~ ~..:Illl~~ 2 ~..:Iij"jJ'Wl(91b~mb~~n~l~n ~..:I(:,J~b~n1~ 
'" QI .... J' J' '" io' '" io' '" io' J' d", ' 

'el'elmbUU'J..:IIOl~'el b~ n'Vl~'el'Wn~..:Il£J"jJ'W b"ll b'J~1 b'Wn1~'el'elmbUU'W'el£J~..:I n1~ b"llb'W'el'Vl b'Wn1~[?]'el'J..:IIOl~ 

~IVlfu b'Vl~ t'Wt~~1 'Wn1~(:,J~[?]'el'elLlbb'el~i1 b~'el1 m~~N~h..:llll£J1'W~~..:In~lb~~ l~ijn1~ 

-W~'Wl~~I~t1J1'W 2 Ll~~n1~~'el 

1. ijn1~'tllyj~~b'el~b~n'Vln'W~~b[?]'elf (Field Effect Transistor Vl1'el FET) ~1H'bb'Vl'W~ 

lUt~~lf'Vl~I'W~~b[;l'elf (Bipolar Transistor) t(91£Jn1~'tllblOlb~[;l (JFET) ~lbil'W~'J'W~'W~[;l"jJ'el..:l 
q 

'el'elLlbb'el~i1 v'ilb~n'Wm~bb~'Vll..:1~I'W~'W~[?]ii'el£Jn~1n1~bf1.ut~~lf bb~~v'ilb~bb~..:I~'W~I'W~'W~[;l 
q q 

bLl~£J'WbbLl~..:Il~'W-rl'J..:I~ LbVl~..:Ir.il£Jl~nlVl'W(91 ~'J'W'Vll..:1 ~1'Wb'ell~[;l"jJ'el..:l'el'eltl bb'el~i11Ol ~H'~'el~ (Metal
q 

Oxide Semiconductor Vl1'el MaS) bil'W~'J'WLl~~n'elUb'Wn1~~~I..:1v'ilbm~bbN~'Wb'ell~[?]'el'e:ln~1 
q 

biJ'Wi1~~t'J~ [;i1,'W"li'J..:I~ bbVl~..:Ir.il£Jl ~nlVl'W(91 n1~-W~'Wl L-rl'W~ij ~'J'elth..:l~ bb~ (91..:1b~ b~'W 1~~'el 'el'elLl 



• • 

• • 

5 

LL'el~t1L'J'elf CA3130 l-nbJt'V'l~1fLtl'W~'WYl~ LL~::H~'el~Ltl'W~'J'W\h::n'elu~'J'VI~~'Vl1~~h'WL'el1Yl~ 

L~'elll1'el'el'lJ LL'el~t1 LU'elf~~1 ~ 11~ Ltl'W'J~"~"lltJ1tJ 'J~"~"::~1~1~Clvl1~1'W1~ L1'J~'W LL~::H~1'W~ 

1"l'J1~~~~~'Wn~1 L~~ t(;lm'UYl1::L~'elLVltJunU'el'el'tJLL'el~t1LU'elf 741 ~~~~~'W'Vj ~LL~::Lm'Vj~LiI'W 

1utYl~1f 

HLL'VI~~~1tJ1vH'J~n'W ~'J'elth~"lJ'el~'el'el,JLL'el~t12 ~'Jl'W~'Jti~L~tJ'Jn'Wfii'el LM324 ~'J'W'el'eltILL'el~t1 4 

~'J l'W~'Jti~L~tJ'Jn'Wfii'el LM358 

'el'el'lJ LL'el~t11 'W~'el'WLL1n"lJ'el~ n1~~(;J.J'W1,r'W ~'J'Wl 'VIcY"::'el'eln LLUU'el'el'tJ LL'el~t11 m-n~1'WL~'el 

l'~ Cl'lJ~::~~~~'J1'tJ vhl~'el'el'tJLL'el~t1Ltl'W~iltJ~Hn'W'elth~LLYli'VI~1tJ LL~l'WU1~ I"l¥~ rihl L'VI~1::• 
~1'V1ful-n~1'WL'UYl1::n"u1~'elth~ L"ll'W LM324 L'VI~1::~,,::1-n"lJtJ1tJLLN ~'WLL~hl L'VI~1::~1'V1fu~1'W~ 

HI"l'J1~~~~1 U~';'Vl~eJ~[;11'el~~1~1 ~~1~iln1~~(;lLL'tJ~~LL~::L~~~n.l~~~'VI~1tJ'lJ~::n1~1~nu 
" I I 

'el'el'tJ LL'el~t1'lJ~::IJ1'Vli1 vl11~ Ln(;l'el'el'lJLL'el~t1VlVh'VIi.hVl~Lfll'etL"ll'W Ltl'W~'J L1n L~ L~'elf 'el'el'tJLLLL'el~t1 
, " 

~1'V1fU~1'W1"l'J1~ Cl~~ Ltlwlf'W LL~::1~il m~'el'el'eln LLuul~~1~1~ClU~~'1'el'el'tJLL'el~t1'V1~1tJ ~'J1l1tJl'W 

;'lJ LYln Ln"~'J L~tJ'J 1~ n~ 'JtJ 

" .... ... • I ."1 ... J' • "I" ~ " 4 • I 
"lJ'el(;l~1'V1rum~'el'elmLUU'el'ellJLL'el~lJL'UYl1::n""lJ'W~1 'Vl1 b'VI~ b"ll~1~1~m~'eln'VI1'el'ellJ 

'" Go' cJ'I ~ '" J' .d ~ II "".c!II cJ ""IV

LL'el~t11 'VIL'VI~1::~~ nu~n'etn.l::"lJ'tl~~1'W'Vl b"ll L(;l~::(;l'J n"lJ'W L'J~1'Vl ~ L'll ~'el~n1 ~L~'eln'el'el'lJLL'el~t1'Vl1"ll 
" 

I " 

~1'V1fU~1'W'VIil~1 ~-n~1~1~Cl L~'eln ~"llil(;l"ll'tl~'el'el'tJ LL'el~t1~1 ~'el~m~"llil(;ll(;l ~~ ~'J'elri'l~ ~'el1'tJi1 
, 

1. Yl'JnVlill"l'J1~~1~1~Cl'Vl'Wm::LL~~~ 
'lJ 

2. Yl'Jn~HLtl'W~'Jfu-~~t"ll'W1f 

3. 'el'el'lJLL'el~t1~'l'VIfU~1'WiJfl~ LYl~ ni'\J '\J1n.l 

4. 'J~IOl~"lJtJ1tJ~t'tJnLn~~~~nm~"lJtJ1tI1~ 

5. 'V'l'Jn~H~1'V1fuLtl'W'el'tJmn.l1'WLI"l1'el~~'el1'(;l'VI1'elLI"l1'el~~'el~1'V1ful"l'JUI"l~~lJlt~ 

6. 1'el~~1-D1'Wm~~(;l~'el~'el~1~ 

7. 1'el~~1-nnut'Vl~~fll,r LI"l1'el~L~m ~~t'el
 

'el'el'tJ LL'el ~t1U1~ ~'J~iltJ ~H n'W'elri'l~n~1~ "lJ'J1~ 'el1"hJ1~Cl n~h~~'W"1 nu~,;yl LVitJ~
 
" 

U~';'VlL~tJ'J ~~"::~tJn~1 LL'VI~~~~ ~LL'VI~~~~'el~ (Second source) 'VI~1tJ 1"l'J1~~1ilu~';'Vl'VI~~ Ltl'W 

~'el'el n LLUU'el'el'tJ LL'el~ ~'WLLUU~'W~1 'VI~~"1 n~'W'el1"ilu ~';'Vl~'Wvl1i '\J ~'l"lJ'el'el~'\J1 ~ll1'J~"~'el'el'tJ 
" ,

LL'el~t1 ~'WLLuu1'lJeJ~ ~ 'VI1'el~1N-J'W'l~'el ~~~'W'el'el'tJLL'el~t1 LU'elfL~tJ'J n'W'el'l"ilu~';'VlVleJ~ ~'el'el'tJLL'el~t1 

LU'elf~~'W~'l'VI~1tJ1 U~';'Vlii1~ L"ll'W LL~fI."ll~~Ltl'W~~~~'el'el'tJLL'el~t1LU'elf 741 ~'WLLUU~'W~1 LL~il 
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'J1';Vl~U~m.lf~1tJu1';'Vll~'Il1~ULL1JU~rll:.J~(;1LL~:;~OOJU1 (;]t:l ~,l1ru~'11~ Ln~ LM741, A741 LL~:; 
J'

AD741 "lIU~1 

~ , 
t:lt:lU LLt:l~t1L UVl1'1t:l 

q 
~~ fOl ~'I!u~t:l'lm~"N'"l~"lImtJVlil fOl'J1~ ~1UVl1UVl1'1 ~1uiSu~ 

q 
(;1i:lrh LtiU 

t:l'l!Uj;j" fOl'J1~~1UVl1UVl1'1 ~1ULt:l1~ (;1il r11 LtlUIilUU LL~:;i:l~(;1~1 m~"lImtJ~ LtlUt:l'l!Uj;j" LL[;]LUfOl'J1~ 
q 'll 

, ~ 

LtlU'"l1'1U'lhJ~1~1H11:J~(;1t:lt:lULLt:l~t1Vli:lfOlrkl~~~LUVl1'1t:l~~fOl~;j1~ L~tJ'ILL(;]H'fOlrkl~~~LUVl1'1 
q q q 

'fJ ~~ fOl ~~1"ll 'JtJt:lt:l nLL'IJU'J'I'"l :i'm~L-n'l1U(;]1'11 L"llU tl1t:lt:lU LLt:l~t1il fOl'J 1~ ~1UVl1UVl1'1 ~1uiSu~ (;1 
~ 

LtlUt:l'l!Uj;j" L~1 rihJ ~t:l'l ~UL'"l fOl'J1~ ~1UVl1'Wl1tJL U"JIt:l'l LL'l.lf~'1r.i 1tJi'1J '1J1rkl ~'1'1!U~'1~1~1~(1 (;]t:l 

'J'I'"l ~"lImtJ i'1J '1J1rklnU LL'l.lf~'1r.i 1tJi'1J '1J 1rkl LL~ :;hJil i'1J '1J1 rl.lLLN ~U(;1 n fOlit:l~Jl1tJ LULL'l.lf~'1r.i1tJ 

lh fOl'J1~ ~1UVl1UVl1'1 ~1ULt:l1~(;1i:l r11 LtlU~UU L~t:l'J'II'il~(;]t:lnUb 'l.lf~ ~I'il:;.yh Lm,,]il LLN ~U(;1n fOlit:l~~ 
~ ~, 

'J'I'"l~"lImtJiru ru1 rkl ~'1'1!u~ 1~1~(1M,J fOlrkl~~'~Vl~1 ~ru"llt:l'lt:lt:l,J LLt:l~t1L Ut:l~~ fOl ~ ~'1;j .,., q q ... q 

1. ~(;1~1m~"lImmLN~ULLUU~ULtI~ (Open Loop Gain) 

2. iSU~(;1iS~~LL~Uefi:lr11~'1LtlUt:l'l!Uj;j" (Infinite Input Impedance) 
q 'll 

3. Lt:l1~(;1~~~LL~Uefilr11~1LtlUIilUU (Infinite Input Impedance) 
q 'll. 

4. "ll'J'I fOl'J1~ ~ LLUUM ~vlil r11~1nLtlUt:l'l!Uj;j" 

5. LLN ~uiSU'Vi(;1t:lt:lU L"ll (;1il r11 ~1 LllUIilUU 
q 'll 

t:lt:lU LLt:l~t1 LiJUt:lU n~rl!~i:l fOl'J 1~U ~'l.lftlu~ 1'l.lffun1~L-n'l1U ~ 1~1~(1'1l1~ 1~~1'1 LtlU'J'II'il ~ 
• q 

1~'l.lf~1n'l.lf~1tJu~:;LJlVl ~Ut:ltlnUfOl'J1~~t:l'lm~"lIt:l'lm-n'l1U b~m'll'il~~~~~"lIt:l'lt:lt:lULLt:l~t1 
'lJ 'lJ 'lJ 

(Equivalent Circuit) LL~~'1~'1Jl1~~ 3 

+VC(; 
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L'lJ'flf"ll'fl..:J'fl'flULL'fl~t1~'!J1~nH':I1'l.l rJn~'J'flrh..:JL-rl'l.l 'fl'flULL'fl~t1L'lJ'flf 741 il'fl'flULL'fl~t11 ~'J !l1rJb'l.l 

~'Jti..:J ~'lJiruru1ru~'l.l~(;]~"lI1 2 LL~:; 3 ~..:Jiruru1ruL'fl1~(;]'fl'fln~"lI1 6 ~'J'l.l'fl'flULL'fl~UL'lJ'flf 358 il 
.. .. q	 .. .. q 

'fl'fl'l..ILL'fl~,j 2 ~'J !l1rJb'l.l~'Jti..:J ~'Jiqjqj1ru~'l.l"r1(;]~"lI1 2, 3, 5 LL~:; 6 ~..:Ji'lJ'lJ1ruL'fl1"r1(;]'fl'fln~"lI1 
,	 0

1 LL~:; 7 LL~~..:J~..:J!l1~Vi 4 LL~:;	 5 ~..:Jil'l.lmJ''!J1'fl'flULL'fl~U~1b-n..:J1'l.lr1'JJ'~m~1ri~'flmJ'H 
OJ 

!iJ Q .e:Y ..i1 IV '9 ,::J	 lQJ'IVO'"

(Datasheet) "lI'fl..:J'fl'flU LL'fl~t1b 'VI~:;L'flrJ ~ L~'flu'fl..:Jn'l.lr1'J1~ L~rJ'VI1rJ'Vl'"l:;Ln ~"lI'l.ln'lJ(;]'J'fl'flU LL'fl~U 

~ 
OFFSET 1 8 NC 
NULL 

I r 
IN1 H· 2 7 Vee 

OUTPUTIN1 (+) 3 -. 
J.	 . r 

VEe	 4 5 .. OFFSET 
NULL 

DIP/SO Pack.age 

Q""UT" i.---........-1/. 
A-.L1'\""-t 

1 
- OUTP"" I 

l...-+·....... I.VERTlfIG '''I'VT • 

Top View 
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.... ~ ..
2.3 'VI'lti£)1.:1~'i'2l'2lfhl~L~ Lj;'I'2l'i 

I " I I I 

fN'"lJ''fl'fl~~~ b~ b[;l'flfVl~,r'l.!'"l ::~'fl~b,xit\! tlJ1 rul·ll'lrVli1I"1'J1~~ bYlml"1'J1~ ~ b~£J'J b'l.!mJ' 
I I" I 

~11~'J~'"lJ''fl'fl~~ ~ b~ b[;l'flfY1b~it\! t\!1rul"1'J1~~ b~muvhl~ ~'J£J mJ''lJ1it\! 'lJ1 rul"l1'!J~~1£J1"1'J1~~ 

b;r1~1 bb~'J b~'fl n1"1'J1~~~ ~'fl~ mJ' L~£J mJ''lJ1it\! t\!1 ru~~m'h'J bJeJ1'l.!'J~'"lJ'b~'fln 1"1'J1~~(Filter) 

b~'fli'lJ t\!1 rul"l1'!J1"1'J1~ ~ ~1~1 ~hJ [;lNri'lJ~'J~'"ln~'fln eJ 1'l.!ra'fln~1~~ b'fl1"r1 [;l"lJ'fl~'J~'"lJ' bb'fl~tJ~~ ~~ 

1~'"l::i11"i1~ ~~~'flU1~~1 n bb'C'1::~~ b~~~l~n'"l::i1mJ'btJ~£J'l.!bbtJ~~ ltJ• 

~~~~i1,xit\!t\!1ru~'l.!"r1[;l~ti~1 i1it\!t\!1rultJl"l1'!J~bb[;lnc;h~ri'l.! 3 ltJJ''J~ri'l.! ~~!l1Yi~ 
" I I I' I 

6 i'lJ t\!1 ru~-:J~1~'"l::~n ~ra b;r1ri'J'J~'"ln'l.![;l bi5fm~'flnl"1'J1~ ~ ~~ bJ'11"11 ~~1'"l::i11"1'J1~~Vl~~1 VI 
.... I" I 

~'fl~mn~'flneJ1'l.!ra'fln~1bvl1,r'l.! L~£J1"1'J1~~'h::b,x~~b~~bb~::"lJ'l.!1~Vlb~;J'fl'l.!ri'lJiruru1rub~~V1n 
q ... QI q 

I I" I I 

tJJ'::mn;J'fleJ1'l.!'fl'fl n~1V1 b'fl1"r1 [;l ~~~'"l1 n,r'l.!bn'"l::'lJ1b'fl1i'lJ 'lJ1 rul"l1'!JVll~'"l1 m~'"lJ'b~'flnl"1'J1~~ 
~ ~ , 
iJltJeJ1'l.!'J~'"lJ''fl'fltJbb'fl~tI bb'lJ'lJ'l.!'fl'l.!~'l.!b'J'fl~~ i'lJ t1J1 rul"l1'!J'"l1 nb'fl1"r1 [;l"lJ'fl~'fl'fltJbb'fl~tI~'J'l.!~~-:J'"l:: 

~ , , 

i1mJ'U'fl'l.!n ~'lJ 1tJu-:J~'l.!"r1 [;l~ nI"1f~ it\! 'lJ1 ru1"lI'!JVli1~~ b~ ~ bb~ ::"lJ'l.!1 ~VI bVl;J'fl'l.!ri'lJ~'l.!"r1 [;l '"l::vhb,x 
... ....r 

'fl'fl'LIbb'fl~' j bn ~n1J''fl'fl~"lI~ b~ [;l"lJ'l.! 

'"l1n.n1Yi~ 7 it\!'lJ1ru~bn~mJ''fl'fl~~~b~[;ln~'fl Eo ~~b1j'l.!it\!t\!1rul"l1'!J1"1'J1~~b~m 
I I I I I I I '" I 

VI~'fl~n1J' ~'J'l.! EL ~-:Ji11"1'J1~~~1n~1 bb~:: EH ~~i11"1'J1~~VI~~n~1,r'l.! '"l::i1~~b~~Y1b'fl1"r1c;lhj 
I I'" I I 

[;lJ'~ri'lJ~'l.!Yi[;l vhbm~bn~mJ''fl'fl~~~b~[;lVlI"1'J1~~U b;J'fli1mJ'u'fl'l.!n~'lJ"lJ'fl~iruru1ruVlb'fl1Yi[;lltJ 
q ... ... q 

'" '" I I 

~~~'l.!"r1 [;l'fl~~11tJ~1~1J'::£J ::~~~ it\! 'lJ1ru~~n~1'Jn'"l::~n~~V1'fl'l.!~1£JltJit\! 'lJ1 rul"l1'!JVlb~~'fl'"l:: 
I I I I '" '" 

ltJtJJ'1n!]VI b'fl1"r1[;l btl'l.!i'lJry1ruVli1~~b~~ "lJ'l.!1~ bb~::1"1'J1~~b~m ri'lJVI~'l.!"r1c;lb'Vh,r'l.! ~~,r'l.! 

it\! 'lJ1rul"l1'!J Eo '"l::biJ'l.!it\!'lJ1rul"l1'!J1"1'J1~~b~mb'l.!~~~ 

10VP 
Eo 0, \Ir---/r--. t 

-IOV '-..../''OYp

EL O. t 

-10V 

3.3~E~ 

o 
t 

-3.3

-3.0

':p:
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E~ 10V~ 
0 

V
/\

V
[.t 

-10V 

,ov r 
~ 20kn
 

E~ oJ", t
 

-10 V 

" '" 
111'VlVl 7 'fl'fl'LILL'fl~t1'VhwW1Vl~r;)~1L'l.l1L'UYn:;itlJ'kJ1n.l Eo Lv11'1!'l.l 

rN"'l~'fl'fl~e.u~ L~ L[;l'flfLLUUL'J n.lU~r;)r.f LtI'l.l'J.:I"'l~n1 L'Wr;) 1il~'l.l~tJ1·1I'lrLLUUI-~~.:I~t-n'J.:I"'ln~'fl n 
OJ 

,",'J1~~ LLUU'fl1f-~u~r;)r.f LL~:::(;]'fl'J.:I"'l~~1'l.l'fl'fl nt~riu'J.:I"'l~'1ItJ1tJitlJ tlJ1n.l Lr;)tJt-n'fl'fltJLL'fl~t1LLuuhJ 

niu LYl~ Lr;)tJijinHU1n.lU'fl'l.ln iU"'l1n ~1'l.l'fl'fln'1l'fl.:l'fl'fltJLL'fl~t1Ltlw;l'J ,",'JUIil~. n1~'fl'fl~e.u~ L~[;l ~.:I 
~ ~ 

" I I' I 

'J.:I"'l~~Ltl'l.l'fl'fl~~~ L~ L[;l'flfLLuu~;j.:lVl'WtJ~t-nn'l.l~'J1,Jt'l.l'J.:I"'l~rhL'Wr;)iry ry1n.l1'Jl,rVlij,",'J1~ 
"', , 

e:Jr;)LYltJ'l.lel1fi:~Un~~1 Lr;)tJn 1~v11.:11'l.l'1l'fl.:l'J.:I"'l~LL~r;).:I ~.:I1l1'VlVl 8 

R3 Vy C1 

V --_'_-----''/V\---_.-----I ~ .J 

n
X 

4'~ ....J__ 

R43: C2 T 

T
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"'l,) nll,)~~ 8 LthJ':l'l"'l1'el'el~:n~ L~ L(;l'elfLLtJtJ LrHlJtJ1(;)~ ~1,xL'el,)~ (;l LiJ'lJ~ qj '1!') ru1'JI\1 

"ll'elrJ(;)'el~~ V0 "1I'el'l'el'eltl LL'el~tl ~':l'lJI"l':l,)~ ~"1I'el'l~ '1!qj,)ClJL'el,)~ (;l~,)~,)1~ ~,)'lJ':lClJ1~"'l,) n ,"hr~tlnnmj 
, , 

'I !:"I ..... 0 'I" dl... 0
b"ll b'lJ':l'l"'l1 L~'elm~'lJ(;) b~ R3 =R 4 =R LL~~ C, =C =C '1I'1~,)~,)1~'elDtJ,)rJm1Vl,)'1,)'lJ"1I'el'l':l'l"'l12 .. 
LiJ'lJ~~m1I"lru(;lfll')~(;lfl~~'1iJ 

b-if Node equation ~"11,) inverting 

, 
~ClJ~~m1Vi (;l~'el(;)~':lrJ R2 

(1 ) 

(2) 
..l 

Node equation WIn non-inverting 

1 1 ) cdvr vy 
( R + R Vx +---;j(-/i =0 

2vx + cdvx _ vy =0 
R dt R 

Rcdv v =2v +__x (3) 
y x dt 

Node equation ~ vy 

(4) 

I"lClJ~~m1~ (4) (;l~'el(;)~':lrJ R LL~':l4'(;l1tl~~m11~ 
~ ~ 

Rcdvy Rcdv" 
-----+v -v =0 (5)

dt dt y x 

oW') vy"'l')n~~m1~ (3) LLVl'lJ1'lJ~~m1~ (5) 

Rc~(2v + Rcdvx )_ Rcdvo +2v + Rcdvx -v =0 (6)
dt x dt dt x dt x 



11 

oW1 Vx '"l1Ml~m~~ (2) LLVlt.!1t.!~~m~~ (6) 

2 
kR 2 2 d vo R dvo lev R k dVa - 02R k C dvo C --- c-+ + c-+ -

dt dt 2 dt a dt 
2 

kR 2c2d va + (3Rck _ Rc) dv" + lev = 0 
dt 2 dt a 

kR 2C 2 d 
2
vo + (3k -1)Rc dVa + lev =0 (7)

dt2 dt () 

'"l1n~~m~~ (7) LUt.!~~m~~~L~'e)fL~t.!L~m~ 'e)'e)Lj;)'e)f 2 ~ij~,J~'Jhjfi'e) 
'lJ 

d 2 x dx
Q2-2+QI-+QOX = f(t)

dt dt 

n~nl~ f(t) =0 LUt.! Homogenous equation L~tJt.!~~m~1'VnJ1tlldjt.! 

Q2S
2+Q1S+QO =0 (8) 

, ~
 

'"l1n~~m~Vl (8) 'hn1~t.!j;)1~ Q 1 =0 '"l~LUt.!~~m~m~'e)'e)~8jL~(;l1t.!Vl1~~~ni ~~,rt.!'"l1n
 
I I I "
 

~~m~Vl (7) 1~ 3k -I =0 LYl'flLUt.!L''flt.!1~1~Lnj;)m~'fl'fl~8jL~(;l ~~,rt.!'"l~1tll
 

kR 2c2d2~a + leva =0 (9) 
dt 

kR 2c2S2+k =0 
2 1 

S =--
R2 2 c 

H
S=±--

Rc 

S =±L (10)
Rc 

''I • I "13 Ii' 13 1 .,::,
~~n1~(10)'e)!!Jbt.!lU s==a±j bj;)tJ = Rc j;)~t.!t.! 

va =eal(Atcosf3t+A2sinf3t) (11) 
, 

q ~ ~ 

~~m~Vl (11) 1iI'fl eJ~(;l'e)'I..J~t.!'e)~'Vl1~fi~~~'1l1(;l"1l'e)~'J~'"l~ (Natural Response) bb~~~1~1~tl~1 

~~n1~~'J1u1tll'"l1nm~rh~t.!j;)b1'e)t.!1"11~~~t.!va (0) = 0 '"l~1tll 

r.,"~ A, cos fJI + A, sin fJI ~ ~A,' + A,' COS(fJI + tan-I [ ~: ) 
'"l1n s == a ±jf3 

x =A e(a+.iP)1 + A e(a-JP)I 
n 1 2 
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( I 
-J --J 

v = A eRe + A e Rc() I 2 
, , 

n1'V1'W(;l1~L~'el'WL'lJLhJ~'W v{)(O) =0 Iil::L~ 

o= Al + A2 ' A] = - A2 ' A2 = -AI 

1il1nn!l'lJ'el..:l Sine 

. ej8 _e- j8 

smB=--
2} 

(13)vo = A12}Sin(;c J 
1il1mUJn11~ (13) ~1~11tln1'V1'W(;l,",,)1~~'lJ'el..:ln11'el'el~=i~L~[;lL~1il1n 

1 
0)=-

Rc 

1=_1_ (14)
2:rRc 

~~ n11~ (14) LlI'W~~n11~l-iil'Wn11~1'W')ru,",,)1~~iC\JC\J1ruL"1l':"1l'eltJ(;l'el~ 1il1n'J..:l1il1 

'el'el~=i~ L~ L[;l'elfLL'lJtI L') ru'lJl(;l{ L(;lrJ L11~1~11tl'!.J1'lJ L'!.J~tJ'Wr)1 R LL~:: C l~~iC1JC1J1 ru~ii ,",,)1~~ 

[;l1~~'el..:ln11 ~..:ldr)1,",,)1~~~~1'W')ru~'el..:l'el~1'W·lb..:l~'el'el'!.JLL'el~t1~1~11tlVi1..:l1'WL~ 

.... d'.ca., .. _ c::I ..... .., ~AI 

2.4 n1"l';JLfl"l1:::"''JLfl''l1:::'WJ.:I~''l'elL'an'Vl''l'el'Wn'lfl'J!lIo1.J''lu.nnl PSpice 
" 

n11'el'el n LL'lJ'lJ,)..:l1il1~ L~ nVl1'eltln~u'W 
,

ri'el'WVlIil~tJ1 L'!.J~11..:l,)..:l1il1Iill..:l ~'fNVi1 n11Vl (;l~'fl'J 
o , " 

LoW 'ell~Vln'lJ~1,)..:l1il1Vl'el'eln LL'lJ'lJ~1U'W~1~11tl 

Vi1..:l1'WL~[;l1..:l[;l1~,",,)1~~'el..:ln11 L'!.J1LLn1~~1-n'Wn11~1~'el..:ln11Vi1..:l1'W'lJ'el..:l,)..:l1il1 ~L~1'lJ,",,)1~tl[J~ 

L'!.J1LLn1~'VI;i..:l~'el L'!.J1LLm~ PSpice L;i'el..:l1il1n,",,)1~~~(;l')mL~::1')(;lL1')1'Wn11H'..:l1'W ~~n11 
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'V11'l~'flU~'l~iOl1 nm ~~1~'fl,:m1~;h~1'W"lI'fl.:l'J.:IiOl~iJ rt'J1~ Cl n ~'fl.:l mJ'Wih ~1~1~Cl~ I'l L'J~11'Wm~.yh 
'lJ 

" "I "I ..l " J' 'l":"1 ,... 'i'.1 dl, ....0

rt'J1~ L"lI1 biOl b'W'J.:IiOl~'V1M1.:1"l1'W I'lLu'W'fltl1.:11'l L~~1::;m~'V11.:11'W"lI'fl.:l bunLm~iOl::;LL~ I'l.:lCl.:lrt1LLNI'l'W 

LL~::;rhm::;LL~~~I'lLJI1.:11 "lI'fl.:l'J.:IiOl~'l,xLU'W'flth.:l~ 

U1,;''V1 Microsim LU'W~~r1.:1LtJnLm~ PSpice ~'W~11'W"Jl'J.:IiJ rt.fll. 1980-1998 LL~::;'l~ 

iJm~~j;J.J'W1LtJnLn~~'fltJ[;J~'flI'lL'J~1 iOl'W~1~.:ItJ~::;~1ruiJ rt.fll. 1998 'l~iJmn'V1rtL'flL'J'flfiOl1n 
'lJ . '" 

OrCAD LLLJlt'h~I'l~.:I version "lI'fl.:lLtJnLn~~1'W"Jl'J.:IVl'J1,;''V1 Microsim LU'W~~1LU'Wm~,r'W iJm~ 
'lJ 'lJ 

~j;J.J'W1 LtJnLn~~ PSpice ~.:I version 8 (Microsim version 8) ~.:I~'flLU'WL'J'flf-i'W~I'lVf1tJ~U.:l'fl~1'W 
I " I I 

:n'fl"ll'fl.:lu1,;''V1 Microsim iOl1n,r'WLi1'fl LtJ~tJ'WLU'W"1I'fl.:lu1~ OrCAD 'l~iJm~~j;J.J'W1LtJ~LLm~ 

LJI'flLti'fl.:lLU'W version 9 'Vlr'fl~~tJn~1 OrCAD version 9 LL~::;iOl1mr'Wfi'l~i1m~~oo.J'W1(;}'fl~1~n 

I " " I I

i n~ru::;"lI'fl.:l'J.:IiOl~'fl'fl~=n~ L~ L[;J'flfVl~,r'W rt'J~iJ rt'J1~ ~ 1'1 LYitJ'W"1I'fl.:l~tJ rt~'W~1 i1 L~!imI11~ 
'lJ 

'V11.:1rt'J1~~ iJL~!itJ~111~'V11.:1"l1'W11'l"ll'fl.:liCYCY1ru m~LtJmn~~ PSpice ~1H1.'Wm~'V1I'l~'flU~~ 
" '" 

LVi'flI'l~1'J.:IiOl~Vl'l~.yhm~'fl'flnLLuu,r'W1,x~~[;J'flu~'W'fl.:l 
'lJ 

I I " I " 

[;J1~Vl [;J1~Vl'l~'fl'fln LLUU'Vlr'flhJ iJ-n'W[;J'fl'W(;}1.:11 ~.:IVliOl::;'flfiu1tJ (;}'fl'ltJ"
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(, 

··i.~;··1.5'"! emil: 

1 ~. 'Ii'
f= L2J'e:lnTI!I'Wl?l ~'I!I 

2JrR3C1 

R3 =R4 , C1 =C2 

2. L~~vh n1J''J1l?lllb\l'''lJ'L~~'''lLL~'J 1~n1'1!1'Wl?l roi1"l1~\I'r.J1JnnlI~h\l1 ~'l-n 'W'J\I"'lJ''l~ 
" , , 

~n~~\1 IOnmr'W'l~L~'f]nl1JLLUUn1J'1LfilJ'1::,"'J\I"'lJ'j;J12JJl1~~ 10 LtI'Wn1n~~mLU'J Transient ~\1 
" , 0 

n1n~~n1'W~m~ru::;j LtI'Wn1J'1 LfilJ'1 ::'I!I1'WLl?l L2J'W"lI~\1 L'J~1 LYi~~"'l::~~n~ru::iflJ '1)1 ru"Jl~\I'J\I"'lJ' 
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Analysis Setup r5<1 
Enabled Enabled 

r 8C Sweep... .Qplions... I IiUtIo·se·ull 
............_........J
I 

r 1,oad Bias Point... r .Earamelric...I I 
r ~ave Bias Point... I r Sensilivity... I
 
r .QC Sweep... r T~mperalure...
I I 
r Monte Carlolw'Dlst Case... r Transfer Eunction...I I 
r !!ias Point Detail w Iransienl.. . .-.--JJ 

Di1lital Setup... I 

Transient rX I 
Transient Analysis 

.Erint Step: 

EinalTime: ImOms 

rio-Print Delay:
 

~tep Ceiling:
 

r .Qetailed Bias PI.
 

r SJ:,ip initial transient solution
 

Fourier Analysis 

r .E.nable Fourier 

.center Frequency: 

Number of barmonics: I· 
Qutput Vars.:Ir-------- 
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1) Print Step V1~It1~'1 n1~rhVl'Wt'l"li'J'IL~~:t''W''lI!l'lL'J~n1i.ml~'J1 t'lli.J~'lJ'lJ1D.l 

tt'ltl~'J1i.J'"l:;~I'W'JbUVll~I~"'lln Final Time / 50 LL~i1'W~~~!l'ln1~fDl'Jl~~:;L~t1t'l"ll!l'l~'lJ'lJ1D.l~ 

'"l:;1~'1nlV1'Wt'l1~~~IL'VhntJ 2u 

2) Final Time LtI'Wn1~nlV1'Wt'l'"lt'l~t'lYflt1"l1!l'lL'J~I~"'l:;.yhn1~~LfDl~l:;tr~rurulbU
q q (VOl 

3) Step Ceiling Lll'Wn1~nlV1'Wt'lfDl'Jl~~:;L~t1t'l"ll!l'lli.J~'lJ'lJ1D.l~'"l:;1~tt'ltl~'J'W 

1V1'1iLL~'J(hnlV1'Wt'l1~il!ltln~1 Final Time ~lm'Vh1t'l li.J~'lJ'lJlbU~1~'"l:;~fDl'Jl~~:;L~t1t'l~ln~'W 
., 

LY11'W'W Vl1!l'"l:;1~1~n1~ 

Ld!lnlV1'Wt'l~I~I'11 LL~'J n~I~I~b1~LfDln:;tr'J'I'"l~1~~'Jtln1~i'l1mi.Jmn~uvhn1~ 

~1~!l'ln1~.yh'lI'W"lI!l'l'J'I'"l~ (Simulation) l?Il~Jll~~ 12 LL~t'l'l~'1Jll~~rurulbU'V11'1~I'WLm~~l?I.~ ~ 

"lI!l'l'J'I'"l~~1~'V1 t'l~!ltJ 
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I I I " 

4. (;)~~n1~'Vl(;)~'f)U(l~Iiil~1tJb(;)b~tJ"lJ'f)~rl(Yl~~b(MJH'brl1'f)~~'f)Vh~tJPlot 1iil1m!tJ 
~ ~ 

n1'V1tJ(Plri1J;h~1 "lJ'f)~ bbntJ X 1911~1l1'W~ 13 b~'f)v'hn1~':i brln:::i,)~Iiil~ e.J~"lJ'f)~iClJ ClJ1 ru~l~liil:::bb~(Pl~ 

1\\b~tJ1tJll1 'Wb(;) b~tJ"lJ'f)~ rl,)1~~ l?l1~1l1'W~ 14 ~~Iiil:::b~tJl~~1ri1rl,)1~~~,)~Iiil~e.J~ 19l'f)'f)n~11\\ e.J~ 

1911~~'f)~n1~~'f) 1 kHz 

X Allis IY Allis I X Grid IY Grid I 

Data R.ange ~~ .. 

r 8uto Range 

{~ !.!ser Defined 

10Hz to I«Hz 

. Use Data 

r. full 

r Restricted (analog) 

to I 

Scale 

r. Linear 

r bog 

Processing Options' 

P' Fourjer 

r 

OK 1_ Cancel I~aveAs DefaultI Reset Defaults I Help 
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Time. 1 

AMI!".f\ ""olell}\ Do"""I 

End- ,I 

r.:nn1l1'Y'1~ 14 ~1~'J1~~~1~r,'l1m'l"'l~'f.l'f.l~6]j~L~LIWeJfLL'lJ'lJL'Jru'l.J1(;14~'f.l 1.04 kHz LL~:;~1 

~'f.l'lLLN~"HI~'f.l 9.006 v. f4'J"HILLCl'lJ~'J1~~~"HI1 ~Lii(;1~"HIii[:.J~~1"'l1n~'J'rJtJnnWf;]1'l1~'\J1~11.-if'l1"H1 
I I "I 

L"JI"HI ~'J ~h"HI'Vl1"H1 ~'J Ln'lJtJ~:;"'l LL~:;~'J 1'f.l~ LU"HI~"HI ~'l ~'J1~~~i n"JJ'f.l'l'J'l"'l~'\!"HIj;]N rl'lJVi1~~1"H1'J ru q 

oQ,CV __ g, 

2.5 .:I1U'J'UIVILn!I 'J"1I 'el.:l 

Ln1tJ'l~ni 'Y'I~~.nni. (2547). 1~~nM'1m~i'lL~~1:;-JiCl.JCl.J1ru1"l1~'.Il'f.ltJ(;1'f.l~ ~'JtJ 

L'Vl~U~m~i'lL~~1:;-J 3 L'Vl~U~ ~'f.l Ltl(;1j;]1~1'l ~1"H1'JruL(;1tJj;]N LL~:;~~mn6]j'lCJ~f;]1'l L(;1tJ't-if 

'lJ'f.lf(;1tJ~:;~'J ~ CJ~i Cl.J Cl.J1 ru~~ j;]'f.l~ TMS320C31 CJ~ m~i'l L~~1:;-JiCl.J Cl.J1 ru1~i Cl.J Cl.J1 ru~~"HIltJ 
I " I I 

1'.1l't!ii m1~~'t "HI"JI'J'l 10Hz n'l 3000 Hz ii L,J'f.lfL~"HI~~'J1~!i(;1LYltJ"HI~1 ~'l'f.l~'t"HI"JI'J'l 0.01 % n'l 

0.07 % 
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fi'l-DU ~ nl-n bn ~. (2544). 1~ b~tl'fl b'Vl ~U~ n1 J'~ 'J 'lJ '"J~ bb'fl~ U~~ (;)"lJ'fl'l i'l.J '1.! 1 ru 

'fl'fl ~ on ~ b~ b(Pl'fl f b(;) un 1 J'1l 'fltlb'J ~ b(Pl~ b ~ d:J tl~tl ~ 
q 

19l"lJ 'fl'l n 1 J' (Pl'fl 'lJ ~ tl'fl'l U 'I ~'Jb ~ ri,J 'J 'I ~J' 

'fl'fl~on~ b~ b(Pl'flf e.J~ n1J''Vl (;)~'fl'lJ bb~ (;)'1b~ b~tl~ 1ib1J b1J1ru~1~i1 ~'J1 ~ ~'fl (;)~~'fl'l ri'lJ n1J'~ b~J'1::;'If~1 n 

'Vl ~~~ ~'1l11b ~ ~ 1~ 1 J'l:1 ~ 'J'lJ '"J~ bb'fl~U ~~ (;)1~b(;)u~fi n 1J'~ 1 u 1 bb~ ::;u'l1~ ~'1 e.J ~ n J'::;'Vl'lJ j;J'fl 

b~ bl9l'flJ' l?'i'JU t:.J~(Pl'fl'lJ~tl'fl'l'lJ'I (Force Response) 

b~ "" l:1UJ'1l1~"lJ'fl'l'J'I~J''fl "" " n (;)'JU 

UJ'1 b~'Vl~ 
oCt. 

'J1 (;) b~Utl. 
6" iI 

(2545). 1~ b~tl'fl~fi~b~J'1:
0'" 0'" 

:;'lfbb~::;~'J'lJ'"J~

I 

"lJtl
, 

,cg 

1(;)ib1J '1.!1 rulBJi~ 
oCt. 

BJi'flUl?'i'fl~'fl'fl~BJi~ ~'lJ ~'lJ'J1 b~'fl~~1J'ru1 b'U~1::; 

"lJtl1 (;) e.J ~ 19l'fl'lJ~ tl'fl'lfiJ'J'~ "ll1 ~ (Natural Response) 'I!I~'fl i b1J '1.! 1 ru'fl'fl ~on~ b~ (Pl~::; b~tl1~~1 

i b1J b1J 1 ruuJ'::;n'fl'lJ ~'JU e.J ~J''J ~J'::;'I!I~ 1'1 ro11 b~'fltl1 "lJ bi~ ~tln'lJ e.J ~ 19l'fl'lJ~tl'fl'lU'I ~'lJ l11b~ bJ'1~ 1~1J'l:1 

~'J'lJ ~~ "lJtl1 (;)"lJ 'fl'l i ru ru 1 rw'fl'fl~on ~ b~ [;11~ ~'JU e.J ~ 19l'fl'lJ~tl'fl'lU'I ~'lJ bb'Vltln 1J'rl 1'1!1tl(;) ro11 b~'fltll"lJ 
q ~ ~ 

bi~ ~tlb~n'lJ'J'I~J' 

Nigel P. Cook. (2002). 1~b~tl'fln1J'~'J'lJ'"J~"lJtl1(;)"lJ'fl'lib1Jb1J1ru~~tl1BJitr~rl1bU(;)~1n 

'J'I~ J''fl'fl~on~ bm(Pl'flfbb'lJ'Ub'Jtl'lJ1'w·f b~ ~~~ bb~ ::;'Vl~tlV1m.h'l~1U b(;) U'fl 1 Pru n1 J'rl 1'1!1tl(;) b~'fltll "lJ 

bi~ ~tlb ~n'lJ'J'I~ J'~'1~::; hi ~'1 e.J~ nJ'::;'Vl'lJ j;J'fl b~'fltlh"lJ'fl'l~ b~m 1l1~b tln1J''fl'fl~on~ b~ 19l bb~ ::;~'J1~ ~~ 

'fl'fl~on~ b~ 19l b(;)Ub-nb'J ~ bl9l ~BJi'flf~u'I ~'lJb ~ bn (;) n1J' 19l'fl'lJ~tl'fl'lU'l~'lJ ~'1 btlw~l'J rl 1'1!1tl(;) ro11 b1'fltll"lJ 

bi~ ~tl "lJ 'fl'l n1 J''fl'fl ~on ~ b~ 19l l11b~ b'fl 1 t?1~ 19l"lJ'fl'l 'J '1~ J''fl~b tlJ'U"lJ 'fl'l e.J~ 19l'fl'lJ ~tl'fl'l fi J'J'~"Jl1 ~ bb~::; 
q " " 

e.J~ 19l'fl'J~tl'fl'lU'l ~'J b(;)tl e.J ~ n 1J'~ b~J'1::;'lfbb~ ::;n1J''Vl (;)~'fl'lb ~e.J~~'fl(;)l"l~'fl'llUb tl'Vl1'1 b~U'Jntl 



d 
'U'VI'VI 3 

., 
LrlN mJ'':'j~t1tJ1~'el'elmbuu'J\I'"lJ''el'el~~~b~blPl'elfbbUU b'Jruu1(;)4~'JtI'el'el1Jbb'el~t1bU'elf 741 

, " 

1-m~rlru~~milPl,~~'el\lmJ'A'el ~ruru,ruVl1~'"l,m\l'"lJ'iJrl'J,~~lPlNlPl,~Vl1~~l'w'JruH 'J\I'"lJ'iJ 
q ~ ~ 

b~~m.rnV'l~~ ~'1.!'1.!lru16jj~6jj'eltl(;)'el~~1~iJ~~lruJ'umu~, ~\I~mJ''el'elnbblJu1~~~~u'"l,n 
, ., 

'Vl~M~mJ'':'jbrlJ',::;"h\l'"lJ'1yHh vh1-m~~'~\ImJ''el'el~~~b~lPl"ll'el\l~'1.!'1.!,ru16jj~6jj'eltl(;)'el~ '"llmrU~\1 

~~I\I'J\I'"lJ'UUl'l'el~~'J blPl'elfbb~ ::;~I~'el\l mJ'Vi1\1IU"lI'el\l'J\I'"lJ'~'JtI L1JJ'bbnJ'~ PSpice Vi,1~'Vl J'IU ~\1 

rl'JI~ r;) n ~'el\l"ll'el\l'J\I'"lJ'ri'elumJ'uI11J~~,\I btlu'J\I'"lJ''"l1\1 
'lJ 

3.1 n1'i'e'l'e'lmb'U'U'J.:I~'i~'J~btl'ibLn'i:IJ PSpice 

mJ'~I~'el\l mJ'Vi,\l,u"lI'el\lfN'"lJ'~ b~n'VlJ''el'Wni ~'JtI rl'el~~'J blPl'elfiJ~'Ju~, ~'1.!'elUI\I~\1 [;\'el 

\IIU~IU~ b~ n'VlJ''el'Wni bti'el\l'"l1 n rrt-n~I~IJ'r;)'el'elnbbUU'J\I'"lJ'bb~::;'VlJ'IU~'1.! '1.!,rub'el'~ 1Pl[;\1\l1 '"ll n 
I "" I I I 

'J\I'"lJ'Vl1~'el'eln bbuu1tj' ~ n~\IiJ\l1Jfu b1J~tlU~,'el1J nnuVl1-D1u'J\I'"lJ'Vl'W,'"l'el rl'el~~'J blPl'elfl~'elu,\I 
q 

mJuu, L1JnbnJ'~ PSpice btluL1JJ'bbnJ'~"'~\I~'WtI~1-D'elrJ'\IbbV'l1"'~1t11U'J\I mJ'~ b~n'VlJ''elilni bUU 

L1JJ'bbnJ'~~,~'el\l mJ'v1I\1IU"lI'el\l'J\I'"lJ'~1-n\l'U~,tI iJ b'J'elfiu~ btl (;)1~u1mJ'~,,,,fumJ'~ nMi 

(PSpice Student) ~\Irrt-n~'~'J'r;)(;)''Ju1",~(;)~,1-D1~(;)tl1~b~tI~,1-nlOhtl1(;)1 

mJ'~~'\I'J\I'"lJ''el'el~~~b~blPl'elfluLrlNmJ'':'j~tI~1-D'i:1JnbnJ'~ PSpice ~,,,,fu~,~'el\lmJ' 

v1I\1IU"lI'el\l'J\I'"lJ'ri'elumJ'u,11J~~,\Ibilu'J\I'"l J''"l1\1 L(;)~.I1-D'el'el1J bb'el~t1 bU'elf 741 btlw;f'J1'el~1 U'J\I'"lJ' 

~\Iojf'el~"lI'el\l1'el~~'J~A'el~I~IJ'r;)"'I~'el1~~ltI bb~::;J',rl,rJ'el~bm1" L(;)m\l'"lJ'1~fumJ''el'elnbbuu1~iJ 

~'1.!'1.!,rub'elI'Vl~lPlbUu~CY'1.!,ru16jj~6jj'eltl(;)'el~~rl'J'~~ 500 Hz, 1 kHz, 2 kHz, 3kHz, 4 kHz, 

5kHz bb~::; 10kHz L(;)tI~~, R bb~::; C "lI'el\l'J\I'"lJ'~lu'Jru1~'"lln~~mJ'~ (14) if'J'elU,\I'J\I'"lJ' 

'el'el~~~b~bln'elfbbUUb'Jruu1(;)4~1~~'rl'J,~~ 500 Hz bb~(;)\I~\IfllV'l~ 15 
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- \:~."
, ::,\ I

._' .... 

\/2 
15\1 

R2 
+- -1\/.../\; ---. 

22k 

"'l'l n"lnL'el'l~ 1n"ll'el\l'el'eliJ bL'el~il Ll?ltJiru ru'lru~1~"'l:;biJ'Wi ru on rufOl~'WnI1"lltr~\I"'l:;LL~ l?l\l1~ b~'Wb~'el
q CVOl Q1CV 'lI 

1miJ~LLm~v'h m~~'l~'el\l m ~v'l'l\l'l'W"lI'el\lrN"'l~ L~'el1~e.J~ m~'Vll?l~'el\l bb~ :;~~iJ1~~'lrN"'l~, 

'el'el~en~ L~ LIn'elf~ ~~'l\l~'W'lJ'WfOI'el~Yi':l L(;l'elf1~iru ru'l ruL'el'll1~(;l~ (l nrJi''el\l LL~':l~\Itl'l~~'l\l LiJ'W':l\l"'l~H'
QI QI q 'lI 

" 
\I'l'W"'l~\Ilw~'WIn'e1'Wf;]'e11iJ 
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3.2	 n1'i'lli'1.IJ'J.IJ~'i~~.IJ 

'VI~~!Ol1 n HIe.! ~"1I'el~~ ru ru 1 DJb'el11'1'W ~ ~~ mh:J!Ol1 n'tX'J-n'el-n1~ ~'W 
~ ~ q 

ro1'el~YJ'J b~'elf~1~~1~ btJ'W'J~!OlJ''"l1~ 'lrMJ ~~!Ol1n n1J't\1TJU nJ'Mb~n'VlJ''elUn~~1'l1 b~'W ~'J l'el~'el'elU 

bb'el~t!b'lJ'elf 741 ~'J~1'W'Vl1'i.\ bb~:::~'Jbri'lJUJ':::1Ol ~1j;J'elbtJ'W'J~!OlJ''el'el~;n~b~b~'elfbb'lJ'lJb'JDJ'lJ1~4"'lJ'W 
q 

9.1 'd SoI..A' 9.1::' 4 ~ ...i:t g,.,
'lJ'elfr?l'el b'Wn UJ':::~~ rol bb~'J ~J''J'"l~'eliJ'J1'J~IOlJ''VIM1~''1I'Wrl n ~'el~'Vl~'VI~ r?I !Ol~r.l1t1 m:::bb~ bviTi 11'VIrl'lJ 

'" 

, 

bb'el~t! b'lJ'elf 741 111'WVl 16 bb~r?I~n1J'~~1~'J~!OlJ''el'el~;n~bm~'elfbb'lJ'lJb'JDJ'lJ1r?1{ bb~:::n1J'rjr?l 

~ru ru1DJb'el1'W ~"1I'el~'J~!OlJ'~'JtI'el'el~;n~ t~~tro1tJ 
~ ~	 q 

~h'Wn 1 nJf'lJ btJ~t1'Wrl1rl'J1~~"1I'el'l~ru ru1DJb'el1'W ~~1~!Ol1n n1 J'~~1~'J~!OlJ'!Ol1~ ~1~1 J'rl 
~ ~	 q 

H~~n1J'~ (14) ~1'W'JDJ'VI1fl1 R bb~::: C ~b'VIm:::~~ b~'el1m~rl'J1~~"1I'el~~'1J'k!1DJ~1~~'el~n1J' 
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~, ~ 

bbl?i1.'lJi'll\1tJ~~1. 'lJU1\1 ~f\l~ll"ol \JI~1"lJ~\1 [9]')~tJ nnl1.y)h]n~1'I!lkhtJ1. 'lJ~~\I!?l~ 1l'l 1.'lJnnllilb~l 

~1~1~" H [9],)~l'lJ'Vll'lJtJfu~l \JlbbUtJ~:::b~tJl'l (Trim Pot) ~1 H1'lJ,)\II"ol~ ,)\II"ol~~~~~~ b~ bl?l~fbbtJtJ 

b')ru'J1w~·~~~l\1~kl~\I1.~lrurulrub~1~l?l~n~,)1~~!?l1~~~\In1~\Jl1l1~~ 17 (n) bb~::: ("lJ) bb~l'l\l., ., . 
lru rul rubm~ !?l~\Jll"ollm\ll"ol~~~~~~b~b!?l~fbbtJtJb,) ruu~w·r ., '" . 

1l1~~ 17 (n) lrurulrub~l~!?l~,)l~~500 Hz.l"ollnn1J'~l~~\In1J'vh\ll'lJ"lJ~\I,)\II"olJ'
'" '" . 

1.'lJbl'l b~'lJb'J~l 

1l1~~ 17 ("lJ) lrurulrubm~!?lml~~ 500 Hz.l"ollnn1~~1~'e.l\ln1J'Vil\11'lJ"lJ'e.l\l'J\lI"olJ'
'" '" . 

1.'lJbr;) b~'lJ~'Jl~ ~ 
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, ~ 

~~n1~"Vl ~~'fl'lVl1~'"11 n n1 ~'fl'fl~on~ L~ IWlJ'fl'li'1! '1)1 ru~'l LL~ ~'lojf 1'l ~'lJ,r'lJ '"l:;L~'lJ1~~1 

i'1! '1)1 ruii f'l'J1~~ (;IN n1J~1~'f)'f) n LL1J1JH ,r'lJ~~1U f'l'J1~t\'l'J'l'"l~'f)'fl~on~ L~ L(;I'fl;~~ ~1'l~'lJLll'lJ 

~ 

~'fl'l n1 ~ iiLl~:;LU"ll'lJ1'lJn1~-W 1~ 1LtI'lJ'J'l'"l ~Yl'lJ ~1'lJ~ 1~f1J n1 ~'f)'f) n LL1J1J LL~:;'Vl ~~'fl'l'Vl1'l 
dJl 



.d 
'U'VI'VI 4 

~'Y 'Y 1 bUl"1l~"1lmJ l?l'e)~~HliOllm'liOl ~'e)'e)'ll=n~ L~ LlPl'e)fLL'lJ'lJ L'J bU'lJ1'l?l4 iOl:::ii rh l"1'Jl~~~1'11 

rit.llPll~n1~'lJ¥'lJL'lJ~t1t.lrh~I'11"lJ'e)'1~'lJnnuJllt11t.l'J'IiOl~~~n1~'VIl?l~'e)'1LL1J'ILilt.l2~'Jt.l",~n1 ~'e) 

~'Jt.l~~n1~'VIl?l~'e)'1~1~~'Y'1.!1 ruiOll n n1~~I~'e)'1 n1~.yh'lIt.l"lJ'e)'1'J'IiOl~~'Jtll"1'e)~vh LlPl'e)f LL~:::~~ n1~ 

'VIl?l~'e)'1~l~iOll n n1~1'l?l ~ruru ') ruL'e:l1'V'llPliOlln n1 ~'llh'l'J'IiOl~iOl1''1., ., q 

4.1 i ru ru1Wl'lll.l'll'fltl ~'fl'S'l~1 n n1'i41'S'l'fl,:m1'i'Vh:nt.l"lJ'fl-ll'J-II~'i~'JtI f1'fl3-J on'J b~'fl';., .. ... 

'VI ~'EtD 'J'IiOl~'e)'e)'ll=n ~L~ LlPl'e)fLL'lJ'lJ L'J ru'lJ1'l?l4~'1 mh'Jl.nt.li'J-ir'e)~ 2.3 vi!1~L~I'llI~I~t;1 

'lJ¥'lJL'lJ~t1t.ll"1'Jl~~~'Y'YlruL'e:l1~lPl"lJ'e)'1'J'IiOl~iOllnn1~~')t.l'Jrurh R LL~::: C l~iOlln'll~n1~~ (14) 

L~'e) ~ It.l'J bUrh "lJ'e)'1 'e)'lJ n nw~t1'lJ~'e)t1 LL~'J L~I'llI~1 ~t;1~1 ~'e)'1 n1 ~Vil'11t.l"lJ'e)'1 'J'IiOl ~ lJ1J1'JtIt'lJ mn ~~ 
q 

I I I" 

PSpice ~'1~'Y'YlbUL'e)I~lPlYil~iOllm'liOl~LL'lll?l'l~'1Jll'V'lVi 19 - 24 tr'l1t.ltl?lL~t.l"lJ'e)'1L'J~ILL~:::tl?lL~t.l 
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Jl1'Vl~ 19 ("11) ~'1J'1J1rub'fl1~(;l~l"l'J1~~ 1 kHz '"l1nn1~~1'Cl'fl,:m1~vl1\l1'IJ"11'fl\l'J\l'"l~ 

1'IJb(91 b~'lJl"l'J1~~ 
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JlTVi~ 20 ("lI) iruru'H1.lbren~~~l"l'J1~~ 2 kHz '"l1nm~r.'h~l1\1mnh:J1'W"lI'fl\l'J\I'"l~
~ ~ q 

1'Wb(?lb~'Wl"l'J1~~ 
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f.. ' 

JllY'l~ 21 ("!I) iWnl1ruL'fllY'l[?]~I01'JI4-J~ 3 kHz "'llnn1J'~I~'fl,mlJ'Vll'lI'\..l"!l'fl'l'J'l"'lJ'., ., . 
1'\..lbt?l L4-J'\..lI01'JI4-J ~ 
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t:::I ev Q t::I 0 0 

Jl1Yl'Yl 22 ("lJ) ~nHlJ'lblJLtl1YlIn'YlI"1'd1~b1 4 kHz '"l1nn1~'"l1~tl\ln1~'Yl1\11'lJ"lJtl\l';l\l'"l~ 
'" '" q 

1'lJb(?)L~'lJI"1';l'l~ ~ 

II
II
 I
 

• I
 • 
I
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Jl1'V'l~ 23 ("lI) ~ruru1rul'f)1'V'l(?l~rl'J1~~ 5 kHz r.nnmJ'~1~'f),.:m1J''Vh.:J1'W''lI'f)-.:l'J-.:liOlJ'., ., q 

h(L(9)l~'Wrl'J1~~ 
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fl1Yl~24 ("11) ~ruru1ruLm~l?I~l"I,)1~~ 10kHz '"l1nn1~~1~tl':Jn1~vh-:J1'W"1Itl-:J,)-:J'"l~
~ ~ q 

1'Wbl11 L3J'Wl"I')13J ~ 
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ev 0 9.1 Q. ~ Q. fI" 0 

Vl~'1'"l'l n'Vl'l n 'l~'M'l'l'J'I'"l~'el'el~"1l~ b~ b~'elm'jJtl b'J bl.l'J~~'"l bb~:::~~'J'"l~'el'jJm~'VI'l'lTW"JI'el'l 

'J'I'"l~~1'JU f'I'fl~~'J b~'elfbb~'J ~'1U'l'J'I'"l~~\~'el'el n bb'jJ'jJH~'l ~~'l'l btJ'W'J'I'"l~'"l1'1 bb~:::1'~it1J t1J'lbl.lb'el'l 

~~"lJ'el'l'J'I'"l~~'JU'el'fl~~~t~~tf'ltJ vh1m~iruru'lbl.l\"1l'W"1l'elU~'el~~'el'el~~b~~'"l'lm'l'"l~~\~~~'l'l~'W 
III QI QI qJ 

bb~~'1eJ~i'lJ'lJ'lbl.lb'elTr~~1~b'i~'W'jJ'WVlU'l'"l'el'el'el~~~t~~tf'ltJ t~Ull'l~~ 25 - 30 bb~~'1i'klt1J'lbl.lb'el1 

~(;l"JI'el'l'J'I'"l~'"l'lnm~1'~i ru ru'lbl.l~"JI'lb'el'l~(;l"JI'el'l'el'eltJbb'el~t1b'jJ'elf741 
q IlW IIQ,I 
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'"l1 n t:.J 'i'l n 1 J'Y1 (?l'i'ltl'l'"l:; b~'lJ'1~~ 1it1J 'lJ1 ru~'1~'"l1 n n 1 J'~ 1 'i'ltl..:j n1 J'vl1..:j 1'lJ"1Itl..:j(N'"lJ'~'JtJ 

~tl~~'J bl'ltlf bb'i'l:;i'k) 'k)1 ru~'1~'"l1nmJ'rj(?l'"l1 m..:j'"lJ'~~~1..:j~'lJ'"l1',:j ~'JtJtltl~~'i'l 'L'i'l~ 'L~1J '1~ri1 

it1J'k)1ru'18Jl~8JltltJ(?ltl'i'l~'tn~b~tJ..:jn'lJ 'L(?ltJm1~~"1Itl..:jit1Jt1J1rubb~(?l,:j't~b~'lJ'1~'lJJl1~~ 19 - 24 ~,:j 

btl'lJmnb~~..:jt:.J'i'li'k) 'lJ1 ru't'lJl1J'L(?lb~'lJ"1Itl..:j~'J1~~ l:J'i'lmJ'Y1 (?l'i'ltl..:j~..:j mh'Jbb~ (?l..:j 't~b~'lJ~1Y1~~D 

'J..:j'"lJ'tltl~~'i'l b'i'l bl'ltlfbb'lJ'lJ b'J ru'lJ1'(?lrolii l"l'J1~bl 
OJ 

n~tl..:j 'L(?lmJ'1~1~1J'bl1Jf'lJ b1J~tJ'lJri1 R bb'i'l:; C b~tl 't~ 



d 
'l.J'YI'YI 5
 

iI 'i'IJ ~~ '£I ihJ 'i1 !I ~~ n1'i'YI ~~ '£I·:m~::i'£I bill.!'£I bbl.!::
 
q 

" ., 
~ i1'fl\llOl1 m \lIOl ~ hi oD'lJaif'fl'W 'fl'Ll n ~ruVi1-ill'W'J\lIOl ~n~1'w'J'W U'fltJ ~~tl :;'J\lIOl ~n ~~ ~ tJ Ul1'W \l1'W';j~tJtl1~ 

q 

, 
o Q .t:::Io cr.oC::ll.Q 4 IV 0 .Q tr 

'W1 ~~'W'fl'Vl ~ 'jj{1 ~~tl:;~ ~ n 1~r1 ru(?l ~1 ~ (?l~ 'Vl'flfi'IJ1tJ bl\lVltl n n1~'Vl1\11 'W"lJ 'fl\l'J\lIOl~'fl'fl~"ll tl ~tl ~(?l'fl n~'IJ'IJ 
., 

.t:::Io cr iI IV 0 0 1I.Q tr 

~'J ru 'IJ~l?llOl n1 ~'fl'fl m~'IJ'IJM1\1 'J\lIOl ~ 'Vl\l n1~IOl1 tl'fl\l n1 ~'Vl1\11'W"lJ'fl\l'J\lIOl~l?l 'J tJ r1'fl~ 'W'J ~(?l'fl~ ~~tl:;n1 ~ 
., , 

~~1 \I'J\lIOl ~IOl1'\I ~'J ~V1 \I ~~~ C?!\I r:.J tl n 1 ~'Vll?l tl'fl\l ~ ~1\1 ~ill ill 1 ru1"ll'W"ll'fl tJ l?l 'fltl IOl1 m\l IOl~Vi ~~1\1'IJ'W 
'" '" '" 

r:.Jtl n 1~'Vll?ltl'fl\llOl1 n n1 ~~1 tl'fl\l n1~'V11\11'W"lJ'fl\l'J\lIOl~~'JtJ r1'fl~'W'J ~(?l'fl:f ~\I ~~~ l?l\l1~~~'W1 'W 

l'Ll~ 19 24 2- ~t1'W~b].Jb].J1ru1"ll\l"ll'fltJl?l'fltl~n~1r1'J1~~~(?l~\ln'IJ'Vl~~lJ~n~1'J1.n'W'J'Vl~ bC?!tJ 

~1r1'J1~~~1~~'fl f = 1 ~\lIOl:;~~'W1~IOl1nn1m~l?l\lr:.Jtl~\I~illill1ru~1~'Wbl?l~~'W"lJ'fl\l~'Jtl1 
27TRC '" '" 

n1J~b].J b].J1 Ckl~1~ 'Wbl?l ~~'W'1J'fl\l r1'J1~ ~ ~\I~b].J b].J1 ru~ ~~~l?l\l1 'WbC?! ~~'W"lJ'fl\l ~'Jtl1 ~~~ l?l\l1~ ~ ~'W~\I n1~ 

'fl'fl~ontl~tl(?l"lJ'fl\l~bJJb].J1ru mh'J~'fl ~b].Jb].J1runmn~n~\I~~IOl1n~~~'fl~'Ll~~C?!~'vhn'IJ 0 b'Jtll?1 ~~~'J 

~~~~'W~~'fltJ1 IOl'Wn ~~'fl~'Ll~~C?!~\I~l?l~ ±15 b'Jtll?1 ~\I ~il'WrI'J1~ (9]1\1~mr~r.l1tJ1 ~n'IJ'fl'fl'Ll ~~'fl~tI 

~'J'W~ b].J b].J1 ru~ ~~~ l?l\l1'Wbl?l ~~'W"lJ'fl\l r1'J1~ ~,r'W ~il'Wr:.Jtl m~'Vl C?!~'fl\l~ ~~~ l?l\l1~ ~~'W~1'J\lIOl~ 

'fl'fl~ontl ~~ ~(?l'fl:f~~'IJ'IJ ~'J ru'IJ1'l?l{~ ~~1\1~'W'IJ'WrI'fl~'W'J ~11I'fl:f 'V11\11'W1~ ~ n~'fl\l(?l1~V1~n'Vl~~lJ 

~ti'fl\llOl1 n ~1 r1'J 1~ ~~~~1\1~'W1n~ ~~tJ\I n'IJ~ ~1'W'JCkllOl1n'Vl ~~lJ 1'Wm ~~ 1tl'fl\lm~'V11\11'W"lJ'fl\l'J\lIOl~ 

~'JtJ r1'fl~'W'J ~(?l'fl:f 1~~~~ l?l\l r:.J tl r1'J1~~~\I~ l?l H~ 10kHz. ~ti'fl\llOl1n'Ll~:;~'Vlfi1l1'Wm~'V11\11'W"lJ'fl\l 
'" q 

I I I 11 I I '11 

'fl'fl'Ll ~~'fl~tI ~'IJ'flf 741 IOl:;~ C91tl\l ~ij'fl r1'J 1~ ~ ~'W~;'W~\lth'WVi rl1V1'Wl?l IOl1 n r:.Jtl m~'Vl C?!~'fl\lVi rl'J1~ ~tl 

~ ~'W1~~ 1~b].J b].J 1 ru1'Wbl?l ~~'W"lJ'fl\l r1'J 1~ ~ r1tl1l?l ~r1~'fl'Wn'IJ~ ~1'W'Jru1 ~ ~~ nU'fltJ ~'J'W1'WtJ1'WrI'J1~ ~ 

~1 tl\lhJ'fl'fl'Ll ~~ 'fl~tI fi\l ~ 1 ~ 1 ~ bl'V11\11'W1~~ 



37 

~ , ,
<S 0

'1~\lbiJ'Wf11'V1"11'eJ..:Jiru ru1 ru1"l1'W"lI'eJtJ l?l'eJ~Vl1~"'l1 n l'eJ1'V11?1"11'eJ..:J(N"'l~ "lI..:J'Vl1 
QI III 'lJ q 

n 1~~l?l ~'JtJ'eJ'eJ~BD~ b~~ 'llOn.1 "'l~ l~'W1~~1f11'V1i bk!bY1 ru~1~"'l1m..:J"'l~~~~1..:J~'W"'l1'..:J~ ri1bn~ l~mtiu 

(:J ~n1 ~'V1l?l~'eJ..:J"'l1 n n1~~ 1~'fl..:J n1~l11..:J1'W"1I'eJ..:J'J..:J"'l~~'JtJ 1"1'eJ~~'J ll?1'eJf 'll?ltJ i bY bY1 ru~~l?l1~"'l1m..:J"'l~ 
~ , 

"'l1'..:Ju..:J~ ri11"1'J1~ e:i l?ll~tJ'W"1I'fl..:Jllll"1~'W~'eJtJ ~1~1n1tJ'eJ~fu1~ 'W'V11..:J1l~~ 

5.3 'el.r;'J~1!1tJ~n1~'VI(;'l~'el.:J 

l~'eJ lmtJ UlVltJU (:J~ n1~'V1l?l~'eJ..:J~~'VI~1..:J (:J~"'l1nn1~~1~'eJ..:J n1 ~l11..:J1'W"1I'eJ..:J'J..:J"'l~~'JtJ 

1"1'eJ~~'Jll?1'eJf tiu(:J~"'l1nn1~~l?libYbY1ru"'l1m..:J"'l~"'l1'..:J "'l~l~'W~1ibk!bY1ru1'W'll?ll~'W"1I'eJ..:Jl'J~1"'l~ 

1'W~'J'Wn1~~1~'eJ..:Jn1~l11..:J1'W"1I'eJ..:J'J..:J"'l~ 
~ , 

~1~1 ~(l~'eJ..:J l~'WibY bk!1 ru~..:J lll?l ~~I ~'W'eJ'eJ~BD~ l~ 1?1 lll?l1'Wn1~~ l?libk! bY1 ru"'l1 m..:J"'l~"'l1'..:J~'JtJ 

'eJ'eJ~BD~ 'l~~ 'l1"1'!.J1:iJ~1~1~(lr.f Uf11'V11?1'eJ'Wb~~~ ~'W'eJ'eJ~BD~ l~ 1?11~ l~'eJ..:J"'l1n l'J~11 'Wn1~~~ ~'W'eJ'eJ~BD~ 
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FAIRCHILC 
February 2007 

SEMICONDUCTOR" 

LM741	 ~iJ'f)m~H''11'W'f)'f)iJbb'el~tlbU'f)f 741 

Single Operational Amplifier 

Features	 Description 
•	 Short Circuit Protection The LM741 series are general purpose operational 

amplifiers. It is intended for a wide range of analog• Excellent Temperature Stability 
applications. The high gain and wide range of operating• Internal Frequency Compensation 
voltage provide superior performance in intergrator,

• High Input Voltage Range summing amplifier, and general feedback applications.. 
• Null of Offset 

S-DIP 

S-80P , 
1 

Ordering Information 

Part Number 

LM741CN 

LM741CM 

LM741CMX 

Operating Temp. 
Range Pb-Free 

YES 

YES 

YES 

Package 

8-DIP 

8-S0P 

8-S0P 

Packing Method 

Rail 

Rail 

Tape & Reel 

Marking 
Code 

LM741CN 

LM741CM 

LM741CM 

Internal Block Diagram 

~2007 Fairchild Semiconductor Corporation www.fairchildsemi.com 
LM741 Rev. 2.0.0 
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Schematic Diagram 
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Absolute Maximum Ratings 
The "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. The 
device should not be operated at these limits. The parametric values defined in the Electrical Characteristics tables 
are not guaranteed at the absolute maximum ratings. TA=25°C, unless otherwise specified. 
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Symbol Parameter Value Unit 

Vee Supply Voltage ±18 V 

VI(OIFF) Differential Input Voltage 30 V 

VI Input Voltage ±15 V 

- Output Short Circuit Duration Indefinite -

Po Power Dissipation 500 mW 

TOPR Operating Temperature Range 0-+70 °C 

TSTG Storage Temperature Range -65 - +150 °C 

2 www.fairchildsemi.com 
LM741 Rev. 2.0.0 
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Electrical Characteristics 
(Vee = 15V, VEE = -15V, TA = 25°C, unless otherwise specified) 

Parameter Symbol Conditions Min. Typ. Max. Unit 

Input Offset Voltage Rs S:10kQ - 2.0 6.0 
VIO mV 

Rs s: 50Q - - -

Input Offset Voltage 
V'O(R) 

Vee = ±20V - ±15 - mV
Adjustment Range 

Input Offset Current 1'0 - - 20 200 nA 

Input Bias Current ISlAS - - 80 500 nA 

Input Resistance (Note1) RI Vee = ±20V 0.3 2.0 - MQ 

Input Voltage Range V1(R) - ±12 ±13 - V 

Large Signal Voltage Gain RL~ 2kQ Vee =±20V, - - -
Gv 

Vo(P-P) = ±15V 
V/mV 

Vee = ±15V, 20 200 -
Vo(P-P) = ±10V 

Output Short Circuit Current Ise - - 25 - mA 

Output Voltage Swing Vee =±20V RL~10kQ - - -

RL~2kQ - - -
Vo(P-P) V 

Vee = ±15V RL~ 10kQ ±12 ±14 -
RL~ 2kQ ±10 ±13 -

Common Mode Rejection Ratio Rs s: 10kQ, VeM = ±12V 70 90 -
CMRR dB 

Rs s: 50Q, VeM = ±12V - - -

Power Supply Rejection Ratio Vee = ±15V to Vee = ±15V - - -
PSRR 

RsS:50Q 
dB 

Vee = ±15V to Vee = ±15V 77 96 -
Rs s: 10kQ 

Transient Rise lime TR Unity Gain - 0.3 - J.l.S 

Response Overshoot OS - 10 - % 

Bandwidth BW - - - - MHz 

Slew Rate SR Unity Gain - 0.5 - V/J.l.s 

Supply Current lee RL= O")Q - 1.5 2.8 mA 

Power Consumption Vee =±20V - - -
Pe mW 

Vee = ±15V - 50 85 

Note: 
1. Guaranteed by design. 

3 www.fairchildsemLcom 
LM741 Rev. 2.0.0 
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Electrical Characteristics (Continued) 

(oOe ~ TA ~ 70 °e, Vee =±15V, unless otherwise specified)
 
The following specification apply over the range of ooe ~ TA ~ +700e for the LM741 e
 

Parameter Symbol Conditions Min. Typ. Max. Unit 

Input Offset Voltage VIO Rs~50Q - - -
mV 

Rs ~ 10kQ - - 7.5 

Input Offset Voltage Drift tlVloIL\T - - - I!V/oC 

Input Offset Current 110 - - - 300 nA 

Input Offset Current Drift tlllo/tlT - - - nArC 

Input Bias Current IBIAS - - - 0.8 !-LA 
Input Resistance (Note1) R, Vce = ±20V - - - MQ 

Input Voltage Range V1(R) - ±12 ±13 - V 

Output Voltage Swing Vo(p.P) Vee =±20V Rs ~ 10kQ - - -
Rs ~2kQ - - -

V 
Vee =±15V Rs ~ 10kQ ±12 ±14 -

Rs~2kQ ±10 ±13 -

Output Short Circuit Current 'se - 10 - 40 rnA 

Common Mode Rejection Ratio CMRR Rs ~ 10kQ, VeM = ±12V 70 90 -
dB 

Rs ~ 500, VeM =±12V - - -
Power Supply Rejection Ratio PSRR Vee = ±20Vto Rs~50n - - -

±5V dB 
Rs ~ 10kQ 77 96 -

Large Signal Voltage Gain Gv Rs~2kQ Vee = ±20V, - - -
Vo(P-P) = ±15V 

Vee = ±15V, 15 . - V/mV
Vo(PP) = ±10V 

Vee = ±15V, - - -
Vo(P-P) =±2V 

Note: 
1. Guaranteed by design. 

4 www.fairchildsemi.com 
lM741 Rev. 2.0.0 
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Typical Performance Characteristics 

,...-

Va:= :t: 15V 
TA =-2S·C 
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Figure 1. Output Resistance vs Frequency 
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Figure 3. Input Bias Current vs
 
Ambient Temperature
 

Vo:.~ :t: 15V 

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

r'-::: 
INPUT aA:i f- 
CURREN"I' 

·....r-...
I-. 

INPUT OFFSET 
[""'-....... CURRENT 

150 

i 
I 
I '111 
il 

~ 
o 

l 50 
!! 

Voc. ±'SV 

"' ......... I--.

20 

TEMPERATURE f°C) 

-20 eo 'III 

Figure 5. Input Offset Current vs 
Ambient Temperature 

r 
s: ...... 
". 
...a. 

en 
,.,.. 

R, 

,' 

\. 

c, 

::::J'111 

co 
ffi" 
0 

'0 
i "C 

(1)! OJ 
~; 0 
::::Ji D)

~ 

» 
3 

"C 
'OK ,..0.'

'00.'111 'OK 3! 
(1).., 
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Typical Performance Characteristics (Continued) 
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Figure 8. Frequency Characteristics vs 
Ambient Temperature 
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Typical Performance Characteristics (Continued) 
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Package 
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Mechanical Dimensions (Continued) 

Package 
Dimensions in millimeters 
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FAIRCHILD SEMICONDUCTOR TRADEMARKS 

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not intended to 
be an exhaustive list of all such trademarks. 

ACEx™ FACT Quiet Series™ 
ActiveArrayTM GlobalOptoisolator™ 

Bottomless™ GTOTM 

Build it Now™ HiSeCTM 

CoolFETTM 12CTM 

CROSSVOL pM i-LoTM 
DOME""" ImpliedDisconnect™ 
EcoSPARKTM IntelliMAXTM 

E2CMOSTM ISOPLANARTM 

EnSigna TM LittleFETTM 

FACr® MICROCOUPLERTM 
FASr® MicroFEPM 

FASTr™ MicroPak™ 
FPSTM MICROWIRETM 

FRFETTM MSXTM 

MSXPro™ 

Across the board. Around the world. ™ 

The Power Franchise® 

Programmable Active DroopTM 

OCXTM 

OCXPro™ 
OPTOLOGIC® 

OPTOPLANARTM 

PACMANTM 
POpTM 

Power247™ 
PowerEdge™ 

PowerSaver™ 
PowerTrench® 

QFEr® 
QSTM 

QT Optoelectronics TM 

Quiet Series™ 

RapidConfigure TM 

RapidConnect™ 
flSerDesTM 

ScalarPumpTM 

SILENT SWITCHER® 
SMART STARTTM 
SPMTM 

Stealth™ 

SuperFETTM 

SuperSOT™-3 

SuperSOT™-6 

SuperSOT™-8 
SyncFETTM 
TCMTM 

TinyBoosFM 

TinyBuck™ 
TinyPWMTM 

TinyPower™ 
TinyLogic® 

TINYOPTOTM 

TruTranslation™ 
UHC® 

UniFETTM 
VCXTM 

Wire™ 

DISCLAIMER 
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO 
IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE 
OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE 
RIGHTS OF OTHERS. THESE SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPE· 
CIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE PRODUCTS. 

LIFE SUPPORT POLICY 
FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION. 

As used herein: 
1. life support devices or systems are devices or systems which, (a) are 2. A critical component is any component of a life support device or system
 
intended for surgical implant into the body, or (b) support or sustain life, or whose failure to perform can be reasonably expected to cause the failure
 
(c) whose failure to perform when properly used in accordance with of the life support device or system, or to affect its safety or effectiveness.
 
instructions for use provided in the labeling, can be reasonably expected
 
to result in significant injury to the user.
 

PRODUCT STATUS DEFINITIONS 

Definition of Terms 

Datasheet Identification Product Status Definition 

Advance Infonmation Formative or In Design This datasheet contains the design specifications for 
product development. Specifications may change in 
any manner without notice. 

Preliminary First Production This datasheet contains preliminary data, and 
supplementary data will be published at a later date. 
Fairchild Semiconductor reserves the right to make 
changes at any time without notice in order to improve 
design. 

No Identification Needed Full Production This datasheet contains final specifications. Fairchild 
Semiconductor reserves the right to make changes at 
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