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1. .,j'tH"tlU'JI~ii'lhf~l11J~ 8 .,j'tJ fI1'i91'i1'iJfftl'IJ ntl'UlHtlm;1 1,rii11~1Jf1111Jff11J1'j(1 11J~tl~ti'~1"ti'lii1
IIJ I v
11Jm'IJl'J0'lltl

1)1 0 4. d 4. -"=ll J/ J/
2. tl'4 tyl91 11 'U1l'ilvn~ lmtl~l'll fl'Ull":::lmtl~ fl ~lCl'll I'll111tl~fftl'IJ

1"1 .,"'" '" -I clllJ "1 co 03. tl'4tyl91 11 ')j'~'UfftJl1'itlu1finlfi l~ 'UfiTH'Ufl'UfIl91tJ'IJ

4. 1,r1:Uuufi191tlU1'Uff1J~til91tl'IJ

ti1l1'U~1,r

• llHll'U1Vltl{]j"ijti1 vr =26mV ~'Qwl1fJiMtJ-:j nOc

• ff1J1J9l1,rlrltJm1'U<}Iffl91tl{llU'lJ1'IJ lVlrl1{ (BJT) ii1~1'U llHll'U V
BEON

'iJ:::ijfi1U'i~1J1W o.711"~ l~fl~

ff1Jnl'ifl111J ff1Jli'U ti''Iltl~m1'U<}Iffl91tl{1'IJlVlft1 {fitl

I, = Is exp( ~' ) (II)

• ff1J1J9l1,r small-signal model 'Iltl~ BJT lrJ'Ull~~tJ~ 1.1 ('Utlf)'iJ1fi'iJ~ijnl'iti111'U~l'ilvn~)

bo-::--., r-E-OC

"j
')j'tl: 'jr1ffU'i~~1~1: _



'lid
'I1'Ul'VI 2/9

1JJ I.d: <JJ.d I Q.' I v... , V
1. 'I1m)flllUU1~i1'Hl1Um:;llfffl'l'VI (DC current sources) ffl1Jifl'Hff'jl~'VIllllMlNf)'U flUlJf)1~'iI'J'iI:;lIV~1Jf)l'J 'II'

m l'U eiffflllVf!U i ~rll{ (BJT) i l1J nmJV 1JllV1JiJll(1:;~ 'J~ l'U'VI l'U1Jf'llfhMl'vivfI111Jluj'U~11'Uf)1'J nl'l1'Ufl m:; IIff

..!I ,V I 1vi.!l ?f '" v d I 0'", 1 .. "" '"
l~{) 'I1ffl1Jl'Jf'l'illum:;llff '11 'I1(1fl'lf~lU'UlIl111'U'VI1'U R

L
'Y1l1V(1~m11Uflfl~llfffl~ u~1J'VI 1.2 {)1iUlU'I1(1f)f)l'Jf)1'J

• 'i v d vi" 1 "'11) • .1 J d 1I)'.?f v "" 0' I ...
'VIl~l'U'\I{)~llll(1:; m~ff'Jl~'Y1VVf)llUUfllU flum:;uu 'lJ rnmU~lflUl ( 11J'iJllU'U1I{)~11ml:;'I1VU1~(1:;WUf1)

(6 f1:;1l'U'U)



V
out

= R2 (Vinl - Vin2)
R]

~ QI I .... ,J I QJ .::rrt. rI .0::.. rI A QI .oC:lt. ..::t d i'..
'If-3tlm l'\JfJ1UH"lIl-3 11J'\J'Utl ~nu'Y/1'j l1Jllltl'j'\Jtl-3'¥l'HU'lffHlItl'H1Jtl t'l'tytylt\l tl'\..I'~'¥l1J'\J'U1~lC'trun n ~ (I 'If

• 'YhiU-3ri l1~tl'yhiU-31~U1~M
'U

.oC:lt. rI.oC:lt. d ..::t d 4.<:::1 d .c:t 0 d Q.' d"l iI
• '¥l1l'U'lft'l'lll tl'j 'If'U ~l()'U'Y/l()'U l1'j tl'Y/l()'U 'Y/ 'ill'U1'Unl911n l~

• ~1~1'U'¥l1'U~1'U1'U~~1~'1l

• '~m-ltylll'M'~llm;-3~lUm::llt'l'~~1JfI~'~"1''U1~'il'j

i ' , .., .. ., d .1 , I

• 1Jtl'\.-ltylll l1 'lf1l11nUu'j::~'\J'Ul~ l1ty

• ms 'UVt'l''\Jtl-3J-3'il'j~tl-3t'1'l1Jl'jfl'yh'Mlfi~n1'j'til-3l'UM'il~-3

.. .;
WU1'¥l3/9

(1.2)

'

jI I IQ,I 'I jI

ll'U1'¥l1-3: 'lff11'jtltlnllUU'\Jtl-3J-3'il'j'\JU1UH"lIl-3Il1JU differential pair f11Ut;]nUlIl1"-3'illum::llt'l' 11":: 1-3\J'j t'I'::'¥ltl'U

./ ., ,.. ...
m::lIt'1' usennunurm 'lfl'¥lfl'Ufi emitter degeneration
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3. «» ff1J1J~11'l'l11lJ~mlltJ{~1,*11~h.rQlI1JfI~~ltJllll~nJ,:Ji'um~llffMi~~1f111 (llJVifl'Yl1-3~m1Jl~ff1J) {)1 Vee =­

VEE = 2.5V, RE = Re = lkQ 1-31l11lJ~t1~ 1.3 lillJ1-31l1f1rllffll1 (A, B, AB) IW11~t1~h lM't1~U1tJ ll1tJll~l~tJlIll'h~

. i"1l~'YI1 11

('\I) 61l11'\1tJlmrltl Vinl ij'\llJll1l~n1Jlnf1ulmY1Jln ij'\l'U1111l'hf1lJM1t1hilW11~tJ~h {)li~ll'hf1lJ mwiMlJlmy

n11f1lJ1J1m!tlfJf111f1lJlltiiMlJ (~Il'h~1111tJtl1 ~1Jlf.U)

(5 nzuuu)

Vee

Vout Re
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'" 0 oiC!l. ~ I ~ .0:::::. t 111 '" I "l I ell '"4. ''H'VI1f11'i1Iml~'H''U s domain 1'VI1'U'U lh~m)1Jf11'iV'li1J1fJ11'V1'il1J I~WfJ1'1 1'i11'i~1J1J phase-lock loop 1I~ I'H

f1111J~lIlfl veo lyhn1Jf1111J~~~'U~'VI'~vdl'1h 1vlfJ'1J~ error ICW

1I'U1'V11'1 : hl'ff1J1J~11f1111J~~'U~'VI~I.,rl'U''U'i~1J1J~fhfl'l~l'yhn1J 0)0 l'il~fJ'U~V1'Ulli(mll'il~1JV'I111t1'Ustep

function fiM)

Laplace transform
<t)

F{s) = Jf{t)e -sl dt (1.3)

o

Final-value theorem (H'H1fhfftyqJ1f1l''Uffm1~fl'l~1-steady-state condition 1V1fJ'~fll'iViUl'iflll''Us domain)

f{t l~<t) = lim sF{s)
s~o

1V1fJijf1111Jff1J'ti'Ulh~'H11'1 phase IICl~ frequency Irlu

w{t) = d¢{t)
dt

(1.4)

(1.5)

(6 fl~II'U'U)
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5. 111 fl1'11lH'l'ni'tl'U m:: llt'l'1 'Ui U~ 1.4 1il'Ull 'U1fi~ ~D1flUl 'YIfl il fl fl1 t'l'1 fl~lV;tll'~lJfl111J ~1'U'YI1'Ultl1't1~'YI~n

l1nflflll'\1tl'lfllliltl'Um;uClu1~fJU1::1J1Wi~"h iou/i;n == 1 mil 'Ihfi~11Jlrltl1l::Vi1flll~tl1'11l11l1'1nU l11Cl~ 2kn

..,j • ., '" <0 <l 11).1 ~ '" <0 <l .1 I

lVitl'YI1flllt'l'::'YItl'Ut'l'tyty1tu meu t'l'ltl'lf'\l'Ul~lClfl iin nun 1unrut'l'tyty1W meu t'l'ltl'lf'\l'Ul~lClfl i
OU I

ul1f1tj11ViU

ilty111ti1tity'\ltl'l1'11l1t'l'::'t1'tl'Um::llt'l'lm'lt'l'~1'111Uu1h!~U~1.4 fitlllH~'Ultltl~ (Early's Voltage) nfhilJ\1'1Vi1

1., ., "<0'11)' ·1"" .. " J
l1fl111J~1'U'YIl'Ultl1'Y1~ 'YIlJfl1 11..1\1 '1Vitl 1l'l'YI1 l1fl111J1'l1h!'YI1'U'YIltl1'Y1 ~'YI'\1tl'l1'11l1 \1'1'\1'U

1 1., "" "<l <0 <l .$ '" "' ... 1 <l1l)".$
(fl) ~fJ 'If'Yl11'U'lft'l'1~tllltl'UViltl'U11'U'I~111Cl::llH~'Ufl'l'V1fll ~'1fll~l1'U'I'lt~

('\I) 1 ~fJHtltlUlltllJil~~ lJfl ~11~'1~1 uneur '1~'Ufl'l~fh 11'1'1fiMl1~ '1'lt~ (tltlulltllJililJ~11il'U~tl'l1rlvM{fJ'I)

1 l1'tllUlfJfllltltl flll UU lV;tl1 l1'1.,j'11 1l111'11l 'j rrunsn Vi N1'Ui~~~h!111'I (ilJ ~11ilh!~tl'lVi1 eu flll11t'l'~'1 lti''U~

ll'U1fi~IlCl::flll i UVt'l'fl11t'l'11J1H'IVi11l1'1'11l1 Vi1'11'UM1l1'I) tl'4ty11'l 1l1'1rlvhifJ'I~\1'1l'¥h1~fiM

(5 fl::ll'U'U)

Vee

2kD J, loul = IB + ioul

1uYi 1.4
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6.

(n) YiVl11'th\~1~'iI'jthUVlfftyty1tu11UU1~'tl14l'vh,. (phase-shift oscillator) Yi~l1ffVl~l14~u~ 1.5 1V1u'li1~ N-Channel

JFET UC\::m114eiffl~'tl{lg14.yjlg14 1~'tl'tl'tln11uu1,.r oscillator .yh~l14 '~~l1JUn~ (fj'tlfhuVlfftyty1tu '~'iI~~~

m11J~1~1J1~'iI'j114~u~ 1.5) 1V1u1~Qumw'Ynff9fl'h~1J~ij'tldu'j::n'tlutiu~1~l14't1l14 ~11~uun~ti-11V1"1 ~i~l1C\::

't1 'j114eiffl~'tl1iU1~ri1{.yjlg14.yj~ 114 114ili~1tiVi (ff1J1J~ -;hm::11fflUff'tl'tl~'Y1 'j114eiffl~ 'tl{ijti1U''tlU1J1flllCl:: ff11J1HI

C\::lC\ui~)

1 v • l..l .I "l v v 1 v ... 1 iJ"l "'. '1 "'1iJ1 '('tI) 'YIluC\U141~'iI'j'YI IVl'tl'tlflllUU11C\1 14'tI'tl (n) l~'tl 'YI IrJ1~'iI'j SInusoidal oscillator U~ 'YI 'If f1H'tI1U'tl'tl~ lowpass

filter l1'YI14 highpass filter ('li~'tl~ti~1C\i1'i1:: i~fftyty1tu 'C]$u~m11J~1~1J'YIi'tl ili 'tI'tl hrti1lUVIfftyty1tu 'C]$'U1~'iI~.:j

~l.yjU~~'tl) ~f't)1Jlf~l1 ffVl,n::Yiu11H~14 i UVfffllu1m'HI'j 1V1UU'j::1J1tu 1V1U~V1ti1~'t)u114~u'tI't)~ Vee 11C\::ti1~1

'" 1'"~l14't1l14 ( 'YI V
BEON

= O.7V)

(6 f1::111414)

Vee

c c c

Jj1
- -

R

~U~ 1.5

CC~
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7.

(0) 'il1f)1~'iI'j1'U~u~ 1.6 ~lffqjqj1tullH~'U v'U'Vj'Ylii'\J'U 1~1~mJ10~-:j 1'H1J~i11Jllft::1'H1J~~l~ 'iI~ii1m'j11fl'j1::M

l'~tlu'j::1J 1tu 'H1t1'~ 'j1'\JtJ1tJ1'H1J~~ l~llft::tr~ 'j1'\JfJ1tJ1mJ~i11J (ff1J :IJ~11 gmRE » 1 llft::1~ 'iI'jff::l1'tl'Unreuff

~1'U1J'Ul~'U ~~1JfI~)

(8 f1::U'U'U)
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8. o» 1.:1ll~1U1U~ 1.7 inVH1, 9}11'11~u',j trliiu~~1~ (\9lmw~1u1uvn~lijl~u1'Uu.:Iu~m:fJumtU)

("I) mn~trlinVml~lii1~fl1~hll1~U i,j~ll::'U1i~ lrH'1UUfl~1Vfl1~UUflU'IJ'lJ1.:1ll~~Il11J1::fflJ (fll~UUflU'IJ'IJ

'I1lJ lV~.:I fl1i1i~ 1m.:l ff~l.:1~ll1lJ 1::fflJ'I1~Ufl1HY.:IfiTVn ~1iJl~U11 M'iifl11lJff1J'tiun~ll1lJl::rru)

(8 f1::UU'U)

V ut

Rc


