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y(t)

(
V(t) =Asin(®@) =Asin(wt+0)
A (Amplitude)
O(t) wt+d ; (rad)
w ; (rad/sec)
f=w/2m ; (Hz)
e ; (rad)
W(t) =P)sin(
vVt )w(t)
Ht)oft) o(t)
E(t) <E(t) >
/| <E(t) &/ <
| <(BEEJt)) N2>/ <
o ¢
Phase- ock Loop
x(t)
- »| Loop Filter
VCO (Voltage Controlled Oscillator, )
Ve (%)

wo = wof+Kv.Vc (rad/sec)

w of ; (free-run angular frequency, rad/sec)

Kv; FM (rad/sec/V)

v
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PC (Phase Comparator, )

Oo
x(t) = &A.)sin(
y(t) = @&Bo.)cos
x(t).y(t) = ©BIo2. {+s &ni@no() }
Wi+ wo Loop Filter
Vp
Vp =Kp.sin(©e ) Oe @Ei-0o0 )
Kp; Phase detection sensitivity, V/rad
Loop Filter
F(s)
F(s)
F(s) a
F(s) (1+s.T2)/(1+s.T2)
31
(1]
Vc =Vp,
wo =wof+Kv.Vc = wof+Kosin(@e)
Ko = Kv.Kp (1/sec) ;l oop gain
Wi

Wwi—wo =wi-wof-Ko.sin(®e)

= w —Kosin(@e)
w = wi-wof

we=wi—-wo=doe/ dt

doe/ dt w —Kosin(@e)

Stationary state



doe/ dt wi— wo 0

w —KosinBe) =0
Bes ="(swnKo)+nm

siasin(x)) = x

doe/ dt w —Kosin(@e)
doe/ dt Oe

doe/ dt
A

doe/ dt Oe
doe/ dt Oe

Bes ="(s wnKo

Loop Gain Ko
Oes= w /Ko Ko>>/ wil
Oes
/| w/=<Ko

[ fl=<Ko/21t (H2z)
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(3]

Kodt =1 /y{-sin(©e }) doe

V% w /Ko (F)Bes

Ka

[ 1/y{-sin(©@e) doe
2/-y~2) (1) 2. .yArac@ea )1 ) @y~2) (17 2)}

T/ 2 B<ei T
0 e t 6e)

Kot fe) 6e[mnn/ 2yH [ 1l/ge-(m+y) MdOe
+ 1/ 2y+ 6e]f 1/y(—Oe )Oe
= Lugp wH -06ei )} +m/2o@g{£0e)}

ey 0Oes 00
Bes
Bei T4y
(Huop)
3.2
Loop Filter
F(s) a
F(s) (1+s.T2)/(1+s.T2) =T2/T1+ (1-T2/T1)/(1+sT1)
(=)T2/T1 + 1/(1+sT1) (T2 /T1<<])
/S.T1/>>1 a =T2/T1 s=0
[0}
PLL
PLL a Ko PLL T( uT )
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. KpS nb(e)
0 i
'_ L cx [ L
A 7\
y| 1/sT

wo = wf +Ko.(a +1/sT).g6 e)

we wi wo=wi of Ko/s.(a +1/sT).g(® e)
= Ko.(a +1/sT).g(® e)
we dde /dt

dde/ dt w’ o Ko.g® e)
= ' a Ko.sin(® e ) (g6 e) sin®d e)
w’ = w —(KoMo,it]f gbe) dt

= w —(Ko/MI[o,t]f sin(@e) dt(gde) sin@®de)

A
wl[L] =aKo Lock in range (rad/sec)
wn = (Ko/T)™(1/2) ; Natural angular frequency (rad/sec)
dde/ dt w’ w[L].sin(® e )

w’ = W - wn™2[0t]f sinBe) dt

I wl< w[L]
/| w/</w[L]) +wn™2.[0,t]f sinBe) dt

[ w/ < w[L]
w [L]

v



(Osl)

[ wl > wlL] [ 0wl | w/>w[L]
dt = 10’ { wl[L]sin®Ge) ¥0 e
Tp
Tp =[02mn]f d® e [/ of w[L].sin(@ e ) }
=2n{ w2  [L]N2IN(-1/2)
<sibne() >
<si fAg) > = (1/ Tp) (g enNpqg t
= (1/ Tu) ] din(Re) [/ w{w[L]sin®Be) #0 e
= 0 /W[L]{1-SQR(1- (w[L) w')"2)}
A
ol \
i , ©
W [L]
d w’/dt = —wn™2<sin(6 e »
wn™2 ' /w[L]{1-SOR(1-(w[L]) w')"2)}
W’ (%)
w'fw[L] =X

wn™2 /w[L]dt= -dx/{x—-SQR(x"2-1)}
Ta
wn™2/w[L]Ta =-] w/w][L], 1] dx/{x—-SQR(xX"2-1)}
=[1, w/w[L]]f {x+ SQR(X"2-1)}dx
>{( w/w[L)"2-1}2
<( w/w[L)N2-1

Ta<( w/on)”~2 [ w[L]
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4.1
Bes
si Bés) B(es)
Qi Kpe (CXo]
« )
o, y O > y Kv/s >
- (VCO)
o 1/sT
4.2
Oo( s)= KvI/F&) Kp.O®e(s) Go(ssPe(s) of F1/sM)=
e (s i (sPo(s)
Go(s) = Ko /s .F(s)
H(s)
H(s) =Oo(sPi[(s)
= Go(s) [/ {1+Go(s)}
=(2wn. swn 2) |/ ((s.0B. swn2* 2)
wn = SQR( Ko/ T) Natural angular frequency
C o=/ 2 . SQR( Ko. T3 Damping factor
©o ( s H(s) @i (s)
[ 21]
Oi (s)
©o ( s H(s) (2.0on. swn2) -5)1(-s2)
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sN2 (+wh. swnt 2

n

(1,230(=){ SQRRL) bn

¢
( s 1, s 2
sl = s2;
sl = s2¢*
¢
sl =+ i. SQRR Jdn. (-opr2 =
s2 = s1* |
sl.s2 = [/sl/ "2 [s2] "2 =

h(t) =m)(.4k2-i0]f H(s) . er(st) ds
= Res(sl) + Res(s2) (Res(p); Residue at s =
L wn. el @n.t).C.{cods( LR . t ) +
(SQR(M2F/ ¢/ SQRT122)) . si a(("QiNn(.1t ) }

(1)h(0) 7= 2 win

(2) e~f{wn. t)
(3) SQR{ 12 wn
¢

h(twn=se®O.t) . -wb4t)

v




[2-2] Step
@i (s) [ s
[ 23] Ramp
@i (s) [ sn2

B[ L]

{ wn

H(liw) =(i2wnw ®n”""2) "2 +{(20nw ®n"2)

¢ Q Q lQ
Q w wn
Q — { Q Q—
B[L]
Pn[O] =No . (U2m).[ro oo]f /H(w)"2 dw
=No.B[L] (W)
BIL]
B[L] = (121 ).[-0 oo ][ /H(w)"2 dw
= wn/2m J-o o]f /H(Q)"2dQ
=wnl2({+1L % ( )

V(t) =A.cos(wc.t+ 6 n)

0 n 0 n
<6 n()>=0
V(t) =A.cos(0 n). cos(w c.t) +A.sin(6 n).sin(w c.t)
(=)A. cos(w c.t) +A.0 n.sin(w c.t) (/6 n/ << 1)

<6 n(t)~2> = 1/(C/N)

10

(Osl)



(Osl)

A. cos(w c.t) n(t)

n(t) = nc(t). cos(w c.t) + ns(t).sin(w c.t)

N = <n”™2> = <ncN2> = <nsN2>

C=A"2/2

v(t) = {A+nc(t)}.cos(w c.t) + ns(t).sin(w c.t)
=A(t) .cos{w c.t +6 n(t)}

At = SQR{ (A+nc)"2 + ns"2}
0 n =Atan{ ns/ (A+nc)}
(=) ns/A

<O N2> = <ns"2> | AN2

= 1/(2C/N)
1
1
SOIt)N2 =< (0 n(t) 6 n(t+t )"2>
=2 {<0 n(t)"2> R[O I( T )}
R[6 ](t )

RO ](t )= <(@®n() 6 n(t+T ))>

Wiener-Khintchine
P[O] @)=O(w)"2 =[ o o] [ RO ] ). eN-iwT )dt
RIOIT )=@2t) o o] P[O] ). eNiwT )dw

T

S[e](t)"2 Un[ o o] P[O] ®).{1 eMNiwTt)}dw
0 PlO] ( w) PlO] @)
S[B](T)N2 IUn[ o o] [ P[@] ®).{1 cos(wt )}dw
T
S[O]( T )2 a Bt y T2
P[O@] ®) + o2+ L IwIN-3)
Jw IN(-2)
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lwi™N- )
a .Ba (Ba )
1 1
1
Ov
Qi ) Kpe v ®o
SN o a R o Kv/s |_| >
(VCO)
7\
y'y
y| 1/sT
@o=0v + Koo/1ls/(sTPi £ ©0)
©o H( s Ppi + - (HL( s©Ov)
H(s)
/©@0/ ~2 -H@)./Ov /] "2
0 i
6n*2 = a3+ B[L} 9c/ 128/ B[ LU]/"S2QR(2)( = 0. 707

PIO] ©) + M)+ o N-3)
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@n 2= a + 3b/16/8[B]LF"2c/ 12

[6n] = S@R(2) =0(.r0adl.(8)
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