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Consder o Type I PLL:

Kq

,'Ql

LN

Classica| Lead- Las nedwor K

Loop Type ' Number of
ideal ntegrators (n
+he open- loop gamn
transfer function T[]

N

Standard Sexvo - Sysiemn Némenclq-(-u\“e'-

Wn = Kd Kv
N 7,

T’- _12. Nn,’rg

Natvral Fre ?ue ney

Damp \'ns Factor

M= R.C
Ta= R'a, C

Time Gonstants

Vd
— v e.
7N
91, 62. mr"iql PhC\SCS
Phaser Conccp+
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Time-Doman  Analgis  (Notse- Free Type L) L[2]
[he VCQO acts as an ideal phase ‘indegrator:
%
Toda| output phase 6 = w.,t + f Kv V. dt We= VCO
s Center -crei.
+ 6,
Assume N=|

Kyz VCo Sensihvidy
Rad/sec /vo i+

Mulhelymq wmpots Fogether and neglecting
high -Frezsyency rms,
; = Kg Sin (6 - &)

<
Kq S(n[ (w{_"Wc)‘t =640 —vaVc dt¢ -l RV t
K4 Stn ¢

6,

1]
"

fotal mput phase

v

+ 0 (offset)

where

ﬂ = &~ 6,
Leod- Lag Fuiden

Straight forward 10 Show +hat

N 2 Y """a\./A



Takwng addvhonal devivatiwes

g = 6:-6 = w - we - Kk %
g = - K Ve = “&[Vdf’rg\;‘l]
T
Vi = Kicosg g
z=—_‘s¥[&<dscn¢ +’T'eKAC°5¢¢]
T
Hence

da¢ + Kikw T2 Cosg dg + Kk sim ¢ =0 {Case of (nihal }
ar dt g phose € 'Prez. offse+



Loop Bwalysis

Tdeal Contwuvovs Type T PLL (with lineoar approximation )

K4
e;
atira i
4 |

v
™M

Vy = Ky g = Kd(ei'-%o) = K¢{Gf. -
= Ky [ e, -
Vd s Ka B¢
| + Ka Ky 1372
N7, s?
OR  F(s)= s* 6:(s) _ S 6:(5)
ST + KK %S + Kike ST+ 2{weS + W3
NN N7,



I m portent Sy nthesizer Speci fi cations

*  Bandwidth
. Channel Spqc.'w\s

. Phase Noise

Spurs

Sw .t-tc\-\\'n.s Speed

Power Consumption

Pes+- T\m\hﬁ Drit+

EM I



Type I PLL Bq,ndw;d'H-. Relationships  [i]

o-db

3 db

Phase

open- [pop BW

Chsed- /oop Bw

Marain

Y2

Wae = Wn [232 +V 437+ ]

1)

S Y2
2 ? R
+
W wn[(+2? + v (23%4)) I]

@y = +QJ'X 2up 1

Wn

Ve
wWhere w, = uu.,[?.‘(z NI ]
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From ‘
“Noise Properly Ava\ysis _
En\\cmces PL L DQ Sfan 3" ) / 30dB/DECADE

Ll )

Larey Martin
EDN Sept b, (98I

200B/DECADE

I
!
{ PHASE NOISE
!
!

]
40(1‘BIDECADE|

OPEN.-
Loop
GAIN
(dB)

i
| {
| )
| |
) |
! | LOOPGAIN

LOG(t
| 0 i)

(®) f, 1 rg& —>

i A

L(t) \/ OPEN-LOOPNOISE

IMPROVEMENT

CLOSED-LOOP NOISE

LOG(h)

—

{b) IR

Fig 6—These Bode plots of open-loop phase noise and
gain (a) and closed-loop VCO noise (b) show the reduction
of oscillator phase noise inside the loop bandwidth by the
available loop gain at any offset frequency.




From :
"Noise Proper-b Analysis
Evhances PLL Desfshs"
Larry Mordin
EDN Sept. 14, 1981

NOISE DATA
L(tm)
OFFSET -
FREQUENCY vCO REFERENCE DIVIDER.
{Hz) {(dBc) {dB¢) (dBc)
10 22 87 - 99
100 52 92 115
1000 82 97 124
10,000 112 102 127
100,000 1;2 10? 1_47

&7 =30 NV Hz
Kp = [0.4/(2n))VIRAD
N =240

1
N [
\ LOOP GAIN
60 60 40
\( VCO NOISE \
70 70 30
\ \ _
8o N 80 202
. _ 2
£ REF £ RENCE \ Lilm) \ 3
; NOISE
% \< . % \ \ 50
T — T —
\A opgn.h\k
100 100 |—BEEERENCE NOISE 0
: CLOSED-LOOP
DIVIDER NOISE , nesrsgégge
‘ v NOISE \
110 \ ‘\ 110 \
10 100 1000 10,000 " 100,000 10 1000 10,000 100,000
@ OFFSET FREQUENCY (Hz) © OFFSET FREQUENCY (Hz)
50 T
CLOSED-LOOP '
REFERENCE NOISE
- TOTAL CLOSED-LOOP
60 0 90 g‘; -1 - << NOISE (REFERENCE —
2 AND VCO ONLY)
OPEN-LOOP V><§ !
VCO NOISE
70 30 100 L
Lt \
"o CLOSED-LOUP VCONOISE N\
80 A % - CLOSED-LOOP __
£L(tm) LOOP %? REFERENCE NOISE
' GAIN N = -
90 0z 10 700 7000 10,000 100,000
/‘x S 4 OFFSET FREQUENCY (H2)
. .
100 08
. ( 9 — - —
CLOSED-LOOP
VCO NOISE N
10 .
L \ 80
\  TOTAL PLL NOISE
10 100 1060 10,000 100,000 go - —’ -
OFFSET FREQUENCY (H2)
{b) £(1) VCO ANL .
100 \ﬁrEFERENCE Nonslp .
c o PHASE-DETECTOR ”_A‘
Fig 9—=These curves liiustrate the noise characteristics of the 110 NOISE FLOOR, 17 N
individual components in Fig 8 as well as the resulting total noise. . -
(a) shows VCO, divider and frequency-reference phase noise; (b}, . :
loop gain and VCO noise; (c), loop gain and reference noise; (d), .
total closed-loop noise due to the reference and VCO noise; (e), 10 100 10,000 100,000

total PLL noise.

()

1000
OFFSET FREQUENCY (Hz)




Table 4.1 Transient Phase Error 6f Second-Order Loop, 6,(t) (in rad) (high loop gain; K,Ky> >w,)

Phase Step (Af rad)

Frequency Step (Aw rad/sec)

Frequency Ramp (A® rad/sec?)

(<1

{>1

Aa(cos V1-¢2 @t

———I——sin V1=t t)e““’n’
Vi-¢? ’

A1 —w,t)e "

A8(cosh V21 w,r

- —%—sinh\/{z——l w,,t)e““’"’

A_(ai _._l___ i —¢2 — St
wn(\/l—:_?i sin\/1-¢ w,,t)e
Aw

Aw 1 . —tet
—‘:’:-(——\/—P_?smhvg‘z-—l w,,t)e $ean

é%-—%(cos\/l—!;z wpt

Wn

+—3  nV/ic $? w,,t)e"“""'

Vi-¢2

A8 _ 58 14 upyemen

w’l w”

é—‘;—%(cosh VEi-1 w,t

w’l w’l

+—————f—sinh V-1 w,,t)e“""'"
V-1

Steady-state error =0

Aw
Steady-state error = —~
y K

(not included above)

Aot | Aw
AW LAY
K,

(Aét / K, not included above)

Steady state error=

Gardner

From
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Figure 4.1 Phase error 6,(r) due to a step in phase A8. From Ref. 1 by permission of L. A.
Hoffman.
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Figure 42 Transient phase error ,(7) due to a step in frequency Aw. (Steady-state velocity
error, Aw/ K, neglected.) From Ref. 1 by permission of L. A. Hoffman.
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Phase Noise. Transfee Functions

Tdeal Type IL, T PLL

Leep Type Qv.cder _VCo
T N 6,(s) ovEs) Y
l+ SAVN 4+ S AN
2
T 6o(s) N ( 1+ 25% /i) Ovis) &un)
| +2%55 +<_s,)2 [+ 2¢5S f}.)*
WN Wiy WN Wy



TInternal Loop Transpor+t De.\qy

2 g "S'Yd
Open- loop Gan Funchion G (s) = w, (1+ az /Wn) e
S
| )
De[oy Term
2
Excellent ¥ Ordec Approx G (3) = w, (1+ 2% S/wn ) !
s* [+ ST

Cage: Step Change n F’rejucmy

No closed- foreen Soluthon possible for exact Type I cose.

Se [vhon -?or exoct Type I Joop w th dt,lay %

£ =N
v n n+
e (&) maf [ 4+ Z bu) G=nt) ule n’Y)]

Tine C[Lli\y is always detrimental 4o achevoble .S‘u:n'\'d'\\'nj
Speed and Phase nNo(Se.
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Oscillater  Phase Noise Models

Lee.Son 3]

SO B[ (& )

Ha gggi

Sg(—Fm) = = J
T Be [ + (.g_’g..ﬂ)z

Be
2
Bcz a FKT Q-FO)
[ P Q

F noise factor
T Abso(vte Temp
£ Cen ter F're.;\/e_ncy
Q Lloaded Q
P Power out
( E'bu(va fent Mode(S)
L

Offset -ﬁ—-ejue ney



Spectral Relohonships L Wide - Sense S'k:";ovxar,)’ Processes C+]

il —-jw?
Sy (w) = j R, (r) e d7
A wW. K. Theecrem
R \ o0 J w?
(m = .LJ (w)e dw
GRS

Vaciance of A\ru‘oﬂc Frcguency Dcpo.v'\“\ﬂ‘eo

o-"[ <,o.s'>“] - g, {R,,Co) - R¢<'r)]

o0

= _'_]__g;r?_fsﬁtw) Sin® () dw

-00

Vav'\o.nce of Phose
2L () | = Rgeo) = _L [ Sy(w) dw
SR

Voriance of Accumuloted Phase
cra[ A, ¢) = 2{ R, (o) - R,('r)]



Why Sampled Phase- Locked Loops ?

* Any PLL which includes a dwide-by-M 1h +he feedback
Path s fyndamentally a Sampled System.

o« Exclusion of Sampled aspects n /cmge. bandwid+th PLLS
resuvlts (n cConsiderable €rror

e Sampled PLL's are Ccopable of fasier swuching
Speed per unit  Joop - bandwidth +han any Con+tinyeus
PLL ot +he Same <ype, ’
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Sampled PLL Mode|

®
S(t) = £ ¥t-nT)
n =o

Kp
.
REFERENCE £"(S) o LOOP
6 15— Z > D‘ HOLD FILTER [ V€O Gy ls)
_ IMPULSE w ~ J Y —~ J
SAMPLER H(S) G (S)

N

Figure 4. The general Sampled phase-~locked loop employs an ideal
impulse Samyler which must be followed by some form of '‘hold'’
device, H(S [5]

331184~4
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éom?‘ed P\._._\__. Anu\yS\Si Evvrar RQSPOhSE'. [s]

N *
E (s) = [ B () - e.,(s)]
N

= [ 6rl8) — _E%s) G(s) H(s) ]

N

= OR() _ _E%s) %) W)
N

O'R ()
I + G*es)  H*)
N
2 e& (S"J hws)

n= -oo

£ ¢s)

)
-

[+ _L 27 G(stjnws) H(stynwy)
NT n:-o



Samepled PLL  Anaysis :  Z- Transforms [s]
Type T

Go(z) = _K . K= &a_g&“r (Tdeal Loop )
2~

Ka Ky

&(nT) = _Z_'Lf__éi[| - (\-K)n] Radians

Gan V\cu-g(n = - 2o /o(}(‘ll‘ (}_’y_) ; Wy = KdKy
We

For K=|, Gain M&rgﬁx = 6db

( Exclusion of high order Components ré aliasing
would predict gatn  margin 13.1 db )



Sampled PLL Avalysis [s]

Type A
GQL(-Z'):‘" Ke KT g [T/?--Fq'a.- 2 + (T/Z -’l’:.]}
N 1 (2-0)°
| N on
O (rT ) = 2w ol T Ya-h]
| a-b -
a, b = =—Ax/A-4p
2
A= 2 - K ThiT
T
B= 1 + kv Wa-T
T
K KXakv 7T
N
GC\\;\ MO«\"S.(“ = “ 20 /03[277'; Ly ] (,ui,: Kg Kv
Ws N7

= 2.5 db  for Speed- ophimized PLL



Soampled PLL Anaysis

&)
Type I with Internal Time Deloy
e
Go(2) = wy (at + bz +C)
(z-1)°
3 2
Ge(z)= 0DOZ+ (2re¥T-n8) 2
2’ +2°Caw, -2) + Z((+bwy )+wnC
«
Wn = Kdky
N
20 - Phase error sip, Rad
af - ‘;v—egucnty Siep, H2
s \ - %duy/T
2
a = QMT'> + mT T2
(4
2 2
b = I (2m'2m +—|) -2mnT +nR5 7T
Fd

¢ = T (m) + B n-)T
2



_Sowmpled PLLs: Phase Mpise (onsidesations

Ls]

©
‘ 5{t) = L ¥t-nT)
n =p

REFERENCE
6, ()

By 19)

AEFERENCE
PHASE NOISE

VCO NOISE
8, (s)

+

£* (s)
G (S}
IMPULSE LOOP FILTER
SAMPLER f-de
vco
N

+

8y 1s)

DIVIDER PHASE NOISE FLOOR

8o 18)




Phase Noise {s)

Re{erence noise effect vpen the ovtput phase noise -

¥
0.(9) = Sy (s) G (s)
I + gXs)

Ref- N

Dwider noise effect upon +he output phase noise :

Q, () = gf (sd  G(s)
Div /! + _Q(E.)
N

VCo hoise effect ypon the outpot phase nolse Spectrum:

6o(5) / = () + | evs) 6 = &y(s) G(sm
Vco I+ G%s) No +

N

;U\J Qv(S)
r+ G%¢s)

ihecessar ly
o



Swnplified  Phase  Noise : (Type T Loop Only, Tdeal ) [s]

Refer c.rnce  Noise

Se(w) - 16 KN sin (wT/2)
Sgn (W) (Wt (k*+2-2K + 2(k-1)cos (wT) )
4-

» |
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