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ABSTRACT
" An approk;imé.t"c-'énaly'si'é is made of-'phase—lock loop false | .

.locks as ‘"determined by the gam phase characteristics of
the phase lock loop " Th(_:v so'lut_mns presented enable the
calculation of _thp fa_lf_se-iock frequencies if the open-loop ¢
phasec. characztevrifqtic is known. “ A-simple desigh criterion

is suggostod to perrmt tho design of a loep W1th no stable ' .

"locks ot.hor than the desn‘od lock frequoncy
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" ' : i gener alf)lork dlagram of a phase-lock loup is shown in Fig. 1. The

.
s.
'S

e cqmva}ent diagram generally employcd to analyze this phase-lock loop is
sve =+ shown inFig. 2., Inthis papc " all of the z:erosl (frequencies of the voltage-

Yoo cont1olled o:(;llafoxsfor Whlch the loop will remain m stable lock) of a

[ e pphas(\ loc,k Loop £oF a g1vcn 1nput frequency, fi’ are determined using the

! e e ° ] - :

Fve oloopof Fxg 1. .t Lo ) ©e . ° * '
L ‘ G ed eo e y ..

st gt A npenc Jature of symbols is px csented at the chd of the papor .
» 3 LI .'v :. ‘:. * ... C . . .. . * * * Y

. . ’ .
e’ 13 . ot 0o ® v tet . R . 1 0 0y .
o*ro o oee o ® .

Vet el B s "I ANALYSIS . .

e e e . . ol s o0 .

L e . . »

] . . .
. R .
o ? e LI N Y
i .
Ve . . ]
. (1)

.
q
e . .
. S0 &g 0 : P ..
. e % o o
° N T ¢« . " . .
. . P, o ° AT .
. 3

e :a PR °, A coﬁvement approach to the dctormmatlbn of all of the zcros of a
g phaso~!ock loop is to open the loop at the input to l‘m operatlgnal amplifier
o At and manually sweep the :vo].tag,c controlled oscxllator (VCO), while extimining ,
. oL c. tp’c_omlgug -of_thc pha'_;e dctcctor. This can be casily accomplished in the
: o laboratory bt‘ platin'g a capacitzn' between the phase detector and the opetra-

R S twnal ,mmhfu r. This practice keeps the luopxlosgd fqr ac but open for dec.
I t F1gmn 3 111ust1alc“ jhe method engploycd. .

.

e Tl , For sxmphcxly the phag’e and amiplitude characteridtics of the mixer

AR ahd IF, nmx)hfu‘l‘ are mcludocf in the bandpags filte#, Fl

<t .' . Lo - -~ - ¢ . . * - o * °
L N I, .' “The'phase detectpr of Fig. 175 replaced by a subtractor, followed by,
‘ a*g;';nn of I\o. ,and the VCO is repiaced by 2 integrator of gain K ‘

.. . . . . °

. Figures 4 and 5 ‘show the fr cquency, (ompon(‘nt% of interest at variouy

. p(n'\ts in tlu loop of Fig. 3.+ In construction of Fig. 4 and 5, it has been

. .
. - . o

¢ o
l‘l‘his is probably the same phenomenon described by R, Leek, «'Phase- Lock
AELCo Loop,” Fleetronic and Radio Engincer (Great'Britain) (April 1957).
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c
assumed that only first-order sidebands arce of importance, i.c., that the

VCO modulation index is small. This is usually a good approximation for

values®of the beat frcqucnay larger than the loop bandwidth.

b ©
For the s1tuat10n deplcted in Fig. 4, it is evident that
[ ]
.. L .
' * ¢ " ?)1 +.&Z:Q2 . (1
The lower sideband phase (¢LSB) is 'givcr} by - ., .t -. ’ | .
. . Opsp T Y- SytmE e b U (2)
. . * * | . * ) (L] * ... . *
IhU.Sy . hd ¢ . . .. :. . .. .
¢L'SB 5" e‘>3 Fows 61-~ &, =7 ot " . 3) .°
. . . . . . .. . . . H g'. ° . Y
and . . : . . . . ..,.-.-. . .
. Vodc =P cos ¢y cpn B cos ((;)2- g T+ b - ?2 ﬁc‘:os (7 - al) .(4)

\vhm ¢ pis a composite amplitude funcfion rcbultmq ‘n‘om the t\vo pha’sc

functions 02 - 95 and Ul - UZ" as well as from the changmg sideband amplitude

resultingJrom the VGO input varyihg m amplitude and frequenc$. It has.been
umvd that the phase detectoreis characterized by, | | ) Tea- L
.. Y . . ‘ .. .. .
.. "V = Acos A K . .
v O
. . dc ., . . . . .
. '° . . » . M . . °
. . » .- ®

wliere & is the signal input amplitude and A¢ is the phase dlffCl ence between

the signal end reference.  Higher orvder s1dobn'1ds arc of httle Conccrn since
N “

o )
° . . °
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the carrfer phase whef the VCo modulatlon index is small

A similar analysis for the uppe: sideband (q)USB\ case dep1ctcd in

Fig. 5 yields

¥

. ® they ncither correlate to piduce a \LOd contribution no1 apprec1ably affect

. . :
. ! o053 - 9 * 057 8 = g I (5)
LI - . . N . > °
Thus ': ) * . . .. . .. . .
o Vodc =.B cos ¢U.SB. = [_’;::os (<p3 - ¢, % 6; Z 623 =B co.s %, (6)
. o o oL L .
- Eq\:aftions {4) .nnd (6) rcproqenl the prim'ipal results of this paper. To

illus®ate their ut‘!hty,typk al g and a curves f01 a phasc-lock loop are shown ’

in Fig. 6(a) and 6(b), and the resulting Vod

curve is shown 1nF1g 6(c).

Fro,m

Fig. 6(c), it is,seen that zeros occur &t all frequenmeq for witich the Poop

‘phasc shift e is equal to n/2, 3w/2, 5%/2, Tn/2, and 9n/2.

aluv nately stable and unstable, beginning with an unstable zero at w/2.

The zeros ar

¢

Cl( ‘arly. if the phase shift wege not bounded, © ad would be the case for a
truc transportation lag. there would be an infinity of zeros o.ccurring at .
(M- 1) =/2. 12, 5., Again, these zeros would be alternately stakle
« and ungtable. beginning with an unstible zerp at w/2.
. ¢ e
' Fquations (4) and (5) also give insight into the effect of loop bandwidth )
* proble m. Cummon!\, loo® bandwidth is chang,cd by chan"mg G(s).

on the ¢

The Gis) fdne lmn is usuzally of the lead-lag type.

icreased,
L ]

L,h‘

.

3
‘";l ohe G.

Truxal,

L4

Thus,

as the bandwidth.is

o

Hill Bouk Company.
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. New Yox k,

2 Mo idealized tra uumt tion lap plob‘ﬂ m has beer® solvcd by Jean A. Dcvclct,
Hhe Im] en e ul Time D(l Y On Sé pnd-Order-Phase Lock Loop Acquisition
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Scction 9.8, pp. 546-553.

Lo

L
G(s) transmission is increased (assuming constant damping),
. v

_.-\uh.)m;«lic Fecedback Control System Synthesis (McGraw-
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with a resulting increase in f at any given frequency. The net result is a
slight shift in the zeros and an increase in the magnitude of the false peaks.
Hence, the wider the loop bandwidth, the greater the stress necessaty to
ride over the false peaks.  This leads one to the conclusion that perhaps a
more optimum G(s) function [ ¢.g.. another pole in the G{s) function] might

be employed to reduce the cffect.

° -]
(]
8 ’ I11.. CONCLUSIONS
] . : [ ] . ) °
] [ ] [ J

o A solution for all the geros of a phasc-lock loop h?s been presented.
. Fhe sSlution permits the prediction of the location of these zeros if knowledge
. [
ol the open-loop characteristics is obtainable,® The solutions are generally

+ applicable to any phasc-lock loop of the type sho\vn.inol"ig. S s °
. ®

«
. The solutions obtained suggest @ simple design criterion to avoid the
falsc-lock problem. It is necessary merely to keep”the Yalue of ¢ less than
+7/2 within the allowable” range of VCO frequencics. If this is not feasible,

»

-
it is necessary to compute the g and e functions to properly set the mapnitude

of the stress necessary to override the false peaks. .
Y * . -*
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NOMENCLATURE

Input frequency to phase-lock loop
Local oscillator freguency
4] .
Beat frequency appearing at phase detector output

VCO carrier frequency
. .

a, for fb- f4>i2

¢12forfl—f4<fZ °

Sideband amplitude function

Phase of f_l att - o

Phasse shift at the VCO lower sideband frequency through

mixer, 1F, filler and phase detector

Phase shift at the VCO carrier frequency through the mixer,
JF; filter and phase detector . .

° *
Phase C.luft -at the VCO upper 51d(b:md freque ncy through the

mixcr. IF. filter and phase (lc‘tul(n °

*Phasc of fj att = o ) ° *
Phase of f3 at input of G(s) att=o0 *
;Ph.aso of t'S at output of _C_E‘(s) att = o _
Low:-r sideband phase shift (f’i -- .f4°> fz) " ’ T

Upper sideband phasce shift (fl - f4 < fz)

~

- © o o

(&

]
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