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(Pull-in Characteristics of Delay Switching
Phase-Locked Loop)
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Abstract

A delay switching PLL (DSPLL) is proposed for | improvement of the frequency acquisition
performance (pull-in range) while keeping a narrow bandwidth LPF. It has, between the phase
detector and the LPF, just a simple RC delay circuit, a switch and another phase detector controlling
the switching time.

For the common second order PLL, the pull-in capability of the DSPLL is analyzed approximately,

without comsidering additive white noise effect, and verified experimentally. It is shown that the

delay switching extends the pull-in range significantly, as much as a half of lock-range. At the .

phase tracking mode, the delay switching does not function, to make the DSPLL be a normal PLL.
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Fig. 12. Experimental circuit of DS PLL.

Trr +AK
Lomlog[— ) (24)
= normalized from o &
Trs/71~=log[1/(1+2rs.—2r,)] (25)

s e 2422 Hekh o 4elA re=08 AP
3. graph & z8ldd 29 113 2eh o] =¥ 1104
normalized initial detuning r; &) =7}e] w2 norm-
alized freq. pull-in time(T,;/7,)¢] H3EF w22
2 & 4 9l mY low pass filter & A 4=(r)o]
Zvbd rpe = o9 A 5l == DSPLL ¢ pull-in time
& 29 115k 2450 2 Aeleh

4. AEYH ¥ Ao

3] o8 7}x] PLL o] EHe| wiz} monolithic chip
2.2 IC3 e} s x gek 2 dgeA= XP-
215%¢] VCO E o] £33 PD % LPF = B4 ¥
=2 w8 19 129} 7] DSPLL-E TF4isklcl.
VCO W -8 90° shift X]7]7] 2]s] 2 bit Gray Code
counter 5 ¢] &34k PD = EX-OR gate & AF&3}
3. delay switching, LPF, VCO &£ isolate A] 7] & OP
At Aol e E shgoh delay
= FET switch & A}435tg e}l =3F pull-
in range 4% $15te] VCO ot & 4L 73
sweep egnerator 5 ulE¢] o pull-in time &% -2 ¢|
5}¢] lock indicator ramp generator ¥ 7)E} interface
325 ek

AP Azt 29 13,149 2o, A" A 2R 1,2
0.5 57 A3 a9 2L vhgat zko] Tl ok

4
= AK Tpcz

amp =

switching o]

31

=
=

rlo

2
Td 2 —rp— —AK Ty
ol AgA4 (31), (32)2 FH Y FE AT +
(1823
29 13614 e >1072018 rp b

(32)

2= e AL

P

&
° N
3
=
H
3 -
3 "o,
H
5
B .
F] AE=2,513x13a"
i ’

= .51
° B
A ' .
T 1 JUE Y

delay time T sec,]

18] 13. DSPLL ¢ pull-in range

Fig. 13. Pull-in range of DS PLL,

~
o '
oo
*

z 3 |

N e ho

a [ + ,’: 2
X a =

NN

I il I [ i

& = S N g

5 S B A

o

3

2

v

3

ks

8

H

A

Ak =D %0

=6 ~45 =4 ~3 -2 -t o .F .2 .3 4 .5 .6
normelizad inltial detuning rv

38 14, 75 WA pull-in time ¢ W§ 3}
Fig. 14. Pull-in time of DS PLL.

switching g3} Cy 7} M 2% LPF & T4 3517 ol &
o] ¢},

B =R AL d]doe] Lo]3F triangular functiong-
721 PDeol wls) 4wt 2y stg ey =& PD function
of delds =g 33 o] ykF7] Fok delay A4
4ul vl PDE#E Y DCAYRE 7 A" F gl
=2 pullin 48 A4 4+ gL Aot}



19784 107 BT ILEEHE Hisk $55%

5 8 &

pull-in §4-& AA5k7] st 7] PLL ¢ PD st
LPF A}o]o] delay switching 3] 2.8  Fqlglw 90°
shift A]71 PDE8 o2 delay time-& (0 E& g 3
switching A| gl v}, o2 4] wk-Eel2l DSPLL .S wy 7}
Z wel= AFC loop 2 243l wy B 2AA7H wa
7} Zekxlwl APC loop 2 #F43be] VCO B {18 Fat4
o] phase lock A%t} delay time 7,3 23 =34
F}e pull-in range & LPF ¢ o] § Zo alA o] lock
range?] % oldeg ¥d 4+ glon pullin time X
=7 ARt lock 8 Fol & 71E PLL 3} 54844
& 2gtel, o -

Citta® 4 Hiroshige 9] %42 pull-in range & lock
rang 7bx] B2 4 gl o1} DSPLL.e lock range ]
(F+7pc)W 74x] 7} gEAl o], el DSPLL o] 3}
Zbeldl pull-in time & wh=v}l, = Citta ¢ ¥}y].&
g F7] el 90° % 270°¢ 4 lockg 4 glemz
phase lock o] EF5 7} & 4 9= sl gl
DSP LL ¢ o]45}w pull-in range & Y37 = Sl
3] AHEE = X-TAL VOO & A E+E ot} gk 4
monolithic VCO & x| & 4 9] v}

B2EXR

1. A.B. Grebene, “The monolithic phase-locked
loop a versatile building block”, IEEE Spect-
urm, p. 38~49, MAR. 1971.

2. W.C Lindsey, “Synchronization systems in

communication and control”, p. 447 ~ 481,
Prentice hall, INC., 1972,

. A.T. Anderson, D.E. Sanders, and R.S. Gordy,

“Dual bandvidth loop speeds phaselock”,
Electronics, p. 116~117, Jan. 9, 1975.

. D. Richman, “The DC quadricorrelator: a two

mode synchronization system”, Proc. IRE, p.
288~299, Jan. 1954,

. A. Acampora and A, Newton, “Use of phane

subraction to extend therange of a phase-loc-
ked demodulator”, RCA Review, p. 576~599,
Dec. 1966.

. K. Hiroshige, “A simple technique for

improving the pullin capacility of phase-locked
loops”, 1IEEE Trans., SET-1I, p. 40~46, 1965,

. JLP. McGeehan, “Technique for improving

the pull-in cha racteristics of phase locked
loops”, PROC, IEE, vol. 123, No. 8, p. 761~
764, 1976.

. Data sheet of XR-215, Monolithicphasa-locked

loop, Exar integrated systems, Inc.(U.SA.)
Apr. 1975.

‘. R. Citta, “Frequency and phase lock loop”,

IEEE vol. CE-23, No. 3, P. 358~365, Aug.
1977. -

— 18—



