
•

Supplementary Notes

for

PHASELOCK UP TO DATE

by

Dr. Floyd M. Gardner

Part I

Gardner Research Company
1755 University Ave.
Palo Alto, CA 94301

(415) 328-8855

William E. Dumke
509 Hannah Place. NW

Socorro, NM 87801

c/~o



tI (

•

APPENDIX A



ti

~.-

~--+-ADC
..-~

(M I~'(~I~
« d<\·",,- y~

CC"""""t1i.,. -+

Mll",""Of' i
CM tell.s)

N", ":. N~"""b~'f" .~ So..-rle.\
LI;'\ 1:",,-tE'f",,~1 k

~

~

r-- ,.....- I-- ,--

,--- I-- ....-- I--

....-- I-- t--

~ r- f---

I--

.- ~ ~

,---

i--

levt!

Mo_M-.2

I ~
I

lQt~ 1 s.~-1'(e.s. :: N ::.. f Nk

1"0 ço./ (~ I"'" " -:. k-Q
t~ ~ ~ 100\

pt\'\o) - I~~ N k o
,....; -

• N~oo N
À\'\"'o

M~oa



t I

•

•

.<:.

tr. -'.
i~

-:>

" ,...y

'J <-+-
<..J

l'.;."r,..
ti, --.J

;--

d
;-

-i-

u- .~

Cl

-:;:' ./I'
""-J

l".oJx QI

, '"
~ <..+-r-- .",

•
~<;»

. -
ti

I~ ~
",..-

y
~

'-

1-
<:'...

< .>
5

.:( y

--- -j-.-
;:> <~

.... '\)

~ r~
. )

:/]

• \IJ



IJ) , .

•

~o Cr):: ~\. (of) \ l-t(f))'--

oe'

......' = ! ~ 0 C+) H r OL, -f~u" c" :0"'
" ~\,V1 )~J

f u0-; k.(

C'O ~) J. c ...., t-""f ~. (~) \li (d~ d f "",,,- ~(~" ' y'~\OLS'-) ,

a



' i ,



•

•

•

CH.6J'TER 2



•

•

..I
c:o~ f



• RESPONSE PEAKI NG IN SECONO-ORDER LOOP
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•
If interference is not small compared to the signal, then

nonlinear analysis is needed.

If interference is large enough and close enough in frequency,
then the interference can capture the loop. Highly nonlinear

problem.

References:

Britt and palmer, IEEE Trans., AES-3, pp. 123-135, Jan. 1967.
Blanchard, IEEE Trans., AES-10, pp. 686-697, Sept. 1974 .
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FreQuency Discrepancy

Free-running frequency of veo (corresponding to zero control voltage)

never coincides exactly with signal frequency. Locked operation requires

a non-zero control voltage.

CO" t rol Y0 I t. "" ~ e

·vd

l---~F(s)
W·t.

•
If tow = w· - w ,, 0 then Vc =tow/Ko is required for loek.

•
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Statie Phase Error

Contral voltage originates fromphase detector output Vd coming

through the loop filter.

Vc =VdF(O)

Phase detector output arises from phase error: Vd = Kd9 v'

Statie phase error needed to compensate for inevitable frequency offset

Kv = KoKdF:O) is veloci ty-error ~oefficient~ in rad/sec .
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Third-Order PLL

A large wn is needed in a 2nd-order loop to achieve small dynamic lag

in the presence of a large rate of frequency change. But large w isn

incompatible with small noise bandwidth.

Third-order PLL has two integrators in loop filter.

Permits near-zero dynamic lag error together with small noise bandwidth.

~
r:

•. ,-

Second-order PLL suffices for most appl;cations but signal dynam;cs

sometimes require 3rd-order .
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Error Limits

If phase detector has sinusoida1 characteristic (commons but not universal)

then error voltage is Vd = Kd sin ge'

Error voltage increases for increasing phase error, up to ge = 90°.

If ge exceeds 90°, the phase detector cannot generate the eorre

sponding increase of Vd,
Therefore, loek fails for conditions requiring sin ge > 1.

Frequency-tracking limit (hold-in limit)
•

Frequency-rate limit

. _ 2
ów - wn

(But see next page.)

(Second-order PLL)
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Op-Amp Saturation

Foregoing hold-in limit based upon nonlinearity of phase detector.

If Kv is very large, then op amp in active filter saturates

at +V --long before Vd reaches maximum level.-m
Actua1 hold-in range is VmKo rps, rather than the much-larger Kv'
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COMPARISON OF FREQUENCY-ACQUISITION TI MES

t p = Pull-in time (proportional to ~f2 )

t s = Sweep time (proportional to ~f)

t d = Oiscriminator-aided time (proportional to ln ~f)

Curves are for second-order loop with damping factor of 0.707 .
B~ is noise bandwidth.
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, RIPPLE IN SWITCHING PO

K
d

= ?:.. V
TT S

for n an even harmonie=

From Fourier series analysis,
of the input frequAney is

4nK
d

(-1) 1+n/2

n2 - 1 .

amplitude of nth-harmonie

= 0

n

2

4

6

8

for n an odd harmonie

Harmonie Amplitude

8Kd/3
l6Kd/15
24Kd/35
32Kd/63



Cl-13

Sample and Hold Phase Detector

---00-----1

DC output vs. phase has same shape as input signal (when above noise).

Output ripple is negligible.

Sometimes useful for phaseloeking to harmonies.
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Flip-Flop Phase Detectors

The simplest sequential PO is an RS Flip Flop.

5i,9'(\0.1
.... s Q..

veo
R Q....,.

Typical operation:

Q is set true by negative edges of signal.

Q ;s reset by negative edges of veo.

Widely used ;n laboratDry phase meters .

Cl-16
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DIGITAL FRASE DETECTORS

1. Multiply digitized input sample by digitized "vce" sample.

Need not be synchronized.

Take care with aliasing of multiplier products.

2. Use sequential phase detector with U,O, and D states at output.

Count clock cycles in U or D state to determine phase error.

3. Use input edge to sample phase accumulator in "vce".

Yields output phase at instant of input crossing, which

is equivalent to input phase = O.
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Phase Modulation from Frac: ~onal Counter

or Q/m cycles in Q/m refere1ce intervals.

or Q/m + l/N cycles in Q/m :ef erence intervals.

Phase of the N-counte: output advances at a rate of

cycles/ reference interval
N .J.. m/ Q

N

Reference phase advances at a rate of 1 cycle/reference interval

,
The N-counter output ~ dvances l/N cycle mor e than the reference

in Q/m cycles, 50 fo has ê:vanced 1 cycle more than Nfr.

Pulse swallowing remcvss one cycle from N-counter input; in

essence resets N-counter c ~ tp u t phase to starting value, exactly

compensating for excess p ~~se accumulation in Q/m reference cycles.
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MFM RULES

Write transition in center of cell iff data = 1.

Write transition on cell boundary iff present

data = 0 and previous data bit = O.

Provides high density of transitions.
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