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RESPONSE PEAKING IN SECOND-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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1y

Frequency Discrepancy

Free-running frequency of VCO (corresponding to zero control valtage)
never coincides exactly with signal frequency. Locked operation requires

a non-zero control voltage.

Contrs]| Voit«ae

If Aw = wi = Wy then VC = Am/Ko is required for lock.
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Static Phase Error

Control voltage originates from phase detector output Vd coming
through the loop filter.
Vc = VdF(O)

Phase detector output arises from phase error: Vd = Kdgv'

Static phase error needed to compensate for inevitable frequency offset

Qv = Am/KoKdF(O)

l ‘

KV = KoKdF'O) is velocity;error coefficient, in rad/sec.




B1-8

Dynamic tag (/"4‘ ¢l \L‘i v b"‘)
Suppose signal frequency is changing lirearly at constant rate a.
vCo frequency must do the same if tracking is ts be held. |
VCO contro vo'[tage must be a ramp with slape &/K, V/sec. |
: Ramp-‘ls generatect by app‘[y‘l ng a constant emr valtage ¥ 4= Kdg voits
to mtegrator of ‘loop fﬂter. L o
Integrator output is Vc = Kdéatltl = étjxo (rT' {s integrator time Icnnsltant)? '

whereby the dynamic Tag-, of a. 2nd-order PLL, due to a frequency ramp 4 is

8 = dry/RKy = &l \._(_nd}
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Third-Order PLL

A large 0y is needed in a 2nd-order lcop to achieve small dynamic lag
in the presence of a large rate of frequency change. But large @ is
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.

j v Wt@’*“ \

F}equency

Ram?

+ Nouise

Vc = Famp

Second-order PLL suffices for most applications but signal dynamics

sometimes require 3rd-order.
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Error Limits

If phase detector has sinusoidal characteristic (common, but not universal)
then error voltage is Vd = Kd sin Ge.

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

If Qe exceeds 900, the phase detector cannot generate the corre-

sponding increase of Vd‘

Therefore, lock fails for conditions requiring sin Qe > 1.

Frequency-tracking limit (hold-in limjt)

Buy, = K (But see next page.)

v

Frequency-rate 1imit

A = w (Second-order PLL)
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Op-Amp Saturation

Foregoing hold-in limit based upon noniinearity of phase detector.
If Kv is very large, then op amp in active filter saturates
at £V --long before V, reaches maximum level.

Actual hold-in range is VK, rps, rather than the much-larger K .
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COMPARISON OF FREQUEWCY-ACQUISITION TIMES

tp = Pull-in time (proportional to Afz)

t, = Sweep time (proportional to Af)

td = Discriminator-aided time (proportional to 1n af)
Curves are for second-order loop with damping factor of 0.707.
BN is noise bandwidth.
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’ RIPPLE IN SWITCHING PD

| N
4's.

From Fourier series analysis, amplitude of nth-harmonic

of the input frequency is
Y+n/2
! 4nKy(-1) ‘ for n an even harmonic

n2 -1

=0 for n an odd harmonic

n Harmonic Amplitude

8Kd/3

16Kd/15
24K 4/35
32Kd/63

o o N




C1-13

Sample and Hold Phase Detector

Sqmpll ng
Pulse
-

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

Output ripple is negligible.

Sometimes useful for phaselocking to harmonics.



Flip-Flop Phase Detectors

The simplest sequential PD is an RS Flip Flop.

SLSna]

Veo

N/

Typical operation:
Q is set true by negative edges of signal.

Q is reset by negative edges of VCO.

Widely used in laboratory phase meters.

C1-16
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@

DIGITAL PHASE DETECTORS

1.

Multiply digitized imput sample by digitized 'VCO" sample.
Need not be synchronized.

Take care with aliasing of multiplier products.

Use sequential phase detector with U,0, and D states at output.

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

Use input edge to sample phase accumulator in '"VCO".
Yields output phase at instant of input crossing, which

is equivalent to input phase = (.
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Phase Modulation from Frac=‘onal Counter

Reference phase advancas at a rate of 1 cycle/reference interval
or Q/m cycles in Q/m referznce intervals.
Phase of the N-counter output advances at a rate of

fo ) N + m/Q

Nfr N

cycles/ reference interval

or Q/m + 1/N cycles in Q/m -eference intervals.
The N-counter output :zdvances 1/N cycle more than the reference

in Q/m cycles, so fo has zzvanced 1 cycle more than Nfr.

Pulse swallowing remcves one cycle from N-counter input; in
essence resets N-counter c-tput phase to starting value, exactly

compensating for excess prise accumulation in Q/m reference cycles.
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