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PLLs, and why they are hard to
simulate

A behavioral model for bang-bang
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Applying this model to make PLLSImM
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Modeling the non-ideal behavior
typical of bang-bang PLLs
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Basic Charge Pump PLL
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[0 For bang-bang type PLL’s, parameters such as locking
time, and capture range are not well understood.

[0 The design process relies heavily on simulation.




The Problem With Simulation

Time step simulators such as Matlab
Simulink, and SPICE are typically used

We require tens to hundreds of time slices
to simulate a period of the recovered clock

The recovered clock can be significantly
higher than the reference clock due to the
divider

A PLL typically requires several tens of
thousands of cycles Iin order to achieve lock

= Excessively Long Simulation Times




Modeling a 2"d order Bang-bang

Phased Locked Loop
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We Define:
a)err(t)

Perr (L)

Tx(t)

[l PLL State is characterized by a frequency error and a

phase error

[l We calculate how these change every period of the

reference signal




Ripple on the VCO control voltage
due to UP and DN pulses

e Based on the graph,
T we can calculate the
s ol B N change on phase
UP UP CP
I S . and frequency error
T T — lepTx
DN DN DN C due to an UP or DN
e e ~— . bulse

Aa)(t) = KVCO Icp Tx(t) /C

Ap(t) = Kyco lep R Ty(t) + 0.5 Ty (1) o

Oore (T + Ty (1)) = (1) + ¢ Aa(t)

Perc(t + T, (1)) = o(t) + & Ap(t) + @, (1) Tx(1)
¢ = 1 for an UP pulse, £ = -1 for a DN pulse

T




2"d order Bang-bang PLL Model

We define Ao and 4¢ as:
Ao~ = Kyeo lep Trer / C
A(D = KVCO Icp R Tref + 2 Tref Ao~

Ao(t) = Aw ~ T, (t) / T,
Ap(t) = (4o - Y2 Tis do ) + Y2 Ty (1) Aa(t)

PLL system can be summarised by 40~ and A¢p




2"d order Bang-bang PLL Model

During an UP pulse:

Tx() = 27/ (0(1) + Kyco lep R+ 72 da(1))
During a DN pulse:

Tx(t) = 27/ (o, (1) - Kyeo lep R - Y2 4ax(1))

The third term iIs very small comapared to the
other terms, so can be approximated by Ao
with negligible loss in accuracy.

We have:
Tx(t) = 27/ (o () + S (4e™ / Tep))
=2r/ (a)ref + a)err(t) == é/(A(D‘ / Tref)))




In Summary

Werr (T + Ty (1)) = (1) + ¢ Aa(t)
Perr (T + T, (D) = (1) + JA4p(1) + @p (1) Tx(D)
¢ = 1 for an UP pulse, £ = -1 for a DN pulse

Ao(t) = Ao ~ T, (t) / T,
Ap(t) = (4o - Y2 Ti; Ao ) + Y2 Ty (1) Aa(t)

TX(t) =2x/ (a)ref = a)err(t) == é/(A(D\ / Tref)))

Ao~ = Kyco lep Trer / C
A@ = KVCO Icp R Tref + V2 Tref Ao~




PLLSIm Engine

We have state variables: o,,,, ¢, and t
1) Check our phase error: +ve = DN
pulse, -ve = UP pulse

2) Calculate T,(t), and update t, o, (1),
and ¢, (t) according to our equations

3) Store results (t, o) and (t, @)
4) Goto 1)
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Simulation Configurations

Plot A | Aw | o, | 0,0 | ®,(0)
A 5° 20kHz |500MHz | 20MHz | -90°
B 5° 15KHz | 500MHz | 20MHz | -90°
C 3 20KHz |500MHz | 20MHz | -90°
D 3’ 15KHz | 500MHz | 20MHz | -90°




Performance Comparison

Simulation Simulation | PLLSim | Simulink | Speedup
Configuration Time Time Time

A 20 us 5.9 ms 389 s 6.95e04

B 30 us 8.8 ms 730 s 8.30e04

C 20 us 5.9 ms 403 s 6.83e04

D 30 us 8.7 ms 697 s 8.01e04
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Non ldeal Behavior

Non-linear VCO response
Phase detector deadzone

Phase detector latency

Also handle random reference data
sources
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Data

Clock

Latency In an Alexander PD
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Latency in a 3 times Oversampling PD
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Non ldeal Behavior

Non-linear VCO response
Phase detector deadzone

Phase detector latency

Also handle random reference data
sources
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Summary

Presented a model for bang-bang PLL
behaviour

Showed how this model could be applied to
a simulation program

Demonstrated remarkable speedup times
for simulating bang-bang PLLs

Extended the simulator to handle some
common non-idealities

You can download PLLSIm at
www.itee.uqg.edu.au/—mchan



http://www.itee.uq.edu.au/~mchan
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