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Bang-Bang Loop Analysis
A-zamplified version of the clock recovary phase-tocked loop of the G-link chipset

1& shawr In Fig 1. Only the transition sampling latch is shown, and the input =
assumad 10 be @ square wave at the same frequency as the VLD

The: VLD is contralled through a laop filter that consists of the sum of an integral
sipnal and a progortional sigral. Barause the phase detector 15 quantized, the VCO
frequency switchas betwaen two discrete frequencies, causing the VCO to ramp
up and dowr 0 phase, themaby tracking the incoming signal phase.

IF thi loop is properly designed, the system can be considered 1o be compased of
wa noninteracting loops, These are the paths labelad praportional branch and
integral branch in Fig. 1, The first lnop includas the connection of the phase datec-
tor 10 the VGO input through & proporbonal attanuator, while the sacond loog
drrves the VEO through an integrator,

The praportional signal wnas the YOO, causing the output of the phasa detector fo
switch rapidly between 15 and 0s at a fairly high frequency, Other than the do
companent, the bulk of the phase detector output signal spectrum falls outside the
affactivs passhand of the integrator branch of the loop. Thus the mtegrator branch
Gparatas on just the dc componant of the phase detector output. Its jab is ta servo
the center frequency of tha VGO so that the two discrate VOO frequancies pro-
qrammed iy the propartional input will ahways bracket the fraquancy of ihe in-
coming data signal. This frequency adjustment occurs so slowdy that it does not
materialty atfect the operation of the high-frequency bang-barg portion of the
leap

Proportional Branch

Ta simglify the analys:s of the first branch of the lopp in Fig. 1, the integrator
output cen be replaced with 8 constant reference voltage o the prapartional twaing
irgut will cause the VO to bracket the incoming frequency. Tha VO wall then run
a1 two discrete fregquencies: at a frequency shightly highar than the incoming data,
thereby advancing the phase, o at a lower frequancy, tharelty retarding the phase:

If the: ineoming frequency is midway between these two discrete frequencies, the
oo will switch betwaen the twa frequencies with approximataly a 50% duty
cycle, if the incoming frequency is skightly higher than the nominal VGO centar
frequency, the duty cycle will shift sich that the loop will spend & higher parcent-
age of time at the high frequency than at the low frequancy. In ganaral, it can be
shown that the duty cycle presant at the output of the phasa detector is progod-
tianal to the difference in frequency between the incoming signal and the nomenal
WOU center fraquency.

Integral Branch

The second branch of the loog containg the integrator, Because the integrator
effectively filters out the oscillatary portion of the phase detectar outgut and oaly
reacts to the average value of the phase datector output stream, the proportianal
branch of tha koap can be ignared hera by replacing the phase detecter with a
wirtual freguency detector. The intagrator extracts tha do companant and theneby

Fig. 1. Simplified version of the phasa-locked loop. For analysis, the loon can be considersd o
combination of two noninteracting loops: & proportional branch and an integrad beanch
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Fig. 2. Coniriations 1o VED phasa changes Stability factas is the lineat gewse changs dnides
by the quadratic phase changs in i same fims

tunes the cantar frequancy of the WCO so that it i always equal to the incoming
data rate.

In a comventtional linear phase-locked loop, the leop ear sigral is progorional to
phase ermor but is used 1o control the YCO fraquency. This mtraduces an intexration
in the |loop transfer function. This ntegration, in conpunction with the loop filar,
creates a sacond-arder feedback Iop. Such laops can exhibit an underdamped
respanse to changes in input phase, leatng to &n undasirabie axponential ouildup
of jither in systams with lang cascats of repeatars.

In the G-link phase-locked loog, the phase-detector do component is proportional
ta frequency rather than phase. Because the the frequancy of the VIO is con-
trolled by & frequency emor signal rather than a phase emor signal, no axtra in-
tagration apears in the loap transfer function, This maans that no jitter bisldup
resallts from the action of the intagral branch of the loop. The jiter statistes
simply dominated try the hunting behavier af the hagh-freguency propartional
braneh of the lnap,

Loop Stability

To reach a gualitative understanding of the Inop hehavipr, the two branchas of the
|oop were assumed to be noninteracting, For this assumption to be valid. cartain
canditions must be met,

It is imiportant that the loop ba sat up so that, betwean phase samples, the action
of tha proportional branch of the loop dominates over the action of the integral
branch. This can be werifiad by creating a siep change from the phase detector
arel tracking its effact on both halves of the loop. Fig, 2 shows the contributions to
the YCO phase changa. In the proportional path, the WCO is programmed to make
a small step change in frequency, which causes 3 lingar ramp i the phasa erroc. In
the integral path, the integrator programs a linear ramp in VCO frequency, which
CAUSEs @ quadratic walk-off in the VGO phase.

The ratio of these efects at the end ol o frame update time gives a figure of
mesit for the loop design, Tha phase changs fram the proportianel branch of the
lopg must be greater than or equal to the phase change from the integral branch
ot the loog for the systam to be stable. In the G-lmk design, this stability ratio is
designed 1o be always greater than 10
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