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DIFFERENTIAL PHASE TRACKING CIRCUIT
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

This invention relates to improvements in dynamic information

storage or retrieval systems and methods, and more particularly to
improvements in such systems and methods for the storage or
retrieval of arbitrarily variable information which is retained in
a storage medium by variation of a optical characteristic thereof
by sensing a variation of a physical characteristic of the storage
medium by a transducer having relative motion along a continuous
path, and still more particularly to improvements in such systems
and methods involving optical servo systems for controlling the
tracking of an optical data sensing transducer.
2. RELEVANT BACKGROUND .

In typical optical disc apparatuses, data is arranged in a

concentric or spiral fashion around the disk, and a laser beam is
positioned such that its beam spot falls on and follows the center
of the target track. A typical prior art optical disc data sensing
apparatus or transducer for reading information from an optical
disc is shown in Figure 1, to which reference is now made. Laser
light is emitted from a laser diode 12 and passes through a beam
splitter prism 14, a collimating lens 16, and a focusing lens.18.
The focusing lens 18 focuses the laser light onto a particular
track (not shown} of the optical disc 20.

Laser light is reflected from the surface of the disc 20 and
passes through the focusing lens 18 and the collimating lens 16.
The light then reflects from the ‘surface of the beam splitter prism
14 through a cylindrical lens 22 to finally illuminate a photo-
detector array 24. The photo-detector array 24 converts the
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received Light energies into electric signals. The entire apparatus
is known as the “pickup”, which serves as the transducer element
for the data pattern recorded on the optical disc 20.

The focusing lens 18 is typically held in a lens holder
attached by a spring mechanism to a pickup body (not shown). The
position of the lens is controlled by permanent magnets (now shown)
mounted to the pickup body. Wire coils 19 attached to the lens
holder carry electric currents that generate magnetic force that
interacts with the magnets and moves the lens holder relative to
the pickup body. Both a focusing coil and a radial coil may be used
to control the focus and radial movements, respectively. The
position of the focusing lens 18 is controlled with the lens holder
being driven in accordance with the control signals flowing into
the focusing and tracking coils 19.

The laser beam positioning is typically achieved by a feedback
control system, which includes a feedback tracking error signal
circuit 25, a linear feedback controller 26, and a lens actuator,
which includes the focusing and tracking coils 19 and a power
émplifier 27. A data recovery circuit 23 is provided to recover
data from the photo-detector array 24, in known manner.

Figure 2 depicts a laser beam spot 30 after it has been
reflected from an optical disc onto a photo-detector array 24 in
the operation of the circuit of Figure 1. The example array 24 is a
four-point tracker array in which the array is divided into four
quadrants, denoted a, b, ¢, and d. Each quadrant has its “own
photodiode and photo-detector output (not shown). The laser beam
spot 30 is shown at its peak, not being scattered by patterns that
may exist in the optical groove of the disc. This shift in the
reflection of the beam spot causes the divisions of the photo-
detector array to be illuminated to different degrees. This varying
degree of illumination of the photo-detector is used in the

generation of a tracking error signal. More particularly, the
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signal pairs a+c and b+d nave a time delay difference that is
linearly proportional to track position error. When the focusing
lens is not properly positioned, data may not be read correctly
from the desired track of the optical disc. Consequently, the
presence of a tracking error indicates that the beam spot is not in
the proper position to read data from the optical disc. Thus,
ideally, each of the divisions of the photo-detector array should
be illuminated equally.

The tracking error signal typically has a linear relationship
with respect to the position error, such that its magnitude is
directly proportional to the distance of the beam spot away from
track center. In an ideal feedback control system, the laser beam
is positioned exactly at the track center. However, due to noise
injected at the tracking error signal generator, the beam spot
could be positioned off the track center. It is therefore
imperative to minimize noise in the process of generating a
tracking error signal in response to position error.

For a dual-layer optical disk, a differential phase detection
kDPD) method has become the preferred method for generating the
tracking error. A typical DPD implementation is illustrated in
Figure 3. A photo-detector 24, of construction similar to the
photo-detector described above with reference to Figure 2, is
divided into separate light receiving areas a, b, ¢, and d. The
intersection of the dividing lines that form the four areas is
aligned with the optical axis of a reflected laser beam from-the
surface of an optical disk 20, as described above. The outputs of
the photo-detectors are paired diagonally and amplified by
amplifiers 40 and 42 to produce the light signals 34 and 36 shown
in Figqure 4A. These analog signals are converted to digital signals
by signal level comparators 44 and 46, after equalization of the
waveform by equalizers 48 and 50. The equalizers typically have

frequency response characteristics such that higher frequency
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signals are given relatively higher gain, thus to ensure that
narrower, and hence smaller, pulses are sufficiently amplified so
that with a fixed gain level comparators the outputs reach full
digital levels, as shown by the signals 52 and 54 in Figure 4A.

Figures 4B and 4C show the effects of an analog equalizer in
the circuit. More particularly, as shown in Figure 4B, if no analog
equalizer is employed, the circuit may miss the occurrence of a
narrow pulse that is sandwiched between two wider pulses. On the
other hand, using an equalizer, the narrow pulse is detected, as
shown in Figure 4C. The analog equalizer may have a frequency
response such that lower frequency signals receive 1less
amplification than higher frequency signals. Since analog signals
coming from the pickup have the characteristic that higher
frequency signals {narrower pulses) have less amplitude, the analog
equalizer serves to “pump” these weaker pulses up to similar
amplitudes as the wider pulses. In Figure 4C, it is shown that the
narrower pulses have similar amplitudes as the wider ones, as a
consequence of using an analog equalizer.
' With reference again to Figure 3, a phase comparator 56
compares the phases of the transitions of the digitized pulse
signals 52 and 54, and produces time lag signals UP 60 and DN 62
indicating the delay difference between digitized signals Bl and
B2. The UP 60 and DN 62 signals are received by a charge pump 64,
which in turns outputs a positive or negative charge package of
charge amount directly proportional to the duration of the UP or DN
pulses. lnto a parallel res1stor—capa01tor network. The cépacitdr
voltage is- further. filtered by a low—pass filter 68 to produce an

analog tracklng error signal. Further detalls of the operation of-

thlS c1rcu1t can be found in the ECMA Standards: document ECMA—272
{1998) 120mm DVD Rewritable disk (DVD-RAM), which is incorporated

herein by reference.
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The principle behind DPD systems is that delay diﬁference
between different photodetector signal palrsﬂ is directly
proportional to laser beam spot pos1tlon error wf&h réspect .to
track cénter. Howeveri it is observed by the present inventors that
the prior art DPD implementation results in a tracking error signal
1evel that not only depends on this delay difference but also on
the pulse patterns. Over time, .given a certain pulse width of the
UP (or DN) pulse trains corresponding to a certain tracking
position error; the average current density pumped across the load
resistor is a function of not only the pulse widths of UP {or DN)
but also the frequency of occurrence of the UP {or DN) pulses. In a
CD or DVD disk, data patterns vary from 3T ‘to ! 11T {CD) or 14T
(DVD}, resulting in UP or DN pulse rate varying over a roughly 4 to
1 range. Such data dependency of the tracking error signal creates
perturbation of the beam spot p031t10n

Previous systems also require an array of analog equalizer
circuits to amplify narrower, ‘hence smaller, pulses corresponding
to 3T or"4T“data-pul§es. In the abserce of. such equalizer array, as
discussed above, some narrow pulses”(such as 3T) adjacent to much
wider pulses (such gs 10T} could fail to drive the comparators
adeQuately to reach fuil digitsl'lerels thus resulting sometimes in
missing pulses in both or, worse, one of the Bl and B2 31gnals,
However, use of the analog equallzer array adds delay mismatch
between Bl and B2 due to inherent limitation of precision of
component- matching. Furthermore, as is often the case, if this
delay difference varies with different frequencies, the consequence
is a varying delay dlfference error injected into signals Bl and B2
that 1is 1ndlst1ngulshable from noise being added to the tracking
error signal. There is therefore a need to provide an alternative
DPD implementation that does not require analog equalizers to

relatively amplify the narrower pulses.



SUMMARY OF THE INVENTION

The present application discloses an improéed circuit and

method for generating differential phase detection tracking error
in optical disc media. A photo-detector comprising four separate
-1ight receiving areas receives light reflected from the surface of
an optical diac. The photodetector generates aignals from the light
received. The signals are converted into digital. pulses that
indicate a change of threshold, for example, between pits and land.
A phase ‘difference of the digital signals is measured, and discrete
voltage .signals are produced that indicate the phase difference
between the signals. Valid phase difference measurements, are stored
1n a plng pong capacitor charge pump. The latest valid phase
measurement is then selected and filtered to produce ‘a tracking
error sxgnal

An advantage of the dlsclosed n@thods and structures, in
various embodiments is that the tracklng error 51gnal produced is
free of noxse'xntroduced by input pulse density fluctuation.

‘Another -advantage .of. the invention is it is inherently
unsuSceptlble to missing pulses ln the 1nput signals to the phase
comparator, thus eliminating the need for costly analog equallzers,
and their attendant noise problems.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be illustrated in the accompanying

drawings, in which:
Figure 1 shows an arrangement of parts of the pickup assembly
or optical sensor for detecting opti@al 'sensor data of a DVD
structure(_ or the like, including feedback circuitry for
positioning the pickup assembly, according to the prior art.
Figure 2 illustrates a typical optical disc sensor array for
use in conjunction with the optical sensor of Figure 1, according

to the prior art.



Figure 3 shows a differential phase detection tracking error

circuit, according to the prior art.
Figure 4A shows various waveforms produced by the circuit of

Figure 3.

Figure 4B shows the waveforms of the circuit of Figure 1, when
it is operated without an equalizer circuit, in which a narrow
pulse that is sandwiched between wide pulses can result in a
missing pulse.

Figure 4C shows the waveforms of the circuit of Figure 1, when
it is operated with an equalizer circuit, in which a narrow pulse

that is sandwiched between wide pulses is detected.
Figure 5 shows the architecture of a differential phase

detection tracking error circuit, according to a preferred

embodiment of the invention.
Figures 6A and 6b show details of the phase comparator of the

circuit of Figure 5.

Figure 7 shows details of the output switch logic circuit of
Figure 5.

figure 8 shows details of the ping-pong logic circuit of
Figure 5.

Figure 9 shows details of the reset logic circuit of Figure 5.

Figure 10 shows details of the ping-pong charge pump of Figure

Figure 11 shows details of the output switch circuit of Figure

Figure 12 shows waveforms produced by the circuit of Figure 5

in operation.

In the wvarious figures of the drawings, like reference
numerals are used to denoté like or similar parts.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 5 shows a differential phase detection tracking error

circuit (DPD-TE} 100, according to a presently preferred embodiment



of. the invention. The outrputs. of a photo—detector_;QZﬂare paired
"diagdnally and amplified_by’amplifiers“104-an3 106, to_produCe
sxgnals Al and A2. The signals Al and A2 are digitized by level
comparators 108 and 110 without egualization of the waveform, in
'Jcontrast to methods of the prior art, to produce digital signals Bl
. and: 82 o .
. A phase comparator 112 produces time lag signals Up and Dn
. from the digitized signals. Bl and B2. ‘Bowever, the pbase comparator
112 ralso produces a valldatlon flag, v. The Up and Dn SLgnals are
orovided.to a ping- pong logic circuit. 114 and to.an output switch
~:kagig cirecuit -k16. The validation flag,. v, 1s-supplled,to,a,reset
.-loglc'01rcu1t 118 .and-.to the output switch loglc circuit 116, along
TR ERe Up and Do "signals” )

_ _The output sw1tch logic 116 produces an ANB sxgnal which is
recelved by the reset loglc 118 the plng pong loglc 114, and an
; output sw1tch 120 The plng pong loglc 114 produces plng pong a
‘“51gnals UPA, UPB, DNA, and DNB Addltlonelly, the: reset logic 118
produces Lwo 51gnals Ra and Rb These six. 31gnais drlve a ping-
'pong charge pump 122. The charge pump produces charges Va and Vb
‘:from its capacitors CA and CB (descrlbed below) .

- The output switch 120 receives the charge signals Va and VD
from the ping-pong charge pump 122, and directs a selected one af
them to output, Cout, based on the ANB signal, which it receivus
. from the output switch logic 116. Cout is filtered through a low
pass fllter 124 to produce a tracking error (TE} signal 126 which
can be used to posxtlon an optlcal disc transducer element, such as
that depicted in Figure 1.

The archltecture of the phase comparator circuit and
validation flag generator 112 of Flgure 5 are shown in Figures OA
and 6B to which reference is now additionally made. The phasec
compaLaLOL circuit, is shown in Flgure GA, and includes four D-type

positive-edge- LnggeLod flip- flops 130-133, each hlth active low
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cleaf“iHﬁhEéﬁ‘fhé“%S'and'baTs&&héié“éré prodﬁééd:5§ separate,
parallel conflgUratlons 01rcu1t blocks 136 and 138 The sxgnal Bl
for-block 136 and smgnal 82 for block 138 act as: clock SLgnals
respectlvely to fllp flops 130 and 131, and to fllpﬂflops 132 and
" 133. The loglc “1” state signal present at the D inputs of each of
the flip-flops 130-133 is transferred to the respective Q outputs
ofr the flip- fllpS, upon applicatlon -of.-either the Bl or the B2
signalss ' L P ' ; G .

The Up 31gnal generated by block 136 1s created by a two-lnput
OR gate. 140, ‘with- BIR (from. the:Q-output® of D-type:flip-flop 136)
and BlF (from the Q output of D4type fllp—flop 131) as 1ts 1nputs.
On ‘the other hand, the Dn’ 31gna1 generated by block 138 lS created
‘by:a two-input OR gate 142, with B2R {from the Q output of D-type
£lip-flop 132) and H2F (from the Q cutput of D-type £lip-flop 133)
as its- inputs. - | . Do e . ) . o ':. o

The low clear input, R(bar), is supplied by OR—type gates 146,
148, 150, 152, 156, 158, 160, and 162. More particularly, . the
R(bar) input for the :D-type flip- flop 130 is' created by a° three
Ainput NOR gate 146, having as its inputs B2, B1F, and the output of
a two-input OR gate l48, which has BIR, and the complement of Bl as
its 1nputs The R{bar) input.for the D-type flip-flop 131 is
created by a three lnput NOR gate 150, having as its inputs BIR,
the complement of B2, and the output of a two-input OR gate 152,
which has Bl and BlF as its inputs.

The R(bar) ‘input for the D—type flxp—flop 132 is created by a
three 1nput NOR gate 156, having as "its inputs, Bl, B2F, and the
output of a two xnput OR gate 158, which has B2R-and the complement
of 82 .as ltS .inputs. The R{bar} input for the D-type fllp—flop 133
is created by a three input NOR gate 160, having as its inputs, B2R
and the complement of Bl, and the output of a two-input OR gate
432, which has B2 and B2FE as its inputs.
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In operation, if a rising edge from Bl arrives, BIR is

asserted, thereby asserting the UP signal. However, when B2 already
is high, that is, when the rising edge of B2 precedes Bl, the B2
signal path resets the D-type flip-flop 130. Also, after BIR is
asserted, it can be deasserted either by Bl becoming low, since the
Bl signal path resets the B1R flip-flop 130, or by B2 becoming
high. Finally, if a Bl falling edge has asserted B1F and no B2
falling edge has arrived to deassert B1F before Bl rises (i.e. B2
misses a pulse}, then BIR is'prevented from being >asserted. Bl
being high alsb resets the EiF signal. The consideration for BIFE
flip-flop is similar to that of the BlR, except with the role of
B1F signal in the reset of flip-flop replaced by the BLR signal.
Finally, the DN signal géneraﬁion is similar to that of the UP
signal, except with the role of Bl and B2 and their derivatives
interchanged.

The validation flag generator architecture 164 of the phase
comparator 112 is shown in Figure 65. The validation flag 1is
generated on line 166, as the output of a D-type, positive-edged,
flip-flop 168 with active low clear. The clock signal to the D-type

flip-flop 168 is provided by the output of a two-input OR gate 170

havihg the Up and Dn signals generated by the phase comparator
circuit, described above, as its inputs. The logic “1“ signal
present at the D input terminal is ciocked to Q upon a low-to-high
transition of either the Up or Dn signal, to Qrovide the v output
signal.

The low clear input, R(bar), is driven by a 4-input NOR gate
172, having at each of its inputs a two-input OR gate, 174, 176,
178, and 180, respectively. The OR gate 174 has inputs BIR and Bl,
the OR gate 176 has inputs B1lF and Bl, the OR gate 178 has inputs
B2R and B2, and the OR gate 180 has inputs B2F and B2. The
validation flag is used to assure that signals generated are

consistent with the upper and lower comparator signals Bl and B2 in
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order to validate or invalidate phase comparator pulses. At the end
of each comparator pulse, the validation flag can be deasserted to
declare the pulse invalid.

The validation flag, v, is asserted when the UP pulse begins.
It remains asserted after UP pulse ends if and only if the UP pulse
is valid. Any one of two conditions can cause the validation flag
to be deasserted before the UP pulse ends: (1) Bl falls while BIR
is still high {i.e. not deasserted by B2 rising, which might occur,
for example, if B2 misses a +ve pulse}; or (2) Bl rises while BlF
is still high {i.e. not deasserted by B2 falling, which might
occur, for example, if B2 misses a -ve pulse).

The validation flag, v, is also asserted when the DN pulse
begins. It remains asserted after the DN pulse ends if and only if
the DN pulse is wvalid. Any one of two conditions can cause the
validation flag to be deasserted before the DN pulse ends: (1) B2
falls while B2R is still HIGH (i.e. not deasserted by Bl rising,
which may occur, for example, if Bl misses a +ve pulse), or (2} B2
rises while B2F is still high (i.e. not deasserted by Bl falling,
which'may occur, for example, if Bl misses a -ve pulse).

The output switch logic circuit 116 of the presently preferred
embodiﬁent is shown in Eiguré 7 to which reference 1is now
additionally made. The output switch logic circuit 116 receives the
Up and Dn oﬁtput signals ahd.the validation flag, v, of the phase
comparator 112. The Up and Dn signals are inputs to a two-input NOR
gate 184 which drives the clock of a D positive-edge D-type flip-
flop 186 with active low clear. The validation flag, v, provides an
clock enable signal to the D-type flip-flop, so that if the
validation flag goes low, indicatin§ an invalid signal, the D-type
flip-flop 186 resets to switch the Q(bar) output (the ANB signai)
highf The output of the.fiip?flop; Q(bar}, prévides a signal ANB on
line'188. The ANB signal also provides the D input to the flip-flop
186.
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‘The EN input is an active HIGH clock-enable input to the flip-
flop 186. When EN is high, the rising edge of the CLK input of the
flip-flop is allowed to clock the flip-flop, making it toggle in
the present configuration. When EN is low, rising edge of the CLK
input is NOT allowed to clock the flip-flop, hence keeping the
present flip-flop state. '

In this circuit 116 of Figure 7, the UP (or DN} pulse
(positive pulses) will toggle the flip—flop 186 if V is held high
across the falling edge of UP (or DN)}. However, if the UP {or DN)
pulse is declared invalid by V becoming low prior to the falling
edge of UP (or DN), then the UP falling edge will not toggle flip—
flop 186.

Thus, the ANB signal toggles each time an UP (or DN) pulse
ends, if and only if the validation flag is high. In other words,
the ANB signal toggles upon valid UP (or DN) pulses. The toggling
of the ANB signal alternates the ping-pong capacitor so that the
newly charged capacitor has its capacitor voltage propagated to the
output. But if the UP (or DN} pulse is not valid, the alternation
is skipped, and the same capacitor which has just been charged (or
discharged) will go back to being reset and prepare for the next
charge/discharge. The other capacitor, which held the previous
valid voltage, continues to output its voltage to the circuit
output.

It should be noted that the validation flag, v, arrives at the
clock enable input of the ANB flip-flop 186 before the UP or DN
signal propagates to its clock input. Normally when the UP (or DN)
pulse is valid, the validation flag, v, continues to be HIGH when
the UP {or DN} pulse is deasserted, and hence the ANB flip-flop is
clocked and toggled since the wvalidation flag input is high.
However, when the UP (or DN} pulse is detected as being invalid,
then the validation flag is deasserted before the UP (or DN) pulse
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is completed and deasserted. Hence the falling ‘edge of UP (or DN)

Pulse does not cause the ANB flip-flop to be clocked and toggled.

The ping-pong logic circuit 114 is shown in Figure 8 to which
reference is now additionally made. The ping-pong logic circuit 114
receives the Up, Dn, and ANB signals as its inputs. Four two-input
AND gates 190, 192, 194, and 196 create outputs UPA, U?B, DNA, AND
DNB, respectively. The outputs are used to drive the ping-pong
charge pump 122, described below. The AND gate 190 receives as
input the UP and  ANB signals to produce the UPA signal on its
output. The AND gate 192 receives as input the Up and the
complement of ANB 31gnals to produce the UPB signal on its output.
The AND gate 194 recelves as 1nput the Dn and ANB signals to

*groduce the DNA signal on its output. And the AND gate 196 receives

as input Dn and ‘the complément of ANB Signals to prodice the DNB
signal on its output.

- Ly operatlon,_lf ANB 1s high,‘the plng-pohg loglc cxrcuit 114

fconvezts the UP and DN pulaes 1nto UEA and BNA-. pulses,;whlch

opefate ot - Eharge’ pump ‘Gapacitsr Ca” 130, described below On tHe
other hand, if ANB is low, UP and DN pulses are converted lnto UPB
and DNB pulses whlch operate on charge pump capa01t0r CB‘132, also
descrlbed below o T

The reset 10g1c Cchu1t'1I8‘is eh0wn in Flgure 9 to whlch

LT K W, “

:reference lS now addltLonally made..The reset loglc 118 recelves

the ANB signal from the outpit Witch ‘Yogic c1rcu1t_116 and “the

" - validation flag,. ¥, -from-the.phase comparator 112. An. initialiSét

of two- two—lnput AND -gates®is used (2 generate one of the lnpufs
needed for the reset logic output and a second sxgnal Wthh w1ll be
used for the other input. The AND gate 200 feceives sxghal'ANB, and
the complement thereof which has been delayed by the delay c1rcu1t
202. The output of the-AND gate 200, RA', is one of the inputs to a
two-input OR gate 204.
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Od €the other hand, the'hNb gate 206 receives as its inputs the
ANB. signal, which has: been delayed by one cycle at by delay circuit
202, as well as the complement of the ANB s1gnal The output of the
AND gate.:206, RB’,'is- one of the 1nputs to a two-input OR gate 208.
Flnallyz the AND gate 210 1s a. two—lnput gate which receives the
valldatlon flag sxgnal, v, delayed one cycle by delay circuit 212
and 1ts complement as input.” Two-input AND gates 214 and 216
recelve the output of the AND: gate 210 as-.one of their inputs. The
AND gate 214 receiwves. the ANB- 31gna1 as 1ts ‘second input, and AND
gate 216+ recelves the complement of ANB as 1ts second input.

. The output, RAF, of the AND gate 214 Ais the second input to OR
gate 204, and the output,’ RB”,-of .the AND gate 216 is the second
input to the OR gate 208. The outputs of OR gates 204 and 208 (RA
and RB.respectively) serve-as.inputs to the ping-pong charge pump
122 shown .in- detall 1n Flgure 10 to wthh reference is now
addltlonally made.; . e

Wlth reference addltlonally now to Flgure 10, the architecture
of the ping-pong charge pump 122 {5 shown. The charge pump 122
inclpdes.a‘pair-of capacitors CA 130 and CB 132 that alternate
between a:“reset- and—charge” phase and’a “hold” phase. The voltage
of ‘the capac1tor 1n the hold phase 1s selected as output. More
partlcularly, the plng -pong charge pump 122. receives the UPA, UPB,
DNA, and DNB signals from the ping-pong logic circuit 114 and the
RA and RB signals from the reset logic 118 as input. Assertion of
the UPA,.UPB,-bNA and DNB signdls controls the respective switches
124~ 127 of the plng pong charge pump 122
_ The capac1tors CA 130 and CB 132 prov;de a charge of either
node VA or VB depending on the. state of signals UPA, UPB, DNA, and
DNB and magnltudes of the current sources 134 and 136. The charge
pump output, 7 or VB, is selected from the one of the two ping-
pong_CaQacitors, CA 130 or CB 132, that holds the last valid phase

difference measurement voltage.
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Thus, the charge pump 122 is provides &n output that is

1ndependent of the tlme 1nterval that.-elapses between successive
lnput pulses. ‘The. charge pump uses. the RA and RB 31gnals from the
reset -logici: CerULt 118- to dlscharge or reset respectlve ones of
the capaC1tors 130 or 132 that has been charged by an invalid pulse
and return it to the reset state to be ready: for the. next phase
comparator output result from the _phase comparator circuit 112.
Consequently, ‘the. two capac1tors,-CA 130 -and"'CB" 132, alternate
between “hold” and “reset'or charge/dlscharge” states While one
capacitor 1s 1n the hold state;bthe other lS reset flrst (by RA,
for CA, or by RB, for CB) and, subsequently charged/dlscharged‘
The architecture of the output switch circuit 120 of the
presently preferred embodlment 'is shown in Figure 11 to which
reference is now additionally ‘made. The output switch circuit 120
recelves as its lnputs the charges on nodes VA and .VB from
capa01tors CA 130 and CB 132 deplcted in Elgure 10,.as. well as the
ANB signal from output SW1tch loglc 116 shown 1n Flgure 7. The ANB
51gnal .contréls ‘switches 140 and 142 When the ANB 51gnal is high,
it sw1tches the charge of capa01tor CB 132 to Cout. On the other
hand, - when the ANB 31gnal 15 low, 1t sthches the charge of
capa01tor ‘CA 130 to Cout . Thus, if ANB lS hlgh the wvoltage on
capac1tor CB 132 is propagated to the-Cout signal. Conversely, if
ANB 1s low, the voltage on capac1tor CA 130.4is propagated to the
Cout signal.. ' . -
In operatlon, W1th reference additlonally now to Figure--12,
when the sxgnal A2 146 from,detectors B.and D of the detector 102
lags the signal Al 148 from the detectors A and C, indicating that
the beam needs to be moved in the “up” .direction, signals B2 150
and Bl iSZ-are.generated'at the outputs of  level comparators 110
and 108;‘Since”thé*beamuneeds to'be moved in the “up” direction,
there are no DN, DNA or DNB ohtputs, as shown, but there are a
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series of UP pulses 154 generated, the wrdth of which representing
the magnitude of the locatlon error of the sensor.

The ping-pong logic circuit. generates the UPA 158 and UPB 156
signals from the UP, DN and ANB signals, as shown. At the same
time, the ANB signal 160 is generated by the output.switch logic
circuit 116, and changes state upon the falling edge of the first
UP signal 154, and agaln on the thlrd falllng edge of the UP

: 51gnal It lS notedtthat 31nqe the valldatlon 81gnal is low durlng
:the falllng edge -of - the second UP 51gnal pulses, the ANB sxgnal 160
Tremalns in, 1ts hlgh state unttl the falllng ‘edge of the thlrd up

signal.
As a result, the charge 164 on the capacitor CB.132:is.allowed
to charge durlng the UP pulse 154, and the concomltant UpB pulse

'f156, whlch corresponds to the tlme that the Al pulse is. posxtlve
T;and A2 is negatlve, to a value determlned by the w1dth of the flrst
_~UPB pulse._Thls value 1s malntalned untll it is reset to Vref by
ithe falling “‘edge of the ANB 81gnal Upon the occurrence of the next

subsequent UPB pulse, the charge on capac1tor CB 132 agaln charges
to a value dependent upon the width of the UPB pulse. This process
is' repeated with each repetltlon of the UPB signal. ' o
- At the same time, the charge 166 on the capacitor CA 130 is
first reset to Vref, but charges during the second UP pulse, and
UPA pulse, which corresponds to the time that the Al pulse is
negstive and A2 is positive, to a value determined by the width of
the first UPA pulse. This process is repeated with each repetition
of the UPA signal. o _ . o :
The values charged on both capacitors CB 132 and CA 130 are
reset to the Vref value by the reset pulses 168 and 170,
respectively. The reset logic 118, in response to the ANB 160 and
validity 162 signals, generates the reset pulses 168 and 170.
The output signal 172, which is dependent upon the selection

by the output switch 120 of the charge on one of the capacitors 130
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or 132, presents on the output the voltage VA or VB, respectively.

Since the ANB signal 1s 1nverted 1n the output circuit from the
state of the ANB signal of the .ping-pong logic circuit 114, the
output signal 172 is produced only during the time that the
capacitors produce relatively steady-state output signals, rather
than during their respective charge and reset cycles. Consequent}y,
the variations in voltage of the Cout signal 172 are rélatiéely

minor,_anq can be effectively removed by the low pass filter-124 to

produce the tracking error signal 126.
Although the invention has been described and illustrated with
a certain degree of particularity, it is understood  that the

Jpresent disclosure. has been made. only by way of example, and- that
':numerous changes in the combinatlon and arrangement of parts ¢an be
'reSOrted to by those skllled 1n the art thhout departlng from- the
. splrlt and scope of the 1nventlon, as herelnafter claxmed
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CLAIMS _

"1, A method generating'a tracking error signal representing a
location of a data sensor of a digital versatile disc, comprising:

generating pulse 31gnals of W1dth proportlonal to d tracking
error of said data sensor; S

" charging respective first and second capa01tors to respectlve

charge values proportlonal to said pulse SLgnal w1dths,

and alternately switching sald capacxtor charge values to an

output to produce a tracking error signal.

2. The method of claim 1 further comprlslng fllterlng sald

tracking error signal to produce a filtered tracklng error 31gnal

3. Tﬁo method of claim 1 wherein said step of charging
:especgivé-first and second capacitors comprises storing charges on

capacitors of a ping-pong charge pump.

4. The method of claim 3 further comprising seiecting an
output of. said charge pump from a capacitor of said- pingrpong
charge pump holding a last valid phase difference ﬁwasuremént

voltage.

S. Tﬁe method of c¢laim 1 further comprising producing a
validation ‘flag signal when said pulse signals have an improper

configuration:

6. The method of claim 5 further comprising establishing a
reference voltage on said capacitors when said validation flag

signal is asserted.

WOR I
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7. The method of clalm 5 wherein a capacitor not holding a
last valld phase difference measurement voltage is used for a new

phéase dlfference measurement voltage

R:N A method generatlng a tracklng error 31gnai representlng a
locatlon of a data-sensor of.-a digital- versatxle dise, comprlslng

rece1v1ng respectlve' 31gnals \at least ﬁlrsﬁ hnd second
portions of a photodetector array, said 31gnals having phases
'representlng a relatxve sensor locatlon w1th respect to a desired
.track to. be followed,

': convertlng’ sald 51gnals to dlfferentLal phase dlfference
f_lndlcatlng SLgnals of width dependent upon a Iocatlon error of sald
sensor; ' ' o’

storing charges on respective first and second capacitors of
magnitude proportional to said differential 'phgsé .diffe;edoe
indicating signals:; . |

and alternately switching the stored c¢harges on said

capacitors to an output to produce a tracking error signal.’

9. The method of claim 8 further comprising filtering said

tracking error signal to produce a filtered tracking error signal.

10. The method of claim 8 wherein said step of storing charges
on csspective first and second capacitors of magnitude proportional
to said differential phase difference indicating signals comprises
stog%gg charges on capacitors of a ping-pong charge pump.

11. The method of claim 10 wherein an output of said charge
pump is selected from a capacitor holding a last valid phase

difference measurement voltage.

R ) R
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"12. The method of claim 8 further comprlslng produCLng a
validation flag signal for determlnxng whether the charge on an
unconnected one of sald capacitors should be allowed to be
connected to the output.

13. The method of claim 12 further comprising, if said
validation signal changes state, resetting unconnected one of said
capacitors, skipping said alternately switching the stored charges
on said capacitor to ah*output; and recﬁargiag said unconﬁeoted one

of said capacitors.

14. The method of claim 12 wherein a capacitor not holding a
last wvalid phase..difference measurement voltage is used for a new

phase dlfference measurement voltage.

15. " A «circuit for ‘generatiig a tracklng error‘ signal
representlng a locatlon of a data sensor of a dlgltal versatlle
disc, comprxsxng.

a ‘pulse signal generator for produc1ng pulses of width
proportlonal to a tracklng error of said data sensor;

first - and second capa01tor3'connected to respective charge
values proportlonal to sald w1dths of Sald pulse SLgnal.'

and a switch for alternately sthchlng said capacitor charge

values to an output®to produce a trackihg error signal.

161 The cirouit of claim 15 furtheér comprising a filter for
fllterlng said tracklng error 31gnal to produce a filtered tracking

error’ 51gnal

17. The circuit of c¢laim 15 wherein said first and second

capacitors are comprised in a ping-pong charge pump.

-
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18. The circuit of claim 17 further comprising a circuit to
select an output of said charge pump from a capacitor holding a

last valid phase difference measurement voltage.

19. The circuit of claim 15 further comprising a circuit to
produce a validation flag signal when said pulse signals have an

improper configuration.

20. The circuit of claim 19 further comprising a circuit to
establish a reference voltage on said capacitors when said

validation flag signal is asserted.

21. The circuit of claim 19 further comprising a circuit to
use a capacitor not holding a 1last wvalid phase difference

measurement voltage for a new phase difference measurement voltage.

_
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