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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 

inte.racts with the magnets and moves the lens holder re la ti ve to 

the pickup body. Both a focusing coil and a radial co~l 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 

amplifier 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, c, 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 



----···'. ~ .. 

3 

s1gna1 pairs a+c and b+a 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 

(DPD} 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, c, 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 Figure 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 48 and 4C show the effects of an analog equalizer in 
the circuit. More particularly, as shown in Figure 48, 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 less 

amplification than higher frequency signals. ?ince 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 

COIJlpares the phases of the transitions of the digitized pulse 

signals 52 and 54, and produces time lag signals UP 60 and ON 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 ON 

pulse!?. in.~~ a parallel resistor-capacit9 __ r. n~twork. The capacitor 
vo.ltage .is further,·.filtered by a low-pass fi

0

lter 6S to produce an 

analog~· tracking: error signal. Further detai+s of the operation on· 
this circuit .. c~'~ ·.be found in the ECMA Standards' documen~ ECMA-272 

(1998) 120mm DVD R~_writable oisk (DVD-RAM), which is incorporated 
herein by reference. · 
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The principle behind DPD systems is that ~e_.l.ay difference 

between different photodetector signal p~.i.rs ...... is d,irectly 

proportional to laser be.a~ spot- posit~on erro~ =.J.{'tih' r~~p.ec~· ... ~o 
track· ·center. How:eveF; it is obse.rved by the present inventors that 

the prior art.DPD implementation results in a tracking error signal 

lev~l. that not. only, depends <?n th.is ~el~y difference but also on 

the pqlse p;:i.tterns. Over time, .given a certain pulse width of the 

UP (or ON) pulse trains corresponding to a. certain tracking 

position error, the average current density pumped across the load 

resistor.is a··tunction of not only the pulse widths of UP (or DN) 

but a~~o the freque~cy of occur~ence of the.UP {o~ PN) pulses. In a 
. . .• ··.: ·. . .. ~ ·: :.. . . ... . . . . 

CD or DVD disk, data patterns-.,vary from· 3T ·to :llT (CD) or 14T 

(DVD), resulting ~Il UP or DN pulse ~a~e varying over a roughly 4 to 

1 range. Such data dependency of the tracking error signal creates 

perturbation of the beam spot position. 

Previous systems. also require an array of analog equalizer 

circuits to ampl1fy narrower, .. ·hence smaller, pulses corresponding 

to 3T or··4T·· data pulse!S. ~n the abse"riee of. such equalizer array, as 

discussed above, some narrow pulses (such as 3T) adjacent to much 

wider pulses (such as 10.T) could fail to drive the comparators 
., .. 

adequately to reach full digital -levels thu·s resulting sometimes in 
. . . . . 

missing pulses in both or, worse, one of the Bl and B2 sign·a1s. 
. • . • ~ • . . ,1 ~. . • . ..... • ••••. 

However I use Of the analog equalizer 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 q~ffe~ence varies with different frequencies, the consequence 

is a varying delay di'f~erence error injected into signals Bl and B2 

that is indistinguishable 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. 



- --------·-··---·--·----------·-··------····-------- -·. ----- -· --· 
,....~~-~ ____ .., 

6 

SU1111MARY OF THE INVENTION 

The present application discloses an improve~ circuit and 

method f~r generating differential phase detection tracking error 

in optical disc media. A photo-detector comprising four separate 

-light receiving areas receives light reflected from the surface .of 

an optical disc. The photodetector generates signals 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 
""t . -~ 

in. a ping"'.""pong capacitor charge pump. The late:·sJ: yalid phase 

measurement is then selected and filtered to prod.d-~e·~~ ··~racking 
error sigpal. 

. . .· . . .. 
An _(;!.dvant~ge. of the' disclosed met·hods a·hd str~ctuf~s, in 

. . 
various embodiments is that the tracking error signal produced is 

free of rioise l.nt·roduced by input pulse density fluctuation. 

Anot_p~r ·adv:~ntag~- .. of_,,):he invention is it is inherently 

unsus~eptible to missing· puls.es ip.. the · inp~t.: signals ~o, t;he phase 
• ~ ·~· .~: ;· ·:;" • ..: •. =. -: S:,.... .. ~ . °?.}. .· ... f 

comparator, thus eliminating ·-the' need'-for · ~ostly ana1~g",-eq~alizers, 

and their attendant noise problems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The inve.ntio)l 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 optic.al ·sensor data of a DVD 

structure, or the like, including feedback circuitry for 

positioni~g the pickup assembly, according to the prior art. 

Figure 2 illustrates a typical optical disc sensor array for 

use in conjunctjon with the optical sensor of Figure 1, according 

to the prior art. 
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!:'lgure 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 48 shows the waveforms of the circuit of Figure 1, when 

it is operated without an equa~izer 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 S 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. 

5. 

5. 

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

Figure 10 shows details of the ping-pong charge pu.mp 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 various figures of the drawings, like reference 

numerals are used to denote 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 
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qt .. . t.he. in.ven .. tion. Th.e output$,. 9f a P00.t<?-detector 1_0;2" .are pa_ ired 

:.ata~j"onaily· ·a-Cid ampllfied. by :·.amplifiers · "i.0-4 · a.n.~ ~ J
1

Q~. ·"~9. p,:<;)(~4¢e 

signa~s ~l and A2. The signals Al and A2 are digitized by level 
. ., : ·;~; .. ·.. . .. ~· . 

co~p~t~.t;9t.=~:)-08., and 110 without equalization of the waveform, in 
•... ,=:.•I",.-.· •.. -: .. ~ .. ·. : . 
.. contrast t·o methods of the prior art, to produce digital signals Bl 

and- Bi . . . ··:· .· .· ' 

· .. · .. ·· A pha·se comparator "112 produces time lag signals Up and Dn 

.. ,.t:rom the dig~.q.zed signals. si apd 82 ,' However, the pb~s.~ ~omparator 
- .... ·,,,.. . . .' . . ~ .... ,,. i ·; . -~· 

·i".112--'-als·o· produc~·s "a .. yat~~*tion· flag,··(r. The Up ahcf··pn·.signals are 
•• -~ • . i : -

provided .. to a ping::-.pong: logic circuit .114 ... and .t.o ... an .9.\l~tPYt.. $,':{.~t;ch 

·:-J,.·ag;c~:g_i~cu~t ··119. Th~ va-l:-i.da~ton flag,. v:,·. i~-sqpp,J.i~d t.o .a .. reset 
.... . ~ . . . . . . . . . . . . ... . . . ... ·. 

· -l.ogic·.,·circuit.,.·118·.·.and- .. to the output switch logic circuit 116, along 

... · ;i:i1 t h'~"f:fie , ur>· a:~·<l ~ · D"ri ... stgrial's·~-

The ou~put s~~tc? logic 116 produces an ANB signal, which is 

r~.¢eiv~~d:.9y ~h.e .reset.l'ogic 1i-8/'th~·-~lng-po~g.logi~ 114, ~~d an 

~~tp~t -~~~~~h :· ~;~-..· th~·.-· p·i~g.:~~~;-~:::i:~~i; .;~ii pr~·ci~bes pin·~~~ong 
·\··· \._;_ ...... ""; ·:··· :·';:. :.:~~~"":;" ..... ·:.-••• "!- .. : ·~; .. : "'- •• -- , •• • :.· •••• • ... ~· ..... • • .:. ..... ~-•• 

'· .,r "'signals :/.UPA;- Ul?B1·: ·DNA·,.- ·and ·DNB·~.,·Additiona-11:y;; .tl'l;e.- .reset logic 118 

pf~~u~~$.'/two:~·~·~g-rg1_r5:. · .. Rl .. and. )~b..~· ·riies·e si.x .. sig_nar~· .9.rt_ve a ping-
. . ·. . . . .... 

pong charge pump 122. The charge pump produces charges Va and Vb 
. ..... . . ,• . . 

. from its capacitors CA and CB {described below). 

· ·. The .o"utptrt switch 120 receives the charge signals Va and Vb 
•. . . 

from the ping-pong charge pump 122, and directs a selected one nf 

them to output, Cout, based on the ANB signal, which it receiv~~ 

f~9IB the output switch logic 116. Cout is filtered through a low 

Pa!?.~ filter 124 to produce a tracking error (TE) signal 126 wh"ich 

ca~ be used to po~iti~n an ·optical disc transducer element, such .:s 

that depicted in Figure 1. 

The -architecture of the phase comparator circuit and 

validation flag generator lli of ~igrire 5 are shown in Figures 6A 

and 68 to which reference is· riow a·ddi tionally made. The phase 

compa~-a!:-or c_irc.u.}.t. is ;>how!! in Fig1:1r~ ~A, and includes four D-typc 

posit i v~-cdgc.-t ~- iggc rt~J flip- [lops 130-133, c·ach with active 1°~ ... 
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clearii~ i"~L:>'t1t~ •·· ·The '=tP·. and· ·[j~· 5·_r9~-~is "·are ·prodUced .. by separate, 

parallel confi9urations.circuit blocks 136 and 138. Th~ s~gnal Bl 
. . . . : . ~ . .... .. . . . ~ . . . .. ; . ~· ·. •:··· . : . '. . .. • . . 

for·.··b·lock 136'- and signal, B2 for block 138 act as .>clock signals 

re~pe~tively. ~0- ·fli:p-flops :·130 and. i.3i., .. · and :to fllp~t:~o~·s i.32 and 
.. -..... 

133. The logic ~1" state signal present at the D inputs of each of 

the flip-flops 130-133 is transferred to the respective Q outputs 

of' .the flip-flips,. 1;1pon c;i.pplicat-ion, ·0.f._.either the ~1 or the B2 

signals~ .. : : ... · :· ..... . . _,. ' . 

The 'up sig~~i g0

ene~at~d:by ·tS~ck i36-,"i~ 'cre.at~d by. a 6io-in·p~t 

OR gate. HO,,·with· BlR (from,_the·;Q·\OUtp~t{ o~ D-type·!f1ip-flop 136) 

and'<aiF" ( rroii{ tb:e o'':output ~fi'.·;o:.'..typ~ ':t'iii}i::·f·i'op 131)· as 'i:ts .. 'inpti.ts·. 

·en 'the o~her hand~ .. ·the on:·~i~~a{ ~:~ne~~f~d hy bl~ck. °138. i~ ~re~ted 
·by:•a two-input OR gate 142, with B2R (from the Q output of D-type 

ft.ip_-flof 132)" arid a~r (from 'the "<> o"utput _of ~:_type; ~iip-f~-~p i33) 
. . . . . . . . . . . . ~ . " . . . . . . . ; . . : ,,.; : . . _;:. 

a.s i t,s·· iqputs. . . . . . . . . . .. 

The low clear input, R(bar), is supplied by OR-type ~ates 146, 

.11s t l.~ot.: ,.l<t..f .·. 156,t. ~5,8, .,.._l~qf_.- ai:i:~ J.~.2'.~;-·no~e .~a~.t:i,fp~~r,_ly ': . t_he 

R (bar). input .for the ;D-type flip..-flop _:·l-30, ·i~ · crea~etj by ·a· three 

i~put NOR gate 146, having as its inputs B2, BlF, and the output of 
. . .. . . : ···: ... : . 

a two...,input OR ga,te 148, .which h~~ Bl_R, ~~d the complement of Bl. as 
. . . . . . . 

its inputs. The R(bar) input for the D-type flip-flop 131 is 

dr~ated ·i;y· a three 'input· NO~·· gate 150, having as its inputs BlR, 

the complement of 82, and the output of a two-input OR gate 152, 

which has Bl and BlF as its inputs. 

The .R(~aF). ~~mut for the D-type -flip-flop 132· is created ·by a 
.... , . . 

three input NOR gate 156, having as fts inputs, Bl, B2F, ·and .. the 

output of a two-input OR gate 158, whlch has B2R·and the complement 
. l ·•.• ! • . .• : :·. . ·. 

of B~ .·as its ·-inputs. The R(bar) input for the D-type f.)._ip-flop 133 

is created'by·a·three input NOR gate i6o, hav~ng as its inputs, B2R 
. . 

and the complem~nt 9~ B~, a~d the output of a two-input OR gate 
. ·· .. 

432, which has 82 ·and B2F. as its inputs~ 

. . 
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In operation, if a rising edge from Bl arrives, BlR 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 BlR is 

asserted, it can be deasserted either by Bl becoming low, since the 

Bl signal path resets the BlR flip-flop 130, or by 82 becoming 

high. Finally, if a Bl falling edge has asserted BlF and no B2 

falling edge has arrived to deassert Bl F before Bl rises (i.e. B2 

misses a pulse), then BlR is prevented from being >asserted. Bl 
. . 

being high also resets the BlF signal. '.l'h~ consideration for BlF 

fiip-flop is similar t~ that of the BlR, except with the role of 
. . . . ~ 

BlF signal in the reset of flip-flop replaced by ·the· BlR signal. 

Finally, the DN signal generation is similar to that of the UP 

signal, except with the role of Bl and 82 and their derivatives 

interchanged. 

The validation flag generator architecture 164 of. the phase 

comparator 112 is sho~m in: Figure 68. The validation flag is 

generated on line 166, as the qutput of a o~type, positive-edged, 

flip-flop 168 with active low clear. The clock signal to the D-type 

"flip-flop "168 is ·provided by t~e output o·f a two-input OR gate 170 

having the Up and Dn signals generated by the phase comparator 

circuit, descri}?ed above, as its inputs. ·The logic "l" signal 

present at the D input terminal is clo~ked to Q upon a low-to-high 

transition of e_ither the Up or On signal, to provide t;.he 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 BlR and Bl, 

the OR gate 176 has inputs BlF and Bl, the OR gate 178 has inputs 

B2R and 82, 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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oraer co validace 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 BlR 

is still high (i.e. not deasserted by 82 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 ON pulse ends if and only if 

the DN pulse is valid. Any one of two conditions can cause the 

validation flag to be deasserted before the ON 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). 

Tne output switch logic circuit 116 of the presently preferred 

embodiment is shown in Figure 7 to which reference is now 

additional~y made. The output switch logic circuit 116 receives the 

Up and On output signals and .t.he valiQation flag, v, of the phase 

comparator 112. ~he Up and Dn signals are inputs to a two-input NOR 

gate 184 which drives the ·clock of a D positive-edge D-type f'.l·ip­

flop 186 with active low clear. The validation flag, v, provides an 

clock en.able signal to the D-type flip-flop, so that if the 

validation flag goes low, .indj..cating q.n inval_i,d signal, the D-type 

flip-flop 186 resets tQ ~witch the Q(bar) output (the ANB signal) 

high: The _outpu~ of the flip.,...flop, Q(bar), provides 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 t:o 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 ON). However, if the UP (or ON) 

pulse is declared invalid by V becoming low prior to the falling 

edge of UP (or ON), 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 ON) 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 ON) 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 ON 

signal propagates to its clock input. Normally when the UP (or ON) 

pulse is valid, the validation flag, v, continues to be HIGH when 

the UP (or ON) pulse is deasserted, and hence the ANB flip-flop is 

clocked and toggled since the validation 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, On, and ANB signals as its inputs. Four two-input 
AND gates 190, 192, 194, and 196 create outputs UPA, UPB, 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 sign~ls to. p~qduce the UPB signal on its output . 
. .;. . \. · ... · .... · .. :'"~ ... ~--~,-: ,. ...... · · .. .. 

The· AND gate 194 . receives as input the Dn and ANB signals to 
. . . ~ 

'P.roctuce the DNA signal on its output. And the AND gate 196 receives 
as· input On and :the corripl'emerit. of' AN'a···signals .. to produce the DNB 

signal on its output . 
. · · ..... Irr operation~ if .. ANB 'Ts 'liighf"'t°he· ping.:.pong :iogic"·2;{ic"i.ift li4 

"'• • . •, ,. • . ' • . • ..-. . • • o' •:'. ,l "o .... • .... '"<Cr ·~ '"-1' I,,; o •,.;,... .. ~ ... o1.::. ·•. ...,.;t "'. ' I '1'• ~ •, '. •' ,•-=.. ":~ •' ~ ... : ~ " 

~ cpq~:e·~t$ .. t.h~:.j;p .... ~~d. ·u~·: ... P~:i:~~~··:.:j'.~t:9 ... :~·µP,A..: ~n~ DNA--.. :p~lse;S;- · .. wh.ich 

o~et~te:,.~ri .. ·~~~rge:·,pt*mip· .. capa·cttd~ CA:···11c{".qe'~9r.:.fl?~:d:·.·9~to~\. ,h·n:. t~~ . . . . ~. ..... ~ . . . . . 
other hand, if ANB is low, UP and DN pulses are converted into UPB 
and• DN'Il'pu'lses·"which .. oper~te·:'0n·,:·d1arg'€f·pump. 'ca'{Jaci t6!'.. ts '132;;. · ~rso 

.::· . :··: :;: :·~·:i. ... \·~ :--:· . · .• · :-;· ·: .:;~ ........ ··.=-·:~J.::~;.· .;· ::•i :· _... . ... . .·. :· .:~· : .. ·. '• .., 

.d.e~cri!:>.~.? ~elqw. . . . .· ... , , ~ . ,. ,.. ·· ... ·, . 

· : :. "Th~·: ·reset. lo~~.~ :cl.rb:ri~~--·:~i-8/f~. s:f16~# .. in ·r~9u~~· .. ~ .. · t<;> w~i6h 
; .• • : .:·.·.·· ·.:;• -.·. ~ .... ··;?"".}"" :r·. ·; .... ·.-:-_ • .:·.\l.~ ;·:~"';..4 :-: • • . .;.'.· ..• · .... · .·... . •.. 

. r~£~renc.e_. .is,.n?~ adqi.t:i,.""9.nall._Y·· .. llla9e•. The· reset· logi.c.:.-118. receives 

the rum signal from the .. outi;:firt .. s~.it"~Ii .. "fog"ic· cirtuif"' 11"6" a'~a ·'the 
· · v:ali~ation ,f.~?g.,., .:v,,\ .fr9Jn. the,,_.p)lase Qomparator 1·~2·. An · ini tiaL··set 

of two .. two-.:~1riput· AND ··ga-t~·s·' 1s··:·'u~ed 't~f. geiiEira b:~ oner'. S>f . t:.~.~ ·_.~r)pt,l.t':S 
.. . .,\. .... ··· ·.·· ·• . . . . 

needed for the reset logic output and a second signal which will be 
used for the other input. The AND gat~ 200 r~«'.;eives si<feaF.ANB;' a~·d 
the complement thereof which has been delayed by the delay circuit 
202. The output of the" AND gate 2·00, RA', ·is one of the inputs to a 

two-input OR gate 204. 
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O-r\· fne other hand, the AND gate 206 receives as its inputs the 

AN!J si_gnal~: which· ha,~f-been d~rayed :by -_one .. _.~ye.le at. by delay circuit 
. ' . . ~ . . . 

202, as well as the· comple.m'ent ·of· the ANB s.ignal. The output of the 

AND.ga,te,:206, .RB' ,':is-e1rie ·of the inputs'·t·o -~two-input OR gate 208. 

Final:ly~· th'~ "AND gate· 210 i~:. a.· tw~~i~pu.t:. 9ate which receives the 

valiq~·t:lp~: fla~: s{~~~J,> v, ct~l-ay~d o~e cycle by delay circuit 212 
• i : • ~ :· • ; • . . • 

and its complement as input·/ Two-in'iiut AND gates· 214 and 216 

rec~}.'?:e th.~ o.utpl,it_:.. of the AND. gate 2_10 as -.one of their inputs. The 

AND -:9'~.t~ 2i·4. ;eceiill'~-~: the ANB""·s·ignal a·s its ·second input, and AND 

gate·' 2;1 (Yo receive.$ the ·:c=orriplemen"t_.·. o"f ~~ a·~· .its second input. 

·. :_rhe'.~~qtP.~t) \u{_i;; ·:c;>f .... ~~.:~~ ·g~~~~- 'ii4 j.~· -~he second input to OR 
ga-~9."_2M:;· ~·~µd ~he <;>~tput> RB", .. ·of .. :the AND gate 216 is the second 

input to the OR gate 208. The ou.tputs: ~f OR ·gates 204 and 208 (RA 

and ~B .. respect~ y~ly). serve :as . inputs to·· the: ping-pong charge pump 

122" shown: .in· ".tletail·: in'. 'Figure 10 ··to wh~ch reference is now 
additioria.'11~( niaa~·. .·. .• : .. 

~-, · ~i.hit: re·~~-r~~:c~ -~~diti,ona;lly·,.~~~ :·~o: Figure 10, the architecture ··... . .. . . . 

of the ping-pong charge pump 122 .... is shown. The charge pump 122 

inclucte.s. a pair o.f capaci.tor:s CA .130 and CB 132 that alternate 
• • • • .,"" • I ' 

betw.e.en a: "re·set-and-charge" phase artd :a ''hold" phase. The voltage . . 

of ·the capacitor- ~n the h61.d. phase i~ selected as output. More 
. . . 

part.icill?-rly , .. the ping.-pong .charge pump 1.2-2. receives the UPA, UPB, 
. ~ : : . . . : . : . . . . 

DNA, and DNB signals from the ping-pong logic circuit 114 and the 

RA and. RB. sj,gnals. from the r~set logic 118 as input. Assertion of . ·: : :• . . . ... .. . . 

the U~A,. UPB, ·DNA and DNB si9'nals controls the respective switches 

i24,....12:1, of the p1ng-pong charge pu~p · 122. 
. . . . . . •· . . . . . 

T.he cap·a.~itors .CA; 130 arid CB 1J2 provide a charge of either 
. . . . . . .~ ... .· 

node v~ or YB, depending on tne.state·of signals UPA, UPB, DNA, and 

DNB and magnitudes' of the· c_u~ren·t 'sources ·134· and 136. The charge 

pump output, VA or VB,· is selected from the one of the two ping-
. .·.-· . . . .· 

pong_ capacit.ors, CA 130 or CB 132, that holds the last valid phase 

diffe~enc;e measurement voltage. 
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Thus, the charge pt.imp 122 is provides ifn output that is 

independent of .tl.l~ ·time_ iQ.terva)._ .. that~·el-.apses between successive 

iP.p.~t .. ·· p~,i~·~s·. :·:~he .. ·~.~·;;~~ . ~~~ ~~~s- the RA arid RB signals from the 
. . . .• .. 

reset ·log"ic:· c.i-rcuit 118--to di·scha~g~ ·or· ~es¢t · r~_spe~tive ones of 

the,.-capac"i.tdi:$·. ·i3o .9r ~fi ·that h-a~ ··~e~~ ._cn~~g~d by,.~n .':invalid pulse 

arid. r~turn l~ to t"i1-~ ~~s.et ~~ate to. be re~d'y_- fof. the next phase 

co~parator output;. r~.sult .. f_ro~ the pha~~ col]lpa.i:ator. circuit 112. 

c0.ri~~~~~q-tly, 'the.:.·~~~ '.c~p~G~~o;~-; ;:-~ _ 130Lanct·:c~· ·132, alternate 

between· "hold" and ·"re·s·ef:. -~0r: 6·1'argEii·di~chaig~'; ·¥~-~t~~. While one 
• • • • • . • ; ; : ~-··. '! : ...... :. .·• :-~ L· .. : :·. ·. . ': · ... ; ... . : . ~ . . 

capq.c±tot ... 'is· in· the· f).qlct ·~tat:~, .. t.he, othe~ ;is. re~e~ ··fi.rst (by RA, 
. .... .: · .. ·~··~.·.:.;·-~.: ........... ~·--~~: :: .":.t .·(;.~·".··· ... 1~ .. :- ,, .. .,.. •• .• • ..... . 

for CA, or by RB, for CB) an9. ~.µp·sequently ·charged/di"scharged. 

The architecture of the output switch circuit 120 of the 
.·Si:····::·' ...... . 

presently preferred embodimerft is shown in Figure 11 to which 

reference is now a:dditionaliy ··matte·. ·T"he output switch circuit 120 

receives as its ipputs the cha;Lges on .nodes. VA and . .VB. fi;:om 

ca~?ci.lors CA. tjb: ·~n<l .rj§.j~j_{.~:ep·{.~ted .i~ F-i~_~re 10,· .. ~s. weir as. the 

AN~~-~.igna,1-i.r~m:·o~t~u.~·:·;~.it~h i~g.i~ .,116 shown in Figure 7. The ANB 

sighaJ: -c6nt:rols ··switches·· l40' and; l42 ~·: Wh~n the ·iffi_s-' stg~al is high, . ;·.. . · . . ':.. . ~ -: ... . ... . . . . 

it switches the charge of capac_i.tor CB 132 to Cout·. On the other 

hand·, · ·when· the· · ANB · signal . i~ i9w; 'it" switches the charge of 

capacltor ·c[l. ~3·0 .. t.o C~~·t .. Thus·,·· i:e- /\NB. i~ .bigh, the voltage on 
. . . 

capacitor CB 132 is propagated to the-Cout signal. Conversely, if 

ANB is low, the voltage on capacitor CA 130.is propagated to the . . . ·.·. ·. . 

Cout signal~· 
.... . 

In ope.tation> -~it? re_fe~~·n~e-.-~9d~tio~aily now to Figure---12, 

when the .signal. P!-2 146 f:r:om. detectors B.-and D of the detector 102 
. . . . . . 

lags the signal Al 14B from the 'detectors A" and C, indicating that 

the }?ea~. ~eeds to be moved in. the. ''up" .-direction, signals B2 150 
.. . .. ·. . .... . 

and Bl .15_2· are. ger:ierated ·at the outputs· of· level comparators 110 

and 10"8: "sfrice ··t.he·· beam ·.rieeos t.o· b~ 'movep.· in the "up" direction, 
.. 

there are no ON, DNA or DNB outputs, as shown, but there are a 

.. 
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series ot UP pulses 154 gen~rat~d~_~th~ width of which representing 
: . .t-:»:·~· •• ;_ .· 

the magnitude of the 'location\[error of the sensor. 
•: . ... . .. ':. ... 

The ping-pong logic ci.rcuit .. generates the UPA 158 and UPB 156 

signals from the UP, ON and ANB signals, as shown. At the same 

time, the ANB signal 160 is generated by the output _swi.~cp. logic 

circuit 116, and changes state upon the falling edge of the first 

UP signal 154, and again 9n the third falling edge of the UP 
. . •. .~-. :·. -.··1. ·.. ~= ·~.;~; ~: :: ... ·.. .···: ~-· . .··. • • . 

sigria,l • .' I.t ·is note4. th~t sine;~ .. th.e: valioatiqn _s_ign~J., is: -1,o.w during . ·= .· · ... ·. . :··.···.·I',... . ..... 

·.the· .fa1ling .edge .of· -:the· s¢cond UP· ·slqnal pulses, ·the· ANB · ·.S_igri~l 160 

··:rema·ins_,.ip: :~.~.~; -~,i."~n :~~~te: until; th~ i~~i1~ng·:~dg~: q-f. -~he·. thi~d UP 

signal. 

As a result, the charge 164 on the capacit_o~ .. G~-. l.~2·)~s-.allowed 

to charge during the UP pulse 154, and the concomitant U?B pulse 

. f56r. '"which. correspo~ds .'to the· ·t;ime. tl)qt. the Al .. pulse .·is .posi~ive 

. ·. . . .· . : . . ...... ·. . .. ·. . . . . . 

·.and A2· .is ·neg.at·ive, · to a value. ·det_:etmin~d oy the width of ~he first 

.UPB ·pu:ls~:; .'Tni~·'·~a~u~. i:?' ni~i~ta,i~etj, "urif:."i.1 it -is r~~~t 't~. V~ef, .. by 
; -the f~ll-i~~ ::.~d~~ .o:f ·th~ ~~. si~~al. · Up~n· ;~he. ~c'?urrence 0f ·:~he. ~-~xt 

. . . . . . . . . . . . . .. ; ·• . .. . . . . . . ... . .· . . ~ · ... •. . 
subseque~t ·ups purse, the.ch~rg~_on capacitor c~ 1~ again c~arges 

• . • -! ' • • • . • . • • • ' ~ . • • ~ • 

to a value dependent upon the width of the UPB pulse. This process ... 
is· repea'ted \;/itb e~·ch. repetit'ion. of the UPB signai. 

At the same time, the charge 166 on the capacitor CA 130 is 

first reset to Vref, but charges during the second UP pulse,· .. a~d 

UPA pulse, which corresponds to the time that the Al puls·e is 

negc;tive and A2 is positive, to a va~ue determin~d b{ the_ .wid~h ?f 
the first UPA pulse. This process is repeated with each repetition 

of the UPA signal. 

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 th¢. voltage VA or vs, respectively. 

Since the ANB signal. i.'.s. iilve.rt~d··:Jn 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 out~ut si9~als, rather 

than during their respective charge and reset cycles. Consequently, . . .,, 

the variations .. in vdit"ag·e (jf the ·c0ut. sig"nal 172 are relatively 

m;i.nor, .anq cq.n .be effectj,vely removed by the low pass fi"iter-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 

.:P.F~.~~~t ... d~~~lo~.':J:_re. h?-s _be~f\ rnac;le. 9Ql..y .by- w<)..y of .example, and- that 
. . . .... • . . ~ . . . . . .. . 

·flume..rous changes -i'n the"cotnbtnatioh a:nd arrangement .. of parts can be 

. r~s<Jrt'.~s(to .. by'· ... t~os~ -~~lll~d ."iI_l:.·~~~. a.rt. withou.t d~parting' from· t~e 
spirit-and scope c::>f the invention, as hereinafter claimed. 

· .. 
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CLAIMS 

·.· i ... A method generating·: a tracking e"fror signal representing a 

location of a data sensor of a digital versatile disc, comprising: 

generating pulse signals of width proportional 't<~ a tracking 
: ... . . . . . .·. . . . . . 

~rr~r. of_ ~aid data sensor; 

. cha'rging respective . first and second capacito~s 'to respective 

charge vaities proportional to said_. pul~~ sign~~ ~idth~; . 

and alternately switching said capacitor charge values to an 

output to produce a tracking error signal. 

2. The method of claim 1 further comprising filtering said . . .. 
tracking error signal to produce a filtered tracking.e~ror signal. 

3. The method of claim 1 wherein said step of chargi,ng 
:· . 

respec~ive -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 · f·rom a capacitor of said· pingrpong 

charge pump holding a last valid phase difference measurement 

voltage. 

5. The method of claim 1 further comprising producing a 

validation· ·fiag signal when said pulse signals hav~ an· improper 

configu~a.t:ion; 

6. The method of· claim -5 further comprising establishing a 

reference voltage on said capacitors when said validation flag 

signal is asserted. 

11111111111111 11111111 I 111111 
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'··· · 7. · T~e rtl~·th~d. o'f claim 5 wherein a capacitor not holding a 
.. ··: . .,, 

last valid phase difference measurement voltage is used for a new 

phase differe'nce inea·surement voitage·. 

·g~· A ~~~~oif ge·ner°:tinq ·a t.i:-acki~<;j eri;o/~ig~a1 : .. re·r)~ese~ting a 

lo.cation, ·of a. data.· sensor of· a di:gi tal·· "O"ersatile .dis0;- comprising: 
·receiving ie·specti ve . s.ignals <t:. a.t,: ·.,h~·a~t .. ~ .Lt".rs~Y tci·nd .. ~ed~·nd 

. . ·~ .. .. . . . 

portions of a photodetector array, said signals hav~ng phases 

r~present±~g· a .i::e_lative sensor locat:~P~ ~ith 'respe~t ·to a d·e~i.red 
: . . ; . . .. 

t,r::a9k . to .. -be followed; 

.. ··: ·,· .. converting-· ·.said signal~ .. t? :~if,':fe~ent:~a~ _ph·~~'~· .. ~:i.fference 
.. indicating si.gnals of width dependent upon a :l:ocation error of said 

sensor; 

storing ~harges on respective· first and second capacitors of 

magnitude proportional to said di{ferentia'l pna~~· difference 

indicating signals; 

and alternately switching the stored 
.· ' . 

charges on s'aid 

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 ~$spective first and second capacitors of magnitude proportional 

to said differential phase difference indicating signals comprises 

storing charges on capacitors of a ping-pong charge pump. 
#t '"· ~ • ., ...... 

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. 

111101 111~111111 lfl11 If 1111 
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12. The method of claim 8 further comprising producing a 

validation flag signal for determining ·whether· the charge on an 

unconnected one of said capacitors should be allowed to be 

connected to the output. 

13. The m~thod 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-· sa'i·d capacitor to an 'output; and recharging said unconnected one 
•· .. _· .. : ~ 

of said capacitors . 

. · .. 

14. The method of claim 12 wherei·n a capacitor not holding a 

·last valid phase.,di.fference measurement voltage is used for a new 

phase difference measur~ment ·voltage: ·· · 

15.~ A circuit for ·generating a·· trackirig e·rror· signal 

represe~tihg a location of a data sens.or of· a ~:H.9it?-1 versatile 

disc, .coJ,tlprising_:. 

a 'pulse signal ge.rierator for produc'ing pulses of width 
proportional·. t.o 'a ·tracking err~·r. Of Sa.id. data sen~or i 

!irst · and second capacitors ·connected to respective· charge 

values· i;>toportioiial to said ~idf:hs o~ s~id puls~ signal; 
. . . . . • .... 

and a switch for alternately switching said capacitor charge 

values to an output·'to produce· a trackihg error signal. 

16. The circuit of claim 15· further comprising a filter for 

filtering said tracking error signal to produce a filtered tracking . . . . 
. . .. , .. 

error signal. 

17. The circuit of claim 15 wherein said first and second 

capacitors are comprised in a ping-pong charge pump. 

I If 1111111111 111/f 11111111111 
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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 clai~ 19 further comprising a circuit to 

use a capacitor not holding a last valid phase difference 

measurement voltage for a new phase difference measurement voltage. 

I lllllll llllll lllll llltl ll llll 
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