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DUAL CHANNEL READBACK RECOVERY 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a divisional ofReissueApplication Sen 
No. 08/206,042 (now US. Pat. No. Re 36,671),?led Man 4, 
1994, which is a continuation of Reissue Application Ser. 
No. 07/558, 013 (now abandoneah, ?led Jul. 26, 1990, which 
is a Reissue of US. Pat. No. 4,760,472, which issued Jul. 26, 
1988. 

This invention relates to digital magnetic recording, and 
more particularly to a signal recovery technique useful for 
reading high density digital magnetic recordings. 

The signal read from a digital magnetic recording in most 
storage systems is ordinarily a summation of individual 
pulses and is generally characterized by a some-What bell 
shaped or sinusoidal-shaped pattern. The peak of each 
individual pulse is generally coincident With a transition of 
magnetic orientation on the moving magnetic media, Which 
in turn is representative of the value of encoded digital bits. 
For example, a transition of magnetic orientation may occur 
for each “1” bit, Whereas the absence of a transition is 
indicative of a “0” digital bit. The principal problem in the 
recovery of recorded information consists of detection and 
accurate location of the position of each individual peak. 
Ordinarily, a phased locked oscillator generates a series of 
clock signals from the pulse peaks of the read signal to 
establish a sequence of detection Windows for reading 
encoded bits. Thus, a peak detected during the presence of 
a WindoW indicates the digital bit value of “1”, Whereas the 
absence of a peak during a detection Window indicates a 
binary value of “0”. 

Most prior systems employ a single channel system to 
detect peak positions by linearly ?ltering the readback signal 
to create a Waveform With symmetric peaks. High frequency 
noise is rejected by band-limiting the signal. HoWever, such 
systems cannot reduce intersymbol interference Without 
decreasing the signal-to-noise ratio. 
A dual channel recovery scheme is described in US. Pat. 

No. 4,517,610 a “Multichannel Signal Recovery Circuit” by 
V. B. Minuhin and assigned to the same assignee as the 
present invention. That system independently achieves 
reduction of intersymbol interference in the high resolution 
channel ?lter and good noise rejection in the loW resolution 
channel ?lter. The high resolution ?lter provides accurate 
timing by boosting the high frequency content of the signal 
While the output of the loW resolution ?lter provides a 
validation signal. By choosing an appropriate delay betWeen 
the tWo channels, the tWo signals can be matched and the 
data latch rejects the noise-induced false crossings in the 
high resolution channel. The data latch is toggled by the 
crossover pulse of the high resolution channel folloWing the 
corresponding crossover in the loW resolution channel. 

In addition to providing a high resolution channel Which 
can tolerate more noise, the dual channel scheme is rela 
tively insensitive to changes in the signal amplitude because 
it does not depend on a threshold detection. This feature 
relaxes the requirements on signal modulation due to ?ying 
height variations, media defects and media non-uniformity. 
Utilizing an adjustable delay line in one of the channels, it 
is possible to bring the tWo channels into optimal signal 
synchronization. 

One problem in prior dual channel recovery circuits is the 
necessity to provide a very tight delay matching for different 
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2 
data patterns and different track radius of the magnetic data 
disc. The problem is made dif?cult by the fact that signals 
from different track radii of the magnetic disc are substan 
tially different. The ?lters in the channels must accommo 
date this difference. In prior dual channel circuits, efforts to 
improve performance Were directed toWard improvement of 
delay matching betWeen the channels and attempted to seek 
“average” delay matching Without correcting delays for 
individual bit patterns to be recovered nor for signals from 
different track radii. 
The present invention provides a dual channel recovery 

circuit Which is insensitive to tight delay matching betWeen 
the channels. Hence, the circuit insensitive to the changes of 
the channel responses as the head moves from track to track 
along the disc radius. 

It is an object of the present invention to provide a dual 
channel readback recovery circuit that is insensitive to tight 
delay matching betWeen the channels. 

Another object is to provide a dual channel readback 
recovery system Which is insensitive to changes in track 
position or radius. 

In accordance With the present invention, a dual channel 
readback recovery circuit is provided With a logical ?lter in 
the data latch to reject false crossovers that are spaced apart 
less than the minimal distance betWeen Written ones alloWed 
by the code used. Polarity validation logic rejects false 
signals on the basis of improper polarity matching betWeen 
signals in the channels of the data latch. The logical ?lter and 
validation logic prevents certain false signals from being 
detected as true data. 
One feature of the present invention resides in the fact that 

the dual channel readback recovery circuit is insensitive to 
the delay matching betWeen the channels, and to the changes 
in the channel responses as the head moves along disc 
radius. 

Another feature of the present invention resides in the 
adaptation of all delays and the logical ?lter rejection 
interval to the reference clock signal Which is derived from 
the system phase locked loop. 

Still another feature of the present invention resides in the 
provision of an LSI (large scale integration) chip data latch 
With adaptation of all delays and the logical ?lters rejection 
intervals to a reference clock signal by using on-chip delay 
cells, thereby providing accurate control of environment and 
process tolerances. 

The above and other features of this invention Will be 
more fully understood from the folloWing detailed 
description, and the accompanying drawings, in Which: 

FIG. 1 is a block diagram of a dual channel readback 
recovery circuit according to the presently preferred 
embodiment of the present invention; 

FIG. 2 consisting of A through M is a timing diagram of 
signals at various points of the block diagrams of FIG. 1; 

FIG. 3 is a diagram of a logical ?lter useful in the 
apparatus shoWn in FIG. 1; 

FIG. 4 is a block diagram of a preferred logical ?lter for 
use in the circuit of FIG. 1; 

FIG. 5 is a block diagram of a dual channel readback 
recovery circuit according to a modi?cation of the present 
invention; 

FIG. 6 A, B, D and N is a timing diagram of signals at 
various points of the diagram of FIG. 5; and 

FIG. 7 is a block diagram of a dual channel readback 
recovery system according to another modi?cation of the 
present invention; 

With reference to the drawings, and particularly to FIGS. 
1 and 2, there is illustrated a dual channel signal recovery 
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system in accordance With presently preferred embodiment 
of the present invention. A magnetic media or disk 21 is 
driven by a drive motor (not shoWn) past a read/Write head 
22 to read signals from the disk. Head 22 provides readback 
signals (Waveform A in FIG. 2) to read ampli?er 23 Which 
provides read signals to the high and loW resolution chan 
nels. 

The Waveform A illustrates a typical readback signal for 
recovery of (2,7) code signals from the case of maXimal 
distance betWeen recorded transitions in medium magneti 
Zation (7 Zeros betWeen ones). Individual transition peaks 11 
represent recorded ones, and a considerable amount of noise 
is superimposed on the readback signal. (A (2,7) code is a 
knoWn encoding technique Wherein at least tWo, but not 
more than seven, Zeros occur betWeen successive ones, so 
transitions Will occur at spacings betWeen three and eight 
WindoWs apart.) 

The loW resolution linear ?lter 24 converts transition 
peaks to extended loW noise antisymmetric pulses 
(Waveform B in FIG. 2) so that the Zero cross-over points 12 
in Waveform B corresponds to the peaks 11 of Waveform A. 
Intersymbol interference occurs in the loW resolution ?lter 
so that the responses to individual transition peaks overlap 
and the output of the loW resolution ?lter 24 only crosses 
Zero level at the moments corresponding to peaks 11 in 
Waveform A, Which in turn correspond to transitions in the 
recorded signal. The output of loW resolution ?lter 24 is 
supplied to Zero crossing detector (comparator) 25 Which 
provides complimentary reset signals (Waveforms D and E 
in FIG. 2) to qualifying logic 30, operation of Which Will be 
described beloW. Due to intersymbol interference in the loW 
resolution ?lter, accurate timing cannot be achieved from the 
loW resolution channel. As Will be explained beloW, the Zero 
crossovers in the loW resolution qualifying signals 
(Waveforms D and E) can deviate up to 11.5 detection 
WindoWs (for 2.7 code) relative to their average position. 
High resolution linear ?lter 26 converts transition peaks 11 
of signal A to short anti-symmetric pulses (Waveform C in 
FIG. 2) having their Zero crossover points 13 corresponding 
to the peaks of Waveform A. In order to reduce intersymbol 
interference in the high resolution channel, high frequency 
components of readback signal are emphasiZed in the high 
resolution ?lter, resulting in a relatively loW average signal/ 
noise ratio. Noise and other undesirable signals 14 caused by 
nonideality of the ?lter response (leading and folloWing 
tails) eXist betWeen true antisymmetric pulses are the output 
of the high resolution ?lter 26. HoWever, the signal/noise 
ratio is adequate to detect desired true transitions. Output 
from the high resolution ?lter 26 is supplied to Zero crossing 
detector (comparator) 27, Which produces as its output 
(Wave-form F) the true crossovers 15 as Well as random 
cross-overs caused by the noise in the channel and by other 
undesirable signals. Signals from the output of Zero crossing 
detector 27 are supplied to logical ?lter 28, to be described 
in detail beloW. Preferably, detector 27 provides the comple 
mentary output signals to ?lter 28, for purposes to be 
described beloW. Logical ?lter 28 only passes crossovers 
that are separated by more than a minimum time interval '5, 
(shoWn in Waveform F), Which is the rejection interval of the 
?lter. If a (2,7) code is used in the channel, the rejection 
interval, '5, is chosen to be slightly less than the time interval 
of 2 detection WindoWs (at least tWo Zeros betWeen encoded 
ones in (2,7) code). Logical ?lter 28 also delays, the signal 
an amount slightly greater than the rejection interval of the 
?lter resulting in Waveform G. It should be noted that logical 
?lter 28 alone does not eliminate all false crossovers in high 
resolution channel. As shoWn in Waveform G, the crossovers 
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passed by logical ?lter 28, in general, can be comprised of 
true crossovers 15 as Well as false crossovers 16. The false 
crossovers 16 result from undesirable signal 14 in Waveform 
C. 

Output from the logical ?lter 28 is supplied to the delay 
line 29, Whose purpose is to bring signals in the tWo channels 
into proper time relationship. It should be noted that depend 
ing on signal propagation time in the loW and high resolution 
?lters, the delay line 29 may be located either in the high or 
in the loW resolution channels of data latch. Delay line 29 
has tWo complimentary outputs Which provide tWo compli 
mentary clocking signals (Waveforms H and I) to logic 30. 

Logic 30 is comprised of a positive polarity validation 
D-?ip-?op 31 and a negative polarity validation D-?ip-?op 
32. The ?ip-?ops Work as validating ?ip-?ops alternately. 
The tWo complementary outputs of the loW resolution Zero 
crossing detector 25 provide tWo complimentary signals 
(Waveforms D and E) to the overriding reset inputs of 
?ip-?ops 31 and 32, respectively. The tWo complimentary 
outputs of delay line 29 provide tWo complimentary clock 
ing signals (Waveforms H and I) to the clock inputs of 
?ip-?ops 31 and 32, respectively. A constant high level 
logical signal is provided to the D-inputs of both ?ip-?ops 
31 and 32. Flip-?ops 31 and 32 produce Waveforms J and K, 
respectively. 

Each time the loW resolution Zero crossing detector 25 
changes state, both ?ip-?ops 32 and 32 Will be forced to their 
loW logical state. One of them Will be forced loW by the reset 
signal, the other Will be in the loW state because it Was forced 
into that state previously. The ?ip-?op Which Was already 
loW noW has its reset condition removed, and Will be clocked 
high by the neXt positive edge at its clock input. This neXt 
positive edge represents an encoded one. Thus, the ?ip-?op 
already loW at the time of a fest from Zero crossing detector 
25 becomes the quali?cation ?ip-?op to detect transitions 
(ones) form delay lines 29. The quali?cation ?ip-?op Will 
remain in the high state and ignore any false signals 16, 
Waveforms H and I, until neXt change in the state of loW 
resolution comparator 25 to force the ?ip-?op loW. The 
quali?cation ?ip-?op Will ignore any negative edge at its 
clock input, thereby protecting against false signals in the 
high resolution channel Which are not matched in the 
polarity to the signals in the loW resolution channel. The 
positive pulses at the outputs of logic 30 are supplied to OR 
gate 33 to produce Waveform L. Output of OR gate 33 is 
supplied to the positive edge pulse former 34 Which gener 
ates short pulses (Waveform M) representing the encoded 
ones of the recovered readback signal. 

FIG. 3 is a block diagram of logical ?lter 28 according to 
the present invention. Filter 28 comprises a re-triggerable 
monostable multivibrator (one shot) 40 folloWed by a 
D-?ip-?op 41. The Width of the one-shot pulse is determined 
by the value of capacitor 42 and the current from current 
source 43. Signal polarity changes in either direction at the 
input of the ?lter operate multi-vibrator 40. If the intervals 
betWeen polarity changes at the input (Waveform f) are 
larger than the pulse Width of multivibrator 40, D-?ip-?op 
41 Will be clocked to the corresponding polarity by the 
trailing edge of the one-shot pulse (namely, by the positive 
edge at the Q-not output of multivibrator 40). If, on the other 
hand, the interval betWeen polarity changes at the input 
(Wave-form F) is less than the time-out time of multivibrator 
40, the multivibrator Will be re-triggered and its time-out 
time Will be started aneW by each change in the polarity at 
its input. Consequently, there Will be no clocking edges for 
the D-?ip-?op 41 and it Will remain in one state, until an 
interval, longer than the time-out time of multivibrator 40, 
occurs betWeen polarity changes at the input of the ?lter. 
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FIG. 4 is a detailed schematic of logical ?lter 28 Which is 
suitable for implementation on an LSI chip employing 
standard ECL (emitter coupled logic). The logical ?lter 
consists of tWo identical strings of ECL gates or buffers 44, 
to Which the tWo complimentary 27 (FIG. 1). Buffers 44 are 
terminated through pulldoWn resistors 45 and capacitors 47 
to variable control voltage source 46. The capacitors 47 are 
small in value and may be stray (load) capacitors, intention 
ally capacitors, or capacitors of biased p-n junctions of 
diodes or transistors. The capacitors, together With the 
voltage value of source 46, adjust the propagation time 
through buffers 44. Outputs from buffers 44 are supplied to 
tWo multi-input NOR gates 48, the outputs of Which are 
supplied to tWo inputs of latch 49. Outputs of the latch 49 are 
the outputs of the ?lter. 

Positive and negative going logical signals propagate at 
different speeds in the logical ?lter. When the change in 
logical state occurs at the input of the ?lter, the signal Which 
has become positive propagates relatively fast through the 
one side of the ?lter. At the start of the propagation of a 
positive going signal, When the ?rst buffer 44 in the chain 
goes high, output of the corresponding NOR gate 48 goes 
loW and enables the latch 49. 
On the other hand, the signal Which has become negative 

propagates through other side of the ?lter relatively sloWly. 
Only When the last buffer in that chain goes loW, does the 
output of corresponding NOR gate 48 so high and set the 
R-S latch 49 to the appropriate state. 
When time interval betWeen polarity changes at the input 

of the ?lter is larger than the propagation time for the 
negative edge, the ?lter passes the change in the signal 
polarity at its input to its output. On the other hand, if the 
time interval betWeen polarity change at the input is less than 
the propagation time for the negative edge, the ?lter ignores 
the preceding changes. In such a case, at least one of the 
buffers 44 at the “negative” side of the ?lter goes high during 
the propagation of the previous negative edge. Therefore, 
the gate 48 collecting signals at this side of the ?lter does not 
go high and the state of latch 49 remains unchanged. Thus, 
only a polarity change that is not folloWed by another 
polarity change during the propagation time of the ?lter 
appears as its output. Adjustment of the value of control 
voltage in the source 46 adjusts the time delay of the ?lter 
and its rejection interval. 

For a given encoded pattern and for a given track radius, 
the positions of the crossovers at the output of the loW 
resolution ?lter Will vary, producing extensive intersymbol 
interference in the loW resolution channel. Consequently, the 
delay Will be different for different channels. Moreover, as a 
head is moved from track to track, the shape of the crossover 
patterns Will change With the radius. If this occurs simulta 
neously With an unusual isolated false crossover in the high 
resolution channel due to noise, a false detection can occur 
in the system described in the aforementioned US. Pat. No. 
4,517,610. Such false detection Will not occur With the 
present invention because a single false crossover in the high 
resolution channel preceding a true crossover has the Wrong 
polarity to operate validation logic 30. Consequently, the 
false detection just described is overcome by the present 
invention. 

Another problem of prior dual channel recovery systems 
resides in the fact that multiple false crossovers due to noise 
in the high resolution channel can, When occurring With an 
unusually early crossover in the loW resolution channel, 
cause a false detection. HoWever, the present system elimi 
nates this source of false detection by rejecting multiple 
closely-spaced false cross-overs in logical ?lter 28. 

15 

25 

35 

45 

55 

65 

6 
Hence, the present invention provides for dual channel 

recovery Which is accurate and insensitive to effects as track 
radius, change in response shape, etc. 

FIG. 5 illustrates alternative dual channel readback recov 
ery circuit according to the present invention. Similar ele 
ments of this embodiment are identi?ed With the same 
reference numerals as like elements in FIG. 1. FIG. 6 is a 
timing diagram for this embodiment. A medium resolution 
?lter 56 is characteriZed by a moderate intersymbol inter 
ference and a moderate noise rejection but better dealy 
matching to the high resolution ?lter 26 compared to the loW 
resolution ?lters used in the circuit of FIG. 1. Logical ?lter 
28 is in the medium resolution channel rather than the high, 
and logic 30 (FIG. 1) is replaced by a single validation 
D-?ip-?op 50. Pulse former 52 drives the C input of ?ip-?op 
50. The positive and negative edge pulse former 54 reacts on 
signal edges from ?ip-?op 50 of both polarity. The output of 
the medium resolution ?lter 56 can approach (and cross) 
Zero in the intervals betWeen true cross-overs. Therefore, the 
false crossovers can exist at the output of this ?lter in limited 
time intervals as shoWn schematically in Waveforms B and 
D in FIG. 6. Logical ?lter 28 in the medium resolution 
channel eliminates the effects of false crossovers as shoWn 
schematically in Waveform N in FIG. 6. 

Another embodiment of dual channel readback recovery 
circuit according to the present invention is shoWn in FIG. 
7 and employs delay 70 in the high resolution channel and 
logical ?lters 28 in both high and loW resolution channels. 
All adjustments of the delays in the channels and of the 
rejection intervals in logical ?lters are made adaptively. The 
reference for adaptation is the external system clock, derived 
from a phase locked loop (not shoWn) Which tracks media 
speed and provides a time scale for exchange of information 
betWeen the storage device and other devices. The process of 
read signal recovery in this circuit is the same as in the 
circuits shoWn in FIGS. 1 and 5 and corresponding units are 
identi?ed With the same numerals. Acontrollable ring oscil 
lator 61 includes an active delay ring oscillator 62, a 
phase-frequency comparator 63, a charge pump 64 and a 
loop ?lter 65. The delay elements utiliZed in the active delay 
ring oscillator 62 are of the same type used in the logical 
?lter (see FIG. 4). Controllable delay line 70 also is con 
structed similarly to the logical ?lter (FIG. 4). By maintain 
ing the proper value of delay in the active delay ring 
oscillator 62, its frequency is alWays equal to the frequency 
of the external clock 66. Any deviations betWeen the tWo 
frequencies is detected by the phase-frequency comparator 
63 Which provides DC output to the charge pump 64 
proportional to the phase difference betWeen the tWo signals. 
In turn, the charge pump 64 (together With the loop ?lter 65) 
provides the control pulldoWn voltage Which is supplied to 
the terminating resistors of the delay elements. The control 
voltage corrects the frequency of the active delay oscillator 
62. Simultaneously, it corrects all delays in the system. 
The delay elements in the active delay ring oscillator 62 

are the master delay elements since they provide the control 
of the frequency of the active delay ring oscillator and the 
tracking action of the loop. The delay elements in the logical 
?lters 28 and in the controllable delay line 70 are the slave 
delay elements, since they simply folloW the changes in the 
delays of the master delay elements. The appropriate ratio of 
the number of slave delay elements to the manner of master 
delay elements is chosen in the system to establish the 
proper delays in the channels and the proper rejection 
intervals in the logical ?lters. During circuit operation all 
changes in the delays in the system are tied to the changes 
in the period of reference clock 66, and hence, to the changes 
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in the value of the detection WindoW. Therefore, the optimal 
conditions for readback signal recovery are always main 
tained. 

The present invention thus provides an effective dual 
channel recovery system Which is insensitive to changes in 
track position or radius to delay matching of the channels. 
The system permits adaptation of delays and rejection 
intervals to a reference clock. The system is Well suited for 
LSI circuit design. 

This invention is not to be limited by the embodiments 
described in the description or shoWn in the draWings, Which 
are given by Way of eXample and not of limitation, but only 
in accordance With the scope of the appended claims. 
What is claimed is: 
[1. A dual changed readback recovery system having a 

high resolution channel for receiving a read signal and 
producing high resolution pulse signals representative of 
digital information contained in said read signal, and having 
a loW resolution channel for receiving said read signal and 
producing loW resolution pulse signals representative of 
digital information contained in said read signal, and digital 
information being encoded in a predetermined code charac 
teriZed in that pulse signals representative of said digital 
information are spaced at least a predetermined time interval 
apart, the improvement comprising: logical ?lter means in at 
least one of said channels for rejecting pulses spaced less 
than said time interval; and validation logic means respon 
sive to unrejected high and loW resolution pulse signals to 
recover and digital information.] 

[2. Apparatus according to claim 1 Wherein said logical 
?lter means comprises monostable means responsive to 
edges of pulses recovered from said read signal to set to a 
?rst state, time means responsive to said edges of said pulses 
for establishing a time period, and time period being 
restarted by each pulse edge, and monostable means being 
responsive to said timer means to reset to a second state 
upon expiration of said time period.] 

[3. Apparatus according to claim 2 further including 
bistable means responsive to said monostable means to alter 
the state of said bistable means each time said monostable 
means resets to its second state.] 

[4. Apparatus according to claim 1 Wherein said pulse 
signals comprises ?rst and second complementary pulse 
signals, and logical ?lter means comprising a ?rst plurality 
of serially-connected gate means responsive to said ?rst 
pulse signals and a second plurality of serially-connected 
gate means responsive to said second pulse signals, ?rst 
collector gate means responsive to each gate means of said 
?rst plurality of gate to set a ?rst gate signal to a ?rst logical 
level Whenever any of said gate means of said ?rst plurality 
of gate means responds to a pulse of a ?rst polarity and to 
set said ?rst gate signal to a second logic level Whenever all 
of said gate means of said ?rst plurality of gate means 
responds to a pulse of a second polarity, second collector 
gate means responsive to each gate means of said second 
plurality of gate means to set a second gate signal to a ?rst 
logic level Whenever any of said gate means of said second 
plurality of gate means responds to a pulse of a ?rst polarity 
and to set said second gate signal to a second logic level 
Whenever all of said gate means of said second plurality of 
gate means responds to a pulse of a second polarity; and 
latch means responsive to said ?rst and second collector gate 
means to set a pulse Whenever either of said ?rst and second 
collector gate means sets its respective gate signal to said 
second logic level.] 

[5. Apparatus according to claim 1 Wherein said pulse 
signals comprises ?rst and second complementary pulse 
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signals, and logical ?lter means comprising: ?rst and second 
strings of serially-connected logic gates responsive to said 
?rst and second pulse signals, respectively; ?rst and second 
NOR gates having their inputs connected to the outputs of 
each logic gate of the respective ?rst and second strings; and 
a latch connected to said ?rst and second NOR gates.] 

[6. Apparatus according to claim 1 Wherein said unre 
jected high and loW resolution pulse signals comprise 
complementary ?rst and second high resolution pulse sig 
nals and complementary ?rst and second loW resolution 
pulse signals, respectively; said validation logic means 
comprising ?rst and second bistable means each having 
clock and reset inputs, the rest inputs of said ?rst and second 
bistable means being connected to receive said second and 
?rst loW resolution pulse signals, respectively, and the clock 
inputs of said ?rst and second bistable means being con 
nected to receive said ?rst and second high resolution pulse 
signals, respectively; and pulse forming means responsive to 
said ?rst and second bistable means to produce a pulse signal 
representative of said digital information.] 

[7. Apparatus according to claim 6 Wherein said logical 
?lter means comprises monostable means responsive to 
edges of pulses recovered from said read signal to set to a 
?rst state, timer means responsive to said edges of said 
pulses for establishing a time period, and time period being 
restarted by each pulse edge, said monostable means being 
responsive to said timer means to reset to a second state 
upon expiration of said time period.] 

[8. Apparatus according to claim 7 further including 
bistable means responsive to said monostable means to alter 
the state of said bistable means each time said monostable 
means resets to its second state.] 

[9. Apparatus according to claim 6 Wherein said pulse 
signals comprises ?rst and second complementary pulse 
signals, said logical ?lter means comprising a ?rst plurality 
of serially-connected gate means responsive to said ?rst 
pulse signals and a second plurality of serially-connected 
gate means responsive to said second pulse signals, ?rst 
collector gate means responsive to each gate means of said 
?rst plurality of gate means to set a ?rst gate signal to a ?rst 
logic level Whenever any of said gate means of said ?rst 
plurality of gate means responds to a pulse of a ?rst polarity 
and to set said ?rst gate signal to a second logic level 
Whenever all of said gate means of said ?rst plurality of gate 
means responds to a pulse of a second polarity, second 
collector gate means responsive to each gate means of said 
second plurality of gate means to set a second gate signal to 
a ?rst logic level Whenever any of said gate means of said 
second plurality of gate means responds to a pulse of a ?rst 
polarity and to set said second gate signal to a second logic 
level Whenever all of said gate means of said second 
plurality of gate means responds to a pulse of a secondary 
polarity; and latch means responsive to said ?rst and second 
collector gate means to set a pulse Whenever either of said 
?rst and second collector gate means sets its respective gate 
signal to said second logic level.] 

[10. Apparatus according to claim 6 Wherein said pulse 
signals comprises ?rst and second complementary pulse 
signals, said logical ?lter means comprising: ?rst and second 
strings of serially-connected logic gates responsive to said 
?rst and second pulse signals, respectively; ?rst and second 
NOR gates having their inputs connected to the outputs of 
each logic gate of the respective ?rst and second strings; and 
a latch connected to said ?rst and second NOR gates.] 

[11. Apparatus according to claim 1 Wherein said unre 
jected high and loW resolution pulse signals comprise 
complementary ?rst and second high resolution pulse sig 
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nals and ?rst and second loW resolution pulse signals, 
respectively; said validation logic means comprises ?rst and 
second D-?ip-?ops having their reset inputs connected to 
receive said second and ?rst loW resolution pulse signals, 
respectively, and having their clock inputs connected to 
receive said ?rst and second high resolution pulse signals, 
respectively; and an OR gate having its inputs connected to 
the output of said ?rst and second D-?ip-?ops; and a positive 
edge pulse forrner connected to the output of said OR gate.] 

[12. Apparatus according to claim 1 Wherein said valida 
tion logic means comprises bistable means having a clock 
input connected to receive said unrejected high resolution 
pulse signals and a data input connected to receive said 
unrejected loW resolution pulse signals, and pulse forrner 
rneans respective to setting and resetting of said bistable 
means to produce a pulse signal representative of said digital 
information] 

[13. Apparatus according to claim 12 Wherein said logical 
?lter means is in said loW resolution channel.] 

[14. Apparatus according to claim 1 further including 
control means for controlling signal delays in said logical 
?lter means, said control means comprising ring oscillator 
means responsive to a system clock signal.] 

[15. Apparatus according to claim 14 further including 
variable delay means in one of said channels responsive to 
said control means for synchroniZing the propagation time 
of the tWo channels.] 

[16. Apparatus according to claim 14 Wherein said control 
means further includes phase cornpare means responsive to 
said system clock signal and to said ring oscillator means for 
determining phase/frequency difference, purnp means 
responsive to said phase cornpare rneans providing a signal 
representative of said phase/frequency difference, said oscil 
lator means being responsive to said purnp means to provide 
a signal phase and frequency locked to said clock signal.] 

17. A disk drive, comprising: 
a magnetic disk having a radius, wherein the magnetic 

disk is suitable for storing data in concentric tracks and 
is provided for rotation about an axis; and 

a ?rst read channel, comprising: 
a read/write head, coupled relative to the magnetic disk 

to read, during rotation of the magnetic disk, infor 
mation stored on the magnetic disk, and providing a 
read signal representative of the data stored on the 
magnetic disk, the read/write head having a track 
position along the radius,‘ 

an ampli?er; coupled to the read/write head, for ampli 
fying the read signal,‘ 

a ?lter; coupled to the ampli?er; for ?ltering the read 
signal,‘ 

a zero crossing detector; coupled to the ?lter; for 
detecting transitions in the read signal between a 
?rst level and a second level and providing a tran 
sition signal representative of the data read from the 
magnetic disk,‘ 

a signal conditioner; coupled to the zero crossing 
detector; for conditioning the transition signal and 
having an output response to the transition signal,‘ 
and 

a controller; coupled to the signal conditioner and 
having an input suitable for being coupled to a 
reference clock, the reference clock providing a 
reference clock signal and the controller controlling 
signal delays in the signal conditioner as a function 
of the reference clock signal such that the output 
response of the signal conditioner is insensitive to 
changes in the track position. 

10 
18. The disk drive of claim 17 wherein the controller 

further comprises.‘ 
a ring oscillator; responsive to the reference clock signal, 

for controlling the signal delays in the signal condi 
5 tioner 

19. The disk drive of claim 18 wherein the ring oscillator 
comprises.‘ 

controllable master active delay elements connected seri 
ally in a loop. 

20. The disk drive of claim 18 wherein the controller 
further comprises.‘ 

10 

phase compare means, responsive to the reference clock 
signal and to the ring oscillator; for determining phase/ 

15 frequency dijference,‘ and 
a pump, responsive to the phase compare means, for 
providing a signal representative of the phase/ 
frequency dijference where the ring oscillator is 
responsive to the pump to provide a signal with a phase 
and period locked to the phase and period of the 
reference clock signal. 

21. The disk drive of claim 17 wherein the frequency of the 
reference clock tracks speed of the magnetic disk. 

22. The disk drive of claim 21 wherein the signal condi 
tioner comprises.‘ 

20 

25 

a logical ?lter having variable serially connected slave 
delay elements responsive to the controller; for syn 
chronizing signal propagation time through the ?rst 
read channel to the period of the reference clock signal. 

23. The disk drive of claim 22 wherein the logical ?lter 
provides high resolution signals representative of the data 
read from the magnetic disk and wherein the disk drive 
further comprises.‘ 

a second read channel for receiving the read signal and 
producing low resolution signals representative of the 
digital information read from the magnetic disk. 

24. The disk drive of claim 23 wherein the signal condi 
tioner further comprises.‘ 

30 

35 

a variable delay device in one of the ?rst or second read 
channels, responsive to the controller for synchronizing 
propagation time of the two read channels. 

25. The disk drive of claim 23 wherein the signal condi 
tioner further comprises.‘ 

a variable slave delay device in each of the two read 
channels responsive to the controller for synchronizing 
the propagation time of the two read channels. 

26. The disk drive of claim 22 wherein the transition 
signal comprises pulse signals. 

27. The disk drive of claim 26 wherein the logical ?lter 
rejects pulses in the pulse signals spaced less than a 
predetermined time interval apart. 

28. The disk drive of claim 27 wherein the controller 
controls the length of the predetermined time interval as a 
function of the reference clock. 

29. The disk drive of claim 28 and further comprising 
output means having validation logic responsive to unre 
jected pulses for recovering the data stored on the magnetic 
disk. 

30. A disk drive, comprising.‘ 

40 

45 

55 

60 
a magnetic disk having a radius, wherein the magnetic 

disk is suitable for storing data in concentric tracks and 
is provided for rotation about an axis,‘ and 

a ?rst read channel, comprising.‘ 
a read/write head, coupled relative to the magnetic disk 

to read, during rotation of the magnetic disk, infor 
mation stored on the magnetic disk, and providing a 

65 
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read signal representative of the data stored on the 
magnetic disk; the read/write head having a track 
position along the radius; 

an ampli?er; coupled to the read/write head; for ampli 
fying the read signal; 

a ?lter; coupled to the ampli?er; for ?ltering the read 
signal; 

a detector; coupled to the ?lter; for detecting transitions 
in the read signal between a ?rst level and a second 
level and providing a transition signal representative 
of the data read from the magnetic disk; 

a signal conditioner coupled to the detector for con 
ditioning the transition signal and having an output 
response to the transition signal; and 

a controller; coupled to the signal conditioner and 
suitable for being coupled to a reference clock; the 
reference clock providing a reference clock signal 
and the controller controlling signal delays in the 
signal conditioner as a function of the reference 
clock signal such that the output response of the 
signal conditioner is insensitive to changes in the 
track position. 

31. A read channel; comprising: 
a read/write head adapted to be positioned along a radius 

of a magnetic disk to read; during rotation of the 
magnetic disk; information stored on the magnetic disk; 
and providing a read signal representative of the data 
stored on the magnetic disk; 

an ampli?er; coupled to the read/write head; for ampli 
fying the read signal; 

10 

25 

12 
a ?lter; coupled to the ampli?er; for ?ltering the read 

signal; 
a detector coupled to the ?lter for detecting transitions in 

the read signal between a ?rst level and a second level 
and providing a transition signal representative of 
those transitions and the data read from the magnetic 
disk; 

a signal conditioner coupled to the detector for condi 
tioning the transition signal and having an output 
response to the transition signal; and 

a controller; coupled to the signal conditioner and suit 
able for being coupled to a reference clock; the refer 
ence clock providing a reference clock signal and the 
controller controlling signal delays in the signal con 
ditioner as a function of the reference clock signal such 
that the output response of the signal conditioner is 
insensitive to changes in the track position. 

32. A disc drive comprising: 

a data storage disc; and 

dual channel read recovery means for reading and recov 
ering data stored at a radial track position on the data 
storage disc and for updating signal delays in the dual 
channel read recovery means as a function of speed of 
the data storage disc such that an output of the dual 
channel read recovery means is insensitive to changes 
in the radial track position. 


