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METHOD AND APPARATUS FOR QUALIFYING DATA PULSES
IN A RAW DATA SIGNAL PRODUCED BY A MAGNETIC TRANSDUCER

The present invention relates to a method and
apparatus for qualifying data peaks in a raw data szgnal
produced by a magnetic transducer. More particularly,
the present invention relates to qualifying valid data
peaks occurring in a raw data signal produced by a
magnetic head used in a mégnétic tapé or disk drive

- storage device.

In a magnetic storage systam such as a computer
disk drive, digital information is magnetically stored

‘at the surface of the disk. Digital information is

represented by selectively polarising consecutive areas

across the surface of the rotating magnetic disk. When .

this information is read back from the storage disk,
the magnetic polarisation of the medium is sensed and
converted into an electrical output signal, 4i.e. the
raw data signal. The raw data signal is representative
of the relative strength of the magnetic flux density
present on the magnetic disk. This reading and writing
operation is accomplished through a magnetic read/write
head. ' : o _
It is highly desirable to provide high levels of
information storage densities on the magnetic disk.
One design criteria in a recording system is to
provide an areal density as high as possible for the
recording surface without compromising the performance
of the system. Unfortunately, increased storage
densities lead to significant noise levels in the raw

' data output signal. The source_bf this noise signal

may include irregularities in the disk surface and the
electro-magnetic noise associated with proximate
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electrical devices. Furthermore, high density data
coding schemes, such as the 1, 7 code, may further
jncrease the susceptibility of the raw data output
signal to unwanted noise. The 1, 7 code employs a
single zero magnetic flux cell between any two adjacent
f£lux cells and no more than seven adjacent flux cells.
codes that employ wide "windows" in order to increase

'disk capacity have larger band widths and longer base

lines leading to noise and cross talk susceptibility.
This noise problem may be further exacerbated if the

magnetic read head drifts slightly off track.

Data coding schemes, which are intended to
increase disk capacity and which have a minimum pulse
separation of one, provide reduced amplitude levels in
closely spaced pulses due to inter-symbol interference.
This decreases the signal to noise ratio, which forces
the pulse qualification level to be lowered, and

~further adds to the off track noise _problem.

Simple pulse quallfication, zn which the first
peak over a threshold is takXen to be the location of the
data "pulse“ is no longer adequate The. qualification
level typically has been set so that there are an equal
number of "drop outs" and an equal number of "extra"
pulses due to the noise present in the raw data output
signal. Coding schemes directed towards increased data
densities, however, can be expected to have signifi-
cantly more occasions where there are multiple peaks
occurring above the lowered qualification threshold and/
or peaks located in the lohg base line between widely
separated pulses. Threshold detectors used to dis-
qualify data peaks whose amplitude does not exceed a
prescribed level are not adequate to disqualify false
data peaks when the ratio between the signal level and
the noise level is small. A "first peak" qualification
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can be expected to place many pulse locations outside

the proper window. Not only does this cause data

' decoding problems, it also causes the phase lock loop

used in the read back circuitry to "jitter".

The present invention seeks to provide improved
qualification of the data peak signals produced by a
magnetic read/write head during the read operation.

According to one aspect of the present inveﬁtion,
there is prdvi&ed a method of qualifying data peaks in a
raw data signal produced by a magnetic transducer,
characterised by the steps of monitoring peaks in the
raw data signal, detecting the signal level of the peaks
in the raw data signal, and producing an output '
representing the occurrence of the first highest peak in
the raw data signal.

In the preferred embodiment described below, the
method comprises selecting the first highést peak in the
raw data signal after the data s.gnal has passed a
certain minimum qualification threshold. The minimum
qualification threshold is lowered to avoid most drop
outs (due to the reduced amplitude signal provided in
high density code schemes, such as the 1, 7 code).

Problems associated with the increased number of "extra"

pulses are eliminated by recognising only the highest
peak. The highest peak will generally occur within the
‘proper window.

According to another aspect of the present
invention, there is providéd épparatus for qualifying
data peaks in a raw data signal produced by a magnetic
transducer, the raw data signal having a polarity

- cycle, characterised by a peak detector arranged to .

receive the raw data signal and detect peak levels in
the raw data signal, means for detecting the polarity
cycle in the raw -data signal, and means connected to
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t+he peak detector and the means for detecting the
polarity cycle for selecting the first highest peak
occurring in the raw data signal during a polarity
cycle.

The peak'detector may, for example, comprise a
transistor for charging a capacitor, followed by a
comparator. In one embodiment described below, the
capacitor voltage charges to the highest peak level
through the transistor and is re-set at the start of
each window. Logic is then provided to determine when
the highest peak has been found and to output a corres-

.ponding data pulse. This logic is arranged to introduce
a delay into the circuitry and, in order to keep a

phase lock loop in synchronisation, only pulses
occurring over a higher threshold level are sent to the
phase lock loop phase detector. This may result in a
number of drop outs in relation to the phase lock loop.
However, phase lock loops are inherently less suscep-
tible'to drop outs than to wrongly located pulses. A
reduced threshold level may be used in the data pulse
qualification circuitry.

The loccation of the first highest peak in the raw
data output signal may also be determined using a tri-
level qualification arrangement. Each peak in the raw
data sighal triggers a set of flip flops whose inputs
are tied to a set of comparatoré, each having a corres-
ponding qualification level to produce a total of three
thresholds. By the pattern of flip flop settings,
logic can determine where the data peaks occurred,
their relative level and the location of the true peak

- in the raw data signal based upon the location of the

first highest peak.
The present invention is of particular use with

coding schemes having large band widths and long_base
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jines, such as in a high density coding scheme. The
present invention improves the qualification of the data
signal by reducing susceptibility to noise and to cross
talk, which may particularly be a problem if the
magnetic read head is slightly off track.

The invention is described further, by way of
example, with reference to the accompanying drawings,
in which:- : '

Figure 1 is a graphic illustration of the

 relationship between the encoding pulse data signal,

the raw data output .signal and the qualified data pulse
output signal in a system using a first peak threshold

qualification method;
Figure 2 is a block diagram of qualification

‘circuitry according to the present invention;

Figure 3 shows graphically the relationship
between voltage and time at various locations in the
circuitry of Figure 2; | .

Figure 4 is a schematic view of a peak detector of
the circuitry of Figure 2;

Figure 5 is a detailed block diagram showing shift
register logic of the circuitry of Figure 2;

'~ "Figure 6 is a timing diagram for the shift
register logic of Figure 5;
 Figure 7 is an example of a bit pattern in the
shift register logic of Figure 5;

Figure 8 is a block diagram of tri-level qualifi-

cation circuitry according to the present invention;

and
Figure 9 shows a raw data signal along with a

timing diagram for the tri-level'qualification circuitry

of Figure 8.
Figure 1 shows graphically an encoding pulse data

signal 10, the corresponding raw data signal 12 and a

|
i
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qualified output signal 14, in which qualification is
pased upon the known detection of the first peak of a
given polarity above a qualification level. The dashed
lines shown as 16 and 18 represent positive and negative
voltage thresholds used to qualify the raw data signal
12.

Figure 1 illustrates the problems associated with
the prior art first peak threshold qualification methed.
In Figure 1, twelve points, labelled a to 1, are each
associated with a different point in time relating to

- the signal 14. Points e, i and j are of particular

interest. ©Point e represents what is referred to as a
"drop out", in which the raw data signal produced from
the information stored on the magnetic storage medium is
too weak to reach the wvoltage thresholds (16 and 18) and
trigger the output_sighal 14. Thus, a data pulse has
been lost, which should have occurred at point e in the
signal 14 of Figqure 1. This drop out may, for example,
be due to an irregqularity in the surface of the storage
medium.

The point labelled i in the signal 14 of Figure 1
represents the occurrénce of an extra pulse produced
where the signal 12 has a first peak extending above the
upper threshold 16. The first peak qualification _
scheme demonstrated in Figure 1 mistakenly identifies
this first peak as the location nf the true data pulse,
when the correct location for the data pulse is shown at
point j in Figure 1. o |

In the present invention, the qualification level
used in qualifying the raw data signal may be lowered
such that drop outs (for example point e in Figure 1)
are less likely'to occur. Furthermore, the present
invention avoids false triggering by an extra pulse as,
for example, at point i in Figure 1.

/.
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Figure 2 shows in block diagram 20 one embodiment
of the present invention, which includes threshold
circuitry 22, a separator 24, a flip flop 26, and
logic 28. The threshold circuitry 22 preferably
includes a pulse detector, a low level gate and
polarity detector circuitry (not shown). The separator
24 includes a phase lock loop (not shown) for circuit
timing. The logic 28 includes shift registers (not
shown) for identifying the location of the highest peak
in a raw data signal as explained below in more detail.
The £lip flop 26 preferably is a D-type £lip flop.

‘The threshold circuitry 22 receives the raw data
signal over a line 30 from an automated gain control
circuit 31, which acts on a signal developed by a
magnetic transducer 33. The threshold circuitry 22 also
receives a threshold voltage reference on a threshold
voltage reference line 32. The threshold circuitry 22
provides three outputs, namely encoded pulse data on a
line 34, a polarity out (high) signal on a line 36 and
a polarity out (low) signal on a line 38, each received

. by the separator 24. The £1ip flop 26 is connected to
- the encoded pulse data line 34 at its clock input 40 and

to the polarity out (low) line 38 at its D input 42.
The £f1lip flop 26 has its Q output 44 connected to a
clock polarity line 46. The separator 24 provides
outputs to a sync pulse line 48 and a read clock line 50

connected to the logic 28. The logic 28 also receives

on the clocked polarity line 46 a clocked polarity
signal from the Q output 44 of il:e flip flop 26. The
logic 28 provides outputs to a gated sync pulse data
line 52 and a clock line 54.

Figure 3 is a logic timing diagram for the block
diagram 20 during qperation, Graph 56 shows the raw
data signal carried on the line 30 of Figure 2.

—_—
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.circuit 31 such that the raw data signal may trigger the

positive and negative low level voltage thresholds are
shown by dashed lines 58 and 60, respectively, in the
gragh 56 of Figqure 3. Positive and negative high level
voltage thresholds are shown by dashed lines 62 and 64,
respectively, in the graph 56. These voltage threshold
levels are generated from the voltage provided on the
voltage threshold reference line 32 in Figure 2. A
graph of the polarity out (low) signal is shown by the
solid line and the graph of the polarity out (high)
signal is shown by the dashed line in graph 66 of Figure
3. The two polarity out signals are taken from the '
polarity out (high) line 36 and ::he polarity out (low)
line 38, respectively. Graph 68 shows a plot of the
encoded pulse data carried on the line 34 of Figure 2.
Graph 70 shows the clocked polarity signal provided by
the flip flop 26 on the clocked polarity line 46. The
sync pulse data taken from the sync pulse line 48 is
shown in graph 72. The gated sync pulse data provided
by the logic 28 taken from the gated sync pulse data
line 52 is shown in graph 74.
The raw data signal provided by the line 30 has
been amplified through the automatic gain control

threshold circuitry 22. The voltage threshold level may
be set by adjusting the voltage provided to the
threshold circuitry 22 by the voltage threshold
reference line 32. Varying the voltage on the reference
line 32 correspondingly varies the threshold levels 58
to 64 shown in the graph 56. Two polarity signals are
shown in the graph 66, the solid line being generated
using the'positive and negative low level voltage
thresholds 58 and 60 and the dasned line being generated
using the positive and negative high level voltage
thresholds 62 and 64. The encoded data signal shown in

llMmﬂllm“lllllIlllll|llI|IlIIIIIIIIlIllIll-llllllllllll-ll-u---i-i--ii-luulli;
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the graph 68 is generated by the threshold circuitry 22
ﬁsing standard 4v/dt and zero cross detection such that
only signals having the proper polarity of zero cross
detection can cause an encoded data pulse on the line
34. Furthermore, a method of peak detection is
employed that allows only peaks of monotonically
increasing amplitude to generate the encoded pulse data
of the graph 68. This monotonically increasing peak
detection occurs within any given constant polarity
interval.

The encoded pulse data and poiarity information is
sent to a standard phase'lock-loop and data separator in
the separator 24, followed by shift registers and

gating logic in the logic 28. This circuitry removes

all but the last sync pulse in any constant polarity
interval. _ _
Since only monotonically increasing pulses within

a data window are represented on the encoded pulse data .

line 34, by providing gated sync pulses on the gated.
sync pulse data line 52 corresponding only to the last
pulse on the encoded pulse data line 34 within a pulse
polarity window, only will the highest level occurring
within that window be represented on the gated sync
pulse data line 52.

Only encoded pulse data in which both the polarity
out (high) line 36 and the polarity out (low) line 38
are in the same high or low state is used by the phase
lock loop as phase detector information. This
eliminates bad phase information caused by lower data
peaks triggering an encoded data pulse. All encoded
pulse data, however, is used by the data separator 24
and re-timed into synchronised pulse data. The shift
registers and the logic 28 introduce a delay shown by
time delay 76 in Figure 3 in the gated sync pulse data

ealhsBﬁijimwd

T

Il

I

I



5

10

20

30

1A o .t

10

shown in the graph 74.

Figure 4 shows a schematic diagram of peak
aetector circuitry 76, inoloding a transistor 78, used
in the threshold circuity 22 of'Figﬁre 2. The collector
of the transistor 78 is connected to a supply voltage 80
through a resistor 82. The emitter of the transistor 78

 is connected to electrical ground 84 through a capacitor

86. The base of the transistor 78 receives the raw data
signal from the automated gain control circuit 31 by way
of an input 88. A peak detector 90 is connected to the
collector of the transistor 78 and to a voltage
reference 92 and provides an output 94. The peak

~ detector 90 and the transistor 78 are used to detect

monotonically increasing peaks in the data signal from
the input 88.

-The raw data signal shown in the graph 56 of
Figure 3 contains numerous peaks. The transistor 78 and
peak detector 90 operate in combination to produce a
data pulse signai having pulses representing only those
peaks in the raw data signal shown in graph 56 that are
monotonically increasing within a given polarity range
above or below the corresponding positive or negative

.low level voltage threshold 58 or 60. Thus, those

peaks not reaching the minimum threshold 58 or 60 do not -
produce a corresponding data pulse at the output 94 of
the peak detector 90.

The peak detection circuitry 76 includes the
capacitor 86, which holds a charge indicative of the
‘highest signal value provided at the input 88. As the
signal of the input increases, the transistor 78
conducts to charge the capacitor 86. At a peak, the
transistor 78 will conduct only if the signal at the
input 88 has a magnitude exceeding the prior input
signal magnitude within a given polarity window in the

/ .
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raw data signal. Thus, signal peaks in the graph 56 of
rFigure 3, which are not as great as the prior peaks,
will not generate a pulse at the cutput 94 of the peak
detector 90 (shown in the graph 68 of Figure 3). The
peak detector circuitry 76 is re-set upon a polarity
window reversal in the raw data signal. |

The threshold circuitry 22 provides the separator
24 with the output 94, comprising the encoded pulse
data on the line 34, along with the polarity output
(high) and (low) signals on the lines 36 and 38,
respectively. -

Figure 5 shows a more detailed circuit diagram of
the logic 28 shown in Figure 2. The logic 28 includes
shift registers 96 and 98 connected to shift logic 100.
The shift register 96 is a shift register for the data
and the shift register 98 is a shift register for the
polarity signals.. An AND gate 102 is connected to a
data output 104 of the data shift register 96 and an
enable output 106 of the shift logic 100. Clock inputs
of the data shift register Y6 and the polarity shift
register 98 receive clock pulses from the'read clock
line 50 in Figure 2. Data is loaded into the data
shift register 96 from the sync pulse line 48. Data for
the polatity shift register 98 is generated from the '
signal provided by the flip flop 26 on the clocked
polarity line 46 using a f£lip flop 108, an exclusive
OR gate 110 and an inverter 112.

The polarity shift register 98 receives binary
"i%s for positive, and binary "O"s for negative,
polarities. Similarly, data on the sync pulse line 48
from the separator 24 is loaded into the data shift
register 96. The two shift registers 96 and 98 are
clocked at the same rate using the clock pulses on the
read clock line 50. The clock rate is derived from the

[
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phase lock loop in the separator 24. The shift logic
100 operates in conjunction with both the data shift
register 96 and the polarity shift register 98. The
shift logic 100 locates the last pulse in the sequence
of read pulses provided on the sync pulse data line 48
occurring before a transition in the polarity pulses
provided on the clocked polarity line 46. The shift
logic 100 then masks out all data pulses in the data
shift register 96 occurring within the same polarity
period as derived from the polarity shift register 98,
except for the last data pulse in the sequence. This is
done by selectively activating the enable output 106 of
the shift logic 100 connected to the AND gate 102 as
pulse data is clocked through the data shift register 56
by clock pulses on the read clock line 50. This last
data pulse represents the first highest peak achieved by
the raw data signal input to the threshold circuitry 22
within a given polarity cycle for the raw data signal.

The output of the AND gate 102 is shown in the
graph 74 of Figure 3, showing that only the chrono-
logically last data pulse provided on the encoded pulse
data line 34 is transferred through the logic 28 to the
.gate sync output 52 within a given pdlarity zone in the
raw data signal.

The gated sync output 52 of the data shift
register 96 may then be processed through a phase
comparator (not shown) and phase lock loop (not shown)
to recover the data and the clock signals.

'The logic 28 comprising the data shift register
96, the shift logic 100 and the phase shift register 98
introduces a time delay into the circuit. In order to
keep the phase lock.loop in synchronisation, only
pulses occurring over the high level threshold (62 and
64 in Figure 3) are sent to the phase lock loop phase

\
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detector. This may result in a number of "drop outs"
in relation to the'phase lock loop, but such circuits
are inherently less sucsceptible to drop outs than to
wrongly located pulses. This problem is improved by
s  using high and low level thresholds (58 to 64) as shown
in Figure 3, The data lines 36 and 38 carry high and
low threshold information to the phase lock loocp (not
shown) in the separator 24. Only encoded pulse data
(shown in the graph 68 of Figure 3) in which both the
10  high and low threshold lines 36 and 38 are in the same
state is used by the phase lock ldop for phase detector
information. This is to eliminate bad phase
information caused by the lower peaks that may deliver
encoded pulse data on the line 34." All pulse data
15  shown graphically in the graph 68 of Figre 3, however,
is uséd by the monotonic peak detection circuitry.

This circuitry improves off track performance
especially when used with high density codes, such as
the 1, 7 code, in which a long base line and low

20 resolution can occur simultaneously. The use of the
shift registers 96 and 98 allow as much look ahead as is
desired depending only upon the capacity of the shift
registers. The circuitry can look ahead all the way to
the next adjacent polarity peak. This memory feature is

25 a distinct advantage over methods that employ only true
pulse to pulse detection. The c.rcuitry, however, must
be robust enough to tolerate the delay introduced due to
the shift registers 96 and 98. For the 1, 7 code, this
delay will have a worst case'duration of 4.66 data bits.-

30 In Figure 6, a logic diagram is shown for the
logic circuit 28 of Figure 5. The sync pulse signal is
shown as the graph 144, the clock signal from the line
54 is shown as the graph 116, and the clocked polarity
signal from the line 46 is shown as the graph 118. The

e
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clocked polarity signal in the graph 118 always changes
state prior to a syﬁc pulse in the sync pulse signal of
¢he graph 114. Due to circuit design this will always
pe the case. The rising edge of the clock signal in
the graph 116 will shift both the polarity information
and the data into the shift registers 96 and 98, respec-
tively. The data shift register 96 contains a logic
level "1" whenever a flux reversal has been detected.

The polarity shift register 98 c.ntains a logic level
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"1" normally and a level "0" whenever a polarity change
has occurred in the raw data signal. The overall
operation of the shift registers 96 and 98 and the shift
logic 100 serves to provide a data output only for the
last flux reversal in a given polarity zone in the raw
data signal. An flux reversals of the same polarity
occurring earlier in time will be eliminated.

Using the shift registers 96 and 98 and the shift
logic 100, this pulse elimination is accomplished by
the following rules:

(1) A "0" in the polarity shift register 98 indicates
that the polarity of the corresponding data in the data
shift register 96 has changed.

(2) A "1" in a location of the data shift register 96
indicates a flux reversal location. If there is a "O"
in the corresponding polarity shift register 98
location, the actual polarity changed prior to that flux
reversal occurrence. Therefore, when referring to the
data shown in Figure 7, the data shift register 96
locations A and A, -are of diffecent polarities, but
the data locations A and A are of the same polarity.
(3) when a "1" in the data shift register 96 reaches
the A, location, all following “1"s in the shift
register 96 are compared in the shift register 96 with
their own polarity location in the polarity shift

-_—
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register 98 and those polarity locations up to and
including the location of the "1" in the data shift
register 96. If all of these "1"s see at least a
single polarity change (indicated by a "0"), then the
#1" in the location A  is sent out as data. If any of
the following "1"s in the data shift register 96 do not
see a proceeding "0", the data in the location A must
be the same polarity as another later "1" and it is
eliminated by the AND gate 102.

10 Mathematically this may be shown with the
s following Boolean equatzon_-

wn

Fnable = (A 1 xA 1) +[A 2%xA 1xA 2)] +
986 98 e8 98- 98

15
[A 3x(A 1xA 2xA 3)] ... +
96 88 88 98

[A 6x(A 1LXA 2xA 3XA 4XA 5XA 6)]
98 98 98 98 98 98 98

20
where A§51 to Agss represent the data locations 1 to 6

in the data shift register 96 and Asal to Agss represent
the locations of data stored in the phase shift
registers 98.

The location of the highest peak during a period
of the raw data cycle may be detected using a tri-level
qualification scheme. Each peak triggers a set of flip
flops whose inputs are tied to a set of comparators,
each comparator having a qualification voltage reference
level as one input and the raw signal as the other
input. The output of these comparators triggers the
flip flops. The shape of the ra«~ data signal determines
the state of the flip flops such that by detecting the
pattern of the seﬁtings of the f£flip flops, logic can

25

30
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determine which trigger was caused by the highest read
signal. ' | |
This logic 1ntroduces a time delay into the
~ circuit. In order to keep the phase lock loop in sync,
5 only pulses occurring over the medium qualification
threshold of the three threshold levels are sent to the
phase lock loop detector. This may still result in a
number of "drop outs" in relation to the phase lock
loop, but phase lock loop circuits are inherently less
10 susceptible to drop outs than to wrongly located pulses.
Figure 8 shows tri-~level detection circuitry 120.
The circuitry 120 includes comparators 122 to 134 and D~
type £lip flops 136 to 146. The tri-level detection
circuitry 120 also includes re-set and synchronisation
15 logic 148 and encoder logic 150. The raw data Signal
from the automatic gain control 31 is applied to inputs
152 and 154 which are connected to the non-inverting
inputs of the comparators 122 to 134. Tri-level
threshold voltages.vtﬂ, _V?_M and V;L are applied to the
20 invert;ng terminals of the comparators 122 to 134. V;H
represents the high level voltage threshold and is
supplied to the inverting términals of the comparators
. 126 and 134. vV . represents the mid-level voltage
threshold and is supplied to the inverting inputs of the
15 _comparators 124 and 132. VtL represents the low level
voltage threshold and is supplied to the inverting
inputs of the comparators 122 and 130. The inputs of
the comparator 128 receive voltage signals representing
the zero crossing of the derivative of the raw data
0 signal'provided from a magnetic sensor (not shown) .
Inverted and non-inverted outputs of the comparator 128
provide the clocking signal-used'by the £lip flops 136
- to 146. The D inputs of the f£lip flops 136 to 146 are
connected to the outputs of the comparators 122 to 134.
-
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to the re-set and synchronisation logic 148. Re-set
inputs for the comparators 136 to 146 are also connected
to the re-set and synchronisation logic 148, The re-
set and synchronisation logic 148 pfovides binary
outputs on lines Q0 to Q5 in Figure 8 to the encoder
logic 150, which provides encoded binary outputs on
lines b0 to b2. The inputs of the zero crossing
comparator 128 carry voltage information derived using
'standard methods of differentiation and zero cross
detection such that only positive peaks are re-timed
onto positive thresholds and only negative peaks onto
negative thresholds. Using this technique, each peak
in the raw data signal is detected by sensing the zero
crossing of the derivative of the raw data signal.
Figure 9 is a graph of the raw data signal from
the automatic gain control 31 (see Figure 2) and the
corresponding Q outputs of the flip flops 134 to 146.
The raw data signal is labelled V152 - v154 and
represents the voltage difference between the inputs 152
and 154 shown in Figure 8. The dashed lines labelled
positive and negative V_, V _ and V-t'L in Figure 9

represent three voltage thresholds used by the tri-level

qualification circuitry 120. The outputs of the £lip

flops 136 to 146 are labelled Q _  to 0143' Q.. Qs

and Q indicate when the raw data signal has exceeded
140

the low voltage threshold, the medium voltage threshold

and the high voltage threshold, respectively. The plots
labelled Q , Q and Q .t indicate when the raw data

142 144
signal taken at Vv - V is less than -V - -V and

152
-V:u' respectively. The outputs of the flip flops 136
to 146 are connected to the re-set and synchronisation
logic 148, which provides a binary representation of

each pulse level in the raw data signal provided to the

-

as Been Re!‘laced

i \l\\ i

The Q outputs of the flip flops 136 to 146 are connected



10

15

'20

25

30

18

inputs 152 and 154. The re-set and synchronisation
logic 148 also re-sets the flips flops 138 to 144 upon
completion of a polarity cycle in the raw data signal.
The encoder logic 150 receives the binary signal
on the data lines QO to Q5 from the logic 148 and
provides an encoded output on the data lines b0 to b2.

' The encoded binary outputs b0 to b2 may then be directed

to a controller unit such as a micro-processor (not
shown), which produces an output representing the peak
in the raw data signal exceeding the greatest of the
three thresholds occurring first within a given polarity
cycle in the raw data signal. The ‘comparator 128 used

to clock the £1lip flops 136 to 146 causes only the peaks
~in the raw data signal to be digitised by the

comparators 122 to 126 and 130 to 134 and latched by the
£1ip flops 136 to 146, because the input of the
comparator 128 receives the signal related t¢ the
derivative of the raw data signal and the flip flops 136
to 146 have edge triggered clock inputs. The circuitry
causes only positive peaks to be re-timed onto positive
thresholds and only negative peaks to be re-timed onto
negative thresholds.

The comparator controlled circuitry of Figure 8
using tri-level peak detection may be particularly
useful because the peak detecting algorithm is
implemented in computer software. The detection signal
may easily be optimised for a giVen'magnetic read back
system by prioritising the various combinations of peak
threshold levels and their occurrence chronologically
within a polarity cycle in the raw data signal from the
magnetic head. This versatility provides the ability to
ocptimise the qualification criteria on a system by
system basis without repeated re-design of the hardware
components. |

__—_/:
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Only those pulses 'exceeding'the.medium level
voltage threshold are used as inputs for the phase lock
loop (not shown). Pulses exceedng the high and low
voltage thresholds are synchronised to the phase lock
loop but otherwise have no effect upon phase lock loop -
operation.
The present invention improves accuracy during
read back of information from a magnetic storage medium,
_ such as a magnetic disk. The invention is particularly
10 advantageous for use with high density coding schemes
used to increase disk storage capacity. These codes
tend to have larger band widths and longer base lines
making them more susceptible to noise and cross talk,

: especially if the magnetic read head is slightly off

i 15 track. The present invention allows for reduced voltage
qualification thresholds, particﬁlarly useful in
detecting low amplitude raw data signals, such as those
in which the minimum pulse separation is low and the
amplitude has been reduced to lower the inter-symbol

20 interference. By detecting the first highest peak
after the read signal has passed a minimum qualification
threshold, and assigning that peak as the real location
of the data pulse, it is possil.e with the present
invention to lower the qualification threshold and still

25 avoid problems associated with drop outs.
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CLAIMS

1. A method of qualifying data peaks in a raw data
signal produced by a magnetic transducer, characterised
by the steps of monitoring peaks in the raw data signal,

detecting the signal level of the peaks in the raw data -

signal, and producing an ocutput representing the
occurrence of the first highest peak in the raw.data'
signal. _

2. A method according to claim 1 characterised in
that the step of detecting the signal level comprises
comparing the raw data signal to a minimum qualification
threshold, detecting peaks in the raw data signal
occurring ahove the minimum qualification threshold,

- and selecting the first highest peak in the raw data

signal occurring after the raw data signal exceeds the

‘minimum qualification level.

3. A method according to claim 2 characterised in
that the step of éelecting the first highest peak
comprises producing a data pulse for each monotonically
increasing peak occurring during a polarity cycle in the
.raw data signal, and selecting the last data pulse
occurring during the polarity cycle in the raw data
signal. |

4. A method according to cla;m 3 characterised in
that the step of selecting the last data pulse comprises
storing data pulses in a first shift register (96),
storing polarity information representing the polarity
of the raw data signal in a second sh;ft register (98),
and comparing'the contents of the first shift register
with the contents of the second shift register and
producing a single pulse output representing the
occurrence of the last data pulse during the polarity

i i
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cycle of the raw data signal.

5. A method according to claim 1 characterised in-
that the steps of detecting the signal level and
producing an output comprise comparing the raw data
signal to a plurality of threshold levels and producing

~comparator outputs representing the signal level of the

raw data signal compared to each of the plurality of
threshold levels, and receiving the comparator outputs
and producing a digital signal representing the greatest
of the plurality of threshold levels exceeded first by
the raw data signal.

6. A method according to claim 5 further charac-
terised by the steps of detecting zero crossings in the
first derivative of the raw data signal and producing a
zero cross output representing the occurrence of the
2ero crossing in the first derivative of the raw data
signal, and employing the zero cross output to clock
the comparator outputs during—the step of comparing the
raw data signal. ECI

7. Apparatus for qualifying data peaks in a raw data
signal produced by a magnetic transducer, the raw data
signal having a polarity" cygle, characterised by a peak
detector (22, 24) arranged to receive ‘the raw data
signal and detect peak levels in the raw data signal,
means for detecting’the polarity cycle in the raw data
signal, and means (28) connected to the peak detector
and the means for detecting the polarity cycle for

‘selecting the first highest peak occurring in the raw

data signal during a polarity cycle.

8. Apparatus according to claim 7 characterised in
that the peak detector is arranged to produce a pulse
output for each monotonically 1ncreasing peak level in
the raw data signal, .
9. Apparatus according to claim 7 or 8 characterised

\\H
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in that the peak detector comprises a capacitor (86), a
capacitor charging circuit (78, 80, 82) connected to the
capacitor for receiving the raw data signal and charging
the capacitor based upon the level of the raw data
signal whereby the capacitor is charged to a level
representative of the occurrence of each monotonically

~ increasing peak level in the raw data signal, and means

(90) connected to the capacitor for producing a data
pulse in response to the charging of the capacitor
whereby the data pulse is representative of the
occurrence of a monotonically increasing peak level in
the raw data signal.

10. Apparatus according to claim 8 characterised in
that the means for selecting the first highest peak is

- arranged to receive the pulse output from the peak

detector and to produce a qualified data output
representing the last pulse occurring in the pulse
output during a polarity cycle in the raw data signal.
11. Apparatus according to claim 10 characterised in
that the means for selecting the first highest peak
comprises a polarity detector (108, 110, 112) for
detecting the polarity of the raw data signal and .
producing a polarity output, a data shift register (96)
arranged to receive and store the:puise output f£rom the
peak detector, a polarity shift register (98) arranged
to receive and store the polarity output from the
polarity detector, and a controller (100) connected to
the data shift register and the polarity shift register
for producing a qualified data output in response to the
last pulse output stored in the data shift register '
occurring during a polarity cycle determined from the
polarity output stored in the_polarity shift register.
12. Apparatus according to claim 7 or 8 characterised
in that the peak detector comprises a plurality of

[
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comparators (122 to 134), each connected to a corres-
ponding data latch (136 to 148) and a corresponding

 threshold reference level, whereby to compare the raw

data signal to the plurality of threshold reference
levels and produce a latched output representing a peak
level in the raw data signal.
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