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ALI FYI NG DATA PULSES | N A RAW DATA S| GNAL PRCDUCED BY A MAGNETI C §’
TRANSDUCER The present invention relates to a nethod and appar.atus for
qual i fying data peaks in a raw data sighal produced by a magnetic
transducer. Mre partlcularly, the present invention relates to qualifying
val i d data peaks occurr.i a raw data sign netic head
used in a. mgnew %Ms,;qg &m&wﬂb’ﬁﬂﬁ Egg?l c storage
system such ag a RAWDDATA GIGNADL iPRODULED tBY Amwtcnrmanunm cally
stored at the=surtace of the disk. Digital 1-nformation 1s represented by
sel ectively pol arising consecutive areas '

Band

5 _ 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

- 10 magnetic head used in a magnetic tape 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 |
15 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
20 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 _
25 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

30 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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acros! !e surface of the rotating nagnetic disk. Wen this information is
read Back fromthe storage disk, the nmagnetic polarisation of the mediumis
sensed and converted into an electrical output signal, i.e. the raw data
signal. The raw data signal is represenpative of the rel ative strengt h- of
the magnetic flux density present on the magnetic disk. This reading and
witing operation is acconplished through a magnetic read/wite head. It is

hi ghly desir abletidcal odedecesgh Fereherﬁbreofohtghldensumma@at@en5|t|es on
Lﬂea?‘é‘gl”eé'eﬁminas?ﬁ%rﬁgis oBEEh AR Pop" . Tr S8Ry Y SHEeRE P 0! 46
conpr omi si ngmhnemefbhﬁnsmsceptibeliyyt ofh tbef sawudatal wutipud eased
storage signal to unwanted noise. The 1, 7 code employs a
5 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.
10 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

15 closely spaced pulses due to inter-symbol interference.
This decreases the signal to noise ratio, whioh forces
the pulse qualification level to be lowered, and

~further adds to the off track noise _problem.

Simple pulse quallfication, zn which the first

20 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

25 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

30 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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1%?2%?@ ged in,the read back circuitry to "jité@g
5 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
10 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

15 ° 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

20 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

25 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

30 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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el ect P81 devices. Furthernore, high density data coding schenes, such as
the 1§¥7 code, may further increase the susceptibility of the raw data

out pu¥ signal to unwanted noise. The 1, 7 code enploys a single zero
magnetic flux cell between any two adjacént flux cells and no nore than
seven adj acent flux cells. codes that enploy wi.de "w ndows" in order to

I ncrease di sk capacity_have | arger band w dths a$&Plonger base |i nes

| eadi ng to notise peak GLRCEeT AR skhetmeanst yOr TREECREAEE FP8hI em may be
further exac:‘éﬁfamf fopdbe nBgcsé LeceiigheRd dirstshighegbt! peaki track.

nave o m ot merett ol i ol rAgi SRR s Pnel AGFIfacaiBel R ENLL Tovels in
closely spacegyqid ses due to inter-synbol interference.

' 5 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

10 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
15 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
20 reduced threshold level may be used in the data pulse
qualification circuitry.
The location 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
25 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,
30 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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This'clreases the signal to noise ratio, which forces the
qual i¥ication level to be |lowered, and further adds to the
probl’em Sinple pulse qualification, in which the first pe
threshold is taken to be the location & the data "pul se”
adequate. The qualification | evel typically has been set
are an equal nunber of "drop outs"” and an equal nunber of

pul se

off track noi se
ak over a

i's no | onger

so that there
"extra" pul ses

due to the ngings,pr eseht asninha rfmglﬁdtemsinyptﬁodi%eﬁChem@ole schenes -
directed toward n a r to have
efink: Gheaned ont Hﬁm ok cgl.f&éﬁ‘ﬁca%h bse eetpe Cd Sk

signifi- caf®% noré occa5|ons

e
above the | gigned B¥aFPAREiNGoFuSTepsidid it/ tom §’F

aks occurring

&R KK9$8 t he | ong

base |ine bghygen whdehymagdperitadululrass be Wipedileh det egier s used to

di's- 5 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
10 = 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

15 ‘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

20 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;

25 . 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

30 Figure 9 shows a raw data signal along with a

timing diagram for the tri-level'qualification
of Figure 8.

circuitry

Figure 1 shows graphically an encoding pulse data
signal 10, the corresponding raw data signal 12 and a
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Ptat a peaks-whose anplitude does not exceed a prescribed |level are
Fequat e to-disqualify fal se data peaks when the rati o between the

| evel and the noise level is small. A "first peak" qualification
Thi stis the replacenent sheet Date:  1® OCT 1996 3 can be expected to
pl ace many pul se | ocations outside the proper wi ndow. Not only does this
cause data decodlng‘froblens It al so causes the hasiégack | oop used in

the read bacjuadiifdfd QUERRT $igRal 14F. Alp which79ug; FS§E§°& éPstem for
-qual i fying dajsed agsbd reire knmenadded Lo dcbﬂgtldevmesthuanl oEhaeshol d

levels are %;%%ﬁmﬁnf§f¥§¥n§53@fc" éﬂéf?%;catfbn level. The dashed
lines shown as 16 and 18 represent positive and negative
5 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

10 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
15 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
.20 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 _

25 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 3 in Figure 1.
In the present invention, the qualification level
30 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 pdint i in Figure 1.
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e signal to produce a plurality of gate signals corresponding to the
fhol d levels. It is judged on the basis of the gate signals whether

t portion of the reproduced waveformis correct or not when producing a
digital output. US-S4 634 896 disclose§ a systemfor qualifying data read
froma magnetic recording device. One positive threshold val ue and one
negative threshold val ue are enployed in the systemfor elimpnpating all but

the last of a serFtgube Re8RewBninhblagkadimgxagy &0ePnq Auhadimentecks to
rou, e, e bakuhcabboboet cu)e ebsipank nauns o D,
g?g?ﬁglgréggﬁFC?%€§$t$gn, ?hEFgaFétBFogﬂdegaa%héﬁhé&QH(iﬁku%?ang datap ;
peaks in a 1gyiclaz@d. si gThé phedsheddbyizcudgrst 22 prefehabdy conprising:
o ¥ RELARYS 8 Bu g Rbs SRR 1 TRAT GBS ST
negative thpekaoityré@éteetor tireuitryufpott ishowa)pol The sdparahamput
when The angh: taGEGed h CPRRERTPREK 18R] (POt SERIRIC SOE BB DD
sai d positivimingeshbhe legits28ahncindest sbifscoegisters (not
shown) for identifying the location of the highest peak
10 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
15 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
20 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
25 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
30 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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to the first state when the anplitude exceeds a | ower one of said

Fi ve threshold | evels, each period between a change of states

ituting a polarity cycle; outputting a polarity high output having a
| ogiic state which changes froma first8state to a second state when the
anplitude of the anplified raw data signal exceeds a hi gher one of said
positive threshold levels, and froma second state to the first state when
the anpl it Ebeidivee@hd Nedatdve lowilavel veltadecthreshabds aseel s;

out putti{lgtﬁa@nggg?iﬂd@qﬂﬁ@ s:athatarg ?@,”P{fééﬁ!ﬁc‘_@ﬂﬁ@ﬂf dﬁilaatmtsl ses |
represent ative-o currence o e first peak in each, pol ari cycle
havi ng an &ﬁﬂmégeﬁh%%&geds RS ks %‘?‘é Regative %&Pl %V?xreshol d
|l evel s or gdltvage dhreshcdsisd armpahown thy cddsheld | bines , 62nandubdgquent

o o A W G S g Bt

recei vi ng tlevedscaded gemeratesd £mom hite wdktage providedhonutpat and the

graph of the polarity out (low) signal is shown by the
solid line and the graph of the polarity out (high)

10  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.

15 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

20 line 52 is shown in graph 74. ,

The raw data signal provided by the line 30 has
been amplified through the automatic gain control
.circuit 31 such that the raw data signal may trigger the
threshold circuitry 22. The voltage threshold level may

25 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

30 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

pul se. hi < PRSARE" RABRENOAR el dnlig 2 A0 S St o2 4 el encoded
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i |ch occur when the polarity | ow output and the polarity high
‘both have the first state or both have the second state to a phase
| ocged |l oop in order to synchronise all the encoded pul se data and thereby
gengrate a synchroni sed pul se data out@ut representing synchroni sed data
pul ses and a clock output; providing a clocked polarity output by clocking
the polarity | ow output according to the encoded pul se data; receiving the
sync pul se i gyragptp s i&egeﬂexﬂd:edut@tthmdthr@shdbbdkgtlrtpui-'arYt $2out put

and providi g@gﬁé e e o] e last -
synchroni sé‘ffq'é%a pu se V\:hl J&%gb%dr?éuérlgn%éé;%cﬁgtgfggléé Qgélé {éh%? the raw

dat a si gnalanlit &&HSRaIS 3zﬂ#ﬂﬂﬁrcﬂoihélﬁYeQEn%eFHVGHPFSn there is

provi ded appaleditidr %xﬂt@iué‘dle{w difdGade aksra "pals@ Vol atReslgnal produced
by 2 T?g”egif 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
10 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

15 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

20 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.

25 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

30 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
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J._g,-_ e et

er in a nagnetic data storage system the apparatus conprising: an
tic gain control stage circuit coupled to the magnetic transducer for
yving the raw data signal and for outputting an anplified raw data

al ; threshold detect neans, for regeiving the anplified raw data signal
the automatic gain control stage, having at |east two positive
threshol d reference level s and at |east two negative threshold reference

| evel s, andgpewavi i nghe goaphi 74.1 ow out put having a | ogic state which

changes froma figg f a?esﬁgwg éeggﬁngEaEedwggngngfaggaﬁnxkaof t he

anplified raw data exceeds a posi tyve threshold
| evel s, anddét%%'-?ﬁecéﬁﬁ'éﬁﬁrgt 26e t dnchudingsp $EANSIFLOT 8 A%89 t ude

exceeds a | Wh@nﬁhﬁésﬁéld Begahivy tbresh@h@ulzevel s, 'I!h%Ch:dQﬂIedwbﬂJet ween

a change of "states, constifuti a.polarit ycl e and a polarlt out put
v ngs e | oof LA FESRRLEROEN 0 b8 FRBRRELER S0 & Salin & are

when the anphréugle afrébesaarl 82l edThavesidltz exi @Eaftwwamsmﬂugwa one of .
S0 oLt it Abnssend L Vel n 2ndall SRR SEPUTA B IBENS S |
| evel s, foragenernelhgsenoﬁnthdeﬂraneietdata80mepeuvesnmhemnqy<§amaded dat a
pul ses repre%§£5f1f¥§hothehgutomated gain control circuit 31 by way
' 10 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
15 -~ 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
20 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 -
25 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
30 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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ce of the first peak in each polarity cycle having an anplitude
xceeds the | ower one of said positive threshold levels or a |ower
¢ said negative threshold |evels, 23 subsequent peaks in the sane
pol arFty cycle that have an anplitude whith exceeds the anplitude of the
hlghest of the preceding peaks in the polarity cycle; separator neans

‘conprising a S 0 | {ipn h 0 | se
da’?&g out pgt EWZ &@\pao# ari#?gni*ﬁ?gﬁ 'gﬂﬁ égﬁﬁgghgé‘aﬁ? h th %rg%?p(é?df#(;m t he
threshol d detBtguF@ahes, W mhs@ﬁara@braareqnsaﬁ:naat FF‘ﬁgPF §%c PEAESted This

is the rep|aG@DFmtn6@e§6ne£Ete a é&léémhégﬂﬂe oudputava pfl the Pealai d
encoded pul se dat cecur ogl C_S S Olagri t)ﬁﬂ oW out put
and the pola.r‘??"'ye %ﬂtﬁ%?°%? §aﬂEan %ﬁ Shggg ﬁgd Ioop i n order
5 peak detector czrcuitry 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
10 (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.
15 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

20 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 fo;
the polatity shift register 98 is generated from the

25 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,

30 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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IChr oni se al |- the encoded pul se data and thereby generate a

- oni sed pul se data output representing synchroni sed data pul ses and a
cl ock output; a flip flop having a D |nput connected to the polarity |ow
out piit of the threshol d detecting neans; 12:) ock i nput connected to the
encoéled pul se data output of the threshold detectlng nmeans, and a Q out put

f I di I d I t t d | th
sync pul se. dapasBLEREE. LBRe” LPoFkeosBEaraRRT i o bl ARl 494 output
and for provndongpqrgaeedlsynonguhselontpdthr@mﬁhuﬁhard;ta1shxiﬁrence of
e Ao oY Elg PRt aEdodabAAPLLECoNLEl LOCOHIT I HANBRACE Aid Y CVCl e of

the raw data”s conpri ses

.
sel ecting thahing%OG%ghéQB begates the Aamtdpudse danlthe Sequencelat a
signal - has pggsgsad §§1§sé§“FEb0‘;&HH‘ gHakhkl %%ﬂcorp&l@eem&j .11k 48 ni mum

qualification thresh owered to avol p outs ue to the
reduced anpl¢?G%€r§ﬂgnBFfﬁFBdeEHaPﬁiﬁﬂSﬁ é§n§iﬁy @& ych as the

1,7 code). Phrpbyeasdashoghat edom&a b@arﬁ.‘t&efﬁ% rwtber'rha‘ stepgi ' pul ses
are elim natpsoPY 165°0A0S' RsRh Suk"E1Y 415 R1Fse TS cHMR, Pock Wi
shift register 96 occurring within the same polarity
10 = 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 $6

15 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

20 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.

25 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

30 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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occur Bt he proper wi ndow. There may be provi ded apparatus for

qual i f Fdat a peaks in a raw data signal produced by a magnetic
transdimeer , the raw data signal having a polarity cycle, the apparatus

i ncludig® a peak detector arranged to rec%jve the raw data signal and
detect geak |l evels in the raw data signal,3heahs for detecting the polarity
cycle i the raw data signal, and neans connected to This is the

for dototing GAESBBPE!i ¢y RIS Ho¥oFesuiEind TREHAE & i RlE dulfemens
occurring in the rehkagien sogthe phaiseglackollaop,y 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 ffam the line 46 is shown as the graph 118. The

M
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5

'"peak detector may, for exanple, conprise a transistor for

cycl
chargi® a capacitor, followed by a conparator. In one enbodi ment descri bed
bel oWt he capacitor voltage charges to the highest peak |evel through the

trans@gstor and is re-set at the start of1i1gach wi ndow. Logic is then

provi ged to determ ne when the highest peak has been found and to out put a
corres- ponding data pulse. This logic is arranged to introduce a del ay
into the circglockedrpolanitydeignalkénptheppasphl 448 PIuPYS) changes

synchroni sati fba ALH i’ié’f'ESSaOE &rgﬂgsg\/% ehal eﬁrae b@lwsh@daqvef are
sent to the pﬁ se l'ock | o

p pha tector res a _nunber
of drop outs ther#FaRRokito th@uﬁhﬁgeci§§R1FoéﬁSI Bﬂés qi@@? | oops
are inherentlye| €56 64$6€P- The rising edge of the clock signal in

| 5 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

10 "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

15 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:

20 (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"

25 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

30  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 “i"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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tible #rop outs than to wongly located pul ses. A reduced threshold
| evel f/ be used in the data pulse qualification circuitry. The location
of- t hef®¥irst highest peak in the raw data output signal nay al so be
deternghed using a tri- |evel qualificatagp arrangement. Each peak in the
raw dafa signal triggers a set of flip fI"0ps whose inputs are tied to a set
of conparators, each having a corres- ponding qualification |level to

produce 't ot glegabeblr 08 b Hhlsls éﬁ% @C&%éaem:ﬁ dp i fdgp settings,

| ogi ¢ can det a at a urred el gtive |l evel and
the location &nCEH Pﬁuégﬁeéﬁcraﬁiﬂi’e ofahheat 2 'sighdihe u%b’nﬁi he
| ocation of thegfistetr BeéghesTfpedl ofhenusseni"s ewntarleasplfaparticul ar

use with 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
C 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 6 x (A 1xA 2xA 3xXA 4xA 5xA 6)]
98 98 28 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.

55 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

30 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

-
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chenes having | arge band widths and | ong base This is the
repl gEenment sheet 5 lines, such as in a high density coding schene. The
pres@#t invention inproves the qualification of the data signal by reducing
suscdbtibility to noise and to cross talk&, which may particularly be a

em i f the magnetic read head is slightly off track The invention is
descri bed further, by way of exanple, with referenc % t he acconpanylng
dr awi:ngs, |rﬂQ##€W4neFWE&ﬁb triggergvashrausesudyr ighesfe 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 inverting 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
'5 _comparators 124 and 132. A 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 flip flops 136 to 146 are
connected to the ootputs of the comparators 122 to 134.

'_\—
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.h|p between the encoding pul se data signal, the raw data output

sig rand the qualified data pul se output signal in a systemusing a first
peak reshold qualification nethod; Figure 2 is a bl ock diagram of

qual @ication circuitry according to thi present invention; Figure 3 shows
grapfgcally the relationship between vo ?age and tinme at various |locations -
in tg circuitry of Figure 2; Figure 4 is a schematic view of a peak

det. e@t or of &/ u r e di agr am
shomnng shi f |é&%§&$% ?% €¢9 %ﬁlé ffbgg EBE Eslgaﬁehgklgén&%e %dis a

t|n1@g dlagrtﬁnq ﬁ?ﬁﬁﬁﬁnﬁq r%§F§B§9n+%§Fé°Bf199§Eré . Re-get
inputs for the comparators 136 to 146 are also connected

to the re-set and synchronisatzon 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
10 '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
15 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
20 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, in Figure 9 .
represent three voltage thresholds used by the tri-level
qualification circuitry 120. The outputs of the £lip
15 flops 136 to 146 are labelled Qxas to Ql‘s. Q, .e sta
and Quo indicate when the raw data signal has exceeded
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
10 signal taken at Vv - V is less than -V, -V and

152 tL
-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

(S 1Y
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s an exanple of a bit pattern in the shift register |ogic of
'5; Figure 8 is a block diagramof tri-level qualifi- cation
1try according to the present invention; and Figure 9 shows a raw data
| along with a timng diagramforqghe tri-level qualification
itry of Figure 8. Figure 1 shows graphically an encoding pul se data
si g@al 10, the correspondi-ng raw data signal 12 and a This is the
repfacenment jppats B5R2cand 15410 QFk 1 2%%et and synchronisation

logic 148 also re-sets the f£lips flops 138 to 144 upon
completion of a polarity cycle in the raw data signal.
The encoder logic 150 receives the binary signal

5 on the data lines Q0 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

10 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
15 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
‘20 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

25 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

30 within a polarity cycle in the raw data signal from the

' magnetic head. This versatility provides the ability to
optimise the qualification criteria on a system by
system basis without repeated re-design of the hardware
components. |
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| 15

20

25

30

~ed out put
tection of the first peak of a given polarity above a qualification
The dashed |ines shown as 16 and-18 represent positive and
/e voltage thresholds used to qual @8y the raw data signal
trates the problens associated with the prior art first peak"

| d qualificakion thod. In Figure 1, i.nts,. lahelled a to
'eaéﬂ associ2§ggym£§ﬂsﬁ BP#FEPeﬁKCQGﬂﬁPglﬁhﬁ #gaﬁaﬁh$ tlto t he

10

signal 14, in which qualification is based upon the

voltageethreahdld are Gked2hbi chbats rfber &die phal%ca toak

voltage thresholds are synchronised to t e phase loc
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
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

‘track. The present invention allows for reduced voltage

qualification thresholds, particularly 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
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
avoid problems associated with drop outs.
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t oo > to reach the voltage thresholds (16 and 18) and trigger the oufputé;;

:léb___lhus—-a—da%a—pulse has been lost, which should have occurred
of Figure 1. This drop out may, for exanple, be

““‘“‘ n m’hﬂﬁg”mx he surface of2@ he storage nedium The point’

[ 4 of Figure 1 represents the occurrence of an
pulse produced where the signal 12 has a first peak extending above
per threshold 16. The first gedk AqualM{S cati on schene denonstrated in

Figure 1 nmistakenly identifies this first peak as the location of the true
data foul se, when the correct location for the data pulse is shown at p0|nt
j inJFigure 1. In the present invention, the qualification |evel
1. A method of qualifying data peaks in a raw data
5 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'

10 signal. _

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

15 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

120 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

25 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

30 of the raw data signal in a second shift 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

\aced . .
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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. P

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

i R

data signal nmay be | owered such that drop outs

. jgure 1) are less likely to occur. Furthernore,
gﬁmlﬁmmllﬂml ds fal se tr| ggerl ng by an extra puI se as, for

exanpfe,

10

7 Flgure 2 shoms in block diagran120 one enbodi nent of the
I nvention, which includes threshold circuitry 22, a separator

24, a
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a pul se detector, a |low level gate and polarity detector circuitry

" TR RS [BlLz¢, neLuces o prase | ock Logp (rat snow for

fying the Fochti®on "of the highest papk in a raw data signal as

ned below in nore detail. The flip flop 26 preferably is a D-type
| op. The threshold circuitry 22 receives the raw data signal over a
0 from &n shatnkhed peakn deteictor comprisedl a GARALILIT b, sianal
ped by aapEERebiC chr'a%giﬂgc%&r%%i B%t higsh @£ Cdrnddeed 2% AR

es a threshol,d volta ference on ‘a 't hr €shol’d v.%t%gf reference

5. ThEAPAPSERD) §OET Fegedming, theownase 4atd LA

pd pul setHet eapacatbirnbagéd apes dhe Mevdl (0F dhe spnadatw a Ilne 36

5 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 capacitof for producing a data
pulse in response to the charging of the capacitor

10  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

15  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

20 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

25 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

30- 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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:.arator 24 prOV|des outputs to a sy
P connected to the logic 28. The logic 28 also receives on the

on a line 38, each received by the separator

hﬁﬂw I s connected to the encoded pul se data |ine 34 at
' m I the polarity out (low) line 38 at its D input 42.

p 1 op output 44 conn%§ted_to a clock polarity line 46.

pul se line 48 and a read cl ock

§ pol ari wmpanaté&sa(amckad 1@ ) a“ AT %'B%Inédt@a t&lﬁ £ ytiguy- 44 of

P ana n £PRAHAE, 48 3413§F§u343§ b LY 2ot o ey e

i agr am gbreehoiag gpezence. le®edph Fherldys tohcompartatthe il

i on theqatdCs2gnal EbIYKE lurality of threshold reference

5  levels and produce a latched output representing a peak
level in the raw data signal.
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: e replacenment sheet Date: 10 OCT 1998 8 positive and :
"l ow | evel voltage thresholds are shown by dashed |ines 58 and 60, z?f

vely, _
| tage thresholds are shown by dashgd |ines 62 and 64, respectively,

in the graph 56 of Figure 3. Posi tive and negative high

in thefgraph 56. These voltage threshold ['evels are generated fromthe

5

f the polarity: out (Iomblsignglsiq ghawe By the solid line and the
f the polarity out (high) : :

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

The present invention provides a method and
apparatus for qualifying data peaks in a raw data signal

10 produced by a magnetic transducer. According to the
invention, a peak detector (22, 24) receives the raw
data signal for detecting the signal level of the peaks

_ in the raw data signal. The raw data signal has a
‘ - polarity cycle and this is also detected. Selection

15 means (28) are connected to the peak detector and the
means for detecting the polarity cycle for selecting the
first highest peak ocduff;pg in the raw data signal
during a polarity cycle.

20 |
[Figure 2 and 3] -,
- 25
30
~,ﬂ,~,,——--’”’”;’”
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fty out (low) line 38,

d polarity signa
'ty line 46.
in graph 72. prhe gated, sync
he gated

s shown by the dashed line in graph 66 of Figure 3.
y out signals are taken fromthe polarity out (high) line 3
respectively. Gaph 68 shows a plot of
d pulse data carried on the line 34 of Figure 2. Gaph 70 shows the
provided by the flip flop 26 on the cl ocked
The sync pul se data taken fromthe sync pulse line 48 is

The two
nd th7
he 'S/

| ogi ¢ 28 taken

provi ded by een anpll ro 0 I C
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by adjusting the voltage provided to the threshold circuitry 22 by
tage threshold reference line 32. Varying the voltage on the

ref ef¥nce |line 32 correspondingly varies the threshold I evels 58 to 64
sho in the graph 56. Two polarity signals are shown in the graph 66, t /S'
solic@gline being generated using the positive and negative |ow | evel

This Sheet Has Been Rep.
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ve and negative high | evel
i gnal shown in This is

e thresholds 58 and 60 and the dasned |ine being generated using the

vol tage thresholds 62 and 64. The encoded

t'he repl acenent Sheet Dat e:
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Faph 68 is generated by the threshold circuitry 22 using standard

Fid zero cross detection such that only signals having the proper

'y of zero cross detection can cause an encoded data pul se on the ~
Furthernore, a nethod of peak detection is enployed that al

aks of nonotonically increasing anplitude to generate the encoded

data of the graph 68. "This nonotonically increasing peak detection

wi thin any given constant polarity interval. The encoded pul se data

tor in the separator 24, followed by shift registers and gating |ogic
| ogic 29. This C|rCU|try renoves

- l :‘36
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.

all bWt he [ ast sync pulse in any constant polarity interval. Since only
nonot cally increasing pulses wwthin a data wi ndow are represented on the
encode® pul se data |line 34, by providing gated sync pul ses on the gated _
sync p@l se data line 52 corresponding onl'y to the last pulse on the encodJnL/S
pulse gata line 34 within a pulse polarity window, only will the highest

| evel curring within that wi ndow be represented on the gated sync pul se .
data lijne 52. Only encoded pul se data in which both the polarity out (high)
l'ine 3§ and the polarity out (low) line 38 are in the sane high or |ow

‘state ifs used by the phase | ock | oop as phase detector infﬂrmatif)n. Thi s
elim nat es bad phas%’ nf ormati on caused by | ower data
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peaks? 2ggering'an encoded data pul se. Al encoded pul se data, however, is

the data separator 24 and re-timed into synchroni sed pul se dat a.

used

The sh@t registers and the logic 28 introduce a delay shown by tine delay
76 .in gure 3 in the gated sync pulse data This is the replacenent sheets”
Dat e: OCT 1998 10 shown in the graph 74. Figure 4 shows a schenat |Q
di agra

eshold circuity 22 of Figure 2. The collector

of. peak detector circuitry 76, including a transistor 78, used in
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of the tran5|stor 78 is connected to a supply voltage 80 through a re5|stor

82 The emtter of the transistor 78 is connected to electr
through a capacitor 86. The base of the tran5|stdhkﬁ&lhédﬁpbﬁgﬂFﬂg raM/data
signal fromthe automated gain conttol circuit 31 by way of a nput 88. A
peak detector 90 is connected to the cdllector of_the Qradﬂﬂé 978 and to
a voltage reference 92 and provides an output 94. qtﬁe peak detector 90 and
the transistor 78 are d_to detect nonotonica | eaks in the
data signal froMH ﬁ& ARATUS aﬁ@&iaﬁ%@%‘h JDATE PltEr graph 56 of
Figure 3 contgj msmmm PRUDUCED i | A MAGYETIC PERANSBUEEROr 90
operate in combination to produce a data pulse signal having pulses
representing only those

The present invention relates to a method and
apparatus for qualifying data peaks in a raw data signal
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 magnetic tape 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, i.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 readiﬁé 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 of this noise signal
may include lrregularxtles in the disk surface and the
electro~magnetic pqise associated with proximate
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peaKé in the raw data signal shown in graph 56 that are nonotonically

| ;icreasing wthin a given polarity range above or bel ow the correspondi ng
positive or negative low | evel voltage threshold 58 or 60. Thus, those
peaks not reaching the m ninumthreshold 58 or 60 do not produce a
correspondi ng data pul se at the output 84 of the peak detector 90. The peak
detection circuitry 76 includes the capacitor 86, which holds a charge
i.ndicative of the highest signal value provided at the input 88. As the

si gnal of thgléé¢micahci%ﬁ$@%5 t hButthesmere;, 7Bigbndeosdtiodaita@ ge t he

capaci tor @égﬂis almghe g&egsagtgﬁe7§ Mﬁ|angnduahYo@H*ﬂﬂéﬂhe si gnal

at the |nput gnltude excee prior _input SI%Pa| magni t ude
within a gi vincIRASR it5e $heeeptibikity T the raw data out

signal to unwanted noise. The 1, 7 code employs a
single zero magnetic flux cell between any two adjacent
flux 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 ﬁe lowered, and
further adds to the off track noiee _problem.

. Simple pulse quallflcat1on, 1n which the first
peak over a threshold is taken 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 long base line between widely
separated pulses. Threshold detectors used to dis-
qualify data peaks~whose amplitude does not exceedﬁa
prescribed level aze not adequate to disqualzfy false
data peaks when the ratio between the signal ‘leyeél and
the noise level is small. A "first peak" qualification

This is the replacement sheet



This is the replacenment sheet Date: 10 OCT 1998 raw data signal .
Thus, signal peaks in the graph 56 of Figure 3, which are not as great as
the prior peaks, will not generate a pulse at the output 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 w ndow reversal in the raw data
signal. The threshold circuitry 22 provides the separator 24 with the

out put 94, conprising the encoded pul se data on the |ine 34, along with the
pol arity out pah bhlghpeandd(tomplacgnmhayopudh@IhQﬂ§$¥§9§ﬂﬂ?§§}

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 invention,
there is provided 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 sighal, 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 highest 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 provided apparatus 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 detectlng the pelarity
cycle in the raw data signal, and means connected to

-
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respectively. Figure 5 shows a nore detailed circuit diagramof 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

si gnal s. An AND gate 102 is connected4 o a data output 104 of the data
shift register 96 and an enabl e output 106 of the shift |logic 100. d ock

i nputs of the data shi,ft reqister and the polayity shift_ register 98
recei ve clockhEuP§€§ ?F%ﬁ?gﬁg FB&d%gﬁo@Fﬂqﬁu?Qﬁ;a§¥4§Eﬁﬂ%aEPe Data is
| oaded into pheadaty shrle Fogi sedeckGniy whet Hersmdhighest Iperk 48. Data

for th | arify,.shift shedhat ' t . . i ded b
the flip f ggaggrggh L 1hCHh8! 269 8akd Y9UNA" HholfiRY"d Po Rl gy provided by
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

i 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 wrbngly located pulses. A
reduced :threshold level may be used in the data pulse
qualification circuitry. : ]

The location 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 signal 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 uqe,with
coding schemes having large band widths and long base

This is the replagement sheet
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polarity line 46 using a flip flop 108, an exclusive OR gate 110 and an

| averter 112. The polarity shift register 98 receives binary "1" s for
positive, and binary "0" s for negative, polarities. Simlarly, data on
the sync pulse line 48 fromthe separator 24 is |oaded into the data shift
regi ster 96. The two shift registers596 and 98 are cl ocked at the sane
rate using the clock pulses on the read clock line 50. The clock rate is

derived fromthe This is the replacement sheet Date : 10 OCT_| 998 12
lines, 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 pulge-data
signal 10, the corresponding raw data signal 12 and a

This is the replacement sheet
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phase |l ock loop in the separator 24. The shift logic 100 operates in
gonjunction with both the data shift register 96 and the polarity shift
regi ster 98. The shift logic 100 |ocates the |last pulse in the sequence of
read pul ses provided on the sync pulse data |ine 48 occurring before a
transition in the polarity pulses provigded on the clocked polarity line 46.

The shift

| ogic 100 then nmasks out all data pulses in the data shift

register 96 occurring within the same polarity period as derived fromthe
pol arity shigualiédrs: outepst signal fld, t Ha |ddichAvrbif et ionniSsequence.
This is dong,RBedseapent thel knatin \GRitdE ildie ghaie PUtPtitpdde 6f ahe shift

| ogi ¢ 100 connected,to.the AND gate 1Q2 as pul.se data is clocked thtough
the data shigfveReBC3fEH s aRPVE &H“&&%‘Ssc%ﬁ'qrh FERU- cl o@ﬁel&?ﬁ%ﬁgé. Thi s

| ast

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 method.
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 ﬁagnetic storage medium is
too weak to reach the voltage thresholds (16 and 18) and
trigger the output signal 14. Thus, a data pulse has
been lost, which should have occurred at point e in the
signal 14 of Figure 1. This drop out may, for example,

. be due to an irregularity in the surface of the storage
medium.

The point labelled i in the signal 14 of Figure 1
represents the occurrence 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. _ _

In the present invention, the qualification level
used in quaiifying 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 bf an extra pulse as,
for example, at point i in Figure 1.
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data pul se 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 |ast data
pul se provided on the encoded pul se data line 34 is transferred t hrough the
|l ogic 28 to the gate sync output 52 within a given polarity zone in the raw

then beprosessed aiugh S Hmeth ik Atsotih 28 bhe ABLELAEAES T
| oop (not Sovahe (presardyveinventitat a4 avhiicheintbades| ghapshotde | ogic 28
Cﬁﬂ?[i sing cﬁi*}%dg.géﬁj Fuft d el Bl 6 24 e shiiip! sgbp 280 amggt he phase
> regliégic 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 f£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 flip 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 f£lip 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 i!:e flip flop 26. The
logic 28 prévides 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 operation. Graph 56 shows the’raw
data signal carried on the line 30 of Figure 2.
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Intfoduces a tinme delay into the circuit. In order to keep the phase | ock
| oop in synchronisation, only pulses occurring over the high |evel
threshold (62 and 64 in Figure 3) are sent to the phase | ock | oop phase
This is the replacenent sheet Date: 10 OCT 1996 13 detector. Thi s
may result in a nunber of "drop outs"8in relation to the phase | ock | oop,
but such circuits are inherently | ess sucsceptible to drop outs than to

wrongly | ocated pul ses. This problemis inproved g¥ uging hi gh and | ow
| evel t hr essditdyq 09 $§EAt ke slemnlevel voltage thresholds are

shown by dashed lines 58 and 60, respectively, in the
graéh 56 of Figure 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
.circuit 31 such that the raw data signal may trigger the
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 gengrated
using the positive and negative high level voltage -’
thresholds 62 and 64. The encoded data signal shown in

t
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I n ﬁ'gure 3. The data lines 36 and 38 carry high and | ow t hreshol d
I af ormation to the phase | ock | oop (not shown) in the separator 24. Only
encoded pul se data (shown in the graph 68 of Figure 3) in which both the
hi gh and | ow threshold lines 36 and 38 are in the sane state is used by the
phase | ock | oop for phase detector in%ormation. This is to elimnate bad
phase i nformation caused by the Iomer peaks that may deliver encoded pul se
data on the line 34. ulse ta shown graphicglly_in.the ph 68 of
Figre 3, mﬂ%\ﬁaﬁh ssq.ls‘@% %é}’ n}a’oﬁbe Egﬁﬁgg8ﬁch¥5ﬁu&%F&%{‘zry Thi s
circuitry |dig\samidfrd rcﬂb/(dtpeafid)rzraﬁceceesscaeté;ct\i/oansushd thiatth hi gh
density codes iLn wh .8, arg e L and | ow
resol uti orP’@eYn Lc%th Si n%}ﬁfrg%eou% €r0pexfhgoa’égley ?E 2823° crbods

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 polarity 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
éync pulse\daﬁa 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 polarzty
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

This is the replacement sheet
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shift registers 96 and 98 allow as rmuch | ook ahead as is desired depending
only upon the capacity of the shift registers. The circuitry can | ook ahead
all the way to the next adjacent polarity peak. This nmenory feature is a

di stinct advantage over nethods that enploy only true pulse to pul se
detection. The circuitry, however, nustObe robust enough to tolerate the
del ay 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. In Figure 6,
a logic di sf®m i E3ph 1% | ogic circuit 28 of Figure 5. The sync

pul se signal is shigures tdisows aphsdddmatbe diagkami gapekkom the |ine 54

3 Shon SBEER ARG e HhOFICD0L R Lbe1pUE 7ol oTuble [ ine 46
in the threshold circuity 22 of Figure 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 signal 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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Date: 10 OCI 1996 14 cl ocked polarity signal in the graph 118 al ways
changes state prior to a sync pulse in the sync pul se signal of the graph
114. Due to circuit design this will always be 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 981and 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 contains a logic |evel "1"
nornal |y andravwl| é3&R S$gndiencFiusa gdigmeils pedkdhdd the graph 56 of

Figure 3, which are not as great as the prior peaks,
will not generate a pulse at the output 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 96 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 polarity shift register 98 is generated from the
signal provided by the flip flop 26 on the clocked
polarity line 46 using a flip flop 108, an exclusive
OR gate 110 and an inverter 112.

The polarity shift register 98 receives binary
"1"s for positive, and binary "0"s for negative,
polarities. Similarlj, 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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has occurred in the raw data signal. The overall operation of the shift

regi sters 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

si gnal . An flux reversals of the sane polarity occurring earlier in tine
will be elimnated. Using the shift regl3ters 96 and 98 and the shift logic
100, this pulse elimnation is acconplished by the follow ng rules: (1) A
"O'" in the polarity shift register 98 indicates that the polarity of the
cor r espondi phade 499K thRORIdih the faepaxaterr246 hdBecABAafEdlogss A "1

in a |ocatiﬂTrboofo§41gﬂg arp dd Jurft &30 "wHbn | POLBatRE dathuxhigyer sal

lggcat ton. 1T HITeT 9% And the oty SnrePdL0g:Be6a bhY ShhLt redister
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 96
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 polarity 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, oqu
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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| ocation, the actual polarity changed prior to that flux reversal
occurrence. Therefore, when referring to the data shown in Figure 7, the
dat a sh&ft register 96 locations A and A are of different polarities,

but the%*data | ocations A4 and A are of the same polarity. (3) When a " 1"
in the data shift register 96 reaches thed3A location, all following "I" s
in the shift register 96 are conpared in the shift register, 96 with their

own polarity location in the polarity shift This is the rﬁglacenent sheet
Dat e: 10 Ocgetes§er- 15his 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
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 loop (not
shown) in the separator 24. Only encoded pulse data
(shown in the graph 68 of Figure 3) in which both the
high and low threshold lines 36 and 38 are in the same
state is used by the'phase lock loop 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
shown graphically in the graph 68 of Figre 3, however,
is used 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
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
a distinct advantage over methods that employ only true
pulse to pulse detection. The c.ircuitry, 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.

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
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regi ster 98 and those polarity locations up to and including the |ocation
of the "1" in the data shift register 96. If all of these "1"s see at
[east a single polarity change (indicated by a "0"), then the "1" in the

|l ocation Ais sent out as data. If any of the following "I"s in the data
shift register 96 do not see a proceeding "0", the data in the |location A
must O be the sane polarity as another later "1" and it is elimnated by
the AND gate 102. Mathematically this may be shown with the foll ow ng

Bool ean equatjgekedEpaliaeity GAgnalx iA the gxaph 238 RlWays hanges o6

%% %0 stateggrior %% [ELAS?m)é &:’?‘Jls]e )S.r(o‘tl'?e Xsﬁic %dlse -signal of
the 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
jevel "1" whenever a flux reversal has been detected.
The polarity shift register 98 contains a logic level
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
1ast 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) XA "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_A1 and A4 are of different polarities, ?ut
the data locations A4 and As 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 polaritf location in the polarity shift

This is the replacement sheet
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[A’6x (A 1 xA 2xA 3xA 4xA 5xA 6)] 96 98 98

98 98 98 98 where A 1 to A 6 represent the data locations 1
to 6 96 96 in the data shift register 96 and [err] to [err] represent
the locations of data stored in the phase shift registers 98. The | ocation
of the highest peak during a period of t raw data cycle nmay be detected
using a tri-level qualification schenme. Each peak triggers a set of flip

fl ops whose inputs are tied to a set of conparators, each conparator having

he ot her | i ot o e e G8ots LReeh!! P flope.
The shape of pitf’f?é""[d&f"ﬂ %;%%nﬁeq{n@ﬁég 1t thedggts theet!!P bs:
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 Ao must
be the same polarity as another later "1" and it is
eliminated by the AND gate 102. .
Mathematically this may be shown with the
following Boolean eqﬁation:-

= +
Enable = (Agsl X Agsl) + [Agsz X Agal b4 AQSZ)]
' ce.
[Ags3 b4 (Agal X Agaz p 4 A983)]

| -x A 6
_[Agss X (Agsl b4 Agaz X AQSB X A984 X ASBS o8 )]

where Agsl to Agss represent the data locations 1 to 6
in the data shift register 96 and Agal 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 Qetermines
the state of the flip £lops such that by detecting the
pattern of the seﬁtings of the flip flops, logic can

This is the replacement sheet
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the state of the flip flops such that by detecting the pattern of the
settings of the flip flops, logic can This is the replacenent sheet Date:
10 OCT 1996 16 determ ne which trigger was caused by the highest read
signal. This logic introduces a tine delay into the circuit. In order to
keep the phase | ock loop in sync, only pél ses occurring over the nmedium
qualification threshold of the three threshold |levels are sent to the phase

| ock | oop detector. This may still result in a )
determine which trigger was caused by the highest read
signal.

This logic introduces a time delay into the
circuit. In order to keep the phase lock loop in sync,
only pulses occurring over the medium qualification
threshold of the three threshold levels are sent to the
phase lock lobp 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
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 flip flops 136 to 146. The tri-level detection
circuitry 120 also includes re-set and synchronisation
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 VtH, VtM and VtL are applied to the
inverting terminals of the comparators 122 to 134. V
represents the high level voltage threshold and is
supplied to the inverting terminals of the comparators

- 126 and 134. V.4 Tepresents the mid-level voltage
threshold and is supplied to the inverting inputs of the,
comparators 124 and 132. Voo 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
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 flip flops 136 to 146 are
connected to the outputs of the comparators 122 to 134.

tH
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nunber of "drop outs” in relation to the phase |ock | oop, but phase | ock
| oop circuits are inherently | ess susceptible to drop outs than to wongly
| ocat ed pul ses. Figure 8 shows tri-level detection circuitry 120. The
circuitry 120 includes conparators 122 to 134 and D type flip flops 136 to
146. The tri-level detection circuitry,420 also includes re-set and
synchroni sation | ogic 148 and encoder }ogic 150. The raw data signal from
the automatic gain control 31 is applied to inputs 152 and 154 which are
connect ed t#P uﬂgwﬂfltmplﬂpypSfDéphhe3éotpaiéﬁoﬂselZaneCtEd

re

Thverting t& %edle oot He orgar arap £995350, Logi® TABPP FESASR T 1

hi gh | evel uputmEanrdshotamparatsrsuppbi td 146t BES ALSO iCRgnEst®dnal s of

the corrpara\;[ort%e re-set and synchronisation logic 148. The re-
set and synchronisation logic 148 provides binary
outputs on lines QO 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 technigue, 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 - Vls‘ and
represenﬁs the voltage difference between the inputs 152
and 154 shown in Figure 8. The dashed lines labelled
positive and negative Vour Veu and V.. 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,, o Q.6 Q L’ Q..
and Q140 indicate when the raw data signal has exceeded
the low voltage threshold, the medium voltage threshold
and the high voltage threshold, respectively. .The plots
labelled Q  , Q and Q “s indicate when the raw data

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

. 152 154 tL
-th' respectively. The outputs of the flip flops 136
to 146 are connected to the re-set and synchronissplon
logic 148, which provides a binary representation of

each pulse level in the raw data signal provided to the
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126" and 134. [err] represents the md-level voltage threshold and is
supplied to the inverting inputs of the conparators 124 -and 132. [err]
represents the low |l evel voltage threshold and is supplied to the inverting
i nputs of the conparators 122 and 130. The inputs of the conparator 128
receive voltage signals representing t zero crossing of the derivative of
the raw data signal provided froma magtieti c sensor (not shown). Inverted
and non-inverted outputs of the conparator 128 provide the cl ocking signal

used by thejhpupsf L6@sahdb165Q .146n.The R4S SindHrodidar {dops 136 to
146 are con?_%ﬁ%gdlgg é&g?outeputsé ofe tehefl%o afrlaot or 5131522&; o 43411 c;I'l_[n s is the
repl acement st ~Dat 8757 §oBfteasb P ps P

completion of a polarity cycle in the raw data signal.

The encoder logic 150 receives the binary signal .
on the data lines Q0 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 flip 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
flip flops 136 to 146, because the input of the
comparator 128 receives the signal related to 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
optimise the qualification criteria on a system by
System basis without repeated re-design of the hardware
components.

t
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17 The Q outputs of the flip flops 136 to 146 are connected to the re-set
and synchroni sation logic 148. Re-set inputs for the conparators 136 to 146
are al so connected to the re-set and synchronisation | ogic 148. The re-
set and synchronisation |ogic 148 provides binary outputs on lines QOto ®
in Figure 8 to the encoder |ogic 150, whibch provi des encoded bi nary outputs
on lines bOto b2. The inputs of the zero crossing conparator 128 carry

vol tage information derived using standard nmethods of differentiation and
zero cross detecti®dl¥uthosaaspudsey preeetingpsiesmgddume igviedd ont o

positive thresheage eRfeORbYaNggat |¥EaP58KSnPlte for the phase lock
loop (not shown). Pulses exceed‘ng 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
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
track. The present invention allows for reduced voltage
qualification thresholds, particularly 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 intef—symbol
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 possilie with the present
invention to lower the qualification threshold and still:
avoid problems associated with drop outs.

N
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ne ' t hreshol ds. Using this techni que, each peak in the raw data signal
is detected by sensi the zero crossing of the derivative of the raw data
Si gnﬂlﬁsmm%eﬁm adg 9raph of the raw data signal fromthe autonmatic gain,

contrjﬂw re 2) and the corresponding Q outputs of the flip flopé—
134 t data signal is lab ed [err] and represents the
€

vol tage difter etween the inputs and 154 shown in Figure 8. The
dashed lines |labelled positive and negative [err] and [err] in Figure 9
represent three voltage threshol dg ysed pytde tri-level qualification
circuitry 120. The outputs of th T 136 to 146 are labelled [err]
to [err] and [err] I ndi cate when the raw data signal has exceeded the
| ow vol tage threshold, the nediumvoltage threshold

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 output 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 above 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 produéing 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 claim 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 shift 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.J
occurrence of the last data pulse during the polarity

-
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and the hlgh voltage hol d, respectively. The plots |abelled [err]

and [err]Thlss the raw data signal taken at [err] is |less than
[err] ctlvely The outputs of the flip flops 136 to 146
are conne set and synchroni sation |ogic 148, which provides a
bi nary representatlon of each pulse levelayn the raw data signal provided
to the This is the repl acenent Sheet Date: 10 OCT 1996 18 inputs 152
and 154. The re-set and synchronisation |logic 148 also re-sets the flips
flops 138 to r¥Flgp®f 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
Zzero cross output representing the occurrence of the
zero crossing in the first derivative of the raw data
signal, and employlng the zero cross output to clock
the comparator outputs durzng—the step of comparing the
raw data signal. .o

7. Bpparatus for quallfylng data peaks in a raw data
signal produced by a magnetic transducer, the raw data
signal having a polarity" cycle, characterzsed by a peak
detector (22, 24) arranged ‘to recelve 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 increa51ng peak 1eve1 in

- the raw data signal. v
| 9. Apparatus according to claim 7 or 8 characterised
—_—
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conpl ettomof & porarity cycle in the raw data signal. The encoder |ogic

150 recerh\igesgegthgsmb Jacedl gnal on the data lines QOto B fromthe |logic
148 and p ded output on the data lines bOto b2. The encoded

bi nary ou nay then be directed to a controller unit such as a
nicro-pro whi ch produggs an output representing the peak
in the raM/data S|gnal exceeding the greatest of the three thresholds
occurring first wwthin a given polarity cycle in the raw data signal. The
conpar at or 12fh ushek tthe | pekk tdetéétr f toRsrisésta ¢dpacitoss (86l)y the

etk s R g e L g B commaaha e 1o

of the conpar®RRACHLIC riQRi ¥eceiningi gynael rawl data ﬁégﬁﬁe d 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 pulse output from 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

IS ST
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deriv

a signal and the flip flops 136 to 146 have edge

triggenﬁp |Oﬁk | nput s. The circuitry causes only positive peaks to be
re-time Fﬁﬂﬁ‘ﬁ Eﬁﬁéﬁdhreshol ds and only negative peaks to be re-timed

onto neg s. The conparator controlled circuitry of Figure 8
using tr tection may be paegsicularly useful because the peak
detecting algorithmis inplenmented in conputer software. The detection
signal may easily be optipised for a given nagnetic read back system by
prioritising € %%?‘F%’E% Eb%ih@tl@ﬁ%,ofepeakcpﬁﬂéﬁﬁ EENENES Their
?ccurrﬁnce crgdnadmgiaat#y;wtéhiplgﬁpebaihgy anal a E@ﬁﬁgﬁgﬁﬁﬂﬂﬁgza si gnal

romthe magngtic : is versatility ovides the abiljity.to optimse
the qualifi ca&i’%%s cﬁ?e’??geﬁﬁnﬁes eYehy byggeregy to'cotipare tne’ raw

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

0 gy



system basis w thout repeated re-design of the hardware conponents. 19
Only those pul ses exceeding the nmedium |l evel voltage threshold are used as
I nputs for the phase |ock | oop (not shown). Pul ses exceeding the high and

| ow vol tage threshol ds are synchronised to the phase | ock | oop but

ot herwi se have no effect upon phase | ock _| oop operation.  -The present

I nvention inproves accuracy during read B4ck of information froma magnet.i c
storage nedium such as a magnetic disk. The invention is particularly

ABSTRACT

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

The present invention provides a method and
apparatus for qualifying data peaks in a raw data signal
produced by a magnetic transducer. According to the
invention, a peak detector (22, 24) receives the raw
data signal for detecting the signal level of the peaks
in the raw data signal. The raw data signal has a
polarity cycle and this is also detected. Selection
means (28) are 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. ..°

Figure 2 and 3
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advant ageous for use with high density codi ng schenes used to increase disk
storage capacity. These codes tend to have | arger band w dths and | onger
‘base |ines maki ng them nore susceptible to noise and cross tal k, especially
if the magnetic read head is slightly off track. The present invention
allows for reduced voltage qualification thresholds, particularly useful in
detecting | ow anplitude raw data signals, such as those in which the

m ni mum pul se separation is |ow and the anplitude has been reduced to | ower

the inter-synbol interference. By detecting the first highest peak after
the read signal has passed a mninmum qualification threshold, and assigning
that peak as the real location of the data pulse, it is possible with the

present invention to lower the qualification threshold and still

S ST ¥ Y Y S S N A
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avoi d probl ens associated with drop outs. This is the repl acenent sheet
Dat e: 10 OCT 1996 Cains 1. A net hod of qualifying data peaks in a
raw data signal produced by a magnetic transducer (33), conprising:
anplifying the raw data signal and providing an anplified data signal (30);
providing at | east two positive threshold reference levels (58, 62) and at

| east two negative threshold reference |evels (60, 64); outputting a N
polarity low output (38) having a logic state which changes froma first
state to a second state when the anplitude of the anplified raw data signa
(30) exceeds a |l ower one (58) of said positive threshold |levels (62, 58),
and fromthe "

4
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second state to the first state when the anplitude exceeds a | ower one (60)
of said negative threshold levels (6Q, 64), each period between a change of
states constituting a polarity cycle; outputting a polarity high output
(36) having a logic state which changes froma first state to a second
state when the anplitude of the anplified raw data signal (30) exceeds, a,
hi gher one «(62) of said positive threshold levels (58, 62), and fron1é/
second state to the first state when the anplitude exceeds a hi gher one
(64) of said negative threshold | evel s=(%06, 64); outputting an encoded
pul'se data output (34) conprising encoded data pul ses (68) representative
of the occurrence of the first peak in each polarity cycle having an
anpl i tude which exceeds the | ower one (58) of said positive threshold

| evel s (58, 62) or a |lower one (60) of said negative threshold |evels (60,
64), and sub uent peaks in the s polarity cycle tist have an anplijggde

whi ch exc fhest =of - the- e peaks=-rr 4

polarity ¢ Se.data-o -l M e L e pal 2EEPY

hi gh outp 55_
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Fig. 4
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the polarity |low outputs (38) and inputting those encoded data pul ses (68)
of said enclosed pul se data (34) which occur when the polarity | ow out put
(38) and the polarity high (36) output both have the first state or the
bot h have the second state to a phase | ocked loop in order to synchronise
all the encoded pul se data (34) and thereby generate a synchroni sed pul se
data output (48, 72) representing synchroni sed data pulses (72) and a cl ock
out put (50); providing a clocked polarity output (46, 70). by clocking the
polarity low output (38) according to theg encoded pul se data (34); This is
the repl acenent sheet Date: 11 AUG 1999 21 '
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receiving the sync pul se data output (48), the clock output (50) and the

cl ocked polarity output (46,70) and providing a gated sync pul se out put
(52, 74) representing an occurrence of the |last synchroni sed data pul se

whi ch occurs during each polarity cycle of the raw data signal (30). 2.

A nmethod as clainmed in claim1 wherein the step of providing gated sync
pul se output (52, 74) conprises: shifting synchroni sed data pul ses (72)
through a plurality of data |ocatiofs—(6- 0) in a data shift register (96)
in response to the clock output (50) and providing a data shift register
out put (104) conprising shifted synchroni sed data pul ses; shifting the

cl ocked polarity output (46,70) through a plurality of data |ocations (6-0)
in a polarity shift register (98) in response to the clock output (50); and
detecting contents of the plurality of data | ocations (6-0) of the data -
shift register (96) and the plurality of data |ocations (6-0) of the
polarity shift register (98) and providing an enable signal (106) to an
enabl e i nput of an output gate (102) when the data shift register output
(104) represents the occurrence of the |last synced data

As | Agq | Az | Az | A | Ag
. O | ! 40 o | o | 1 RAAOQU
98 | | 1 ]o B 41 ]o
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pul'se during the polarity cycle of the raw data signal (30). 3. A et hod
as claimed in claim2 wherein the data shift register has a plurality of
data locations [err], the polarity shift register has a plurality of data

| ocations ([err] ........ [err]), and the step of providing the enable
signal (106) conprises providing an enabl e signal based upon the follow ng
rel ationship: Enable = ([err] x [err]l)_+ [[err]x ([err] x [err])] + [[err]
x ([err] x [err].... x [err]] 4. ~ émparatus for qualifying data peaks i'n
a raw data signal produced by a magnetic transducer (33) in a nagnetic data
storage system the apparatus conprising: an automatic gain control stage
circuit (31) coupled to the magnetic transducer (33) for receiving the raw
data signal and for outputting an anplified raw data signal (30); threshold
detect neans (22), for receiving the anplified raw data signal (30) from
the automatic gain control stage (31), having at |east two positive
threshold This is the-r?placenant shget
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state when the anplitude of the anplified raw data $i grfatsgs0) eXcsedy ‘g Paget
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of said negative threshold |evels %geo, S{Aﬁ each period between a_change of
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“having a | ogj emlﬁ}; .-ﬁ?pges froma first state to a second state
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analogue signal to produce a plurality of gate signals corresponding to the threshold
levels. It is judged on the basis of the gate signals whether each portion of the
reproduced waveform is correct or not when producing a digital output. .
US-S-4 634 896 discloses a system for qualifying.data read from a magnetic
recording device. One positive threshold value and one negaﬁ%e threshold value are

employed in the system for eliminating all but the last of a series of peaks in the data.

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 invention, there is provided a method of
qualifying data peaks in a raw data signal produced by a magnetic transducer,
comprising: amplifying the raw data signal and providing an amplified data signal;
providing at least two positive threshold reference levels and at least two negative
threshold reference levels; outputting a polarity low output having a logic state which
changes from a first state to a second state when the amplitude of the amplified raw
data signal exceeds a lower one of said positive threshold levels, and from the second
state to the first state when the amplitude exceeds a lower one of said negative
threshold levels, each period between a change of states constituting a polarity cycle;
outputting a polarity high output having a logic state which changes from a first state
to a second state when the amplitude of the amplified raw data signal exceeds a higher
one of said positive threshold levels, and from a second state to the first state when the
amplitude exceeds a higher one of said negative threshold levels; outputting an
. encoded pulse data output comprising encoded data pulses representative of the

occurrence of the first peak in each polarity cycle having an amplitude which exceeds
the lower one of said positive threshold levels or a lower one of said negative
threshold levels, and subsequent peaks in the polarity same cycle that have an
_amplitude which exceeds the amplitude of the highest of the preceding peaks in the
i oiéﬂty cycle; receiving the encoded pulse data output, the polarity high output and

{ the polarity low output and inputting those encoded data pulses of said encoded pulse
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one (60) of said negative threshold levels (60, 64), and
| ydapeaichi otclithehé&oe polatity Totvo lafid thegloldrity Bighloudiii bothi@ee Whi ch
e amplitude of the highest of the preceding peaks_in the polarity

arthe irst stagmer hosh havedhe secondhstate tp a phase le‘ésségoqw@r@mo bei ng f or
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(34) and thereby generate a synchroni sed pul se data output (48,
eneutpiy angd prowiding ogated sync puiputaepresenling anl oecurteneskofshe ast  (50) ;
synchronised data pulse which occurs during each polarity cycle of the raw data
signal.
According to another aspect of the present invention, there is provided
apparatus for qualifying data peaks in a raw data signal produced by a magnetic
transducer in a magnetic data storage system, the apparatus comprising: an automatic
gain control stage circuit coupled to the magnetic transducer for receiving the raw data
signal and for outputting an amplified raw data signal; threshold detect means, for |
receiving the amplified raw data signal from the automatic gain control stage, having
at least two positive threshold reference levels and at least two negative threshold
reference levels, and providing a polaﬁty low output having a logic state which
changes from a first state to a second state when the amplitude of the amplified raw
data signal exceeds a lower one of said positive threshold levels, and from the second
state to the first state when the amplitude exceeds a lower one of said negative
threshold levels, each period between a change of states constituting a polarity cycle
and a polarity high output having a logic state which changes from a first state to a
second state when the amplitude of the amplified raw data signal exceeds a higher one
of said positive threshold levels, and from the second state to the first state when the
amplitude exceeds a higher one of said negative threshold levels, for generating an
encoded pulse data output comprising encoded data pulses representative of the -
occurrence of the first péak in each polarity cycle having an amplitude which exceeds
the lower one of said positive threshold levels or a lower one of said negative
threshold levels, and subsequeﬁt peaks in the same polarity cycle that have an
amplitude which exceeds the amplitude of the highest of the preceding peaks in the

polarity cycle; separator means comprising a phase locked loop and being for

receiving the encoded pulse data output, the polarity high output and the polarity low
output from the threshold detect means, said separator means inputting those encoded
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a flip:sflop.(26), having a D input (42) connected to the polarity |ow out put
(38) of the threshold detecting neans (22), a clock input (40) connected to
t he encoded pul se data output (34) of the threshold detecting neans (22), :

and a Q out
means (28)

put (44) for providing a clockgd polarity output (46); and |ogic
for receiving the sync pul se data output (48), the cl ock output
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data output representing synchronised data pulses and a clock output; a flip flop

having a D input connected to the polarity low output of the threshold detecting
means, clock input connected to the encoded pulse data output of the threshold
detecting means, and a Q output for providing a clocked polarity output; and logic
means for receiving the sync pulse data output, the clock output and the clocked
polarity output, and for providing a gated sync pulse oufput representing an
occurrence of the last synchronised data pulse which occurs during each polarity cycle
of the raw data signal. '

In a preferred embodiment, the method comprises selecting the first highest
peak in the raw data signal after the data signal 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. |

There may be provided apparatus for qualifying data peaks in a raw data signal
produced by a magnetic transducer, the raw data signal having a polarity cycle, the
apparatus including 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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the gated syne—pulse output (52, 74) conprises: a data shift register (96)
and neans for Iﬂ fti n(ﬂ”sﬂnchroni sed data pulses (72) through a plurality of

data | ocati ons inl ﬂmj"ﬂ!,a shift register (96) in response to the
cl ock out put ( h M4 a data shigt register output (104)

conprising shifted synchroni sed data pul ses; a polarity shift register (98)
and neans farlahé fting the clocked polarity output (46, 70) through a
plurality of data |ocations (6-0) in the polarity shift register (98) in
response to the clock output (50); and an output gate (102) and nmeans (100)
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pol arity phitkinstegr €33/ confijsignd provi di ng an enabl e signal (106) to an
(104) " epf esent s SRR b it dath Fopdlan R o Someised Gt SO 30hg t he.
o L, BV, ISR G el et o sk ™
two negative threshold reference levels (60, 64);

outputting a polarity low output (38) having a logic state which changes from a
first state to a second state when the amplitude of the amplified raw data signal (30)
exceeds a lower one (58) of said positive threshold levels (62, 58), and from the
second state to the first state when the amplitude exceeds a lower one (60) of said
negative threshold levels (60, 64), each period between a change of states constituting
a polarity cycle;

outputting a polarity high output (36) having a logic state which changes from
a first state to a second state when the amplitude of the amplified raw data signal (30)
exceeds a higher one (62) of said positive threshold levels (58, 62), and from a second
state to the first state when the amplitude exceeds a higher one (64) of said negative
threshold levels (60, 64);

outputting an encoded pulse data output (34) comprising encoded data pulses
(638) representative of the occurrence of the first peak in each polarity cycle having an
amplitude which exceeds the lower one (58) of said positive threshold levels (58, .62)
or a lower one (60) of said negative threshold levels (60, 64), and subsequent peaks in
the same polarity cycle that have an amplitude which exceeds the amplitude of the
highest of the preceding peaks in the polarity cycle;

receiving the encoded pulse data output (34), the polarity high output (36) and
the polarity low outplif%(38) and inputting those encoded data pulses (68) of said -
enclosed pulse data (34) which occur when the polarity low output (38) and the
polarity high (36) output both have the first state or the both have the second state to a
phase locked loop in order to synchronise all the encoded pulse data (34) and thereby

. generate a synchronised pulse data output (48, 72) representing synchronised data

| pulses (72) and a clock output (50);

? - providing a clocked polarity output (46, 70) by clocking the polarity low
output (38) according to the encoded pulse data (34);
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plural sty of |ons err] ........ [err]), the polarity shift
regi ster (96)’?@4&’”@“ of data locations ([err] ... [err]), and
enabl e si gnal d based upon the follow ng rel ati onshi p:

Enable = ([err] x[err]) +[[e_rr] x ([err], x [err])] + [[err]x ([err] X

[err]... x [err])] This is the replacene sheet Date: 11 AUG 1999
receiving the sync pulse data output (48), the clock output (50) and the clocked

polarity output (46, 70) and providing a gated sync pulse output (52, 74) representing
an occurrence of the last synchronised data pulse which occurs during each polarity
cycle of the raw data signal (30).

2. A method as claimed in claim 1 wherein the step of providing gated sync pulse
output (52, 74) comprises:

shifting synchronised data pulses (72) through a plurality of data locations (6-
0) in a data shift register (96) in response to the clock output (50) and providing a data
shift register output (104) comprising shifted synchronised data pulses;

shifting the clocked polarity output (46, 70) through a plurality of data
locations (6-0) in a polarity shift register (98) in response to the clock output (50); and

detecting contents of the plurality of data locations (6-0) of the data shift
register (96) and the plurality of data locations (6-0) of the polarity shift register (98)
and providing an enable signal (106) to an enable input of an output gate (102) when
the data shift register output (104) represents the occurrence of the last synced data
pulse during the polarity cycle of the raw data signal (30).

3. A method as claimed in claim 2 wherein the data shift register has a plurality
of data locations (Apsl, Aps2........ApsN), the polarity shift register has a plurality of
data locations (Apsl, Aps2........ ApsN), and the step of providing the enable signal
(106) comprises providing an enable signal based upon the following relationship:

Enable = (Apsl x Apsl) +[Aps2 x (Apsl x Aps2)]
«.+[ApsN x (Aps,l X Aps2....x ApsN)]

4. Apparatus for qualifying data peaks in a raw data signal produced by a
magnetic transducer (33) in a magnetic data storage system, the apparatus comprising:

an automatic gain control stage circuit (31) coupled to the magnetic transducer
(33) for receiving the raw data signal and for outputting an amplified raw data signal
(30);

threshold detect means (22), for receiving the amplified raw data signal (30)
from the automatic gain control stage (31), having at least two positive threshold
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reference levels (58, 62) and at least two negative threshold reference levels (60, 64),
and providing a polarity iow output (38) having a logic state which changes from a
first state to a second state when the ainplitude of the amplified raw data signal (30)

~ exceeds a lower one (58) of said positive threshold levels (62, 58), and from the
second state to the first state when the amplitude exceeds a lower one (60) of said
negative threshold levels (60, 64), each period between a change of states constituting
a polarity cycle, and a polarity high output (36) having a logic state which changes
from a first state to a second state when the amplitude of the amplified raw data signal
(30) exceeds a higher one (62) of said positive threshold levels (58, 62), and from the
second state to the first state when the amplitude exceeds a higher one (64) of said
negative threshold levels (60, 64), and for generating an encoded pulse data output
(34) comprising encoded data pulses (68) representative of the occurrence of the first
peak in each polarity cycle having an amplitude which exceeds the lower one (58) of
said positive threshold levels (58, 62) or a lower one (60) of said negative threshold
levels (60, 64), and subsequently peaks in the same polarity cycle that have an
amplitude which exceeds the amplitude of the highest of the preceding peaks in the
polarity cycle;

separator means (24) comprising a phase locked loop and being for receiving
the encoded pulse data output (34), the polarity high output (36) and the polarity low
output (38) from the threshold detect means (22), said separator means inputting those
encoded data pulses (68) of said encoded pulse data (34) which occur when the
polarity low output (38) and the polarity high output (36) both have the first state or
both have the second state to the phase locked loop in order to synchronise all the
encoded pulse data (34) and thereby generate a synchronised pulse data output (48,
72) representing synchronised data pulses (72) and a clock output (50);

a flip flop (26) having a D input (42) connected to the polarity low output (38)
of the threshold detecting means (22), a clock input (40) connected to the encoded
pulse data output (34) of the threshold detecting means (22), and a Q output (44) for
providing a clocked polarity output (46); and |

logic means (28) for receiving the sync pulse data output (48), the clock output
(50) and the clocked polarity output (46), and for providing a gated sync pulse output
(52) representing an occurrence of the last synchronised data pulse which occurs
during each polarity cycle of the raw data signal (30).
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5. Apparatus according to claim 4, wherein the logic iheans (28) for providing
the gated sync pulse output (52, 74) comprises:

a data shift register (96) and means for shifting synchronised data pulses (72)
through a plurality of data locations (6-0) in the data shift register (96) in response to
the clock output (50) and providing a data shift register output (104) comprising
shifted Synchronised data pulses;

a polarity shift register (98) and means for shifting the clocked polarity output
(46, 70) through a plurality of data locations (6-0) in the polarity shift register (98) in
response to the. clock output (50); and _ .

an output gate (102) and means (100) for detecting' the contents of the plurality
of data locations (6-0) of the data shift register (96) and the plurality of data locations
(6-0) of the polarity shift register (98) and providing an enable signal (106) to an
enable input of the output gate (102) when the data shift register output (104)
represents the occurrence of the last synced data pulse during the polarity cycle of the
raw data signal (30).

6. An apparatus as claimed in claim 5 wherein the data shift register (96) has a
plurality of data locations (Apsl, Aps2........ ApsN), the polarity shift register (96) has a
plurality of data locations (Aps1, Aps2...ApsN), and enable signal (106) is provided
based upon the following relationship:

Enable = (Apsl x Apsl) +[Aps2 x (Apsl x ApsZ)]
..+ [ApsN x (Apsl x Aps2... X ApsN)]
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