WO 03/ 021592 PCT/ 1 B02/ 02828 -1 DATA DETECTI ON FOR LOCAL PROBE DATA STORAGE
DEVI CES The present invention relates to nethods and apparatus for data
det ecti onwionsloorsat  probe storage devices. An exanpl e of @drased/o2pzsobe
storage device is described in "The "Mllipede" - Mre than one thousand
tips for future AFM data storage", P. Vettiger et al. |IBM Journal of
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comprises a two dimensional array of cantilever sensors fabricated on a silicon

substrate. Each cantilever is attached at one end to the substrate. The other end of
each cantilever carries a resistive heater element and an outward facing tip. Each
cantilever is addressable via row and column conductors. The row and column
conductors permit selective passage of electrical current through each cantilever to
heat the heating element thereon. In both reading and writing operations, the tips of
the array are brought into contact with and moved relative to a storage medium

comprising a polymer film storage surface carried on a plane substrate.

Data is written to the storage medium by a combination of applying a local force to
the film via each tip and selectively heating each tip via application of data signals
through the corresponding row and column conductors to a level sufficient to locally

deform the film, leaving an indentation or pit therein.

Each heating element also provides a thermal read back sensor because it has a
resistance which is dependent on temperature. For data reading operations, a
heating signal is applied sequentially to each row in the array. The heating signal

heats all heating elements in the selected row, but now to a temperature which is



heating signal is applied sequentially to each rowin the array. The
heating signal heats all heating elenents in the selected row, but nowto
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which such problems are alleviated.

In accordance with the present invention, there is now provided apparatus for
detecting data in a sensor signal generated by a read sensor in a local probe data
storage device, the apparatus comprising: a differentiator for subtracting a value of
the sensor signal from the succeeding value of the sensor signal to generate a
ternary difference signal; and a convertor connected to the differentiator for
converting the difference signal into a binary output signal indicative of the detected
data. This advantageously prevents offsets in the sensor signal from interfering with

recovery of the data. The differentiator effectively acts as a high pass filter.

A low pass filter may be connected to the differentiator for filtering the sensor signal
prior to the sensor signal reaching the differentiator. This advantageously eliminates

unwanted high frequency noise components from the input to the differentiator.

In particularly preferred embodiments of the present invention, a subtracter is

connected to the low pass filter for subtracting a reference signal generated by a



A low pass filter may be connected to the differentiator for filtering the
sensor signal prior to the sensor signal reaching the differentiator. This
advant agewodB21bt m nates unwanted hi gh frequency noi se ®crIBIR2828 from
the input to the differentiator. In pagticularly preferred enbodi nents of

t he present invention, a subtracter is connected to the |ow pass filter
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appreci ated that the present invention extends to a |ocal probe data
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The convertor preferably converts the extremities of the ternary difference signal into

a first value of the binary output signal and converts the intermediate value of the
ternary difference signal into a second value of the binary output signal. Again, In
the interests of simplicity, the convertor preferably comprises an integrator for
generating a ramp having a slope dependent on the value of a sample of the ternary
difference signal and a counter connected to the integrator for determining the
binary output in dependence on the time taken for the ramp to reach a preset

threshold level.

It will be appreciated that the present invention extends to a local probe data storage
device comprising: a storage surface; a read sensor moveable relative to the storage
surface in a plane parallel to the storage surface for generating a sensor signal in
dependence on data stored in the surface in the form of topographical features
thereof; and apparatus as hereinbefore described connected to the sensor for
detecting the data in the sensor signal generated by the read sensor as the read

sensor is moved relative to the storage surface.



device conprising: a storage surface; a read sensor noveable relative to
the storage surface in a plane parallel to the storage surface for
gener at i ngoasderssnr signal in dependence on data stored iPCTHRE/®82% ace in
the form of topographical features thgreof; and apparatus as hereinbefore
described connected to the sensor for .detecting the data in the sensor
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converting e ditference signal I1nto a binary
corresponding to the preceding bit of the input bit stream. Also, it will be appreciated

that such a storage device may comprise a plurality of read sensors.

Viewing the present invention from another aspect, there is now provided a method
for detecting data in a sensor signal generated by a read sensor in a local probe
data storage device, the method comprising: subtracting a value of the sensor signal
from the succeeding value of the sensor signal to generate a ternary difference
signal using a differentiator; and converting the difference signal into a binary output
signal indicative of the detected data using a convertor connected to the

differentiator.

Preferred embodiments of he present invention will now be described by way of

example only with reference to the accompanying drawings, in which:
Figure 1 is a simplified plan view of an example of a local probe data storage device;

Figure 2 is a simplified circuit diagram of a sensor of the device;



signal indicative of the detected data using a convertor connected to the
differentiator. Preferred enbodi nents of he present invention will now be
descri bedwbysmmensonf exanple only with reference to the a®conpexzsrsy

drawi ngs, in which: Figure 1 is a sinpgified plan view of an exanple of a

| ocal probe data storage device; Figure 2 is a sinplified circuit diagram
of a sepsor gf. thﬁ gevi ce:\/ VWD, 03/ Oglp%% PCT/ 1 B02/ 02828 -5 Figure 3 is a
Nor t on B ZIi8aNeitor gapivalent fECUERLTIE.S8H5Gire 4 is a bl ock diagram of an
exanpl e of a detection channel for the sensor; Figure 5 is sinplified

bl ock di agram of a |ow pass filter for the detection channel; Figure 6 is
a si npl Figueel 4t edxock digigsamst aa exagiplpLs @ detectien channeidotidesanseh channel ;
Figure 7 is a block diagramof an analog to digital convertor for the
detection channel; Figure 8 is a detailed bl ock diagram of the detection
channel Figurg6rie stnplifical Isletladiagearnl od @klodi papsfitteriforthendbtéctiar cleamradl; t he
detection channel; Figure 10 is a block diagramof a detection channel in
whi ch precoding is enployed; Figure 11 is a block diagram of a precoder
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di agram a sensor circuit for device; Figure is asimlifie
circuit diagramof another sensor circuit for the device; Figure 14 is a

graph of. t he_i.nput, characteristic of reamplifier of.the Figure 13
sensor EIQUERt!S glg—l?"@fc]? laggam sofgncqr}ag%g ?o 8&@8@%"&(‘%&0%@286%‘%0‘ t he
preanpl ghaeli npl enented in CMOS; Figure 16 is a circuit diagramof an

exanple of the low pass filter inplenmented in CMOS;, WO 03/021592
PCT/1B02/ 02828 -6 Figure 17 is a circuit diagram of another exanple of the

| ow pas ?igfuiré %qé ai JQLT?&FBI%SQ diagram of the detection channel;

Figure 9 is a detailed block diagram of a modification of the detection channel;
Figure 10 is a block diagram of a detection channel in which precoding is employed;
Figure 11 is a block diagram of a precoder for the detection channel of Figure 10;
Figure 12 is a simplified circuit diagram of a sensor circuit for the device;

Figure 13 is a simplified circuit diagram of another sensor circuit for the device;

Figure 14 is a graph of the input characteristic of a preamplifier of the Figure 13

sensor circuit;

Figure 15 is a circuit diagram of an example of the 'preamplifier implemented in
CMQOS;

Figure 16 is a circuit diagram of an example of the low pass filter implemented in
CMOQS;



in CMOS; Figure 18 is a bloc diagram of another exanple of the | ow pass
filter; Figure 19 is a block diagram of another exanple of the high pass
filter; Woganels20 is a circuit diagramof a nmenory stagePamdBoaozerst er of
the high filter inplenmented in CMOS;_gi.gure 21 is a block diagramof an
exanple of the analog to digital convertor; Figure 22 is a block diagram
of an ipple tatiqn of . the analog,to digital, convertor . shown in Figure
21; Fi gbLITE3 /8 armMiagraay PRGN eREEHRI PhRatE RS T SPPEPTIRdl og 1 o
digital j, cpysrtor; Figure 24 is a block diagramof an exanple of the

detection channel; Figure 25 is a block diagram of another exanple of the
detection channel Figure 26 is a circuit diagramof an exanple of the

or obe. aBIE RIS GLPIRROIEE Bt b U 1P BRSE IR, ot “cant 1 ever

sensors 10 di sposed on a silicon substrate. Row conductors 30 and col umm
conductors 40 are al so disposed on the substrate. Each sensor 10 is

addr essEOUWS 18 igierhleclediagsamnt aaother exampie efdhe highaaes blter 30 and col um
conductors 40. There are a pair of row conductors and associated with each
colum of sensors 10 and one row conductor associated with each row of
sensor sFiure Padk asercsidrdidgracoopa insersory stage @aod ioeerter aftbe heghr filtarur e of a

length jn the regio 70 micronmetres and mcronetre thickness. Linbs of
the  caltppBRsedieCMs

d, at their distal ends, to the substrate. The apex
of the cantilever WO 03/021592 PCT/|1B02/ 02828 -7 has freedom for novenent
in a direction normal to the substrate. The cantilever carries, at its
apex, aFigese 8iliis@ eck diagraaratan examplegifithe enalogpofdigital goaveyor r om t he
substrate. The linbs of the cantilever are highly doped to provide a
conductive current path. The heater elenent is fornmed by doping the apex

of the Fryiré Pevea Blockdiagesnat apxihpmehtioay theahabyciordigital cegveroof
i ncreased el ectrical resistance to
shown in Figure 21;

Figure 23 is a block diagram of another implementation of the analog to digital

convertor;

Figure 24 is a block diagram of an example of the detection channel;
Figure 25 is a block diagram of another example of the detection channel
Figure 26 is a circuit diagram of an example of the detection channel.

Referring first to Figure 1, an example of a local probe data storage device
comprises a two dimensional array of cantilever sensors 10 disposed on a silicon
substrate. Row conductors 30 and column conductors 40 are also disposed on the
substrate. Each sensor 10 is addressed by a different combination of the row
conductors 30 and column conductors 40. There are a pair of row conductors and
associated with each column of sensors 10 and one row conductor associated with
each row of sensors 10. Each sensor 10 comprises a silicon cantilever structure of a
length in the region of 70 micrometres and micrometre thickness. Limbs of the

cantilever are fixed, at their distal ends, to the substrate. The apex of the cantilever



current flow through the cantilever. The current path through the

cantil|l ever extends between the associ ated row conductor and the associ ated
col um cowouwsiorsg2 One of the colunn conductors i s conne®cadBow28ise
cantilever via an internedi ate diode Dy. Specifically, the cathode of the
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In operation, the tip is urged against to a planar storage medium 70 in the form of a

polymer layer such as a film of polymethylmethacrylate (PMMA) of a thickness in the

region of 40 nm. The polymer layer is carried by a silicon substrate.

Data is written to the storage medium by a combination of applying a local force to
the polymer layer 70 via the tip and heating the tip by passing a write current through
the cantilever from the corresponding row conductor 30 to the corresponding column
conductor 40. Passage of current through the cantilever causes the heater element
to heat up. Heat energy is passed from the heater element into the tip via thermal
conductance. The write current is selected to heat the tip to a level sufficient to
locally deform the polymer layer 70 to leave a pit 20 therein of a diameter in the
region of 40 nm. By way of example, it has been found that local deformation of a
PMMA film can be achieved by heating the tip to a temperature of the order of 700

degrees centigrade.

The heating element also provides a thermal read back sensor because it has a
resistance which is dependent on temperature. For data reading operations, a

heating current is passed though the cantilever from the corresponding row



t he polyner |ayer 70. Reading tenperatures of the order of 400 degrees
centigrade are, for exanple, insufficient to deforma PVWMA film but
nevert helwe3pevl de acceptabl e readi ng performnce. The PChaBo#i2828
conduct ance between the heating elenegt. and the polynmer |ayer 70 varies
according to distance between the heating elenent and the pol yner |ayer
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array i able relative to the polymer layer in a plane 70 parallel to
the poHeattranaiesibengesnthe bertingelemant @ngahe polyoemnayer mees eflicient
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oper at | ﬂﬂﬁheéthigélieﬁﬁemfre@lh‘@saﬂr@mgéém taniperatwieasizhé kentnudusheheatedt he
storage nedium 70. Referring. to Fi i.n preferred enbodi nent of the

) gure 2, in a _
pr esent heatieg elespentcan keymapitored, doerebytasilitgiing detertiondveeydad&ilsr 30 to
which a voltage VS is applied through a heater elenent in the
correspondi ng sensor to a |lower voltage level applied to the associated
col um Toediicteonenticnedheealingdruriant W ptoduetd hyrapplying Whaading2oiage pulse
PCT/ | Bo%t 2638c;2o8rresponding row conductor 30. Accordingly, a heating current flows through

each sensor 10 connected to the row conductor 30 to which the heating voltage
pulse is applied. All the heating elements in the corresponding row of the array are
therefore heated. Recorded data is then read out from in parallel from the heated
row of sensors. Each row of the array is thus read sequentially according to a

multiplexing scheme.

The array is moveable relative to the polymer layer in a plane 70 parallel to the
polymer layer 70 such that each tip can be scanned over a corresponding field 80 of
the polymer layer 70. Each field 80 can accommodate a plurality of pits 20. In both
reading and writing operations, the tips of the array are moved across the surface of

the storage medium 70.

Referring to Figure 2, in a preferred embodiment of the present invention, a
read/write current flows from a row conductor 30 to which a voltage V; is applied
through a heater element in the corresponding sensor to a lower voltage level

applied to the associated column conductor via the diode D. With reference to



-9 Figure 3, this arrangenent approximtes to a current source |' in series
wth a variable resistor VR representative of the heater elenent. The
heat er elwoman215p2 ansf orm t he physical val ue carryi ng storea/iBo/@srsat i on
into an electrical signal. The value.gf. variable resistor VR depends on
the tenperature at the tip. As indicated earlier, during read operation,
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conpl i cdoButhysitenel pPEalue “bi) 19 ahe silk obpp it ¥aluge R ash ARtRAECR CHAUE & by
manuf ackioh A kRAMISBASES p oREYE WHiGNBbp T HedRRCL! B rERishatte &f ©

e béc the re ely
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domain. Ofsets in the systemare obviated by enploying three |eve
deci si opites #reeraiative \blargke sesoilliea ddsirable/to 8Xteact alsigeallcentdinidgei si on el enent
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avoid ?bbﬁfpli@ét@?%b%?e@éﬁ% of idURI SR etLY G HE thSdedbroalies®@By W t hout

incurring rate loss. I't will be appreciated fromthe follow ng detailed
descri pmanfactaring teleramses c Ganyestioraldireshblstgetegtiommegihedsarte unsuitableon ar e
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subsyst aAdend adyémginty@ssoeied withi the @iiseDpresenbin hessyatdraw pass filter 100

and a high pass filter 110
In a preferred embodiment of the present invention, there is provided a robust
detection scheme for such thermomechanical sensor arrays as hereinbefore
described. The scheme operates in the analog domain. Offsets in the system are
obviated by employing three level decision element to be described shortly. The
three level decision element avoids the aforementioned processing of signals
exhibiting a relatively wide dynamic range. Additionally, a precoding scheme may be
employed to avoid error propagation after the three level decision element without
incurring rate loss. It will be appreciated from the following detailed description that
the detection schemes embodying the present invention are applicable to both

current driven and voltage driven thermomechanical sensor systems.

Referring now to Figure 4, an example of a detection subsystem embodying the
present invention comprises a low pass filter 100 and a high pass filter 110
connected in series. An analog to digital convertor (ADC) 120 is connectable to the
output of the high pass filter 110 via a sample and hold switch 120. In operation, the

low pass filter 100 limits the bandwidth of high frequency noise in an input signal



connected in series. An analog to digital convertor (ADC) 120 is
connectable to the output of the high pass filter 110 via a sanple and
hol d sw twb 03201592 n operation, the |ow pass filter 100 | iPeirtiBoz/d¢2828
bandwi dt h of high frequency noise in apinput signal W 03/021592
PCT/ 1 B0O2/ 02828 -10 from a sensor connected thereto. Wth reference to
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conprises a three | evel decision element 170. Referri nfq to Figure 8, a
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described with reference to Figure 6, the switch , the ADC 170
her ei nb&¥ %ﬁ_‘%’aﬁéﬁw%“eﬂawﬁ? 'eY%'fSéQ'@l@é“?eo"‘lﬁi“btﬁ &‘W&S&e‘fﬁﬁ?ﬂ@"ﬂg tPi gure 9,
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describ wth reference to Figure 8, e dynam c range of the signal
input to the |ow pass filter 100 is reduced. This reduction is achieved by

taking E%réferring to Figure 8, a preferred example of a detection channel embodying the
present invention for a constant current source sensor arrangement as hereinbefore
described with reference to Figure 3 comprises the low pass filter 100 hereinbefore
described with reference to Figure 5, the high pass filter hereinbefore described with
reference to Figure 6, the switch 130, and the ADC 170 hereinbefore described with

reference to Figure 7.

Referring to Figure 9, in a modification of the embodiment of the present invention
hereinbefore described with reference to Figure 8, the dynamic range of the signal
input to the low pass filter 100 is reduced. This reduction is achieved by taking an
output from a reference sensor represented in Figure 9 by Norton equivalent circuit
comprising current source |” and variable resistance VR’. The output from the
reference sensor is subtracted from the sensor output of interest by a differencing
block 180. A precision reference signal is not required because the high pass filter
110 removes any offset that may be present at the output of the low pass filter 100.
It is sufficient that the variation of the reference signal over two consecutive read

intervals is negligible with respect to the difference signal from the output of the



output froma reference sensor represented in Figure 9 by Norton equival ent
circuit conprising current source |" and variable resistance VR . The
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medi um "W'm%'é(eﬂjh@%&?mt'@mfﬁﬂWé@%@'@Ne&f highsoamplexibh Refﬁ@lng[se Figere
h
CO”P“Sgp, C%B%f@ﬁé&%%odg l%pFo%%o&‘éEeﬁHH?éﬁat ¥ er*é& de?rfz ?r%[)]@ Tefhe

out put ass to a anne and for
equati ntp préo@deahe Bbquemﬂ:qaut mtﬂrmdilen Biisgb heasesofddd en tHéLQtou'@gearﬁdaﬂurat t he

channel _qut pu I n,. en for 1ka codjng, 1(r)Dk) precoder is

ol oy ed0. Tk brecqtifS BERBLes AiatPERstatinn: [HMATRA 20 otress B gure 11,
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summ ng stage 230 n operation, an information bit to be precoded are
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stage 2%19h [9 ss fnt%r 110 to a “0” at the channel output. In general, for 1-D* precoding, a
1/(1D*) precoder is employed , where @ denotes modulo 2 addition. Referring to
Figure 11, the precoder 200 comprises a delay stage 220 having a delay of T and a
summing stage 230. In operation, an information bit to be precoded are input to the
summing stage and summed with the output from the summing stage 220 for the
preceding information bit. The output from the summing stage is fed back to the

summing stage via the delay stage 220.

With reference to Figure 12, in a preferred embodiment of the present invention, the
sensors operate in current mode as hereinbefore mentioned. In other words, each
sensor comprises a current source I’ driving a sense resistor VR and providing a
voltage signal at the output via a voltage follower 300. A range of standard voltage
mode circuits can provide accurate detection of such a signal. However,
conventional voltage mode circuits have drawbacks. Specifically, such circuits
typically require relatively large chip area and exhibit relatively low performance at
relatively low supply voltages. These problems are alleviated in the sense circuit

shown in Figure 13. In the Figure 13 sense circuit is suitable for current mode



preceding information bit. The output fromthe sunm ng stage is fed back to
the summ ng stage via the delay stage 220. Wth reference to Figure 12, in
a preferrwo osobsdt nent of the present invention, the sen®eTdB@E8Z e in
current node as herei nbefore nentionedi2!ln other words, each sensor
conprises a current source |I' driving a sense resistor VR and providing a
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characteristic as shown in Figure 14. The preanplifier 310 limts the
power dissipation in the sensor circuit and transfers the sensor signal to
t he subdeqotegralosfecwltegeanedepf pperaiendira passivavintegmriteyerddy1®) agtivd npl e

T2, - and TSy FIgHPE 4Pcat s 4 SFRRPIE 6 paectyr HBBIAF QAR SIS,

I nt egr airppleffeMitiGcaprisiag tiarstgoeT §f cagaciior €11dhdsdwiteh 8m. Eigarohg of a
passive integrator circuit in I mpl.enent ati on c_oa%ri sing transistor

n a CMOS inpl :
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i ntegra ' i NS I I B Vle =f citor
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ci r cui t ahontegratoeadircuitofde cofrenprodiei af opesatom comprising isinsistor TS, capapdor t or
C2 and itch S2. e ntegrator shown in Figyre 17 is.a transintegrat
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transconductance-C (gmC,_  OTA-C) filters, switched capacitor filters and
cur r ent appraached, includingsRC fitter s MESHEN fikkers, transconductance-C (gm-C,

OTA-C) filters, switched capacitor filters and current switched filters. In the circuits
hereinbefore described with reference to Figures 16, 17, and 18, each of switches
S1, S2, and S3 permit the corresponding integrator to be periodically reset.

Resetting of such integrators will be described in detail shortly.

As indicated earlier, the differentiator circuit of the high pass filter 110 subtracts a
previous signal value from a present signal value to provide an approximation of the
derivative of the information signal. Referring now to Figure 19, in a preferred
embodiment of the present invention, the high pass filter 110 comprises a memory
element 400 having an output connected to an inverter gate 410. The output of the
inverter gate 410 and the input to the memory element 400 are connected to the
input of a summing stage so that the output of the summing stage produces the
value equal to the difference between two consecutive information bits. Figure 20
shows a current mode CMOS implementation of the memory element 400 and the
inverter 410 comprising an inverting memory cell based on a switched current
transistor memory cell having transistor T6, and switches S4, S5, and S6. The

summing stage 410 for the current mode of operation can be implemented simply by



her ei nbef ore described with reference to Figures 16, 17, and 18, each of
swtches S1, S2, and S3 permt the corresponding integrator to be
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I npl ementation of the nenory el enent 400 and the inverter 410 conprising
an inverting nmenory cell based on a switched current transistor nenory
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410 for the current node operation can enmented sinply by WO
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embodiment of the present invention, the RADC 510 is implemented by a

comparator 520 preset to the aforementioned threshold level and a counter 530.

With reference to Figure 23, a modification to the preferred embodiment of the

present invention hereinbefore described with reference to Figure 22 combines three

level ADC and inverse precoder functions. In operation, a pair of comparators 600

and 610 each receive the bit stream to be decoded. Comparator 600 compares the

bit stream to a first voltage level V1. Comparator 610 compares the bit stream to a

second voltage level V2. The outputs of the comparators are combined via a two

input NAND gate 620 to provide a data input to a single D type latch 630 clocked at

1/T. The output of the latch 630 provides the decoded bit stream.

Referring now to Figure 24, in a preferred embodiment of the present invention there
is provided an integrator 700 for integrating two consecutive read back signals for
the same fixed integration time. The output of the integrator 700 is sampled by a
sample and hold circuit 710. The output of the sample and hold circuit is fed to a

differentiator comprising a memory element 720, inverter gate 730 and summing



output fromthe high pass filter. For each input bit, the integrator 500
generates a ranp. The slope of the ranp is dependent on the val ue of the
i nput bi twOoDh@2RXDC 510 neasures the sl ope of the ranp sipgmaBoA2s28
determning the tine for the ranp to. ygeach a preset threshold |evel.
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740. The differentiator subtracts the current value of the output fromthe
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possi bl thevaltpesofahetintegrator V@ sypstrdanmofttbe-sdymme aaddchold caceit 710. The
difference at the output of the adder 740 is then fed to the RADC 760. The integrator
70 in the Figure 25 embodiment simultaneously provides the signal to be stored in
the memory element 720 for the next sample and the signal to be fed to the RADC

760 via the adder 740.

With reference to Figure 26, a particularly preferred embodiment of the present
invention comprises a CMOS implementation including a first voltage source 810
connected to a thermomechanical detector under test 830 comprising a variable
resistance VR. A second voltage source 800 is connected to reference
thermomechanical detector comprising a variable resistance VR’. The detector
under test 830 is connected to the input of an integrator 850 via a preamplifier 840
comprising transistor T12, T13, and T21. The reference detector 820 is connected to
the input of the integrator 850 via a second preamplifier 900 comprising transistors
T7, T8 and T9. In operation, the reference detector 820 functions as hereinbefore
described with reference to Figure 9. The integrator 850 comprises switch S7,
capacitor C4, and transistors T14 and T15. The output of the integrator is

connected via transistor T14 to a sampler 880 comprising switch S11. The sampler



provided at the output of the RADC 760. In the case of a noisy signal, a
continuum of tinme values is quantized into the aforenentioned three

val ues. AFOoIhomF9t n Figure 25, integrators 700 and 730 of PChaB&/@8rse 24
enbodi ment can be conbined. In the Eigyure 25, enbodinent only the previous
signal value is integrated fro a fixed integrati on time and subsequently
stored sto\//%ﬁiuva ue |rectl .subtracted
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det ect oresti:gyﬁg%&s%ﬁ%ﬂgae%r@g%%g%?ta%a%t ancg%%%;k‘d%%ﬁgé?gﬁﬁ? er Ft est 830
i s conn8Z0ednstitutdsean AT astheasinbetosgdasorb8b0 via a preanplifier 840
conprising transistor T12, T13, and T21. The reference detector 820 is
connected to the input of the integrator 850 via a second preanplifier 900
conpri siN8urhhdly) thefs havd Been herdifbdfdre HBsOMEREXEMples? dpphfitasssr det ect or
820 functions as hereinbefore described with reference to Figure 9. The

i nt egr agdetecyBg dabarsy & Sevsei#igad generatedgyca read sansaiim at logakPberdatii4 and
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I'S t e out put of
storage device comprlsmg such apparatus is also descrlbed



i ntegrator 850. The output of the adder is connected to a conparator 870
conprising a transistors T19 and T20. The sanpl er 880, nenory 890, and
adder 860woOadlokiseri vely constitute a differentiator as herernbel@szs

descri bed. The conparator 870 constit{ges an ADC as herei nbefore
described. In summary, there have been herei nbefore described exanpl es of
apparatus for detecting data in a NS signal generated by a read sensor
in a local probe data storage devi3§¥§§&%rising a differentiator for
subtracting a value of the sensor signal fromthe succeeding value of the
sensor signal to generate a ternary difference signal; and a convertor
connect dd t o Apperaius fer deferinddatedp asrnaarsignal geretted by enead sangeain i nt o
a binar I e t obe data
ot or age Sl EElopd S steBbe LS UB2 ablEralE EoBHSG, 2 rbreRidy BT 021562
PCT/ | BOZLb#&chg a ValuelsiIthe seﬂ:sovﬂ@gaalafmm th@rsudeéeamng ngludadfahe Beassensor
signal generated by a read sensor grobe data storage device,

the app&id8aLY eengyAiaagmagy Hiﬁﬂ%ﬂ‘@nﬁ'gﬁ@'o?”?’@r onyghtor sepnegied 9 Mtie of the
sensor ?i ?ﬁtla{tBPfBr%ﬁvéﬁﬁ\Eﬁﬁg'd\‘gerléﬁbé'ﬁldﬁfalmasﬁﬁérgroutﬁbtﬁﬁéﬁ%liuﬁ?@&ﬂ% ate a

ter nary erence signal; “and a convertor connect to t erenti ator
for conméttte dejettesl dathf erence signal into a binary output signal indicative
of the detected data. 2. Apparatus as clainmed in claim1, further

conprising a low pass filter connected to the differentiator for filtering

the sengor siaghatatds ia8rcldithddif taRs PrfuRthePebmpFisingt ey .bé@ filtdrf erentiator.
3. Apparatus as clained in claim 2, further conprising a subtracter

connect eannected fie thedifiesentiater fos filtedng thepsengerisignai prief & esenspy aignal
gener at ?‘%{fﬁ ibhret(al%fzém%t&ensor fromthe sensor signal prior to the sensor

si gnal ow pass filter. 4. Apparatus as clained in any
preceding claim wherein the d| fferentiator conprises a nenory for storing
t he val ue of the sensor o be subtract ed from the succeedi ng val ue

of the SensofPRAFHHS B AL Bl 2 URDAHGUNBHS NG 3 SibtFRGHRIgPhnected to

the low pass filter for subtracting a reference signal generated by a reference sensor

from the sensor signal prior to the sensor signal reaching the low pass filter.

4, Apparatus as claimed in any preceding claim, wherein the differentiator
comprises a memory for storing the value of the sensor signal to be subtracted from
the succeeding value of the sensor signal and a subtracter connected to the memory
for subtracting the value of the sensor signal stored in the memory from the

succeeding value to generate the ternary difference signal.

5. Apparatus as claimed in claim 4, wherein the subtracter comprises an inverter
for inverting the value of the sensor signal stored in the memory to generate an
inverted value and an adder connected to the inverter for adding the inverted value
to the succeeding value of the sensor signal to generate the ternary difference

signal.

6. Apparatus as claimed in any preceding claim, wherein the convertor converts
the extremities of the ternary difference signal into a first value of the binary output
signal and converts the intermediate value of the ternary difference signal into a

second value of the binary output signal.



for subtracting the value of the sensor signal stored in the nenory from
the succeeding value to generate the ternary difference signal. 5.

Appar at uswaevspksbned in claim4, wherein the subtracter c@eCpIBERRSZN
inverter for inverting the value of t{y.sensor signal stored in the nenory
to generate an inverted value and an adder connected to the inverter for
adding the inverted value to the succeeding value of the sensor signal to
generate the ternary difference signal. 6. Apparatus as clainmed in any

precedi g cl AjpParatlisa8idlaiitrl IRUMAT 6 0WheRY Bid Sonvidir @¥hiRigetiags of the
ternary difference signal into a first value of the binary output signal

and conivdegraterfer gaperatingisatanp ArVBIG slore dependent en tHeeyalHe of dispmplei nto a
second e 2 D : ' - 02828 -17
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I nt egr adeterfriMing ene batary output dmple pavdergesors thepmdaplesrd fortthe mambeaovahete of a
sanple of the ternary difference signal and a counter connected to the
integra?dmeﬁﬁﬁ”"Qﬁﬂd§?EWﬁLng the binary output in dependence on the tine
taken for the ranmp to reach a preset threshold level. 8. A local probe
data storage device conprising: a storage surface; a read sensor noveable
rel ati v8.to #hecaltmohgelatasfaage davigesomisiay: @ $torageosurfacesaoeade  surf ace
for generating a nsor ..si gnal i.n dependence on data stqred in the surface
1 the. BERSEIToVeRE TapHire I TPl D Piahd Fappls 4o ¢ Rora9e red 1 n
any pregeatd torideticnatiasehssr signaine depBREndbN datLelorad ir the slatate N the
sensor signal generated by the read sensor as the read sensor is noved

rel ati vin the forme o tepegiaphisal featwesghergof cingl apnaspiissavelaeed dvare
ot oF ageP BRIk OhRA SoRHECRAT, 1o KERSeBr BlfociF NREBata hESpS0 S0
a sensogemégitéd by the egrhslemsre agrthdatad sens@ds inmovdtkredativieatoghe stdragef or m - of

t opographi cal features thereof; a reference sensor for generating a
r ef er engirface.

9. A local probe storage device comprising a storage surface; a read sensor
moveable relative to the storage surface in a plane parallel to the storage surface for
generating a sensor signal in dependence on data stored in the surface in the form
of topographical features thereof; a reference sensor for generating a reference
signal in dependence on a reference point in the surface; and apparatus as claimed
in any claim dependent on claim 3 connected to the read sensor and the reference
sensor for detecting the data in the sensor signal generated by the read sensor as

the read sensor is moved relative to the storage surface.

10. A local probe storage device as claimed in claim 8 or claim 9, comprising a
precoder for precoding data to be written onto the storage surface, the precoder
comprising an exclusive or gate having an output determined for each bit of an input
bit stream to be recorded onto the storage surface in dependence on the value of
the bit to be recorded and the value of the output of the exclusive or gate

corresponding to the preceding bit of the input bit stream.

11. A local probe storage device as claimed in any of claims 8 to 10, comprising a

plurality of sensors.



signal in dependence on a reference point in the surface; and apparatus as
claimed in any clai mdependent on claim 3 connected to the read sensor and
t he ref erwpoe/2sensor for detecting the data in the sensorc3iigoei2szgener at ed
by the read sensor as the read sensqrigs noved relative to the storage
surface. 10. A local probe storage device as clainmed in claim8 or claim9,
conprising a precoder for precoding data to be witten onto the storage
surface, the precoder conprising an exclusive or gate having an out put
det er m pad Af ' b byt bt si # a £ he
stor agemg'ufo’f g%éﬁ?c?\#bdéap%% fé‘r?(a:d(;a t%rllnrlpta hsg n\%gf ﬁ'?h%f @é‘ﬁ{gté&e‘?y tg ge%g§r€2§<?)¢ @e% and

t he val leeabprabecdatatsportagefdevive, the mMethakcompgaing: subiractinygondalg afdhe he
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03/ 02158#ePéridd §ORAOZARS a diftSrehBatofs Al Bevdrang ded aitferévcaleiypali intcda sensor

signal generated by a read sensor in a |ocal probe data storage device,

t he net hivarceouiput signgl insiigative f the)dategtad datgrusing a coaygBer soryiiated tom t he
succeed]Qgr : the sensor signal to generate a ternary difference

si gnal t5|'gggﬂﬁ5§$%rentiator; and converting the difference signal into a
bi nary out put signal indicative of the detected data using a convertor
connected to the differentiator.



