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A method and apparatus are provided for positioning a head
(110) based on a control signal and a cancellation signal. In the
method and apparatus, a sensor (212) located in the disc drive
(100) is capable of generating sensor data samples (308) at a
sensor data rate that is different from a servo data rate. A data
enlarger (316) inserts additional data samples between the sensor
data samples to produce enlarged data that is filtered (318) to
produce filtered data, which is decimated (322) to form decimated
sensor data at the servo data rate. A cancellation component (200)
converts the decimated sensor data into a cancellation signal that
may be combined with a control signal to control the actuator
(208). A sensor chip (300) is also provided that includes a sensing
element (304) and a sigma-delta circuit (306) that cooperate to
generate sensor samples at a sensor data rate and a buffer (310)
that stores sensor samples at the sensor data rate.
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METHOD AND APPARATUS FOR SERVO DATA

SYNCHRONIZATION IN A DISC DRIVE
FIELD OF THE INVENTION

The present invention is related to disc drives. In particular, the

present invention is related to servo systems.
BACKGROUND OF THE INVENTION

In a computer disc drive, data is stored on a computer disc in
concentric tracks. In disc drives with relatively high track densities, a
servo feedback loop is used to maintain a head over the desired track
during read or write operations. This is accomplished utilizing
prerecorded servo information either on a dedicated servo disc or on
angularly spaced sectors that are interspersed among the data on a disc.
During track following, the servo information sensed by the head is
demodulated to generate a position error signal (PES), which provides
an indication of the position error of the head away from the track
center. The PES is then converted into an actuator control signal, which
is fed back to control an actuator that positions the head.

As the areal density of magnetic disc drives increases, so does the
need for more precise position control when track following, especially
in the presence of external shock and vibrations. In order to desensitize
disc drives to translational vibrations, a balanced mechanical actuator
has been typically used. However, since the actuator must pivot freely
to access the data, the effects of rotational vibration about the axis
parallel to the pivot axis can be considerable.

To eliminate such errors, a disc drive may introduce cancellation
signals into the servo loop that are designed to cancel the vibration-

induced runout. To generate an appropriate cancellation signal, the disc
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drive must accurately measure the vibration of the disc drive using an
internal accelerometer.

Since the positioning of the head requires a great deal of accuracy,
it is preferred that the sensors be as accurate as possible. In addition,
since space within the disc drive is limited, it is preferred that the sensor
be as small as possible so that it does not take up valuable printed circuit
board space. One type of sensor that is small and accurate is known as a
Micro Electro-Mechanical System (MEMS). However, these sensors
generate data at a rate that is incompatible with the lower data rate of the
servo loop. Moreover, the rate at which these sensors produce data is
generally fixed because the data rate is a by-product of the sensing
characteristics of the sensor. Thus, the data rate of a MEMS sensor cannot
be changed much once the other performance characteristics of the
sensor have been chosen. As such, a sensor is needed that can be used
with a servo system to generate a cancellation signal while providing the
size and accuracy benefits of a MEMS sensor.

SUMMARY OF THE INVENTION

A method and apparatus are provided for positioning a
head based on a control signal and a cancellation signal. In the method
and apparatus, a sensor located on a printed circuit board assembly is
capable of generating sensor data samples at a sensor data rate that is
different from a servo data rate. A data enlarger inserts additional data
samples between the sensor data samples to produce enlarged data that
is filtered to produce filtered data, which is decimated to form decimated
sensor data at the servo data rate. A cancellation component converts
the decimated sensor data into a cancellation signal that may be

combined with a control signal to control the actuator.
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A sensor chip is also provided that includes a sensing element and
a sigma-delta circuit that cooperate to generate sensor samples at a
sensor data rate. The sensor chip also includes a buffer that is connected
to the sigma-delta circuit and that is capable of storing sensor samples
from the sigma-delta circuit at the sensor data rate. The buffer is also
able to provide stored sensor samples at a rate that is higher than the
sensor data rate. In one embodiment, the sensor chip is able to provide
the stored sensor samples to an off-chip component at a rate set by the
off-chip component.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a disc drive in which aspects of the
present invention may be practiced.

FIG. 2 is a block diagram of a servo loop with a cancellation
system of the present invention.

FIG. 3 is a more detailed block diagram of the sensor and
cancellation component of FIG. 2.

FIG. 4 is a flow diagram of one method of the present invention
for converting sensor data into converted data at the servo rate.

FIG. 5 is a graph of sensor samples at a sensor data rate.

FIG. 6 is a graph of enlarged sensor samples.

FIG. 7 is a graph of filtered sensor samples.

FIG. 8 is a graph of decimated sensor samples at the servo rate.

FIG. 9 is a block diagram of an alternative embodiment of the
sensor and cancellation component of FIG. 2.

FIG. 10 is a flow diagram of a process for collecting, enlarging and

filtering sensor data at the sensor rate.
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FIG. 11 is a flow diagram of a process for decimating filtered
sensor data to produce sensor data at the servo data rate.

FIG. 12 is a graph of a noiseless sensor signal.

FIG. 13 is a graph of a noisy sensor signal.

FIG. 14 is a graph of a sensor signal based on sensor data at the
servo rate.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

FIG. 1 is a perspective view of a disc drive 100 in which the present
invention is useful. Disc drive 100 includes a housing with a base 102 and
a top cover (not shown). Disc drive 100 further includes a disc pack 106,
which is mounted on a spindle motor (not shown) by a disc clamp 108.
Disc pack 106 includes a plurality of individual discs, which are mounted
for co-rotation about central axis 109. Each disc surface has an associated
disc head slider 110 which is mounted to disc drive 100 for communication
with the disc surface. In the example shown in FIG. 1, sliders 110 are
supported by suspensions 112 which are in turn attached to track accessing
arms 114 of an actuator 116. The actuator shown in FIG. 1 is of the type
known as a rotary moving coil actuator and includes a voice coil motor
(VCM), shown generally at 118. Voice coil motor 118 rotates actuator 116
with its attached heads 110 about a pivot shaft 120 to position heads 110
over a desired data track along an arcuate path 122 between a disc inner
diameter 124 and a disc outer diameter 126. Voice coil motor 118 is driven
by servo electronics 130 based on signals generated by heads 110 and a
host computer (not shown).

FIG. 2 is a block diagram of a servo loop 202 that is found in servo
electronics 130 of the present invention. Because the precise structure of

the servo loop is not significant to the present invention, servo loop 202
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is shown in a simplified form. Those skilled in the art will appreciate
that servo loops are more complex than the simple diagram of FIG. 2.

In FIG. 2, servo loop 202 includes a summing node 210 that
receives a reference signal (REF) indicating the desired position for a
head on the disc. Summing node 210 combines the reference signal with
a position value, described below, to produce a position error signal that
is provided to a digital controller 204. Based on the position error signal,
digital controller 204 generates a digital control value that is provided to
a cancellation summing node 206.

Cancellation summing node 206 also receives a cancellation value
from a cancellation component 202 and subtracts the cancellation value
from the digital control value to produce a modified control value. The
modified control value is provided to an actuator-head assembly 208 and
causes actuator-head assembly 208 to change the position of the heads
relative to tracks on the disc.

Using servo patterns stored on the disc, a head in actuator-head
assembly 208 generates an analog signal that indicates the distance from
the head to the track center. The analog signal is converted into a digital
signal within assembly 208 and the digital signal is fed back to summing
node 210. Summing node 210 then subtracts the digital signal from the
reference signal to produce the position error signal (PES) that is
provided to controller 204.

While the actuator-head assembly is moving the head across the
disc surface, a sensor 212 mounted on the printed circuit board assembly
generates sensor data corresponding to vibrations of the disc drive. This
sensor data is provided to a cancellation control component 200, which

generates the cancellation value provided to summing node 206 based
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on the detected vibration of the disc drive. In most embodiments, the
cancellation value is designed to remove position errors that would
otherwise be generated by the vibrations.

Note that in order for the cancellation value to be subtracted from
the control value in summing node 206, the cancellation values and the
control values must be produced at the same data rate. In general, this
data rate is the rate at which servo sectors on the disc pass by the head
and is referred to as the servo data rate. However, as discussed in the
background section, sensor 212 generally produces data at a different
rate than this servo data rate. Therefore, some form of data rate
conversion is needed before the sensor data can be converted into
cancellation data.

Under the present invention, this conversion is performed by
expanding and then decimating the sensor signal to produce a sensor
signal at the servo data rate. Specifically, the present invention generates
an expanded data signal with a data rate that is a factor of L faster than
the sensor data rate. The invention then filters the expanded signal to
produce a filtered signal that is decimated by selecting each Mth sample
from the filtered signal to produce a sensor signal at the servo rate. The
relationship between the sensor data rate, f;, and the servo data rate, fo, is

thus described as:

L
=—f, EQ.1
o Mﬁ Q

FIG. 3 is a block diagram of one embodiment of a sensor chip 300
and a cancellation component 302 of the present invention that transform
a sensor data signal at the sensor data rate into sensor data at the servo

data rate. Sensor chip 300 includes a sensing element 304 and a sigma-
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delta circuit 306 that cooperate to form a sensor signal 308. In some
embodiments of the invention, sensing element 304 is a Micro-
Electromechanical System (MEMS) that senses acceleration.

Sensor signal 308 is produced at a rate fs and is stored in a buffer
310 at that rate. Buffer 310 is an asynchronous buffer that allows data to
be stored at one rate and read at a different rate. The rate at which data
is stored is controlled by a write-clock input and the rate at which data is
read from the buffer is controlled by a read-clock input. In most
embodiments, buffer 310 is located within sensor chip 300 so that it has a
direct connection to a sensor clock based on the sensor data rate fs.
However, in other embodiments, buffer 310 is external to sensor chip
300. To accommodate all of the data, buffer 310 must have at least
floor(M/L)+1 elements, where L is the expansion factor and M is the
decimation factor as found in Equation 1 above.

FIG. 4 is a flow diagram of a process for converting the data
stored in buffer 310 into a cancellation data signal that has a data rate
equal to the servo data rate. The process of FIG. 4 begins at step 400
where buffer 310 is flushed once per servo period. In the embodiment of
FIG. 3, this is accomplished by applying externally generated signals to
buffer 310's read-clock input and read-enable input, which control how
fast data is read from the buffer and when data is read from the buffer,
respectively. In FIG. 3, the read-clock input is connected to a high-speed
clock such as system clock 314 that typically operates at a much higher
frequency than the sensor data rate f;. Buffer 310's read-enable input is
connected to a servo clock 312 that operates at the servo loop data rate.
When servo clock 312 transitions from low to high, the contents of buffer

310 are read out at the data rate of system clock 314. Thus, system clock
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314 and servo clock 312 cause the contents of buffer 310 to be flushed
once per servo period at a high data rate. Under most embodiments, this
flushing will produce at most floor(M/L) +1 elements.

The data flushed from buffer 310 is provided to an expander 316
in cancellation component 302. Expander 316 also receives a clocking
signal from system clock 314 and operates at a multiple of the system
clock frequency. As shown in step 402 of FIG. 4, expander 316 expands
the data samples from buffer 310 by inserting additional zero-value data
samples between the samples from buffer 310. This expansion can be
seen in FIGS. 5 and 6, which show graphs of the data from buffer 310 and
expander 316, respectively, as a function of time. In FIG. 5, five data
samples 500, 502, 504, 506 and 508 are shown. In FIG. 6, expander 316
has inserted data samples 600, 602, 604, 606, 608, 610, 612, 614, 616, 618,
620, 622, 624, 626, and 628 between the data samples from buffer 310.
Specifically, expander 316 has inserted three zero-value data samples
between each of the data samples from buffer 310.

By inserting the additional data samples, expander 316 effectively
increases the data rate. Specifically, by inserting L-1 data samples
between each sample from buffer 310, expander 316 increases the data
rate to L times the sensor data rate fs. Thus, in the example of FIGS. 5
and 6, expander 316 increases the data rate to 4fs. The expansion results
in M+L expanded samples for the current servo period.

After the buffer data is expanded, the expanded data is filtered at
step 404 of FIG. 4. In most embodiments, the filtering is performed by a
low pass filter 318 that smoothes the samples in the expanded signal.
The effects of this smoothing can be seen in FIG. 7, which shows the

result of filtering the expanded signal of FIG. 6. In most embodiments,
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the low pass filter is selected so that its cutoff frequency is less than one-
half the servo data rate. By selecting this cut-off frequency, the filter is
able to remove high frequency noise in the sensor data that would
otherwise be reflected into the cancellation data when the filtered data is
decimated as described below. Such high frequency noise is especially
acute in sensors that use sigma-delta circuits since these circuits tend to
force noise into the upper frequency bands. Thus, filter 318 smoothes the
data samples in the expanded data signal while at the same time
removing high frequency noise.

At step 406 of FIG. 4, the filtered data is stored in a second buffer
320 of FIG. 3. Within second buffer 320, the data is organized from
oldest data to newest data. At step 408 of FIG. 4, the Mth sample from
the buffer is selected by a decimator 322 as the sensor sample for the
current servo period, resulting in a decimation of the filtered signal by a
factor of M. This decimation can be seen in FIG. 8, which shows sensor
data at the servo rate after decimation of the filtered samples of FIG. 7.
In particular, FIG. 8 shows a decimation by a factor of 5 (M=5) resulting
in sensor data samples 802, 804, 806, and 808 at a servo data rate, fo, that
is equal to 4/5 (L/M) of the sensor data rate f;. In most embodiments,
decimator 322 operates in part based on servo clock 312 so that the
output of decimator 322 is synchronized with the servo data in the
remainder of the servo loop.

At step 410 of FIG. 4, decimator 322 reorders buffer 320 by shifting
all of the samples upward M positions in the buffer and discarding the
samples that surpass the top address of the buffer.

The output from decimator 322 is provided to a cancellation

transform component 324, which uses the sensor data to generate a
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cancellation signal. This cancellation signal is then provided to summing
node 206 in synch with the servo control value from servo controller 204.

FIG. 9 is a block diagram of an alternative embodiment of the
present invention, in which a buffer is not needed in the sensor chip.
Thus, sensor chip 900 of FIG. 9 includes a sensing element 902 and a
sigma-delta circuit 904, but does not include an internal buffer.

The output of sigma-delta circuit 904 is a series of sensor values
that are output at the sensor data rate. To convert these data samples
into a set of samples at the servo rate, cancellation component 906
utilizes two interrupt routines 908 and 910. Interrupt routine 908
generates an interrupt once for each sensor sample from sigma-delta
circuit 904. Interrupt routine 910 generates an interrupt once for each
servo period.

The interrupts are provided to an interrupt processing component
912, which initiates components in response to each interrupt. These
components perform a series of processing steps, which are shown in the
flow diagrams of FIGS. 10 and 11. Specifically, the processing steps that
are initiated in response to the sensor interrupt of interrupt routine 908
are shown in FIG. 10 and the processing steps that are initiated in
response to the servo interrupt of interrupt routine 910 are shown in FIG.
11.

In FIG. 10, after the sensor interrupt is received at step 1000,
interrupt processing component 912 initiates a read component 914 of
FIG. 9, which accepts the current sensor data sample from sensor 900.
This is shown as step 1002 in FIG. 10. Read component 914 passes the
current sensor data sample to an expander 916, which inserts L-1 zero-

value samples before the data sample to produce an enlarged data set at
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step 1004 of FIG. 10. The enlarged data set is sent serially to a filter 918,
which performs a low-pass filtering operation on the enlarged data set at
step 1006. This results in a set of filtered data that is stored in a software
buffer 920 at step 1008. Typically, the data is stored as an array, x[i], of
sample values with the oldest sample at array location x[0].

The filtered data remains in buffer 920 until interrupt processing
component 912 receives a servo interrupt from interrupt routine 910 at
step 1100 of FIG. 11. When that occurs, processing component 912
initiates decimator 922, which selects the Mth element from the buffer to
form a sensor sample. This selection occurs at step 1102 in FIG. 11. Since
the sensor sample is produced in response to an interrupt operating at
the servo rate, the sensor samples produced by decimator 922 are
produced at the servo rate. Decimator 922 then instructs buffer 920 to
remove the first M samples from the array and to reorder the array so
that the oldest sample in the array is once again at element x[0].

The sensor samples produced by decimator 922 are provided to a
cancellation transform component 924, which generates cancellation
values from the sensor samples. Because the sensor samples from
decimator 922 are delivered at the servo rate, the cancellation values
produced by transform component 924 are also at the servo rate. This
makes it possible to combine the cancellation values with the servo
control values at summing node 206 of FIG. 2.

In one embodiment of the invention, a sensor data rate of 51.2
kHz is adjusted to become compatible with a servo data rate of 21.4 kHz.
Under this embodiment, the expander increased the data rate by a factor
of 5 (L=5) while the decimator reduced this increased data rate by a

factor of 12 (M=12). This resulted in a converted sensor sample rate of
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21.3 kHz, which represents only an error of .2% relative to the desired
servo rate of 21.4 kHz. Those skilled in the art will recognize that this
error can be reduced by increasing the size of both L and M. However,
increasing the size of these values also increases the size of the hardware
and the software elements needed to implement the present invention.

In this embodiment, a fourth order digital elliptic filter was used,
with a cutoff frequency of 2 kHz. The elliptical filter operated at a rate of
5 times the sensor data rate or 256 kHz.

The performance of this embodiment can be seen in FIGS. 12, 13
and 14. FIG. 12 shows a trace of a noiseless sensor output 1200
consisting of frequency components between 200 Hz and 800 Hz. This
output is corrupted by broadband additive noise resulting in the noisy
signal of FIG. 13, which is output by the sigma-delta circuit in the sensor.
After the expansion, filtering, and decimation of this embodiment of the
invention, a converted sensor signal 1400 is produced as shown in FIG.

14. The converted sensor signal 1400 is delayed from the noiseless
sensor output by approximately 200 ps.

In summary, a servo loop 202 is provided that includes an
actuator 208 capable of positioning a head based on a control signal and
a cancellation signal. A controller 204 generates the control signal based
on position information received from the head at a servo data rate. A
movement sensor 212 is capable of sensing movement of the disc drive
and is capable of generating sensor data samples at a sensor data rate
that is different from the servo data rate. A data enlarger 316 inserts
additional data samples 600, 602, 604 between the sensor data samples
500, 502 to produce enlarged data. A filter 318 filters the enlarged data
to produce filtered data that is decimated by a decimator 322. This
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results in decimated sensor data 802, 804, 806, 808 at the servo data rate.
A cancellation component 324 then converts the decimated sensor data
into a cancellation signal.

A sensor chip 300 is also provided that includes a sensing element
304 and a sigma-delta circuit 306 that cooperate to generate sensor
samples at a sensor data rate. The sensor chip also includes a buffer 310
that is connected to the sigma-delta circuit 306 and that is capable of
storing sensor samples from the sigma-delta circuit at the sensor data
rate. The buffer is also able to provide stored sensor samples at a rate
that is higher than the sensor data rate. In particular, the sensor chip is
able to provide the stored sensor samples to an off-chip component at a
rate set by the off-chip component.

A method of generating a modified control signal for controlling
an actuator 208 in a disc drive is also provided. The method includes
moving an actuator 208 and then reading servo information on the disc
106 to produce servo data at a servo data rate. The method also includes
sensing the movement of the disc drive using a sensor 212 that 'produces
sensor data at a sensor data rate that is different than the servo data rate.
The sensor data is converted into converted sensor data at the servo rate
and the converted sensor data is then used to generate a cancellation
signal. A controller signal is generated based on the servo data, and the
controller signal and the cancellation signal are combined to produce the
modified control signal.

It is to be understood that even though numerous
characteristics and advantages of various embodiments of the present
invention have been set forth in the foregoing description, together with

details of the structure and function of various embodiments of the



WO 00/43993 PCT/US00/01439

-14-

invention, this disclosure is illustrative only, and changes may be made
in details, especially in matters of structure and arrangement of parts
within the principles of the present invention to the full extent indicated
by the broad general meaning of the terms in which the appended claims
are expressed. For example, the cancellation signal may be inserted at
different locations within the servo loop, and the buffer may be found
outside of the sensor chip without departing from the scope and spirit of

the present invention. Other modifications can also be made.
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WHAT IS CLAIMED IS:
1. A servo loop in a disc drive for positioning a head over a disc, the
servo loop comprising:

a head;

an actuator capable of positioning the head based on a control
signal and a cancellation signal;

a controller capable of generating a control signal based on
position information received from the head at a servo data
rate;

a sensor located in the disc drive and capable of generating data
describing movement of the disc drive, the sensor
producing sensor data samples at a sensor data rate that is
different from the servo data rate;

a data enlarger capable of inserting additional data samples
between the sensor data samples to produce enlarged data;

a filter capable of filtering the enlarged data to produce filtered
data;

a decimator capable of selecting data points from the filtered data
set to produce decimated sensor data at the servo data rate;
and

a cancellation component capable of generating a cancellation
signal at the servo data rate based on the decimated sensor

data.

2. The servo loop of claim 1 wherein the sensor comprises a sensing

element and a sigma-delta circuit.
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3. The servo loop of claim 2 wherein the sensing element comprises

a micro-electromechanical system.

4. The servo loop of claim 3 wherein the sensing element comprises

an acceleration sensor.

5. The servo loop of claim 2 wherein the sensor is located in a sensor
chip that further comprises a buffer capable of being written to at the
sensor data rate and capable of being read from at a rate that is higher
than the sensor data rate, the data being written to the buffer being taken
from the sigma-delta circuit and the data read from the buffer being

provided to the data enlarger.

6. The servo loop of claim 5 wherein the contents of the buffer are

read once per servo period.

7. The servo loop of claim 5 wherein the contents of the buffer are

read based on a signal generated externally from the sensor chip.

8. A sensor chip capable of being bonded to a surface to detect
acceleration of the surface, the sensor chip comprising:
a sensing element, capable of affecting an electrical signal based
on movement of the surface;
a sigma-delta circuit capable of interacting with the sensing
element to generate sensor samples at a sensor data rate;

and

PCT/US00/01439
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a buffer, coupled to the sigma-delta circuit and capable of storing
sensor samples from the sigma-delta circuit at the sensor
data rate and capable of providing stored sensor samples at

a rate that is higher than the sensor data rate.

9. The sensor chip of claim 8 further comprising an output terminal

capable of carrying stored sensor samples read from the buffer.

10.  The sensor chip of claim 9 further comprising a read-enable
terminal capable of being connected to an external component such that
the external component can enable a reading operation to read stored
sensor samples from the buffer by applying a signal to the read-enable

terminal.

11.  The sensor chip of claim 10 further comprising a read clock
terminal capable of being connected to an external component such that
the external component can control the rate at which stored sensor

samples are read from the buffer.

12. A method of generating a modified control signal for controlling
an actuator in a disc drive, the method comprising steps of:
(a) moving the actuator;
(b) reading servo information on the disc and generating servo
data at a servo data rate based on the servo information;
(c) sensing the acceleration of the disc drive using a sensor that
produces sensor data at a sensor data rate that is different

from the servo data rate;
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(d) converting the sensor data at the sensor data rate into
converted sensor data at the servo data rate;

(e) generating a cancellation signal at the servo data rate based on
the converted sensor data;

(f) generating a controller sighal at the servo data rate based on
the servo data; and

(g) combining the cancellation signal and the controller signal to

produce the modified control signal.

13.  The method of claim 12 wherein the converting step (d):
(d)(i) expanding the sensor data by inserting zero-value samples
into the sensor data to produce expanded data;
(d)(ii) filtering the expanded data to produce filtered data; and
(d)(iii) decimating the filtered data to produce the converted

sensor data by selecting samples from the filtered data.

14.  The method of claim 13 wherein the filtering step (d)(ii) comprises

filtering the expanded data using a low pass filter.

15.  The method of claim 12 further comprising a step (h) of writing
the sensor data to a buffer before converting the sensor data into

converted sensor data.

16.  The method of claim 15 further comprising a step (i) of reading
the sensor data from the buffer once during each servo period at a rate

that is higher than the sensor data rate.






WO 00/43993 PCT/US00/01439

217

200 ~ | CANCELLATION

COMPONENT [* ]
212
204 208 —_ | SENSOR
210 N TN
+ ACTUATOR-
| SERVO +
REF HEAD
\ CONTROLLER asee2y T

" 202

FIG._2

4
FLUSH BUFFER L~ 4%

\

EXPAND DATA | %02

Y

FILTER EXPANDED | 404
DATA

\

PLACE FILTERED DATA | —406
IN SECOND BUFFER

Y

SELeCT M ELEMENT | 408
FROM THE SECOND BUFFER

Y

REODER 410
FIG...4 SECOND BUFFRE 4




PCT/US00/01439

WO 00/43993

3/7

MNOO10

=54 e/ | WALSAS
’ !
Y
Y Y Y %0010 avad
WHOASNVHL | B
(NHOISNVHL | Hotvmioaa [« w3ddng [« w3 [+ HIANVAXT < 1N0
vee— | zze—" | oze— g1e—" 916~ 3T
20—
REC L E
q > ~-avad
MO0 4344ng
OAH3S
— ore—" 1
cle 80¢ ~| si
v113d
“VADIS
mom\a
oom\
| INawa3
ONISNIS
dIHO

"OSN3S pog —

AO0T1O
"HOSN3S




WO 00/43993

502
500 v
&
0.5
0 : :
00 05 10 15
FlG._5
1 : ' ;
502
500 'l
ﬁ/
051 600 606
602 ., 608
O-

.0 1.5

0.0 05 1
FIG._6

610

0

0.0 05 1.0 1.5 2.0
FIG._7

1 Y : T

804
w7
Y
0.5+
O T T T T
1.5 2.0

0.0 05 1.0
FIG._8

PCT/US00/01439

628



PCT/US00/01439

WO 00/43993

5/7

INHO4SNYHL
NOILYTIIONVD
906
va6/ A 4
~ Y344ng | _ ININOdINOD
HOLVWIO3Ia Javild0s [ 3L Y3IANVdX3 avay
£06
226 ﬁ owm\ m&\ m&\ Sm\ ﬁ
vi13a
-YWDIS
LININOJINOD
Va DNISSIO0Hd i
zl6 LdNYYILNI 1
A
» IN3IWa3
mﬁ_Som_ 3NILNOY ONISN3S
LdNYY3LINI 1dNYYILINI
LNINOJWOD 016 ~“oneES HosNas | \g06 dIHO
NOILLYTI3ONVYD "HOSN3S

NQm.\

006 _/



WO 00/43993 PCT/US00/01439

6/7

. 1000

GECEIVE INTERRUPT 'ID

ACCEPT DATA POINT

R ~ 1004

ADD ZERO-VALUE DATA POINTS
TO PRODUCE ENLARGED DATA SET

l . 1006

FILTER ENLARGED DATA
l V. 1008

STORE IN BUFFER FIG._ 10

GECEIVE INTERRUPT@
‘ / 1100

SELECT MM ELEMENT
FROM BUFFER AS OUTPUT

! /‘ 1100
REORDER BUFFER FIG. _ 11




WO 00/43993 PCT/US00/01439

717
50
1200
OMW
'50 T T T T
0 2 4 6 8 10
- Time [ms]
FIG._12
500 1 = .
» Moom
'.’;E" K w TRt -{; . X,
X, s - Pt A #!"4 »
O-%x oy W o “ P WPy = xX X
:N:‘"'*-..P o R Rl ‘;«".:::: A oy 3’#‘
et o O Sl g o v g e R
-500 T T
0 2 4 6 8 10
Time [ms]
FIG._13
50
1400
OW
'50 T T T T
0 2 4 6 8 10

FIG._14 Time mel



INTERNATIONAL SEARCH REPORT

inter  )nal Application No

PCT/US 00/01439

A. CLASSIFICATION OF

BJECT MATTER
IPC 7

G11B5/596

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 G11B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicai, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Cltation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A WO 92 05543 A (KADLEC RONALD JAMES ;KELLEY
PAUL HENRY (US); FREDERICK THOMAS JAME)

2 April 1992 (1992-04-02)
page 57, line 9 -page 58,

line 19

A US 5 675 450 A (KADLEC RONALD JAMES)
7 October 1997 (1997-10-07)

column 9, line 13 -column 31,
A US 5 646 797 A (KADLEC RONALD JAMES ET
AL) 8 July 1997 (1997-07-08)
column 2, line 66 —column 3,
column 8, Tine 42 -column 10,

line 18

line 14
Tine 41

A EP 0 233 314 A (IBM)
26 August 1987 (1987-08-26)
column 10, line 35 ~column 16,

line 27
-f—

1,12

1,12

1,12

1,12

m Further documents are listed in the continuation of box C.

E Patent family members are listed in annex.

° Special categories of cited documents :

"A* document defining the general state of the art which is not

considered to be of particular relevance Invention

T later document published after the intemational filing date
or priofity date and not in conflict with the application but
clted to understand the principle or theoty underlying the

*E" eariier document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establieh the publication date of ancther
citation or other special reason (as specified)

*O" document referring to an orai disclosure, use, exhibition or

other means
*P* document published prior to the intemational filing date but
later than the priority date claimed

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
:'nms such‘t combination being obvious to a person skilled
n the art.

'&* document member of the same patent family

Date of the actual compietion of the intemational search

8 June 2000

Date of mailing of the international search report

15/06/2000

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo i,
Fax: (+31-70) 340-3016

Authorized officer

Ressenaar, J-P

Fom PCTASA/210 (second sheet) (July 1892)

page 1 of 2




INTERNATIONAL SEARCH REPORT

intet nal Application No

PCT/US 00/01439

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A

PATENT ABSTRACTS OF JAPAN

vol. 009, no. 304 (P-409),

30 November 1985 (1985-11-30)

& JP 60 136972 A (HITACHI SEISAKUSHO KK),
20 July 1985 (1985-07-20)

abstract

US 5 255 136 A (MACHADO MICHAEL G ET AL)
19 October 1993 (1993-10-19)

column 19, line 54 -column 23, line 60

Fom PCTASA210 (continuation of second sheet) (July 1892)

page 2 of 2




INTERNATIONAL SEARCH REPORT

information on patent family members

inter

nal Application No

PCT/US 00/01439
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9205543 A 02-04-1992 AT 175801 T 15-01-1999
AU 8739091 A 15-04-1992
CA 2068329 A,C 19-03-1992
CA 2235104 A 19-03-1992
DE 69130762 D 25-02-1999
DE 69130762 T 09-09-1999
EP 0507907 A 14-10-1992
ES 2129414 T 16-06-1999
us 5675450 A 07-10-1997
us 5684650 A 04-11-1997
us 5680272 A 21-10-1997
us 5638230 A 10-06-1997
us 5602689 A 11-02-1997
us 5914829 A 22-06-1999
us 5677809 A 14-10-1997
us 5646797 A 08-07-1997
Us 5914830 A 22-06-1999

US 5675450 A 07-10-1997 us 5646797 A 08-07-1997
us 5680272 A 21-10-1997
us 5638230 A 10-06-1997
us 5914829 A 22-06-1999
us 5677809 A 14-10-1997
us 5914830 A 22-06-1999
us 5684650 A 04-11-1997
us 5602689 A 11-02-1997
AT 175801 T 15-01-1999
AU 8739091 A 15-04-1992
CA 2068329 A,C 19-03-1992
CA 2235104 A 19-03-1992
DE 69130762 D 25-02-1999
DE 69130762 T 09-09-1999
EP 0507907 A 14-10-1992
ES 2129414 T 16-06-1999
WO 9205543 A 02-04-1992

US 5646797 A 08-07-1997 us 5675450 A 07-10-1997
us 5684650 A 04-11-1997
us 5680272 A 21-10-1997
us 5638230 A 10-06-1997
us 5602689 A 11-02-1997
us 5677809 A 14-10-1997
AT 175801 T 15-01-1999
AU. 8739091 A 15-04-1992
CA 2068329 A,C 19-03-1992
CA 2235104 A 19-03-1992
DE 69130762 D 25-02-1999
DE 69130762 T 09-09-1999
EP 0507907 A 14-10-1992
ES 2129414 T 16-06-1999
WO 9205543 A 02-04-1992
us 5914829 A 22-06-1999
us 5914830 A 22-06-1999

EP 0233314 A 26-08-1987 us 4642709 A 10-02-1987
AU 587066 B 03-08-1989
AU 6298986 A 30-04-1987
BR 8604509 A 19-05-1987

Fom PCTASA/210 (patent family annex) (July 1892)

page 1 of 2




INTERNATIONAL SEARCH REPORT

information on patent family members

Inter

»nal Appilication No

PCT/US 00/01439
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0233314 A CA 1296799 A 03-03-1992
DE 3676186 D 24-01-1991
JP 62092222 A 27-04-1987

JP 60136972 A 20-07-1985 NONE

US 5255136 A 19-10-1993 us 5170299 A 08-12-1992
us 5241546 A 31-08-1993
DE 69122581 D 14-11-1996
DE 69122581 T 27-02-1997
EP 0471314 A 19-02-1992
IE 78907 B 11-03-1998
JP 2688687 B 10-12-1997
JP 6044708 A 18-02-1994
KR 124052 B 28-11-1997
us 5420730 A 30-05-1995
DE 69229753 D 16-09-1999
DE 69229753 T 02-03-2000
EP 0497593 A 05-08-1992
JP 2724934 B 09-03-1998
JP 5347075 A 27-12-1993
KR 9509384 B 21-08-1995
us 5517631 A 14-05-1996

Fomm PCTASA/210 (patent family annex) (July 1992)

page 2 of 2




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

