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SHOCK SENSOR CIRCUITRY AND METHOD
FOR AMPLIFYING AN INPUT SIGNAL
INCLUDING LEAKAGE CURRENTS

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of electronic
circuitry and more particularly to a shock sensor circuitry
including a leakage tolerant input amplifier and a method for
amplifying an input signal including leakage currents.

BACKGROUND OF THE INVENTION

Shock sensor circuitry may be used in electronic devices
to detect the application of a shock or force to an electronic
device. For example, the hard disk drives of portable elec-
tronic devices, such as laptop and notebook computers, may
include shock sensor circuitry to detect the application of a
force such as that caused by dropping or bumping the
computer. If a great enough force is applied, usually greater
than one G, a hard disk drive may incorrectly write data
during a write operation or incorrectly read data during a
read operation. This results in data errors and sometimes
system failure.

The shock sensor circuitry generally senses or detects the
force and generates an output signal in response. As a result
of generating the output signal, an action may be taken to
prevent or minimize problems caused by the force. For
example, the shock sensor circuitry of a hard disk drive may
generate a signal to temporarily suspend a write operation or
read operation to eliminate or minimize any adverse effects
that may be caused by the force.

The shock sensor circuitry receives and processes an input
signal generated by a shock sensor. The shock sensor is
generally constructed from a piezoelectric material and has
a high impedance. The shock sensor generates an input
signal at a very low voltage that corresponds to the shock or
force detected. The input signal must be amplified before it
is processed by the shock sensor circuitry.

Problems arise when amplifying this low voltage input
signal provided from the high impedance shock sensor.
Specifically, direct current leakage currents are often present
in addition to the input signal. These leakage currents are
amplified, along with the input signal, by an input amplifier
or input stage of the shock sensor circuitry resulting in an
offset voltage that creates errors within the shock sensor
circuitry. These errors may result in the generation of output
signals indicating that a force was detected when none was
present or the generation of an output signal indicating that
no force was detected when one was present.

The leakage currents may be generated by a variety of
sources and are present at some level in virtually all semi-
conductor junctions. Oftentimes, electrostatic discharge cir-
cuitry or structures are provided at the pins of an integrated
circuit. The electrostatic discharge circuitry provides
enhanced circuitry protection from electrostatic discharge
which can destroy an integrated circuit. Integrated circuits
using MOSFET technology are particularly susceptible to
electrostatic discharge damage. As a consequence of pro-
viding the electrostatic discharge circuitry, a current path is
provided resulting in increased leakage currents and
decreased shock sensor circuitry performance. For example,
a standard operational amplifier with an electrostatic dis-
charge circuitry at its pins may draw a direct current leakage
current of ten picoamps at room temperature and from one
to ten nanoamps at 125° C. Leakage currents increase with
an increase in temperature. Reliability suffers greatly if the
electrostatic discharge circuitry must be removed to help
reduce the leakage currents.
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Other sources of leakage currents include current leakage
from pin-to-pin across the plastic package of an integrated
circuit and from the contamination present on most printed
circuit boards. Printed circuit board contamination may
include dust, particles, and any foreign or undesirable mate-
rial on the printed circuit board that may provide a path for
leakage currents. Contamination may result in leakage cur-
rents in the picoamp to nanoamp range, depending on the
level of contamination. The contamination may only be
eliminated or reduced by subjecting the printed circuit
boards to additional cleaning processes that are both expen-
sive and time consuming and significantly add to overall
costs. Even if the contamination is initially removed, the
printed circuit boards may later become contaminated result-
ing in increased leakage currents and decreased shock sensor
circuitry performance.

SUMMARY OF THE INVENTION

From the foregoing it may be appreciated that a need has
arisen for a shock sensor circuitry and method for amplify-
ing an input signal including leakage currents to eliminate or
reduce the problems associated with the leakage currents. In
accordance with the present invention, a shock sensor cir-
cuitry and method for amplifying an input signal including
leakage currents are provided.

According to the present invention, a shock sensor cir-
cuitry is provided for processing an input signal generated
by a shock sensor in response to the shock sensor detecting
a force or shock. The shock sensor circuitry includes a
leakage tolerant input amplifier having a direct current gain
of around zero for receiving the input signal, and any
leakage currents that may also be provided, and generating
an amplified input signal. The shock sensor circuitry further
includes a filter circuit for filtering the amplified input signal
and amplifying select frequencies of the amplified input
signal to generate a filtered signal that is provided to a
comparator. The comparator compares the filtered signal to
a reference value to determine if a shock or force with a
magnitude greater than the reference value has been
received. The comparator generates a shock sensor circuitry
output signal in an enabled state if the filtered signal has a
magnitude greater than the reference value.

According to another aspect of the present invention, a
leakage tolerant input amplifier is provided for receiving an
input signal and an offset signal, generated from a direct
current leakage current, and for generating an amplified
input signal in response that is provided at or near zero when
the offset signal is provided at a constant level. The leakage
tolerant input amplifier includes an amplifier, an output
device, a first current mirror circuitry, and a second current
mirror circuitry. The amplifier receives and amplifies the
input signal received across its input terminals and the offset
signal received at a non-inverting input terminal and gen-
erates an amplified signal at an output terminal. The output
device receives the amplified signal and regulates a control
current in response. The first current mirror circuitry
receives a bias current and mirrors the bias current to the
output device and to an output node. The second current
mirror circuitry receives the control current from the output
device and mirrors the control current to the output node.
The output node provides the amplified input signal at a
value corresponding to the difference between the bias
current and the control current, and the output device
regulates the control current to a level that is about equal to
the bias current when the offset signal is provided at a
constant value.

The present invention provides various technical advan-
tages. A technical advantage of the present invention
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includes the ability to receive and tolerate leakage currents
without suffering the problems caused by the resulting offset
voltages generated in response to receiving the leakage
currents. These problems include decreased shock sensor
circuitry accuracy, errors, and system performance, such as
decreased overall hard disk drive system performance.
Another technical advantage of the present invention
includes reduced overall shock sensor circuitry complexity
due to the elimination or reduction of offset voltages gen-
erated in response to the leakage currents. These offset
voltages are eliminated or reduced by the leakage tolerant
input amplifier. Still another technical advantage includes
the ability to use electrostatic discharge circuitry to increase
overall shock sensor circuitry reliability and system reliabil-
ity even though the electrostatic discharge circuitry may
increase leakage currents. Yet another technical advantage of
the present invention includes the ability to tolerate leakage
currents generated due to contaminated or unclean printed
circuit boards. Still another technical advantage includes
decreased overall costs due to the elimination of the added
steps and processes needed to clean contaminated printed
circuit boards so as to eliminate or reduce the presence of
leakage currents. Other technical advantages are readily
apparent to one skilled in the art from the following figures,
description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereof, reference is now made to
the following brief description, taken in connection with the
accompanying drawings and detailed description, wherein
like reference numerals represent like parts, in which:

FIG. 1 is a block diagram illustrating a hard disk drive;

FIG. 2 is a circuit diagram illustrating a shock sensor
circuitry of the hard disk drive; and

FIG. 3 is a circuit diagram illustrating a leakage tolerant
input amplifier of the shock sensor circuitry.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a block diagram illustrating a hard disk drive 10.
Hard disk drive 10 includes a plurality of disk platters 12 for
magnetically storing information, a spindle 14 for rotating
plurality of disk platters 12, a set of read/write heads 16 for
reading and writing information from and to plurality of disk
platters 12, an actuator motor known as a voice coil motor
(VCM) (not shown in FIG. 1) for positioning read/write
heads 16 during read and write operations, and a spindle
motor (also not shown in FIG. 1) for rotating spindle 14 to
impart rotational motion to plurality of disk platters 12.
Read/write heads 16 fly above the surface of each side of the
platters of plurality of disk platters 12 and are mounted on
actuator arms which are moved in unison by the VCM.
Read/write heads 16 read data from a platter or disk of
plurality of disk platters 12 by sensing the magnetic flux
changes on the magnetic surface of the platters as it passes
beneath a read/write head of read/write heads 16.

Hard disk drive 10 further includes a preamplifier 18, a
read channel 20, a hard disk drive (HDD) microcontroller
22, a servo integrated circuit (IC) 24, and a shock sensor 28.
Servo IC 24 may be implemented as either a servo controller
or a servo driver. Preamplifier 18 is used to amplify analog
data signals being provided between read channel 20 and
read/write heads 16 during read and write operations. Read
channel 20 processes the analog data signals and converts
them from analog data signals to corresponding digital data
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signals during read operations. Read channel 20 converts
digital data signals received from HDD microcontroller 22
to corresponding data signals during write operations. Read
channel 20 exchanges the digital data signals with HDD
microcontroller 22 and the analog data signals with pream-
plifier 18. Read channel 20 may also exchange control
signals and servo information with servo IC 24. Servo IC 24
controls the speed of the spindle motor and the positioning
of read/write heads 16 by controlling the VCM during read
and write operations.

HDD microcontroller 22 provides overall control of hard
disk drive 10 and controls the initiation of read and write
operations. HDD microcontroller 22 allows data to be
exchanged between hard disk drive 10 and a system bus,
such as the system bus of a personal computer and may
provide some digital signal processing capability. A random
access memory, both static and dynamic, may also be
provided for storing data and routines. HDD microcontroller
22 also interfaces with servo IC 24 to exchange control
information. For example, a servo sensor circuitry 26 of
servo IC 24 may provide a shock sensor circuitry output
signal to HDD microcontroller 22 that indicates whether a
shock or force above a reference threshold has been
detected. The combined circuitry of shock sensor circuitry
26 and shock sensor 28 are used to generate the shock sensor
circuitry output signal. If such a shock is detected, HDD
microcontroller 22 may interrupt or delay a read or write
operation to prevent a data error or system failure. HDD
microcontroller 22 makes the decision whether to stop the
read or write operation. For example, if the shock sensor
circuitry output signal is provided in an enabled state over a
given period of time, HDD microcontroller 22 may disable
a write or read operation until the effect of the shock is
reduced.

Shock sensor 28 may be implemented as a piezoelectric
shock sensor with a high impedance. Shock sensor 28
generates an alternating current (ac) signal corresponding to
the magnitude and direction of a detected shock or force.
Leakage currents may also be provided to shock sensor
circuitry 26 at the interface with shock sensor 28. These
leakage currents often result in the generation of an offset
voltage. Shock sensor circuitry 26 includes leakage tolerant
input amplifier 38 (not shown in FIG. 1) that prevents the
offset voltage from being amplified.

FIG. 2 is a circuit diagram illustrating shock sensor
circuitry 26 and shock sensor 28 of HDD 10. Shock sensor
circuitry 26 receives an input signal from shock sensor 28,
including any leakage currents that may be provided, and
generates a shock sensor circuitry output signal that is
provided to HDD microcontroller 22 for further processing
and control of HDD 10. Shock sensor circuitry 26 may be
implemented as an integrated circuit that is included as part
of servo IC 24 and includes an electrostatic discharge
circuitry (ESD) 37 and ESD 39 at its pins. ESD 37 and ESD
39 are designed to provide added protection from an elec-
trostatic discharge. Shock sensor 28 will generally be imple-
mented as a high impedance piezoelectric shock sensor that
generates a low voltage signal having a spectrum of fre-
quencies in response to the detection of an applied shock or
force. The low voltage signal serves as the input signal to
shock sensor circuitry 26 and will generally be provided as
an alternating current (ac) signal having a magnitude and
polarity related to the magnitude and direction or angle,
respectively, of the detected shock. The shock sensor cir-
cuitry output signal indicates whether a shock or force has
been detected having a magnitude greater than or equal to a
predefined level.
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A voltage reference 30 couples to both capacitor 32 and
to a first terminal of shock sensor 28. Voltage reference 30
provides a bias voltage to shock sensor circuitry 26 and
shock sensor 28. Capacitor 32 may be a 0.82 microfarad
capacitor and is provided at the inverting input terminal of
shock sensor circuitry 26 to block dc signals. A second
terminal of shock sensor 28 couples to a non-inverting input
terminal of shock sensor circuitry 26. A bias resistor 34
couples between the first and second terminal of shock
sensor 28 to establish a bias voltage to the non-inverting
input of leakage tolerant input amplifier 38. Bias resistor 34
may be provided as a forty-seven megaohm resistor. Capaci-
tor 32 is provided at the inverting input terminal of shock
sensor circuitry 26 to block any dc signal, such as a dc
leakage current. As a result, the inverting input terminal of
shock sensor circuitry 26 will only sense the ac portion of
the input signal generated by shock sensor 28 while the
non-inverting input terminal will sense the ac portion of the
input signal and any dc leakage currents that may be
provided through bias resistor 34.

Shock sensor circuitry 26 includes a leakage tolerant input
amplifier 38, a two pole low pass filter 40, a high pass filter
42, a boost amplifier 44, a summing amplifier 54, an upper
comparator 58, and a lower comparator 60. A resistor 36
couples between the inverting input terminal of shock sensor
circuitry 26 and an inverting input terminal of leakage
tolerant input amplifier 38. Resistor 36 may be provided as
a twenty kiloohm. The non-inverting input terminal of shock
sensor circuitry 26 couples directly to a non-inverting input
terminal of leakage tolerant input amplifier 38. Leakage
tolerant input amplifier 38 receives the input signal from
shock sensor 28 at its terminals, along with any leakage
currents at the non-inverting input terminal, and amplifies
the ac portion of the input signal to generate an amplified
input signal having a spectrum of frequencies. Leakage
tolerant input amplifier 38 provides an ac gain of ten and a
dc gain of around zero. The amplified input signal is then
filtered, amplified, and summed by shock sensor circuitry 26
to generate a summed signal. The summed signal is then
compared, using a window comparator, to a range of values
defined by an upper and lower reference value to determine
if the summed signal is inside or outside of the range.

Two pole low pass filter 40 receives and filters the
amplified input signal provided by leakage tolerant input
amplifier 38 to generate a filtered signal. Two pole low pass
filter 40 removes high frequency noise and may be a
continuous-time RC filter implemented using MOSFET
circuitry that provides a 2 khz corner frequency with a —40
decibel/decade rolloff. Capacitor 32 and resistor 36 act as a
high pass filter and provide the amplified input signal with
a corner frequency. The corner frequency may be provided
at around 10 hz with a +20 decibel/decade slope. Thus, at the
output of the two pole low pass filter 40 a filtered signal is
generated having corner frequencies at 10 hz and 2 khz with
a +20 decibel/decade slope at 10 hz and a —-40 decibel/
decade rolloff at 2 khz.

A high pass filter 42 and a summing amplifier 54 receive
and process the filtered signal from two pole low pass filter
40. High pass filter 42 filters the filtered signal and isolates
a high frequency portion of the filtered signal which is then
provided to boost amplifier 44 for amplification. High pass
filter 42 may be implemented as a buffered, continuous-time
RC filter implemented using MOSFET circuitry that pro-
vides a 1 khz corner frequency with a +20 decibel/decade
slope. The high pass filtered signal is then provided to boost
amplifier 44 for amplification.

Boost amplifier 44 receives the high pass filtered signal
and amplifies the signal to generate an amplified high pass
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filtered signal. Boost amplifier 44 provides a gain of around
twenty-five and may be configured using as an operational
amplifier with feedback. The high pass filtered signal is
provided to a non-inverting input terminal of boost amplifier
44 while feedback is provided to an inverting terminal
through a feedback resistor 46. A resistor 48 couples
between the inverting terminal and voltage reference 30.

Summing amplifier 54 receives the amplified high pass
filtered signal at one input and the filtered signal at a second
input. The amplified high pass filtered signal is received
through a first summing resistor 50 coupled to a inverting
input terminal of summing amplifier 54, and the filtered
signal is received through a second summing resistor 52 also
coupled to the inverting input terminal of summing amplifier
54. Summing amplifier 54 includes a feedback resistor 56
coupled between its output and inverting input terminal, and
voltage reference 30 coupled to a non-inverting input ter-
minal. Summing amplifier 54 receives these two signals and
adds them together to generate a summed signal at its output.
Summing amplifier 54 may be provided as a variable gain
amplifier with a programmable gain. This may be accom-
plished by providing a digital signal to a serial port to select
a desired resistance value of feedback resistor 56 to effect a
desired gain of summing amplifier 54. Selection may be
achieved by decode logic which selects various transmission
gates that control the amount of resistance of feedback
resistor 56.

The filtering and amplification of the amplified input
signal provided by leakage tolerant input amplifier 38 is
needed to extract and amplify information while ignoring
input signal information that may provide erroneous infor-
mation. For example, information provided at or near the
frequency of the spindle motor or the motion of the voice
coil motor will generally be filtered because of the increased
risk of detecting the spindle motor or voice coil motor
vibrations.

The summed signal is provided by summing amplifier 54
to an upper comparator 58 and a lower comparator 60 to
determine if the summed signal is within or out of a range
defined by an upper value and a lower value. Upper com-
parator 58 and lower comparator 60 are each comparators
that generate a digital output signal in an enabled state when
the value of the signal provided at their positive input
terminal is greater than the value of the signal provided at
their negative input terminal. The upper value may be
equivalent to the sum of voltage reference 30 and 0.5 volts
while the lower value may be equivalent to the sum of
voltage reference 30 minus 0.5 volts. The upper value
couples to the negative terminal of upper comparator 58 and
the lower value couples to the positive terminal of lower
comparator 60. The summed signal is provided to the
positive terminal of upper comparator 58 and to the negative
terminal of lower comparator 60.

Upper comparator 58 generates an upper shock sensor
circuitry output signal in an enabled state when the summed
signal is greater than the upper value, and the lower com-
parator 60 generates a lower shock sensor circuitry output
signal in an enabled state when the summed signal is less
than the lower value. An output circuit 62 receives the upper
shock sensor circuitry output signal and the lower shock
sensor circuitry output signal and generates a shock sensor
circuitry output signal in response. OQutput circuit 62 may be
implemented as an OR gate that generates the shock sensor
circuitry output signal in an enabled state whenever either
the upper shock sensor circuitry output signal or the lower
shock sensor circuitry output signal are provided in an
enabled state.





















