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Title

Micro Inertial Measurement Unit

- Background of the Present Invention
Field of the Present Invention

The present invention relates to motion measurement, and more particularly to a
motion inertial measurement unit in micro size that can produce highly accurate, digital
angular increments, velocity increments, position, velocity, attitude, and heading

measurements of a carrier under dynamic environments.
Description of Related Arts

Generally, an inertial measurement unit (IMU) is employed to determine the
motion of a carrier. In principle, an inertial measurement unit relies on three orthogonally
mounted inertial angular rate producers and three orthogonally mounted acceleration
producers to obtain three-axis angular rate and acceleration measurement signals. The
three orthogonally mounted inertial angular rate producers and three orthogonally
mounted acceleration producers with additional supporting mechanical structure and
electronic devices are conventionally called an Inertial Measurement Unit (IMU). The

conventional IMUs may be cataloged into Platform IMU and Strapdown IMU.

In the platform IMU, angular rate producers and acceleration producers are
installed on a stabilized platform. Attitude measurements can be directly picked off from
the platform structure. But attitude rate measurements can not be directly obtained from
the platform. Moreover, there are highly accurate feedback control loops associated with

the platform.
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Compared with the platform IMU, in the strapdown IMU, angular rate
gﬁroduccrs and acceleration producers are directly strapped down with the carrier and
move with the carrier. The output signals of the strapdown rate producers and
acceleration producers are expressed in the carrier body frame. The attitude and attitude

rate measurements can be obtained by means of a series of computations.

A conventional IMU uses a variety of inertial angular rate producers and
acceleration producers. Conventional inertial angular rate producers include iron spinning
wheel gyros and optical gyros, such as Floated Integrating Gyros (FIG), Dynamically
Tuned Gyros (DTG), Ring Laser Gyros (RLG), Fiber-Optic Gyros (FOG), Electrostatic
Gyros (ESG), Josephson Junction Gyros (JJG), Hemisperical Resonating Gyros (HRG),
etc. Conventional acceleration producers include Pulsed Integrating Pendulous

Accelerometer (PIPA), Pendulous Integrating Gyro Accelerometer (PIGA), etc.

The processing method, mechanical supporting structures, and electronic
circuitry of conventional IMUs vary with the type of gyros and accelerometers employed
in the IMUs. Because conventional gyros and accelerometers have a large size, high
power consumption, and moving mass, complex feedback control loops are required to
obtain stable motion measurements. For example, dynamic-tuned gyros and
accelerometers need force-rebalance loops to create a moving mass idle position. There
are often pulse modulation force-rebalance circuits associated with dynamic-tuned gyros
and accelerometer based IMUs. Therefore, conventional IMUs commonly have the

following features:
» High cost,
= Large bulk (volume, mass, large weight),
* High power consumption,

= Limited lifetime, and
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* Long turn-on time.

These present deficiencies of conventional IMUs prohibit them from use in the
emerging commercial applications, such as phased array antennas for mobile

communications, automotive navigation, and handheld equipment.

New horizons are opening up for inertial sensor device technologies. MEMS
{MicroElectronicMechanicalSystem) inertial sensors offer tremendous cost, size, and
reliability improvements for guidance, navigation, and control systems, compared with

conventional inertial sensors.

MEMS, or, as stated more simply, micromachines, are considered as the next
logical step in the silicon revolution. It is believed that this coming step will be different,
and more important than simply packing more transistors onto silicon. The hallmark of
the next thirty years of the silicon revolution will be the incorporation of new types of
functionality onto the chip structures, which will enable the chip to, not only think, but to

sense, act, and communicate as well.

Prolific MEMS angular rate sensor approaches have been developed to meet the
need for inexpensive yet reliable angular rate sensors in fields ranging from automotive
to consumer electronics. Single input axis MEMS angular rate sensors are based on either
translational resonance, such as tuning forks, or structural mode resonance, such as
vibrating rings. Moreover, dual input axis MEMS angular rate sensors may be based on
angular resonance of a rotating rigid rotor suspended by torsional springs. Current
MEMS angular rate sensors are primarily based on an electronically-driven tuning fork

method.

More accurate MEMS accelerometers are the force rebalance type that use
closed-loop capacitive sensing and electrostatic forcing. Draper’s micromechnical
accelerometer is a typical example, where the accelerometer is a monolithic silicon
structure consisting of a torsional pendulum with capacitive readout and electrostatic

torquer. Analog Device’s MEMS accelerometer has an integrated polysilicon capacitive
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structure fabricated with on-chip BIMOS process to include a precision voltage reference,

local oscillators, amplifiers, demodulators, force rebalance loop and self-test functions.

Although the MEMS angular rate sensors and MEMS accelerometers are

available commercially and have achieved micro chip-size and low power consumption,

- however, there is not yet available high performance, small size, and low power

consumption IMUs.
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Summary of the Present Invention

A main objective of the present invention is to provide a micro inertial

* measurement unit, which can produce digital highly accurate angular increment and

velocity increment measurements of a carrier from voltage signals output from the
specific angular rate and acceleration producers thereof, so as to obtain highly accurate,
position, velocity, attitude, and heading measurements of the carrier under dynamic

environments.

Another objective of the present invention is to provide a micro inertial

measurement unit (IMU) which successfully incorporates the MEMS technology.

Another objective of the present invention is to provide a micro inertial
measurement unit, wherein output signals of angular rate producer and acceleration
producer are exploited, and are preferably emerging MEMS
(MicroElectronicMechanicalSystem) angular rate sensor arrays and acceleration sensor
arrays. These outputs are proportional to rotation and translational motion of the carrier,
respectively. Compared with a conventional IMU, the present invention utilizes a
feedforward open-loop signal processing scheme to obtain highly accurate motion
measurements by means of signal integration, digitizing, temperature control and
compensation, sensor error and misalignment calibrations, and dramatically shrinks the
size of mechanical and electronic hardware and power consumption, meanwhile, obtains

highly accurate motion measurements.

Although the present invention can use existing angular rate devices and
acceleration devices, the present invention specifically selects MEMS angular rate
devices and acceleration devices to assemble a micro IMU, wherein the micro IMU has

the following unique features:

(1) Attitude Heading Reference System (AHRS) Capable Core Sensor Module.
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(2) Miniaturized (Length/Width/Height) and Light Weight.

(3) High Performance and Low Cost.

(4) Low Power Dissipation.

(5) Shock resistant and vibration tolerant,

(6) Dramatic Improvement In Reliability (microelectromechanical systems -

MEMS).

Another objective of the present invention is to provide a micro IMU rendering

into an integrated micro land navigator that has the following unique features:

(1) Miniature, light weight, low power, and low cost.

(2) AHRS, odometer, integrated GPS chipset and flux valve.

(3) Integration filter for sensor data fusion and zero velocity updating.

(4) Typical applications: automobiles, railway vehicles, miniature land vehicles,

robots, unmanned ground vehicles, personal navigators, and military land vehicles.

Another objective of the present invention is for the micro IMU to function as

aircrafl inertial avionics, which has the following unique features:

(1) Rate Gyro

(2) Vertical Gyro

(3) Directional Gyro

(4) AHRS
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(5) Inertial Navigation System

(6) Fully-Coupled GPS/MEMS IMU Integrated System

(7) Fully-Coupled GPS/IMU/Radar Altimeter Integrated System

(8) Universal vehicle navigation and control box.

(9) North Finding Module.

Another objective of the present invention is to provide a micro IMU to

function as a Spaceborne MEMS IMU Attitude Determination System and a Spaceborne
Fully-Coupled GPS/MEMS IMU Integrated system for orbit determination, attitude

control, payload pointing, and formation flight, that have the following unique features:

M

2

3

(4)

(&)

(6)

Q)

Shock resistant and vibration tolerant

High anti-jamming

High dynamic performance

Broad operating range of temperatures

High resolution

Compact, low power and light weight unit

Flexible hardware and software architecture

Another objective of the present invention is to provide a micro IMU to form a

marine INS with embedded GPS, which has the following unique features:

M

Micro MEMS IMU AHRS with Embedded GPS
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(2) Built-in CDU (Control Display Unit)

(3) Optional DGPS (Differential GPS)

(4) Flexible Hardware and Software System Architecture
(5) Low Cost, Light Weight, High Reliability

Another objective of the present invention is to provide a micro IMU to be used

in a micro pointing and stabilization mechanism that has the following unique features:
(1) Micro MEMS IMU AHRS utilized for platform stabilization.

(2) MEMS IMU integrated with the electrical and mechanical design of the

pointing and stabilization mechanism.

(3) Vehicle motion, vibration, and other interference rejected by a stabilized

platform.
(4) Variable pointing angle for tracker implementations.
(5) Typical applications include miniature antenna pointing and tracking

control, laser beam pointing for optical communications, telescopic pointing for imaging,

airborne laser pointing control for targeting, vehicle control and guidance.
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Brief Description of the Drawings

Figure 1 is a block diagram illustrating the processing module for a micro inertial

_ measurement unit according to a preferred embodiment of the present invention.

Figure 2 is a block diagram illustrating the processing modules with thermal control
processing for the micro inertial measurement unit according to the above preferred

embodiment of the present invention.

Figure 3 is a block diagram illustrating the processing modules with thermal
compensation processing for the micro inertial measurement unit according to the above

preferred embodiment of the present invention.

Figure 4 is a block diagram illustrating an angular increment and velocity increment
producer for outputting voltage signals of the angular rate producer and acceleration
producer for the micro inertial measurement unit according to the above preferred

embodiment of the present invention,

Figure 5 is a block diagram illustrating another angular increment and velocity increment
producer for outputting voltage signals of angular rate producer and acceleration
producer for the micro inertial measurement unit according to the above preferred

embodiment of the present invention.

Figure 6 is a block diagram illustrating another angular increment and velocity increment
producer for outputting voltage signals of an angular rate producer and acceleration
producer for the micro inertial measurement unit according to the above preferred

embodiment of the present invention.

Figure 7 is a block diagram illustrating another angular increment and velocity increment

producer for outputting voltage signals of an angular rate producer and acceleration
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producer for the micro inertial measurement unit according to the above preferred

embodiment of the present invention.

Figure 8 is a block diagram illustrating a thermal processor for outputting analog voltage

signals of the thermal sensing producer according to the above preferred embodiment of

5 the present invention.

Figure 9 is a block diagram illustrating another thermal processor for outputting analog
voltage signals of the thermal sensing producer according to the above preferred

embodiment of the present invention.
1 Figure 10 is a block diagram illustrating another thermal processor for outputting analog
Wi 10 voltage signals of the thermal sensing producer according to the above preferred

) embodiment of the present invention.

i Figure 11 is a block diagram illustrating a processing module for the micro inertial

measurement unit according to the above preferred embodiment of the present invention.

Figure 12 is a block diagram illustrating a temperature digitizer for outputting analog

voltage signals of the thermal sensing producer according to the above preferred

embodiment of the present invention.

Figure 13 is a block diagram illustrating a temperature digitizer for outputting analog
voltage signals of the thermal sensing producer according to the above preferred

embodiment of the present invention.

20  Figure 14 is a block diagram illustrating a processing module with thermal compensation
processing for the micro inertial measurement unit according to the above preferred

embodiment of the present invention.

Figure 15 is a block diagram illustrating the attitude and heading processing module

according to the above preferred embodiment of the present invention.
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Figure 16 is a functional block diagram illustrating the position velocity attitude and heading

module according to the above preferred embodiment of the present invention.

Figure 17 is a perspective view illustrating the inside mechanical structure and circuit board

deployment in the micro IMU according to the above preferred embodiment of the present

* invention,

Figure 18 is a sectional side view of the micro IMU according to the above preferred

embodiment of the present invention.

Figure 19 is a block diagram illustrating the connection among the four circuit boards inside

the micro IMU according to the above preferred embodiment of the present invention.

Figure 20 is a block diagram of the front-end circuit in each of the first, second, and fourth
circuit boards of the micro IMU according to the above preferred embodiment of the present

invention.

Figure 21 is a block diagram of the ASIC chip in the third circuit board of the micro IMU

according to the above preferred embodiment of the present invention.

Figure 22 is a block diagram of processing modules running in the DSP chipset in the third
circuit board of the micro IMU according to the above preferred embodiment of the present

invention.

Figure 23 is a block diagram of the angle signal loop circuitry of the ASIC chip in the third
circuit board of the micro IMU according to the above preferred embodiment of the present

invention.

Figure 24 is block diagram of the dither motion control circuitry of the ASIC chip in the third
circuit board of the micro IMU according to the above preferred embodiment of the present

invention.
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Figure 25 is a block diagram of the thermal control circuit of the ASIC chip in the third
circuit board of the micro IMU according to the above preferred embodiment of the present

invention.

Figure 26 is a block diagram of the dither motion processing module running in the DSP

" chipset of the third circuit board of the micro IMU according to the above preferred

embodiment of the present invention.
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Detail Description of the Preferred Embodiment

Currently, MEMS exploits the existing microelectronics infrastructure to create

complex machines with micron feature sizes. These machines can have many functions,

including sensing, communication, and actuation. Extensive applications for these

devices exist in a wide variety of commercial systems.

The difficulties for building a micro IMU is the achievement of the following
hallmark using existing low cost and low accuracy angular rate sensors and

accelerometers:
*  Low cost,
*  Micro size
»  Lightweight
* Low power consumption
* No wear/extended lifetime
* Instant turn-on
* Large dynamic range
»  High sensitivity
* High stability

*  High accuracy
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To achieve the high degree of performance mentioned above, a number of

problems need to be addressed:

(1) Micro-size angular rate sensors and accelerometers need to be obtained.
Currently, the best candidate angular rate sensor and accelerometer to meet

the micro size are MEMS angular rate sensors and MEMS accelerometers.
(2) Associated mechanical structures need to be designed.
(3) Associated electronic circuitry needs to be designed.-

(4) Associated thermal requirements design need to be met to compensate

MEMS sensor’s thermal effects.
(5) The size and power of the associated electronic circuitry need to be shrunk.

The micro inertial measurement unit of the present invention is preferred to
employ with the angular rate producer, such as MEMS angular rate device array or gyro
array, that provides three-axis angular rate measurement signals of a carrier, and the
acceleration producer, such as MEMS acceleration device array or accelerometer array,
that provides three-axis acceleration measurement signals of the carrier, wherein the
motion measurements of the carrier, such as attitude and heading angles, are achieved by
means of processing procedures of the three-axis angular rate measurement signals from
the angular rate producer and the three-axis acceleration measurement signals from the

acceleration producer.

In the present invention, output signals of the angular rate producer and
acceleration producer are processed to obtain digital highly accurate angular rate
increment and velocity increment measurements of the carrier, and are further processed
to obtain highly accurate position, velocity, attitude and heading measurements of the

carrier under dynamic environments.
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Referring to Figure 1, the micro inertial measurement unit of the present

invention comprises an angular rate producer 5 for producing three-axis (X axis, Y axis

and Z axis) angular rate signals; an acceleration producer 10 for producing three-axis (X-
axis, Y axis and Z axis) acceleration signals; and an angular increment and velocity

5 . increment producer 6 for converting the three-axis angular rate signals into digital
angular increments and for converting the input three-axis acceleration signals into digital

velocity increments,

Moreover, a position and attitude processor 80 is adapted to further connect
with the micro IMU of the present invention to compute position, attitude and heading

10 angle measurements using the three-axis digital angular increments and three-axis

1‘1‘;3 velocity increments to provide a user with a rich motion measurement to meet diverse
#55

b eds.

o needs..

“

L . - . . . .

;_'; The position, attitude and heading processor 80 further comprises two optional
[ o .

running modules:

(1) Attitude and Heading Module 81, producing attitude and heading angle

only; and

(2) Position, Velocity, Attitude, and Heading Module 82, producing position,

velocity, and attitude angles.

In general, the angular rate producer 5 and the acceleration producer 10 are very

20 sensitive to a vaﬂcty of temperature environments. In order to improve measurement
accuracy, referring to Figure 2, the present invention further comprises a thermal
controlling means for maintaining a predetermined operating temperature of the angular

rate producer 5, the acceleration producer 10 and the angular increment and velocity
increment producer 6. It is worth to mention that if the angular rate producer 5, the

25  acceleration producer 10 and the angular increment and velocity increment producer 6 are
operated in an environment under prefect and constant thermal control, the thermal

controlling means can be omitted.
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According to the preferred embodiment of the present invention, as shown in
Figs. 2, the thermal controlling means comprises a thermal sensing producer device 15, a

heater device 20 and a thermal processor 30.

The thermal sensing producer device 15, which produces temperature signals, is

processed in parallel with the angular rate producer 5 and the acceleration producer 10 for

maintaining a predetermined operating temperature of the angular rate producer 5 and the
acceleration producer 10 and angular increment and velocity increment producer 6 of the
micro IMU, wherein the predetermined operating temperature is a constant designated

temperature selected between 150°F and 185°F, preferable 176°F "{tD.I °F).

The temperature signals produced from the thermal sensing producer device 15
are inputted to the thermal processor 30 for computing temperature control commands
using the temperature signals, a temperature scale factor, and a predetermined operating
temperature of the angular rate producer 5 and the acceleration producer 10, and produce
driving signals to the heater device 20 using the temperature control commands for
controlling the heater device 20 to provide adequate heat for maintaining the

predetermined operating temperature in the micro IMU.

Temperature characteristic parameters of the angular rate producer 5 and the
acceleration producer 10 can be determined during a series of the angular rate producer

and acceleration producer temperature characteristic calibrations.

Referring to Figure 3, when the above thermal processor 30 and the heater
device 20 are not provided, in order to compensate the angular rate producer and
acceleration producer measurement errors induced by a variety of temperature
environments, the micro IMU of the present invention can alternatively comprise a
temperature digitizer 18 for receiving the temperature signals produced from the thermal
sensing producer device 15 and outputting a digital temperature value to the position,
attitude, and heading processor 80. As shown in Fig. 12, the temperature digitizer 18 can

be embodied to comprise an analog/digital converter 182,
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Moreover, the position, attitude, and heading processor 80 is adapted for
accessing temperature characteristic parameters of the angular rate producer and the
acceleration producer using a current temperature of the angular rate producer and the
acceleration producer from the temperature digitizer 18, and compensating the errors

induced by thermal effects in the input digital angular and velocity increments and

computing attitude and heading angle measurements using the three-axis digital angular

increments and three-axis velocity increments in the attitude and heading processor 80.

In most applications, the output of the angular rate producer 5 and the
acceleration producer 10 are analog voltage signals. The three-axis analog angular rate
voltage signals produced from.1he angular producer 3 are directly proportional to carrier
angular rates, and the three-axis analog acceleration voltage signals produced from the

acceleration producer 10 are directly proportional to carrier accelerations.

‘When the outputting analog voltage signals of the angular rate producer 5 and
the acceleration producer 10 are too weak for the angular increment and velocity
increment producer 6 to read, the angular increment and velocity increment producer 6
may employ amplifying means 660 and 665 for amplifying the analog voltage signals
input from the angular rate producer 5 and the acceleration producer 10 and suppress
noise signals residing within the analog voltage signals input from the angular rate

producer 5 and the acceleration producer 10, as shown in Figs. 5 and 6.

Referring to Figure 4, the angular increment and velocity increment producer 6
comprises an angular integrating means 620, an acceleration integrating means 630, a
resetting means 640, and an angular increment and velocity increment measurement

means 650.

The angular integrating means 620 and the acceleration integrating means 630
are adapted for respectively integrating the three-axis analog angular rate voltage signals
and the three-axis analog acceleration voltage signals for a predetermined time interval to
accumulate the three-axis analog angular rate voltage signals and the three-axis analog

acceleration voltage signals as an uncompensated three-axis angular increment and an

17

Nintendo Exhibit 1015
Page 0025



20

25

uncompensated three-axis velocity increment for the predetermined time interval to
achieve accumulated angular increments and accumulated velocity increments. The
integration is performed to remove noise signals that are non-directly proportional to the
carrier angular rate and acceleration within the three-axis analog angular rate voltage
signals and the three-axis analog acceleration voltage signals, to improve signal-to-noise
ratio, and to remove the high frequency signals in the three-axis analog angular rate
voltage signals and the three-axis analog acceleration voltage signals. The signals are
directly proportional to the carrier angular rate and acceleration within the three-axis

analog angular rate voltage signals and the three-axis analog acceleration voltage signals.

The resetting means forms an angular reset voltage pulse and a velocity reset
voltage pulse as an angular scale and a velocity scale which are input into the angular

integrating means 620 and the acceleration integrating means 630 respectively.

The angular increment and velocity increment measurement means 650 is
adapted for measuring the voltage values of the three-axis accumulated angular
increments and the three-axis accumulated velocity increments with the angular reset
voltage pulse and the velocity reset voltage pulse respectively to acquire angular
increment counts and velocity increment counts as a digital form of the angular increment

and velocity increment measurements respectively.

In order to output real three-angular increment and velocity increment values as
an optional output format to substitute the voltage values of the three-axis accumulated
angular increments and velocity increments, the angular increment and velocity
increment measurement means 650 also scales the voltage values of the three-axis
accumulated angular and velocity increments into real three-axis angular and velocity

increment voltage values.

In the angular integrating means 620 and the acceleration integrating means
630, the three-axis analog angular voltage signals and the three-axis analog acceleration
voltage signals are each reset to accumulate from a zero value at an initial point of every

predetermined time interval.
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As shown in Fig. 6, in general, the resetting means 640 can be an oscillator 66,
so that the angular reset voltage pulse and the wvelocity reset voltage pulse are
implemented by producing a timing pulse by the oscillator 66. In applications, the

oscillator 66 can be built with circuits, such as Application Specific Integrated Circuits

. {ASIC) chip and a printed circuit board.

As shown in Fig. 7, the angular increment and velocity increment measurement
means 650, which is adapted for measuring the voltage values of the three-axis
accumulated angular and velocity increments, is embodied as an analog/digital converter
650. In other words, the analog/digital converter 650 substantially "digitizes the raw three-
axis angular increment and velocity increment voltage values into digital three-axis

angular increment and velocity increments.

Referring to Figs. 7 and 11, the amplifying means 660 and 665 of the angular
increment and velocity increment producer 6 are embodied by an angular amplifier
circuit 61 and an acceleration amplifier circuit 67 respectively to amplify the three-axis
analog angular rate voltage signals and the three-axis analog acceleration voltage signals
to form amplified three-axis analog angular rate signals and amplified three-axis analog

acceleration signals respectively.

The angular integrating means 620 and the acceleration integrating means 630
of the angular increment and velocity increment producer 6 are respectively embodied as
an angular integrator circuit 62 and an acceleration integrator circuit 68 for receiving the
amplified three-axis analog angular rate signals and the amplified three-axis analog
acceleration signals from the angular and acceleration amplifier circuits 61, 67 which are
integrated to form the accumulated angular increments and the accumulated velocity

increments respectively.

The analog/digital converter 650 of the angular increment and velocity
increment producer 6 further includes an angular analog/digital converter 63, a velocity

analog/digital converter 69 and an input/output interface circuit 65.
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The accumulated angular increments output from the angular integrator circuit
62 and the accumulated velocity increments output from the acceleration integrator
circuit are input into the angular analog/digital converter 63 and the velocity

analog/digital converter 69 respectively,

The accumulated angular increments are digitized by the angular analog/digital
converter 63 by measuring the accumulated angular increments with the angular reset
voltage pulse to form digital angular measurements of voltage in terms of the angular
increment counts which are output to the input/output interface circuit 65 to generate

digital three-axis angular increment voltage values.

The accumulated velocity increments are digitized by the velocity analog/digital
converter 69 by measuring the accumulated velocity increments with the velocity reset
voltage pulse to form digital velocity measurements of voltage in terms of the velocity
increment counts which are output to the input/output interface circuit 65 to generate

digital three-axis velocity increment voltage values.

Referring to Figs. 2 and 8, in order to achieve flexible adjustment of the thermal
processor 30 for the thermal sensing producer device 15 with analog voltage output and
the heater device 20 with analog input, the thermal processor 30 can be implemented in a

digital feedback controliing loop as shown in Figure 8.

The thermal processor 30, as shown in Fig. 8, comprises an analog/digital
converter 304 connected to the thermal sensing producer device 15, a digital/analog
converter 303 connected to the heater device 20, and a temperature controller 306
connected with both the analog/digital converter 304 and the digital/analog converter
303. The analog/digital converter 304 inputs the temperature voltage signals produced by
the thermal sensing producer device 15, wherein the temperature voltage signals are
sampled in the analog/digital converter 304 to sampled temperature voltage signals which

are further digitized to digital signals and output to the temperature controller 306.

20
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The temperature controller 306 computes digital temperature commands using
the input digital signals from the analog/digital converter 304, a temperature sensor scale
factor, and a pre-determined operating temperature of the angular rate producer and

acceleration producer, wherein the digital temperature commands are fed back to the

. digital/analog converter 303.

The digital/analog converter 303 converts the digital temperature commands
input from the temperature controller 306 into analog signals which are output to the
heater device 20 to provide adequate heat for maintaining the predetermined operating

temperature of the micro IMU of the present invention.

Moreover, as shown in Fig. 9, if the voltage signals produced by the thermal
sensing producer device 15 are too weak for the analog/digital converter 304 to read, the
thermal processor 30 further comprises a first amplifier circuit 301 between the thermal
sensing producer device 15 and the digital/analog converter 303, wherein the voltage
signals from the thermal sensing producer device 15 is first input into the first amplifier
circuit 301 for amplifying the signals and suppressing the noise residing in the voltage
signals and improving the signal-to-noise ratio, wherein the amplified voltage signals are

then output to the analog/digital converter 304.

The heater device 20 requires a specific driving current signal. In this case,
referring to Figure 10, the thermal processor 30 can further comprise a second amplifier
circuit 302 between the digital/analog converter 303 and heater device 20 for amplifying
the input analog signals from the digital/analog converter 303 for driving the heater
device 20.

In other words, the digital temperature commands input from the temperature
controller 306 are converted in the digital/analog converter 303 into analog signals which

are then output to the amplifier circuit 302.

Referring to Fig. 11, an input/output interface circuit 305 is required to connect

the analog/digital converter 304 and digital/analog converter 303 with the temperature

21
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controller 306. In this case, as shown in Figure 11, the voltage signals are sampled in the
analog/digital converter 304 to form sampled voltage signals that are digitized into digital

signals. The digital signals are output to the input/output interface circuit 305.

As mentioned above, the temperature controller 306 is adapted to compute the

- digital temperature commands using the input digital temperature voltage signals from

the input/output interface circuit 305, the temperature sensor scale factor, and the pre-
determined operating temperature of the angular rate producer and acceleration producer,
wherein the digital temperature commands are fed back to the input/output interface
circuit 305. Moreover, the digital/analog converter 303 further converts the digital
temperature commands input from the input/output interface circuit 305 into analog
signals which are output to the heater device 20 to provide adequate heat for maintaining

the predetermined operating temperature of the micro IMU.

Referring to Figure 12, as mentioned above, the thermal processor 30 and the
heater device 20 as disclosed in Figs. 2, 8, 9, 10, and 11 can alternatively be replaced by
the analog/digital converter 182 connected to the thermal sensing producer device 15 to
receive the analog voltage output from the thermal sensing producer device 15. If the
voltage signals produced by the thermal sensing producer device 15 are too weak for the
analog/digital converter 182 to read, referring to Figure 13, an additional amplifier circuit
181 can be connected between the thermal sensing producer device 15 and the
digital/analog converter 182 for amplifying the analog voltage signals and suppressing
the noise residing in the voltage signals and improving the voltage signal-to-noise ratio,
wherein the amplified voltage signals are output to the analog/digital converter 182 and
sampled to form sampled voltage signals that are further digitized in the analog/digital

converters 182 to form digital signals connected to the attitude and heading processor 80.

Alternatively, an input/output interface circuit 183 can be connected between
the analog/digital converter 182 and the attitude and heading processor 80. In this case,
referring to Figure 14, the input amplified voltage signals are sampled to form sampled

voltage signals that are further digitized in the analog/digital converters to form digital

Nintendo Exhibit 1015
Page 0030



b
"

o
£
il
N

o

20

25

signals connected to the input/output interface circuit 183 before inputting into the

attitude and heading processor 80.

Referring to Figure 1, the digital three-axis angular increment voltage values or
real values and three-axis digital velocity increment voltage values or real values are

produced and outputted from the angular increment and velocity increment producer 6.

In order to adapt to digital three-axis angular increment voltage value and three-
axis digital velocity increment voltage values from the angular increment and velocity
increment producer 6, the attitude and heading module 81, as shown in Fig. 15, comprises
a coning correction module 811, wherein digital three-axis angular increment voltage
values from the input/output interface circuit 65 of the angular increment and velocity
increment producer 6 and coarse angular rate bias obtained from an angular rate producer
and acceleration producer calibration procedure at a high data rate (short interval) are
input into the coning correction module 801, which computes coning effect errors by
using the input digital three-axis angular increment voltage values and coarse angular rate
bias, and outputs three-axis coning effect terms and three-axis angular increment voltage
values at a reduced data rate (long interval), which are called three-axis long-interval

angular increment voltage values.

The attitude and heading module 81 further comprises an angular rate
compensation module 812 and an alignment rotation vector computation module 815. In
the angular rate compensation module 812, the coning effect errors and three-axis long-
interval angular increment voltage values from the coning correction module 811 and
angular rate device misalignment parameters, fine angular rate bias, angular rate device
scale factor, and coning correction scale factor from the angular rate producer and
acceleration producer calibration procedure are connected to the angular rate
compensation module 812 for compensating definite errors in the three-axis long-interval
angular increment voltage values using the coning effect errors, angular rate device
misalignment parameters, fine angular rate bias, and coning correction scale factor, and
transforming the compensated three-axis long-interval angular increment voltage values

to real three-axis long-interval angular increments using the angular rate device scale

23
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factor. Moreover, the real three-axis angular increments are output to the alignment

rotation vector computation module 815.

The attitude and heading module 81 further comprises an accelerometer

. compensation module 813 and a level acceleration computation module 814, wherein the

three-axis velocity increment voltage values from the angular increment and velocity
increment producer 6 and acceleration device misalignment, acceleration device bias, and
acceleration device scale factor from the angular rate producer and acceleration producer
calibration procedure are connected to the accelerometer compt,:nsation module 813 for
transforming the three-axis velocity increment voltage values into real three-axis velocity
increments using the acceleration device scale factor, and compensating the definite
errors in three-axis velocity increments using the acceleration device misalignment,
accelerometer bias, wherein the compensated three-axis velocity increments are

connected to the level acceleration computation module §14.

By using the compensated three-axis angular increments from the angular rate
compensation module 812, an east damping rate increment from an east damping rate
computation module 8110, a north damping rate increment from a north damping rate
computation module 819, and vertical damping rate increment from a vertical damping
rate computation module 818, a quaternion, which is a vector representing rotation angle
of the carrier, is updated, and the updated quaternion is connected 1o a direction cosine
matrix computation module 816 for computing the direction cosine matrix, by using the

updated quaternion.

The computed direction cosine matrix is connected to the level acceleration
computation module 814 and an attitude and heading angle extract module 817 for
extracting attitude and heading angle using the direction cosine matrix from the direction

cosine matrix computation module 816.

The compensated three-axis velocity increments are connected to the level
acceleration computation module 814 for computing level velocity increments using the

compensated three-axis velocity increments from the acceleration compensation module

24

Nintendo Exhibit 1015
Page 0032



20

25

814 and the direction cosine matrix from the direction cosine matrix computation module
816.

The level velocity increments are connected to the east damping rate

computation module 8110 for computing east damping rate increments using the north

velocity increment of the input level velocity increments from the level acceleration

computation module 814.

The level velocity increments are connected to the north damping rate
computation module 819 for computing north damping rate inérements using the east
velocity increment of the level velocity increments from the level acceleration

computation module 814.

The heading angle from the attitude and heading angle extract module 817 and a
measured heading angle from the external heading sensor 90 are connected to the vertical

damping rate computation module 818 for computing vertical damping rate increments.

The east damping rate increments, north damping rate increments, and vertical
damping rate are fed back to the alignment rotation vector computation module 815 to

damp the drift of errors of the attitude and heading angles.

Alternatively, in order to adapt real digital three-axis angular increment values
and real three-axis digital velocity increment values from the angular increment and
velocity increment producer 6, referring to Figure 15, the real digital three-axis angular
increment values from the angular increment and velocity increment producer 6 and
coarse angular rate bias obtained from an angular rate producer and acceleration producer
calibration procedure at a high data rate (short interval) are connected to the coning
correction module 811 for computing coning effect errors in the coning correction
module 811 using the digital three-axis angular increment values and coarse angular rate
bias and outputting three-axis coning effect terms and three-axis angular increment
values at reduced data rate (long interval), which are called three-axis long-interval

angular increment values, into the angular rate compensation module 802.

25
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The coning effect errors and three-axis long-interval angular increment values
from the coning correction module 811 and angular rate device misalignment parameters
and fine angular rate bias from the angular rate producer and acceleration producer

calibration procedure are connected to the angular rate compensation module 812 for

compensating definite errors in the three-axis long-interval angular increment values

using the coning effect errors, angular rate device misalignment parameters, fine angular
rate bias, and coning correction scale factor, and outputting the real three-axis angular

increments to the alignment rotation vector computation module §15.

The three-axis velocity increment values from the angular increment and
velocity increment producer 6 and acceleration device misalignment, and acceleration
device bias from the angular rate producer and acceleration producer calibration
procedure are connected into the accelerometer compensation module 813 for
compensating the definite errors in three-axis velocity increments using the acceleration
device misalignment, and accelerometer bias; outputting the compensated three-axis

velocity increments to the level acceleration computation module 814,

It is identical to the above mentioned processing that the following modules use
the compensated three-axis angular increments from the angular rate compensation
module 812 and compensated three-axis velocity increments from the acceleration

compensation module 813 to produce attitude and heading angle.

Referring to Figure 3, 14, and 15, which use the temperature compensation
method by means of the temperature digitizer 18, in order to adapt to digital three-axis
angular increment voltage value and three-axis digital velocity increment voltage values
from the angular increment and velocity increment producer 6, the digital three-axis
angular inérement voltage values from the angular increment and velocity increment
producer 6 and coarse angular rate bias obtained from an angular rate producer and
acceleration producer calibration procedure at a high data rate (short interval) are
connected to the coning correction module 811 for computing coning effect errors in the
coning correction module 811 using the digital three-axis angular increment voltage

values and coarse angular rate bias, and outputting three-axis coning effect terms and
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three-axis angular increment voltage values at a reduced data rate (long interval), which
are called three-axis long-interval angular increment voltage values, into the angular rate

compensation module §12.

The coning effect errors and three-axis long-interval angular increment voltage

" values from the coning correction module 811 and angular rate device misalignment

parameters, fine angular rate bias, angular rate device scale factor, coning correction
scale factor from the angular rate producer and acceleration producer calibration
procedure, the digital temperature signals from input/output interface circuit 183, and
temperature sensor scale factér are connected to the angular raté compensation module
812 for computing current temperature of the angular rate producer, accessing angular
rate producer temperature characteristic parameters using the current temperature of the
angular rate producer, compensating definite errors in the three-axis long-interval angular
increment voltage values using the coning effect errors, angular rate device misalignment
parameters, fine angular rate bias, and coning correction scale factor, transforming the
compensated three-axis long-interval angular increment voltage values to real three-axis
long-interval angular increments, compensating temperature-induced errors in the real
three-axis long-interval angular increments using the angular rate producer temperature
characteristic parameters, and outputting the real three-axis angular increments to the

alignment rotation vector computation module 805,

The three-axis velocity increment voltage values from the angular increment
and velocity increment producer 6 and acceleration device misalignment, acceleration
bias, acceleration device scale factor from the angular rate producer and acceleration
producer calibration procedure, the digital temperature signals from the input/output
interface circuit 183 of the temperature digitizer 18, and temperature sensor scale factor
are connected to the acceleration compensation module 813 for computing current
temperature of the acceleration producer, accessing acceleration producer temperature
characteristic parameters using the current temperature of the acceleration producer,
transforming the three-axis velocity increment voltage values into real three-axis velocity

increments using the acceleration device scale factor, compensating the definite errors in
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the three-axis velocity increments using the acceleration device misalignment and
acceleration bias, compensating temperature-induced errors in the real three-axis velocity
increments using the acceleration producer temperature characteristic parameters, and

outputting the compensated three-axis velocity increments to the level acceleration

_ computation module 814.

It is identical to the above mentioned processing that the following modules use
the compensated three-axis angular increments from the angular rate compensation
module 812 and compensated three-axis velocity increments from the acceleration

compensation module 813 to produce the attitude and heading angles.

Alternatively, referring to Figs. 3, 14, and 15, which use the temperature
compensation method, in order to adapt real digital three-axis angular increment values
and real three-axis digital velocity increment values from the angular increment and
velocity increment producer 6, the attitude and heading module 81 can be further
modified to accept the digital three-axis angular increment values from the angular
increment and velocity increment producer 6 and coarse angular rate bias obtained from
an angular rate producer and acceleration producer calibration procedure at a high data
rate (short interval) into the coning correction module 811 for computing coning effect
errors in the coning correction module 811 using the input digital three-axis angular
increment values and coarse angular rate bias, and outputting three-axis coning effect
data and three-axis angular increment data at a reduced data rate (long interval), which
are called three-axis long-interval angular increment values, into the angular rate

compensation module 812.

The coning effect errors and three-axis long-interval angular increment values
from the coning correction module 811 and angular rate device misalignment parameters
and fine angular rate bias from the angular rate producer and acceleration producer
calibration procedure, the digital temperature signals from the input/output interface
circuit 183 and temperature sensor scale factor are connected to the angular rate
compensation module 812 for computing current temperature of the angular rate

producer, accessing angular rate producer temperature characteristic parameters using the
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current temperature of the angular rate producer, compensating definite errors in the
three-axis long-interval angular increment values using the coning effect errors, angular
rate device misalignment parameters, fine angular rate bias, and coning correction scale
factor, compensating temperature-induced errors in the real three-axis long-interval
angular increments using the angular rate  producer temperature characteristic
parameters, and outputting the real three-axis angular increments to an alignment rotation

vector computation module 815.

The three-axis velocity increment values from the input/output interface circuit
65 and acceleration device misalignment and acceleration bias from the angular rate
producer and acceleration producer calibration procedure, the digital temperature signals
from the input/output interface circuit 183 and temperature sensor scale factor are input
into the acceleration compensation module 803 for computing current temperature of the
acceleration producer, accessing the acceleration producer temperature characteristic
parameters using the current temperature of the acceleration producer, compensating the
definite errors in the three-axis velocity increments using the input acceleration device
misalignment, acceleration bias, compensating temperature-induced errors in the real
three-axis velocity increments using the acceleration producer temperature characteristic
parameters, and outputting the compensated three-axis velocity increments to the level

acceleration computation module 804.

It is identical to the above mentioned processing that the following modules use
the compensated three-axis angular increments from the angular rate compensation
module 812 and compensated three-axis velocity increments from the acceleration

compensation module 813 to produce the attitude and heading angles.
Referring to Fig. 16, the Position, velocity, and attitude Module 82 comprises:

a coning correction module 8201, which is same as the coning correction

module 811 of the attitude and heading module 81;
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an angular rate compensation module 8202, which is same as the angular rate

compensation module 812 of the attitude and heading module 81;

an alignment rotation vector computation module 8205, which is same as the

. alignment rotation vector computation module 815 of the attitude and heading module

81;

a direction cosine matrix computation module 8206, which is same as the

Direction cosine matrix computation module 816 of the attitude and heading module 81;

an acceleration compensation module 8203, which is same as the acceleration

compensation module 813 of the attitude and heading module 81;

a level acceleration computation module 8204, which is same as the

acceleration compensation module 814 of the attitude and heading module 81; and

an attitude and heading angle extract module 8209, which is same as the attitude
and heading angle extract module 817 of the attitude and heading module 81.

A position and velocity update module 8208 accepts the level velocity
increments from the level acceleration computation module 8204 and computes position
and velocity solution.

An earth and carrier rate computation module 8207 accepts the position and
velocity solution from the position and velocity update module 8208 and computes the
rotation rate vector of the local navigation frame (n frame) of the carrier relative to the
inertial frame (i frame), which is connected to the alignment rotation vector computation
module 8§205.

In order to meet the diverse requirements of application systems, referring to
Figs. 11 and 14, the digital three-axis angular increment voltage values, the digital three-
axis velocity increment, and digital temperature signals in the input/output interface

circuit 65 and the input/output interface circuit 305 can be ordered with a specific format
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required by an external user system, such as RS-232 serial communication standard, RS-
422 serial communication standard, the popular PCI/ISA bus standard, and 1553 bus

standard, etc.

In order to meet diverse requirements of application systems, referring to

. Figures 1, 11 and 14, the digital three-axis angular increment values, the digital three-axis

velocity increment, and attitude and heading data in the input/output interface circuit 85
are ordered with a specific format required by an external user system, such as RS-232
serial communication standard, RS-422 serial communication standard, PCI/ISA bus

standard, and 1553 bus standard, etc.

As mentioned above, one of the key technologies of the present invention to
achieve the micro IMU with a high degree of performance is to utilize a micro size
angular raté producer, wherein the micro-size angular rate producer with MEMS
technologies and associated mechanical supporting structure and circuitry board
deployment of the micro IMU of the present invention are disclosed in the following

description.

Another of the key technologies of the present invention to achieve the micro
IMU with low power consumption is to design a micro size circuitry with small power
consumption, wherein the conventional AISC (Application Specific Integrated Circuit)

technologies can be utilized to shrink a complex circuitry into a silicon chip.

Existing MEMS technologies, which are employed into the micro size angular
rate producer, use vibrating inertial elements (a micromachine) to sense vehicle angular
rate via the Coriolis Effect. The angular rate sensing principle of Coriolis Effect is the

inspiration behind the practical vibrating angular rate sensors.

The Coriolis Effect can be explained by saying that when an angular rate is
applied to a translating or vibrating inertial element, a Coriolis force is generated. When

this angular rate is applied to the axis of an oscillating inertial element, its tines receive a
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Coriolis force, which then produces torsional forces about the sensor axis. These forces

are proportional to the applied angular rate, which then can be measured.

The force (or acceleration), Coriolis force (or Coriolis acceleration) or Coriolis

effect, is originally named from a French physicist and mathematician, Gaspard de

" Coriolis (1792-1843), who postulated his acceleration in 1835 as a correction for the

earth’s rotation in ballistic trajectory calculations. The Coriolis acceleration acts on a
body that is moving around a point with a fixed angular velocity and moving radially as
well.

The basic equation defining Coriolis force is expressed as follows:
e ————

‘cf'."on'qﬁs = M8 eypig, = 2?‘.‘?(&) X Vt?.scu’.'afrm)

where F,

Corialiy

1s the detected Coriolis force;

m is the mass of the inertial element;

Ao, 15 the generated Coriolis acceleration;

@ 1is the applied (input) angular rotation rate;

V,

Cacillanion

is the oscillation velocity in a rotating frame.
e
The Coriolis force produced is proportional to the product of the mass of the
inertial element, the input rotation rate, and the oscillation velocity of the inertial element

that is perpendicular to the input rotation rate.

The major problems with micromachined vibrating type angular rate producer
are insufficient accuracy, sensitivity, and stability. Unlike MEMS acceleration producers
that are passive devices, micromachined vibrating type angular rate producer are active
devices. Therefore, associated high performance electronics and control should be

invented to effectively use hands-on micromachined vibrating type angular rate producers
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to achieve high performance angular rate measurements in order to meet the requirement
of the micro IMU.

Therefore, in order to obtain angular rate sensing signals from a vibrating type

_ angular rate detecting unit, a dither drive signal or energy must be fed first into the

vibrating type angular rate detecting unit to drive and maintain the oscillation of the
inertial elements with a constant momentum. The performance of the dither drive signals

is critical for the whole performance of a MEMS angular rate producer.

As shown in Fig. 17 and Fig. 18, which are a perspect%ve view and a sectional
view of the micro IMU of the present invention as shown in the block diagram of Fig.1.,
the micro IMU comprises a first circuit board 2, a second circuit board 4, a third circuit

board 7, and a control circuit board 9 arranged inside a metal cubic case 1.

The first circuit board 2 is connected with the third circuit board 7 for producing

X axis angular sensing signal and Y axis acceleration sensing signal to the control circuit
board 9.

The second circuit board 4 is connected with the third circuit board 7 for
producing Y axis angular sensing signal and X axis acceleration sensing signal to the

control circuit board 9.

The third circuit board 7 is connected with the control circuit board 9 for
producing Z axis angular sensing signal and Z axis acceleration sensing signals to the

control circuit board 9.

The control circuit board 9 is connected with the first circuit board 2 and then
the second circuit board 4 through the third circuit board 7 for processing the X axis, Y
axis and Z axis angular sensing signals and the X axis, Y axis and Z axis acceleration
sensing signals from the first, second and control circuit board to produce digital angular

increments and velocity increments, position, velocity, and attitude solution.
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As shown in Fig. 19, the angular producer 5 of the preferred embodiment of the

present invention comprises:

a X axis vibrating type angular rate detecting unit 21 and a first front-end circuit

23 connected on the first circuit board 2;

5 a Y axis vibrating type angular rate detecting unit 41 and a second front-end

circuit 43 connected on the second circuit board 4;

a Z axis vibrating type angular rate detecting unit 71 and a third front-end

circuit 73 connected on the third circuit board 7;

}:'

£l three angular signal loop circuitries 921, which are provided in a ASIC chip 92
i 10 connected on the control circuit board 9, for the first, second and third circuit boards 2, 4,
N 7 respectively;

= three dither motion control circuitries 922,which are provided in the ASIC chip
J- 92 connected on the control circuit board 9, for the first, second and third circuit boards
;li 2, 4, 7 respectively;

Ii 15 an oscillator 925 adapted for providing reference pickoff signals for the X axis

vibrating type angular rate detecting unit 21, the Y axis vibrating type angular rate
detecting unit 41, the Z axis vibrating type angular rate detecting unit 71, the angle signal

loop circuitry 921, and the dither motion control circuitry 922; and

three dither motion processing modules 912, which run in a DSP (Digital Signal
20 Processor) chipset 91 connected on the control circuit board 9, for the first, second and

third circuit boards 2, 4, 7 respectively.

The first, second and third front-end circuits 23, 43, 73, each of which is

structurally identical, are used to condition the output signal of the X axis, Y axis and Z
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axis vibrating type angular rate detecting units 21, 41, 71 respectively and each further

comprises:

a trans impedance amplifier circuit 231, 431, 731, which is connected to the

respective X axis, Y axis or Z axis vibrating type angular rate detecting unit 21, 41, 71 for

* changing the output impedance of the dither motion signals from a very high level,

greater than 100 million ohms, to a low level, less than 100 ohms to achieve two dither
displacement signals, which are A/C voltage signals representing the displacement
between the inertial elements and the anchor combs. The two dither displacement signals

are output 1o the dither motion control circuitry 922; and

a high-pass filter circuit 232, 432, 732, which is connected with the respective X
axis, Y axis or Z axis vibrating type angular rate detecting units 21, 41, 71 for removing
residual dither drive signals and noise from the dither displacement differential signal to

form a filtered dither displacement differential signal to the angular signal loop circuitry
921.

Each of the X axis, Y axis and Z axis angular rate detecting units 21, 41, and 71
is structurally identical except that sensing axis of each angular rate detecting unit is
placed in an orthogonal direction. The X axis angular rate detecting unit 21 is adapted to
detect the angular rate of the vehicle along X axis. The Y axis angular rate detecting unit
21 is adapted to detect the angular rate of the vehicle along Y axis. The Z axis angular

rate detecting unit 21 is adapted to detect the angular rate of the vehicle along Z axis.

Each of the X axis, Y axis and Z axis angular rate detecting units 21, 41 and 71
is a vibratory device, which comprises at least one set of vibrating inertial elements,
including tuning forks, and associated supporting structures and means, including

capacitive readout means, and uses Coriolis effects to detect vehicle angular rate.

Each of the X axis, Y axis and Z axis vibrating type angular rate detecting units

21,41, 71 receives signals as follows:
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1)  dither drive signals from the respective dither motion control circuitry

922, keeping the inertial elements oscillating; and

2) carrier reference oscillation signals from the oscillator 925, including

capacitive pickoff excitation signals.

Each of the X axis, Y axis and Z axis vibrating type angular rate detecting units
21, 41, 71 detects the angular motion in X axis, Y axis and Z axis respectively of a
vehicle in accordance with the dynamic theory (Coriolis force), and outputs signals as

follows:

1

1)  angular motion-induced signals, including rate displacement signals which
may be modulated carrier reference oscillation signals to a trans Impedance amplifier

circuit 231, 431, 731 of the first, second, and third front-end circuit 23; and

2) its inertial element dither motion signals, including dither displacement
signals, to the high-pass filter 232, 432,732 of the first, second, and third front-end

circuit 23.

The three dither motion control circuitries 922 receive the inertial element
dither motion signals from the X axis, Y axis and Z axis vibrating type angular rate
detecting units 21, 41, 71 respectively, reference pickoff signals from the oscillator 925,

and produce digital inertial element displacement signals with known phase.

In order to convert the inertial element dither motion signals from the X axis, Y
axis and Z axis vibrating type angular rate detecting units 21, 41, 71 to processible
inertial element dither motion signals, referring to Fig. 24, each of the dither motion

control circuitries 922 comprises:

an amplifier and summer circuit 9221 connected to the trans impedance
amplifier circuit 231, 431, 731 of the respective first, second or third front-end circuit 23,
43, 73 for amplifying the two dither displacement signals for more than ten times and

enhancing the sensitivity for combining the two dither displacement signals to achieve a
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dither displacement differential signal by subtracting a center anchor comb signal with a

side anchor comb signal;

a high-pass filter circuit 9222 connected to the amplifier and summer circuit

9221 for removing residual dither drive signals and noise from the dither displacement

differential signal to form a filtered dither displacement differential signal;

a demodulator circuit 9223 connected to the high-pass filter circuit 2225 for
receiving the capacitive pickoff excitation signals as phase reference signals from the
oscillator 925 and the filtered dither displacement differential signal from the high-pass
filtler 9222 and extracting the in-phase portion of the filtered dither displacement

differential signal to produce an inertial element displacement signal with known phase;

a low-pass filter 9225 connected to the demodulator circuit 9223 for removing
high frequency noise from the inertial element displacement signal input thereto to form a

low frequency inertial element displacement signal;

an analog/digital converter 9224 connected to the low-pass filter 9225 for
converting the low frequency inertial element displacement analog signal to produce a
digitized low frequency inertial element displacement signal to the dither motion

processing module 912 (disclosed in the following text) running the DSP chipset 91;

a digital/analog converter 9226 processing the selected amplitude from the
dither motion processing module 912 to form a dither drive signal with the correct

amplitude; and

an amplifier 9227 which generates and amplifies the dither drive signal to the
respective X axis, Y axis or Z axis vibrating type angular rate detecting unit 21, 41, 71

based on the dither drive signal with the selected frequency and correct amplitude.

The oscillation of the inertial elements residing inside each of the X axis, Y axis
and Z axis vibrating type angular rate detecting units 21, 41, 71 is generally driven by a
high frequency sinusoidal signal with precise amplitude. It is critical to provide the X

axis, Y axis and Z axis vibrating type angular rate detecting units 21, 41, 71 with high
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performance dither drive signals to achieve keen sensitivity and stability of X-axis, Y-

axis and Z axis angular rate measurements.

The dither motion processing module 912 receives digitel inertial element

displacement signals with known phase from the analog/digital converter 9224 of the

- dither motion control circuitry 922 for:

(1) finding the frequencies which have the highest Quality Factor (Q) Values,
(2) locking the frequency, and

(3) locking the amplitude to produce a dither drive Isignal, including high
frequency sinusoidal signals with a precise amplitude, to the respective X axis, Y axis or
Z axis vibrating type angular rate detecting unit 21, 41, 71 to keep the inertial elements

oscillating at the pre-determined resonant frequency.

The three dither motion processing modules 912 is to search and lock the
vibrating frequency and amplitude of the inertial elements of the respective X axis, Y
axis or Z axis vibrating type angular rate detecting unit 21, 41, 71. Therefore, the
digitized low frequency inertial element displacement signal is first represented in terms

of its spectral content by using discrete Fast Fourier Transform (FFT).

Discrete Fast Fourier Transform (FFT) is an efficient algorithm for computing
discrete Fourier transform (DFT), which dramatically reduces the computation load
imposed by the DFT. The DFT is used to approximate the Fourier transform of a discrete
signal. F'l;}gF_omjer transform, or spectrum, of a continuous signal is defined as:

X(jw)= [; x(t)e ™ dt

The DFT of N samples of a discrete signals X(nT) is given by:

——

X, (ko) = Ex(nT)e"”m

n=0
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where @ =2z /NT, T is the inter-sample time interval. The basic property of

FFT is its ability to distinguish waves of different frequencies that have been additively
combined.

After the digitized low frequency inertial element displacement signals are

- represented in terms of their spectral content by using discrete Fast Fourier Transform

(FFT), Q (Quality Factor) Analysis is applied to their spectral content to determine the
frequency with global maximal Q value. The vibration of the inertial elements of the
respective X axis, Y axis or Z axis vibrating type angular rate detecting unit 21, 41, 71 at
the frequency with global maximal Q value can result in minimal power consumption and
cancel many of the terms that affect the excited mode. The Q value is a function of basic

geometry, material properties, and ambient operating conditions.

A phase-locked loop and digital/analog converter is further used to control and

stabilize the selected frequency and amplitude.

Referring to Figure 26, the dither motion processing module 912 further
includes a discrete Fast Fourier Transform (FFT) module 9121, a memory array of
frequency and amplitude data module 9122, a maxima detection logic module 9123, and
a Q analysis and selection logic module 9124 to find the frequencies which have the
highest Quality Factor (Q) Values.

The discrete Fast Fourier Transform (FFT) medule 9121 is arranged for
transforming the digitized low frequency inertial element displacement signal from the
analog/digital converter 9224 of the dither motion control circuitry 922 to form amplitude

data with the frequency spectrum of the input inertial element displacement signal.

The memory array of frequency and amplitude data module 9122 receives the
amplitude data with frequency spectrum to form an array of amplitude data with

frequency spectrum.

The maxima detection logic module 9123 is adapted for partitioning the

frequency spectrum from the array of the amplitude data with frequency into plural
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spectrum segments, and choosing those frequencies with the largest amplitudes in the

local segments of the frequency spectrum.

The Q analysis and selection logic module 9124 is adapted for performing Q

analysis on the chosen frequencies to select frequency and amplitude by computing the

_ ratio of amplitude/bandwidth, wherein the range for computing bandwidth is between +-

1/2 of the peek for each maximum frequency point.

Moreover, the dither motion processing module 912 further includes a phase-
lock loop 9125 to reject noise of the selected frequency to form a dither drive signal with
the selected frequency, which serves as a very narrow bandpass filter, locking the

frequency.

The three angle signal loop circuitries 921 receive the angular motion-induced
signals from the X axis, Y axis and Z axis vibrating type angular rate detecting units 21,
41, 71 respectively, reference pickoff signals from the oscillator 925, and transform the
angular motion-induced signals into angular rate signals. Referring to Fig. 23, each of the
angle signal loop circuitries 921 for the respective first, second or third circuit board 2, 4,

7 comprises:

a voltage amplifier circuit 9211, which amplifies the filtered angular motion-
induced signals from the high-pass filter circuit 232 of the respective first, second or third
front-end circuit 23, 43, 73 to an extent of at least 100 milivolts to form amplified angular

motion-induced signals;

an amplifier and summer circuit 9212, which subtracts the difference between
the angle rates of the amplified angular motion-induced signals to produce a differential

angle rate signal;

a demodulator 9213, which is connected to the amplifier and summer circuit
9212, extracting the amplitude of the in-phase differential angle rate signal from the
differential angle rate signal and the capacitive pickoff excitation signals from the

oscillator 925;
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a low-pass filter 9214, which is connected to the demodulator 9213, removing
the high frequency noise of the amplitude signal of the in-phase differential angle rate
signal to form the angular rate signal output to the angular increment and velocity

increment producer 6.

5 Referring to Figs. 17 to 19, the acceleration producer 10 of the preferred

. embodiment of the present invention comprises:

a X axis accelerometer 42, which is provided on the second circuit board 4 and
connected with the angular increment and velocity increment producer 6 provided in the

AISC chip 92 of the control circuit board 9;

a Y axis accelerometer 22, which is provided on the first circuit board 2 and
connected with angular increment and velocity increment producer 6 provided in the

AISC chip 92 of the control circuit board 9; and

a Z axis accelerometer 72, which is provided on the third circuit board 7 and

connected with angular increment and velocity increment producer 6 provided in the
l;L 15 AISC chip 92 of the control circuit board 9.
il
zé; Referring to Fig. 2, 18 and Fig. 19, thermal sensing producer device 15 of the
b preferred embodiment of the present invention further comprises:

a first thermal sensing producing unit 24 for sensing the temperature of the X

axis angular rate detecting unit 21 and the Y axis accelerometer 22;

20 a second thermal sensing producer 44 for sensing the temperature of the Y axis

angular rate detecting unit 41 and the X axis accelerometer 42; and

a third thermal sensing producer 74 for sensing the temperature of the Z axis

angular rate detecting unit 71 and the Z axis accelerometer 72.
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Referring to Fig. 2 and 19, the heater device 20 of the preferred embodiment of

the present invention further comprises;

a first heater 25, which is connected to the X axis angular rate detecting unit 21,

the Y axis accelerometer 22, and the first front-end circuit 23, for maintaining the

- predetermined operational temperature of the X axis angular rate detecting unit 21, the Y

axis accelerometer 22, and the first front-end circuit 23;

a second heater 45, which is connected to the Y axis angular rate detecting unit
41, the X axis accelerometer 42, and the second front-end circuit 43, for maintaining the
predetermined operational temperature of the X axis angular rate detecting unit 41, the X

axis accelerometer 42, and the second front-end circuit 43; and

a third heater 75, which is connected to the Z axis angular rate detecting unit 71,
the Z axis accelerometer 72, and the third front-end circuit 73, for maintaining the
predetermined operational temperature of the Z axis angular rate detecting unit 71, the Z

axis accelerometer 72, and the third front-end circuit 73.

Referred to Figs. 2, 18, 19, 21, and 25, the thermal processor 30 of the preferred
embodiment of the present invention further comprises three identical thermal control
circuitries 923 and the thermal control computation modules 911 running the DSP chipset
1.

As shown in Figs. 19 and 25, each of the thermal control circuitries 923 further

comprises:

a first amplifier circuit 9231, which is connected with the respective X axis, Y
axis or Z axis thermal sensing producer 24, 44, 74, for amplifying the signals and
suppressing the noise residing in the temperature voltage signals from the respective X
axis, Y axis or Z axis thermal sensing producer 24, 44, 74 and improving the signal-to-

noise ratio;

42

Nintendo Exhibit 1015
Page 0050



fpab
any
Tnd
S

el
5.3
1;!

;,j;
o

faad

20

25

an analog/digital converter 9232, which is connected with the amplifier circuit
9231, for sampling the temperature voltage signals and digitizing the sampled
temperature voltage signals to digital signals, which are output to the thermal control

computation module 911;

a digital/analog converter 9233 which converts the digital temperature
commands input from the thermal control computation module 911 into analog signals;

and

a second amplifier circuit 9234, which receives the analog signals from the
digital/analog converter 9233, amplifying the input analog signals" from the digital/analog
converter 9233 for driving the respective first, second or third heater 25, 45, 75; and

closing the temperature controlling loop.

The thermal control computation module 911 computes digital temperature
commands using the digital temperature voltage signals from the analog/digital converter
9232, the temperature sensor scale factor, and the pre-determined operating temperature
of the angular rate producer and acceleration producer, wherein the digital temperature

commands are connected to the digital/analog converter 9233.

In order to achieve a high degree of full functional performance for the micro
IMU, a specific package of the first circuit board 2, the second circuit board 4, the third
cireuit board 7, and the control circuit board 9 of the preferred embodiment of the present

invention is provided and disclosed as follows:

In the preferred embodiment of the present invention, as shown in Fig. 17, 18,
and 19, the third circuit board 7 is bonded to a supporting structure by means of a
conductive epoxy, and the first circuit board 2, the second circuit board 4, and the control
circuit board 9 are arranged parallelly to bond to the third circuit board 7 perpendicularly

by a non conductive epoxy.
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In other words, the first circuit board 2, the second circuit board 4, and the
control circuit board 9 are soldered to the third circuit board 7 in such a way as to use the
third circuit board 7 as an interconnect board, thereby avoiding the necessity to provide

interconnect wiring, so as to minimize the small size.

The first, second, third, and control circuit boards 2, 4, 7, and 9 are constructed
using ground planes which are brought out to the perimeter of each circuit board 2, 4, 7,
9, so that the conductive epoxy can form a continuous ground plane with the supporting
structure. In this way the electrical noise levels are minimized and the thermal gradients
are reduced. Moreover, the bonding process also reduces the cIr;ange in misalignments

due to structural bending caused by acceleration of the IMU,
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What is Claimed is:
1. A micro inertial measurement unit, comprising:

an angular rate producer comprising a X axis angular rate detecting unit which

produces a X axis angular rate electrical signal, a Y axis angular rate detecting unit which

produces a Y axis angular rate electrical signal, and a Z axis angular rate detecting unit

which produces a Z axis angular rate electrical signal;

an acceleration producer comprising a X axis accelerometer which produces a X
axis acceleration electrical signal, a Y axis accelerometer which produces a Y axis
acceleration electrical signal, and a Z axis accelerometer which produces a Z axis

acceleration electrical signal; and

an angular increment and velocity increment producer, which is electrically
connected with said X axis, Y axis and Z axis angular rate detecting units and said X
axis, Y axis and Z axis accelerometers, receiving said X axis, Y axis and Z axis angular
rate electrical signals and said X axis, Y axis and Z axis acceleration electrical signals
from said angular rate producer and said acceleration producer respectively, wherein said
X axis, Y axis and Z axis angular rate electrical signals and said X axis, Y axis and Z axis
acceleration electrical signals are converted into are digital angular increments and digital

velocity increments respectively.

2. The micro inertial measurement unit, as recited in claim 1, further
comprising a thermal controlling means for maintaining a predetermined operating
temperature of said angular rate producer, said acceleration producer and said angular

increment and velocity increment producer.

“{/3? A micro inertial measurement unit, as recited in claim 1, wherein said X
axis, Y axis and Z axis angular rate electrical signals produced from said angular
producer are analog angular rate voltage signals directly proportional to angular rates of a

carrier carrying said micrq inertial measurement unit, and said X axis, Y axis and Z axis
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acceleration electrical signals produced from said acceleration producer are analog

acceleration voltage signals directly proportional to accelerations of said vehicle,

344'. A micro inertial measurement unit, as recited in claim 2, wherein said X

axis, Y axis and Z axis angular rate electrical signals produced from said angular

) producer are analog angular rate voltage signals directly proportional to angular rates of a

carrier carrying said micro inertial measurement unit, and said X axis, Y axis and Z axis

acceleration electrical signals produced from said acceleration producer are analog

acceleration voltage signals directly proportional to accelerations of said vehicle.
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Micro Inertial Measurement Unit

Abstract of the Disclosure

A micro inertial measurement unit, which is adapted to apply to output signals
proportional to rotation and translational motion of a carrier, respectively from angular
rate sensors and acceleration sensors, is employed with MEMS rate and acceleration
sensors. Compared with a conventional IMU, the processing method utilizes a
feedforward open-loop signal processing scheme to obtain highly accurate motion
measurements by means of signal digitizing, temperature control and compensation,
sensor error and misalignment calibrations, attitude updating, and damping control loops,
and dramatically shrinks the size of mechanical and electronic hardware and power
consumption, meanwhile, obtains highly accurate motion measurements.
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Attorney/ibucket No: USP1048A-GNC
DECLARATION FOR PATENT APPLICATION

As a below named inventor, T hereby declare that:
My residence, post office address and citizenship are as stated below next to my name.

I believe | am the original, first and sole inventor (if only one name is listed below) or an original, first and joint
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on
the invention entitled
Micro Inertial Measurement Unit
the specification of which is attached hereto unless the following box is checked:
was filed on as United States Application Number or PCT International Application
Number and was ded on (if applicabl

I hereby state that I have reviewed and understand the contents of the above identified specification, including the
claims, as amended by any amendment referred to above.

Tacknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56.

I hereby claim foreign priority benefits under 35 USC 119 of any foreign application(s) for patent or inventor’s
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having
a filing date before that of the application on which priority is claimed.

Prior Foreign Application(s) Priority Claimed
D Yes D No
(Mumber) (Country) (Day/Month/Y ear Filed)
D Yes [ No
(Mumber) (Country) {Day/Month/Year Filed)
D Yes D No
{(Number) (Country) (DayMonth/Year Filed)

[ hereby claimed the benefit under 35 USC 120 of any United States application(s) listed below and, insofar as the
subject matter of each of the claims of this application is not disclosed in the prior United States application in the
manner provided by the first paragraph of 35 USC 112, I acknowledge the duty to disclose information which is
material to patentability as defined in 37 CFR 1.56 which became available between the filing date of the prior
application and the national or PCT international filing date of this application.

(Application Number) (Filing Date) (Status-patented, pending, abandoned)

(Application NMumber) (Filing Date) (Status-] d, pending, abandoned)
I hereby appoint the following attorney(s) and/or agent(s), with full powers of substitution and revocation, to prosecute
this application and to transact all business in the Patent and Trademark Office connected therewith:
Raymond Yat Chiu Chan, Reg. No. 37,484
Address all correspondence to: 516 San Luis Rey Road, Arcadia, CA 91007
Telephone Calls to: (626) 571-9812

I hereby declare that all Statements made herein of my own knowledge are true and that all statements made on
information and belief are believed to be true; and further that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code and that such willful falsc statements may jeopardize the validity of the application
or any patent issued thereon.

Full name of sole or first inventor {given name, family name) Hiram McCall

Inventor’s signature _MAM ';M & Date _December 29, 1899
Resid 9121 Mason Ave., Chatsworth CA 91311 Citizenship _U.S.A.
Post Office Address _9131 Mason Ave., Chatsworth CA 91311 :

Full name of second joint inventor, if any (given name, family name) _ Ching-Fang Lin

Second Inventor’s signature 2, Date _December 29, 1899
Besid 9131 Mason Ave., Gl orth 1311 Citizenship _U.S.A

Post Office Address _9131 Masd Ave., Chatsworth CA 81311

[ Additional inventors are being named on scparately numbered sheets attached hereto,

Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Applicant or Patentee: A ¥'s

Serial or Patent No.: Docket No.:  USP1048A-GNC_
Filed or Issued: )
For:

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY
STATUS (37 CFR 1.9 () and 1.27 (b)) - INDEPENDENT INVENTOR

As a below named inventor, I hereby declare that I qualify as an independent inventor as defined in 37 CFR
1.9 (c) for purposes of paying reduced fees under section 41 (a) and {b) of Title 35, United States Code, to the
Patent and Trademark Office with regard to the invention entitled:

Micro Inertial Measurement Unit described in:
] the specification filed herewith
. application serial no. , filed
| patent no. , issued

I have not assigoed, granted, conveyed or licensed and am under no obligation under contract or law to
assign, grant, convey or license, any rights in the invention to any person who could not be classified as an
independent inventor under 37 CFR 1.9 (c) if that person had made the inveption, or to any concern which
would not qualify as a small business concern under 37 CFR 1.9 (d) or a non profit organization under 37
CFR 1.9 (g

Each pessgn concern or orgamz.anon to which I have assigned, granted, conveyed, or licensed or am under
an obligation under contract or law to assign, grant, convey, or license any rights in the invention is listed
below:

| 1 no such person, concern, or organization
<] person, concern or organizations listed below#

*NOTE: Separate verified .statements are required from each named person, concern or organization
having rights to the invention averring to their status as small entities. (37 CFR 1.27)

FULL NAME _American GNC Corporation
ADDRESS 9137 Mason Avenue, Chatsworth CA 81311, USA

CJINDIVIDUAL BsMALL BUSINESS CONCERN CINONPROFIT DRGANIZATION
FULL NAME
ADDRESS

[(npiviouaL [CJSMALL BUSINESS CONCERN [CINONPROFIT ORGANIZATION
FULL NAME
ADDRESS

[Im™DIVIDUAL LISMALL BUSINESS CONCERN CINONPROFIT ORGANIZATION

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in
loss of entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee
or any maintenance fee due afler the date on which status as a small entity is no longer appropriate. (37 CFR
1.28 (b))

I her(eb)y declare that all statements made herein of my own knowledge are true and that all statements made
on information and belief are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or
both, under section 1001 of Title 18 of the United States Code, and that such willful false statements may
jeopai'dize the validity of the application, any patent issuing thereon, or any patent to which this verified
statements is directed.

Hiram McCall Ching-Fang Lin
NAME OF INVENTOR NAME OF INVENTOR MNAME OF INVENTOR
" C/ ;
] =
Signature of Inventor Signy of In\:yﬁr Signature of Inventor
December 29, 1999 Deceémber 28, 1989
Date Date Date

Nintendo Exhibit 1015
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In The United States Patent andp'l:gadamark Office

ik, "_,I‘" z"}!E
ppBBlication Number.  10/017310 Examiner:
Applicants: Hiram McCall et al GroﬁwxnnggE_qz

Filing Date: 01/04/2000

; ) ; . TECHNG LG
Title:  Micro Inertial Measurement Unit

WLU8Y Cetirer 2g0g
Date: January 17, 2002

PRELIMINARY AMENDMENT

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

Piease amend the above identified divisional application as follows.
IN THE SPECIFICATION:

Kindly insert a section entitied “Cross Reference of Related Application” in page
1, after the section entitled “Title" and before the section "Background of the Present
Invention” of the originally filed specification with the section as follows.

Cross Reference of Related Application

This is a divisional application of a non-provisional application having an
application number of 09/477,151 and a filing date of January 04, 2000.

~—23 -0 PR
COPY OF PAPERS /%
ORIGINALLY FILED o} 5) \S, 7

Nintendo Exhibit 1015
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App. Nr.: 10/017310 (McCall etal) Preliminary Amendment (contd)

VERSION WITH MARKINGS TO SHOW %NGE\S MADE IN THE SPECIFICATION
(RSN ] i

The changes after the section entitfed|'Jit!1znd before the section entitied
"Background of the Present Inventiofl._"ljn.pg%g_.g PE;E?E;&?W\;;ﬁcaﬂO” are marked up as

follows.

Cross Reference of Related Applicaiion

This is a divisional application of a non-provisional application having an
application number of 09/477,151 and a filing date of January 04, 2000.

Nintendo Exhibit 1015
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App. Nro 107017310 (McCall eral)  Preliminary Amendment (contd) 3

REMARKS-General

Upon review of the original specification, the applicant has amended the original
specification to include the section entitled “Cross Reference of Related Application”,
which is deemed to more clearly and distinctly describe the subject matter of the instant

invention. No new matter has been included in the specification.

Respectfully submitted,

bl D

Raymond Y. C. Chan
Reg. Nr.: 37,484

1050 Oakdale Ave.
Arcadia, CA 91006-2222
Tel.. 1-626-571-9812
Fax.: 1-626-571-8813

CERTIFICATE OF MAILING

| hereby certify that this corresponding is being deposited with the United States Postal
Service by First Class Mail, with sufficient postage, in an envelope addressed to "Box
Amendments. Commissioner of Patents and Trademarks, Washington, DC 20231" on
the date below. ) -

4 /I N FA{" i ) e — -
Date. -\ /(7 [ >gr Lo Signaturetlz(hﬁ { {@\L&_ _Qlk,i\_____ )

Person Signing: Rgymond t Chan

Nintendo Exhibit 1015
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UniteDp STATES PaTENT AND TRaDEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Offics

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Wanhingten, .G, 20231
v AL g

[ AprLiCaTION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO, |  CONFIRMATION NO.
10/017,310 1222001 Hiram McCall USDPL699A-GNC 7211
2590 031772003
Raymond Y. C. Chan | EXAMINER |
1050 Oakdale Lane -
Arcadiz, CA 91006 BUL BRYAN
{ ART UNIT PAPERNUMBER |

2863
DATE MAILED: 03/17/2003

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 07-01)

Nintendo Exhibit 1015

Page 00113



Application No. T Rpplicant(s)
10/017,310 MCCALL ET AL.
Office Action Summary Exarminer A Unit
Bryan Bui 2863
-~ The MAILING DATE of this ication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.
- E lons of ime may be avallable under the provi of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
afler SIX (5) MONTHS from the mailing date of this communication.
- Ifthe period for reply specified above is less than thify (30) days, a reply within the statutory minimum of thirty (30) days will be considerad timely,
- |f NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (8) MONTHS from the maifing date of this communication.
- Failure 1o reply within the set or exlended period for reply will, by statute, cause the application lo become ABANDONED (35 U.S.C. § 133).
- Any réply received by the Office later than three months after the malling date of this communication, even If timely filed, may reducs any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 22 October 2001 .
2a)[] This action is FINAL. 2b)Bd This action is non-final.

3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the prattice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.
Disposition of Claims '

4 Claim(s) 1-4 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
8) Claim(s) 1-4 is/are rejected.
7)1 Claim(s) ____is/are objected to.
8)] Claim(s)
Application Papers
9)[] The specification is objected to by the Examiner.
10)(J The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant ma.)r not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11)[]] The proposed drawing correction filed on is: a)[J approved b)[] disapproved by the Examiner.
If approved, corrected drawings are required in reply to this Office action.
12)[] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAl b)[J Some* )] None of:
1.[] Certified copies of the priority documents have been received.

are subject to restriction and/or election requirement.

2] Certified copies of the priority documents have been received in Application No.

3.0 Copies of the ‘certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [J The translation of the foreign language provisional application has been received.
15)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) [ Notice of References Cited (PTO-892) 4[] Interview Summary (PTO-413) Paper No(s). .
2) [] Notice of Draftsperson’s Patent Drawing Review (PT0O-948) 51[] Motice of Informal Patent Application (PTO-152)
3) D Information Disclosure Statement(s) (PTO-1448) Paper No(s) . B) E] Cther:

U.S. Patent and Trademark Office
PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 3

Nintendo Exhibit 1015

Page 00114



Application/Control Number: 10/017,310 Page 2

Art Unit: 2863
DETAILED ACTION
Double Patenting
1. The nonstatutory double patenting rejection is based on a judicially created

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the "right to exclude" granted by a patent
and to prevent possible harassment by multiple assignees. See In re Goodman, 11
F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225

USPQ €45 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA
1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970);and, In re Thorington,
418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) may be
used to overcome an actual or provisional rejection based on a nonstatutory double
patenting ground provided the conflicting application or patent is shown to be commonly
owned with this application. See 37 CFR 1.130(b).

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

2, Claims 1-4 are rejected under the judicially created doctrine of obviousness-type
double patenting as being unpatentable over claims 1-2 of U.S. Patent No. 6,456,939,
Although the conflicting claims are not identical, they are not patentably distinct from
each other because the claims 1-2 of the reference 6,456,939 disclose all the specific
features of the instant application to have the same results, especially when an angular
rate producer/an acceleration producer for producing X axis, Y axis and Z axis angular
rate electrical signals/X axis, Y axis and Z axis acceleration electrical signals as recited
in claim 1 (6,456,939) are commonly well-known in the art to include X, Y and Z axes
angular rate detecting units/X, Y, Z axes accelerometers to produce the respectively
axis angular rate electrical signals/to produce the respectively axis acceleration

electrical signals. Even though the claims of the reference (6,456,939) does not mention

Nintendo Exhibit 1015
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Application/Control Number: 10/017,310 Page 3
Art Unit: 2863

the' phrase of the connection between devices as recites in the limitation of the instant
application “electrically connected” in an angular increment and velocity producer
with the X, Y, and Z axes angular rate detecting units and X, Y, and Z axes
accelerometers, it would be obvious in the art to modify the proceeding technique to
include the “electrically connected” between devices to convert the X, Y, and X axes
angular rate electrical signals/ X, Y, and Z axes acceleration electrical signals into digital
angular increment/ digital veloéity increment that having the same results as discloses

in the claimed reference.

Conclusion

3. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

The reference of McNie et al. (U.S. Patent No. 6,276,205) discloses a Micro-
machining.

The reference of Matthews et al. (U.S. Patent No. 5,033,854) discloses a
multiplexed fiber-optic Gyro control.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Bryan Bui whose telephone number is 703-305-4490.
The examiner can normally be reached on M-Th from 7am-4pm, and Alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, John E Barlow can be reached on 703-308-3126. The fax phone numbers

Nintendo Exhibit 1015
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Application/Control Number: 10/017,310 Page 4
Art Unit: 2863

for the organization where this application or proceeding is assigned are 703-308-7722
for regular communications and 703-308-7724 for After Final communications.
Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is 703-308-

- JS
BRYAN BUI
PRIMARY EXAMINE
BB

March 7, 2003
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)
e pplication/Control No. ‘| Applicant(s)/Patent Under
Notice of References Cited - .
Examiner Art Unit
Bryan Bui 2863 Page 1 of 1
U.S. PATENT DOCUMENTS
* CounnE%coL:ir;:leNbgTI::; Code MM[{?‘;.’YY Name Classification
A | US-6,456,939 09-2002 McCall et al. 701220
B | US-6,276,205 08-2001 McNie et al. 73/504.13
¢ | US-5,033,854 07-1881 Matthews et al. 356/462
D | Us-
E | US-
F | Us-
G |Us-
H | US- .
t|us
J | Us-
K | Us-
L | Us-
M| US-
FOREIGN PATENT DOCUMENTS
* cMnﬁmmtmN:m:; Code M NE:};'YY Country Name Classification
N
o
P
a
R
5
T
NON-PATENT DOCUMENTS
* Include as applicable: Authar, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
v
w
X

*A copy of th

s reference is not being furnished with this Office action, (See MPEP § 707.05(a).)

Dates in MM-YYYY format are publicafion dates. Classilications may ba US or foreign.

U Patent and Trademark Office
PTC-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper MNo. 3
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In The United States Patent and Trademark Office
Application Number:  10/017,310

Examiner: Bryan Bui
Applicants:  Ching-Fang Lin et al Group Art Unit: 2863
Filing Date: ~ 10/22/2001
Title:

Micro Inertial Measurement Unit

Date: _06/16/2003

= —-J

-8
<)
P
o

i

RESPONSE

Honorable Commissioner for Patents,
P.0O. Box 1450,

Alexandria, VA 22313-1450 -

e T
T

Sir:

NEMER A'JD'\GHHD'AI

(o0 CTHOC

(3]
In response to the Office Action mailed 03/17/2003, the applicant; respecgully

B o
submits as follows. 1

1. The applicant submits a terminal disclaimer herewith, in compliance with
37CFR1.321(c), to disclaim the terminal part of the statﬁtory term of any patent ranted
on instant application which would extend beyond the expiration date of the full statutory
term defined in 35 U.S.C. 154 to 156 and 173, as presently shortened by any terminal
disclaimer, of prior Patent No. 6,456,939, in order to overcome the rejection of the
claims 1-4 under the judicially created doctrine of obviousness-type double patenting as
being unpatentable over claims 1-2 of the U.S. Patent No. 6,456,939,

2, The cited but not relied upon references have been studied and are greatly
appreciated, but are deemed to be less relevant than the relied upon references.

3. A check in an amount of US$55.00 is submitted herewith to pay the terminal

disclaimer fee. This amount is believed to be correct; however, the Commissioner is

hereby authorized to charge any deficiency or credit any overpayment to Deposit
Account No. 502111,

4, In view of the above, it is submitted that the claims are in condition for allowance.
Reconsideration and withdrawal of the rejection are requested. Allowance of claims 1-4
at an early date is solicited. phsiae gt

[

el i
R |

SEINESES!

ik
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App. Nr.: 10/017,310 (Lin et al) RESPONSE (contd) 2

5. Should the Examiner believe that anything further is needed in order to place the
application in condition for allowance, he is requested to contact the undersigned at the

telephone number listed below.

Respectfully submitted,

Raymond Y.
Reg. Nr.: 37,484

108 N. Ynez Ave.

Suite 128

Monterey Park, CA 91754
Tel.: 1-626-571-9812
Fax.: 1-626-571-9813

CERTIFICATE OF MAILING

| hereby certify that this corresponding is being deposited with the United States Postal
Service by First Class Mail, with sufficient postage, in an envelope addressed to
“Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450" on the d ate
below.

Date: Qﬂ‘dm@ % [=cp D Signature:
U Person Signing: Raymond Y. Chan
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Dock. .«wumber: USDP1699A-GNC Q
73 3
DISCLAIMER

TERMINAL DISCLAMINER TO OBVIATE A DOUBLE PATENTING REJECTIO%' "
OVER A PRIOR PATENT

In re Application of:

Application No.:"10/017,310 JuL 08 2003
Filed: 10/22/2001
For: Micro Inertial Measurement Unit WOLOGYGENT&M

The owner*, Ching-Fang Lin and Hiram McCall, of one hundred percent interes?ﬂmm

in the instant application hereby disclaims, except as provided below, the terminal part
of the statutory term of any patent granted on instant application which would extend
beyond the expiration date of the full statutory term defined in 35 U.S.C.154 to 156 and
173, as presently shortened by any terminal disclaimer, of prior Patent No. 6,456,939.
The owner hereby agrees that any patent so granted on the instant application shall be
enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is
binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of
any patent granted on the instant application that would extend to the expiration date of
the full statutory term as defined in 35U.5.C.154 to 156 and 173 of the prior patent, as
presently shortened by any terminal disclaimer, in the event that it later: expires for
failure to pay a maintenance fee, is held unenforceable, is found invalid by a court of
competent jurisdiction, is statutorily disclaimed in whole or terminally ﬁ%inﬂ under
37CFR1.321, has all claims canceled by a reexamination certificate, is Ej,a’issue orisin

any manner terminated prior to the expiration of its full statutory tel’-‘m as ggeseg:ily f.'.il
shortened by any terminal disclaimer. i g £ O
o
Check either box 1 or 2 below, if appropriate. i 'c(-, w T_":;
t 2
1. D For submissions on behalf of an organization (e.g., corporation, partnetship, uiffverSy, g
government agency, etc.), the undersigned is empowered to act on behalfZof
organization. ¥ 0

| hereby declare that all statements made herein of my own knowledge ate true ad that
all statements made on information and belief are believed to be true; and furlfier that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of title 18 of the United States
Code and that such willful faise statements may jeopardize the validity of the application or any
patent issued thereon.

i i RENEE PRESTON
2.D4 The undersigned in an attorney or agent of record. PARALEGAL SPECIALFg}A‘\

TECHNOLOGY CENTER 2800

RECEIVED rﬂm .
_ % itséﬁ—dmg > e

JuL 6 7 2003 Signature \ % Date 2

OFFICE OF THE SPECIAL Raymond Y, Chan
PROGRAMS EXAMINER Reg. No. 37,484

X Terminal disclaimer fee under 37 CFR 1.20(d) included.

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee
(owner).
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Serial Number

IEEMAARL

10/017,310

Application No.

Ar ant(s)

LIN, CHING-FANG et al.
I

The term of this patent shallnet. ... |
extind beyoiid the explration date of -

us. Paﬂenlno

Tlla!erm of ti‘_\j;paihen{s_s.np

the adjacent date Has heen discialmed., e

| Document Code -
| bsa

U.5, Patent and Trademark Office
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Application No. Applicant(s) //
Notice of Allowability 1097310 AL ETAL
Bryan Bui 2863

Applicant has THREE MONTHS FROM THE *MAILING DATE" of this communication to file a reply complying with the requirements noted

9. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the

.- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith {or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office of upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.[X This communication is responsive to 6/18/2003.
2. The allowed claim(s) is/are 1-4.
3. The drawings filed on 22 October 2001 are accepted by the Examiner.
4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 118(a){d) or ().
a)[J Al b)[JSome* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received. )
2. [ Certified copies of the priority documents have been received in Application Mo, _____
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
Internationai Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___
5, [] Acknowledgment is made of a claim for domestic priority under 35 U.5.C. § 119(e) {to a provisional application).
(a) ] The translation of the foreign language provisional application has been received.
6. [ Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121,

below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD 1S NOT EXTENDABLE.

7.0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Nate the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. [] CORRECTED DRAWINGS must be submitted.
(a) 0 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached
1y [0 hereto or 2) (] to PaperNo. _.
(5) 0 including changes required by the proposed drawing correction filed _____, which has been approved by the Examiner.
{e) [0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper No. ___.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet.

attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1] Notice of References Cited (PTO-892) 2[C] Notice of Informal Patent Application (PTO-152)

3[] Notice of Draftperson's Patent Drawing Review (PTO-948) 4[7] Interview Summary (PTO-413), Paper No.___.

5[] Informaticn Disclosure Statements (PTO-1448), Paper No. __. 6[C] Examiner's Amendment/Comment

701 Examiner's Comment Regarding Requirement for Deposit 8] Examiner's Statement of Reasons for Allowance
of Biological Material 9] Other

5. Patent and Tragemark Office
PTO-37 (Rev. 04-03) Notice of Allowability Part of Paper No. 6
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Application/Control Number: 10/017,310 Page 2
Art Unit: 2863

DETAILED ACTION

Notice to applicants
1, Applicants’ papers filed on 6/18/2003 have been received and entered. Claims 1-
4 are pending in the application.
2. The terminal disclaimer filed on 6/18/2003 disclaiming the terminal portion of any
patent granted on this applicat.ion which would extend beyond the expiration date of
prior patent No. 6,456,939 has been reviewed and is accepted. The terminal disclaimer
has been recorded.

Allowable Subject Matter

3. The following is an examiner's statement of reasons for allowance:

Claims 1-4 are allowable over the prior art of record because none of the prior art
whether taken singularly or in combination to teach the claimed combination to inciude
the relationship between an angular increment and velocity increment producer
between x, y, and z axes angular rate electrical signals and x, y, and z axes
acceleration electrical signals in which x, y, and z axes angular rate electrical signals
and x, y, and z axes acceleration electrical signals are converted into digital angular
increments and digital velocity increments respectively, except the patent No. 6,456,939
that applicants already filed terminal disclaimer.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Nintendo Exhibit 1015

Page 00124



Application/Control Number: 10/017,310 Page 3
Art Unit: 2863

Conclusion

4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Bryan Bui whose telephone number is 703-305-4490.
The examiner can normally be reached on M-Th from 7am-4pm, and Alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, John E Barlow can be reached on 703-308-3126. The fax phone numbers
for the organization where this application or proceeding is assigned are 703-308-7722
for regular communications and 703-308-7724 for After Final communications.

Correspondence in patent-related matters must be addressed to:

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is 703-308-

0956. ‘% _
BRYAN BUI
PRIMARY EXAMINER

BB
July 10, 2003
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tH UNITED STATES DEPARTMENT OF COMMEECE
United States Putent and Trademark Office
Address: COMMISSIONER FOR PATRETS

.0 Box 1430

Alsandeis, Virginls 222131430

urncarple g

; s] UnITED STATES PATENT AND TRADEMARK OFFICE

NOTICE OF ALLOWANCE AND FEE(S) DUE

- TGO 07/142003 { EXAMINER
Raymond Y. C. Chan
1050 Oakdale Lane BUI, BRYAN
Arcadia, CA 91006
| ART UNIT [ ciasssusciass |
2863 ThH2-14 1000

DATE MAILED: 07/14/2003

1L
ATTORMNEY DOCKETNO, |  CONFIRMATION NO,

APPLICATION NG, FILING DATE FIRST NAMED INVENTOR
10/017,310 102272001 Hiram McCall USDP1699A-GNC 711
TITLE OF INVENTION: MICRO INERTIAL MEASUREMENT UNIT
] APPLN. TYPE | SMALL ENTITY [ 1S5UE FER [ PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE !
nonprovisional YES §650 3300 3950 10/14/2003

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED, THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS,
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308,

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS

PERIOD CANNOT BE EXTENDED. SEE 35 U.5.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION, THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

HOW TO REPLY TO THIS NOTICE:
L. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A, If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status is changed, pay the PUBLICATION FEE (if required)

and twice the amount of the ISSUE FEE shown above and notify the
United States Patent and Trademark Office of the change in status, or

If the SMALL ENTITY is shown as NO:

A, Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

O Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and retumed. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

I11. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Box ISSUE FEE unless advised to the contrary,

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees, [t is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
FTOL-85 (REV. 05-03) Approved for use through 04/30/2004.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
Alexandria, Virginia 22313-1450
Fax (703)746-4000 .

THETRUCTIONS: This form should be used for tansmilimg he 155UL TLE and PUBLICATION FEE (if required). Blocks 1 hrough 4 should be completed where
appropriate, All further correspondence including the Patent, advance orders and netification of maintenance fees will be mailed to the current comes ce nddress ms
indicated unlgg :ur!'ﬁ':lcfl below or directed otherwise in Block 1, by (a) specifying a new correspondence address; andor (b) indicating a separute "FEE ADDRESS" for
mainterance fee netifications.

ETE-U Walh MLy COrTECT e oF UAc BI0CE te: A certificale of maihng cen only be used lor domestic mn;ﬂngs ol the
ificate cannot be

o
2500 B 4003 Fee(s) Tranemittal This certi: used for any other

ving papers. Bach additional paper, such as an assignment or
Raymond Y. C. Chan fortual d:a’w'mgg,Pmn![ have its own cnﬁﬁgagc;fmiliw nrt:ans.maf‘:;!!nn.

1050 Oakdale Lane Certificate of Mailing or Transmission
Arcadia, CA 91006 1 hereby certify that this Fee(s) Transmittal is bemg deposited with the
& United gtal.es sial Service ;’Dl{’.h sufficient postage I!E}';ﬁ.rs[ class mail in an
enivelope addressed to the Box Issue Fee acfd.ress sbove, or being facsimile
transmitied to the USPTO, on the date indi i helow.
{Depositor's nemc)
{Signature)
(Due)
APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIEMATION NO.
10/017,310 10222001 Hiram McCall g USDP1699A-GNC 7211
TITLE OF INVENTION: MICRO INERTIAL MEASUREMENT UNIT
I AFPLN. TYFE SMALL ENTITY ] IS5UE FEE I PUBLICATION FEE l TOTAL FEE{S) DUE DATE DUE
nenprovisional YES 3650 $300 $950 10/14/2003
[ EXAMINER I ART UNIT [ CLASS-SUBCLASS |
BUIL BRYAN 2863 702-141000
1, Chanage of pondence address or indication of "Fee Address” (37 2. For printing cn the patent front page, list (1)
CFR 1.363). names of up to 3 registered patent attoreys
\J Change of correspondsnce address (or Change of Comrsspondence or agents OR, alternatively, (2) the name of o
Address form PT 1122) attached. single firm (having as a member a registered
- N attorney or agent) and the names of up o 2 S —
U "Fee Address" indication {or "Fee Address” Indication form
PTO/SE/MT,; Rev 03-02 or more recent) attached, Use of a Customer ‘Teg.im“d pateat M'."‘_“:ys o1 agents. H 1o noms 3
Number is required. is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print ar type)

FLEASE NOTE: Unless an assi is identified below, no assignee data will appear on the patent. Inclesion of assi data is onl priate wh 5 t h
been previously submitted to m:%m or is being submitted unaé.’er separate c:\?ﬂg Cﬂn‘lp].ﬂi& of this form is NOT llim itute for ﬂfh?gpparnu i e, e 188

(A) NAME OF ASSIGNEE {B) RESIDENCE: (CITY and STATE OR COUNTRY)
Plesse check the appropriate assignes category or cetegonies (will not be printed on the patent) J individual 'J corporation or other privete group entity U govemment
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):

U Tssue Fee 1A check in the amount of the fee{s) is enclosed.

1 Publicetion Fee U Payment by credit card. Form PTO-2038 is attached.

i . - U The C. issi is heseby authorized by charge the required fee(s), or credit any overpayment, to
3 Advance Order - #ofCopies Deposit Account Number (enclose an eiua copy of this form). ¥ VR

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previcusly paid issue fee to the application identifisd ahove.

(Authorized Signature) (Date)

NOTE; The Isste Fee and Publication Fee (if required) will not be accepted from anyone
other than the npg]lcanl; a registered attomey or agent; or the assignee or other parfy in
interest as shown by the records of the United States Patent and Trademark Office.

This collection of mlermation is requited by 37 CFR 1311, The mfommalion 15 required to
obtain or retain & henefit by the public which is te file (and by the USPTO to process) an
application. Confidentiality 1s governed by 35 U.5.C. 122 and 37 CFR 1.14. This cellzction is
estimated to take 12 minules to complete, including gathering, preparing, and submitting the
completed application form to the SSP‘]‘U. Time vary depending upen the individual
case. Amy comments on the amount of thme you require to com .fztc this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.5,
Paient and Trademark Office, 3. Department of Commerce, Alexandria, Virginia
22313-1450. DO NOT SEND FEES ORCOMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a
collection of information unless it displays a valic OMB control number.

TRANSMIT THIS FORM WITH FEE(8)
PTOL-85 (REV. 05-03) Approved for use through 04/30/2004, OMB 0651-0033 U.5. Patent and Tradernark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
' UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTE

;ﬂui‘g\!:?m in 2313-1450
wwwuplagy

[ aFpLICATION No. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKETNO, | CONFIRMATIONNO. |
10/017,310 10/22/2001 Hiram McCall ) USDP1699A-GNC 7211
: { EXAMINER |
7590 01472003 )
Raymond Y. C. Chan BUIL, BRYAN
1050 Oakdale Lane
Arcadia, CA 91006 | ART UNIT PAPER NUMBER ]
\
2863

DATE MAILED: 07/14/2003

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The patent term adjustment to date is 84 days. If the issue fee is paid on the date that is three months after the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after
the mailing date of this notice, the term adjustment will be 84 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system. (http://pair.uspto.gov)

Any questions regarding the patent term extension or adjustment determination should be directed to the Office of
Patent Legal Administration at (703)305-1383.

Page 3 of 4

PTOL-85 (REV. 05-03) Approved for use through 04/30/2004,
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i UniteD STaTES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF CCMMERCE
United Steies Patent and Trademark Office
Addrers COMMISSIONER FOR PATERTS

PO Box L420

Aleandrn, Vaginie 22313-1450

S urp g
[ arrLication No. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKETNO. | CONFIRMATIONNO. |
10/017,310 104222001 Hiram McCall USDP1699A-GNC 7211
| EXAMINER ]
. 7550 0142003
Raymond Y. C. Chan : BUI BRYAN
1050 Oakdale Lane
Arcadia, CA 91006 L ART UNIT PAPER NUMBER, ]
UNITED STATES 2851

DATE MAILED: 07/14/2003

Notice of Fee Increase on January 1, 2003

If areply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after January 1, 2003, then the
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there will be an increase

in fees effective on January 1, 2003. See Revision of Patent and Trademark Fees for Fiscal Year 2003; Final Rule, 67 Fed.
Reg. 70847, 70849 (November 27, 2002).

The current fee schedule is accessible from: hitp:/‘'www uspto.govimain/howtofees htm,

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount
in view of the fee increase, a "Notice to Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice of
Allowance and Fee(s) due form is to be filed on or afler January 1, 2003 (or mailed with a certificate of mailing on or
after January 1, 2003), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
previously-paid issue fee to the issue fee now due, then the difference between the issue fee amount at the time the
response is filed and the previously paid issue fee should be paid. Seg Manual of Patent Examining Procedure, Section
1308.01 (Eighth Edition, August 2001).

Questions relating to issue and publication fee payments should be directed to the Customer Service Center
of the Office of Patent Publication at (703) 305-8283,

Page 4 of 4
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A In The United States Patent and Trademark Office

Serial Number.  10/017,310 Examiner. Bui, Bryan
Applicants: Hiram McCALL Group Art Unit 2863
Filing Date: 10/22/2001

Titte:  Micro Inertial Measurement Unit

Date: _August 21, 2003

Submission of Issue Fee Payment, Publication Fee, and
Change of Correspond Address,

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450 ’
Alexandria, VA 22313-1450
Sir:

fn response to the Notice of Allowance and Fees Due dated 07/14/2003, the applicant
respectfully submits a check in the amount of US$950.00 for payment of the Issue Fee and
Publication Fee.

Furthermore, applicant also encloses herewith corrected a change of comespondence
address. Please send all future correspondence to the new correspondence address.

Thank you for your assistance.

Respectfully submitted,

ymond Y. Chian
Reg. Nr.: 37,484
clo 108 N. Ynez Ave, Suite 128
Monterey Park, CA 91754

Cortification of Mailing

1 certify that this correspondence will be deposited with the United States Postal Service as First
Class mail with proper postage affixed in an envelope addressed to: “Mail Stup Issue Fee,
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450" on the date below.

Date: 89 !‘ 30 }-\“"Dq? Signature:
! ! Name of Person Sig

~5
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e, 1 e ”M 3o

U.5. Patant and Trademark Office: LS. DEPARTMENT OF COMMERCE
coiiwction of information uniess O (-A

the Paperwork Raduction Act of 1985, no persons sno requined to respond Io & octi it dispiays 8 valid OME conlrol rumber.
CHANGE OF Application Number 10/017,310
CORRESPONDENCE ADDRESS | w02 1012212001
Application First Named Inventor Hitam MeCALL
Ad o Art Unit 2863
Assistant Commissioner for Patanis nama Bui, Bryan
\__Weshington, D.C. 20231 Attomey Docks! Numosr USDP1699A-GNC J

Please change the Comespondence Address for the above-identified application
o
N Place Customer
(] customer Number E Nurmber Bar Code

Type Customer Number here Label here
OoR
:::T“dfﬂm David and Raymond Patent Group
Address 108 N. Ynez Ave., Suite 128
Address .
Gity Monterey Park | stane | €A e[ 01754
Country United Statas of America
i Telephone 626-571-9812 | Fax | 626-571-9813
This form cannot be used o change the data iated with a Cust Number., To change the

data associated with an existing Customer Number use "Request for Customer NMumber Data
Change” (PTO/SBI124).

{am the :

[C] Asplicantinventor.

Assignes of record of the entire interest.
B Statement under 37 CFR 3.73(b) is enclosed. {Form PTO/SB/36).

Attorney or Agent of recerd.

C! Registered practitioner named in the application transmittal letter in an application without an
executed oath or declaration. See 37 CFR 1.33(a)(1). Registration Number

Typed or Printed
Name Raymond Y. Chan

NOTE: Sig of ail th inventofs ignees of record of the entire infersst or their representstive(s) are required. Submit multiple
forms if mors than one is ired, s8e below”.

[Z] Totsl ot forms ara submitted.

Burden Hour Sistement. This form is estmaied o take 3 minutes lo complets. Time wifl vasy depanding upon the neads of the individus! cass. Any commenie on
the smourt of lime you ars required to comaisle thia form should be sent Lo the Chief Information Officer, U.S. Palent snd Trademark Offics, Washinglon, DC
20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant for Patents, DC 2021
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PARTB - FEE(S) TRANSMITTAL | [N e

Complete and send this form; together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

| .
xandria, Virginia 2 450

(703)?“00

- NG NS g lor ransmiting the u.ﬂl 2 PRI PEE GF reqoire: T oK -r"-\, ; Pd Wht
-p mumwmmmmmmmm mm:fmnhmnehlwﬁl be
naless comected below or dizected otherwise in B ]W{a}w&uﬂmﬁl:wwﬂn&zm md!w(b}m:mlmu wna.sss«m
sintenance fee notifieations.
~TOENT DORAESFORITERCE ADDRESS
1580 l-'.:m) ‘I"rnmml This ncruﬁ:lte canpol be used for any other
BCEOI) papers. Bach -d.dnus pugec m u
Ra)lmund ¥, C. Chan drawing, must hove its
1050 Oakdale Lane . Certificate of Maillog or Trlmiuh
Arcadi certify (hat thiy Fi Trangmittal is sited with
2. CA 91006 Uﬁi}%ﬁ% ;maarm Emﬁ? q&mﬂE
m ox Issoe Fee lbﬂ“‘y facsimi
transmitted o SETOD, i A
ONDy ¥ . CHAN (Deposilnr's nama)
Brtwg S [E—
o724 '5_!3)'3-00‘? sy
[ ArrLiCATION Ho. FLMGDATE | | FIRSTNAMED INVENTOR [aTToRNEY DOCKBTNO, | ¢ TioNND. |
10/047,310 1072272001 Hiram McCall USDP1659A-GRC 21
TITLE OF INVENTION: MICRO INERTIAL MEASUREMENT UNIT .
[ amnoes | swawean | ISSUE FEE | vosucATONTEE | TOTALFEEGIDUE | DATE DUE
nanprovisional YES 5650 5300 5950 101412003
[ EXAMINER [ axrunm [ cLass-suscLASS
BUL BRYAN 2863 T02-141000
1. of e address or indication of “Fes Address” (37 the List
LSt eom “ e i’ﬁmmdw%,w;mﬁwﬁl RAYMOND Y. CHAN
Change addres. Change of Comespondence Wwﬁ&mﬁ {2) the name of & mmr” D
Edhulu:{n mlmdui(" e ot o single fim. t::ssma;;‘ambu 'f'qmz PATENT GROUP. OoN
attormey or names of op to
Adreis” indication (or "Fes Address” Indication form | registered patent attorneys or agents. If no name
wag':;‘viseadz wmm}mﬂ‘uoﬂmm {s listod, 1o nsme will be prink 3
1. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print ot type)
PLEASE : Unless an assi identified below, dats will sppear on the patent. knch f assignee sppropriate when an assignment has
DA Ty satmiacd o the e e e sepeasie corh: Complodion OF & e O e e e Al et o
(A} NAME OF ASSIGNEE (B) BESIDENCE: (CITY and STATE OR COUNTRY)
AMERICAN GNC CORPORATION SIMI VALLEY, CA
Please check the appropriste assignee category or jes {wrill not be printed an the paten Windividoal M pomparation or aler private group entity U go
4a. The following fee(s) are enclosed: 4b. Payment of Fes(s):
A Tssue Fe M A check in the amoant of the fie(s) is enclosed.
W Poblication Fee 13 Payment by eredit cand. Parm PTO-2008 ismttached
i ized
\J Advance Order - # of Copies gepui.t.n\cumm\aher by gfﬂw ermmymwmgm
Commivsioner for Patents is reqt 4 ta apply the lssue Fee and Publication Fee (if any) or to re-spply any previously paid issue fee ta the spplicstion identified shove.

10/03/2003 UABDELR 00000135 10017310

01 FCe2301 650,00 0P
0@ FCz1504 300,00 0P
saggestions fo mdnmn;lhi: ihe Chis
Patent and ¥nd=nvk Office, UL, Department of Commercs, Alexandria, vmu
22313-1450. DO NOT SEND !‘B:BS BR COM?].BT‘BD FORMS TO THIS ADDI
EEND TO: G for Patenis, Virginia 22313-1450.
Under the Paperwerk E.odncano! 1995, no are required o respond to
collection of information unless [t divplays s valid O] mimbu "
TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (REV. 05-03) Approved for use (rough 04/30/2004. OMB 0651-0033 U5, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Unitep Stares Parent anD TRADEMARK OFFICE

United States Potent and Trademark Office
Adtivss, COMMISSHONER FOR PATENTS
PO Box | 4!

u
Aleasdin, Visenia 103101350
Bk g

UNITED STATFS DEPARTMENT OF COMMERCE

APPLICATION NUMBER ! PATENT NUMBER ] CGROUT ART UNIT l FILE WRAPPER LOCATION

10/017,310 6671648 28063 9200R 100811009103

R

Correspondence Address/Fee Address Change

The followlng fields have been set to Customer Number 30265 on 09/30/2008
« Correspondence Address
* Maintenance Fee Address
« Power of Attorney Address

The address of record for Customer Number 30265 Is:

30265

DAVID AND RAYMOND PATENT FIRM
108 N. YNEZ AVE., SUITE 128
MONTEREY PARK, CA 91754

PART 1 - ATTORNEY/APPLICANT COPY
page 1of 1
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DEC 19200 %

&

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application Number: 10,017,310 Patent Number: 6,671,648

First Mamed Inventor:  Hiram McCall Issue Date:  12/30/2003

Filing Date: 10/22/2001 Group Art Unit: 2863

Examiner: Bui, Bryan Atty's Docket No.: USDP1698A-GNC

Title:  Micro Inertial Measurement Unit

Date: _Decemnber 12, 2016

Request for Certificate of Correction under 37 CFR 1.323

Commissioner for Patents
Office of Patent Publication
Certificate of Corrections Branch

'P.O. Box 1450, Alexandria, VA 22313-1450.

The applicant respectfully requests for the correction of the typo for the Claim. The Letters
Patent is required to be corrected as shown below:

Claim 1, column 24, line 20 "verted into are digital angular increments and digital” should be
amended to delete “are” and corrected to read as “verted into digital angular increments and
digital”.

The applicant hereby enclosed the followings for the correction:

1. Form PTO/SB44

2. A mark-up copy of the Certificate.

3. Payment of US$100.00 for the Certificate of Correction. The fee submitted is believed
to be correct. However, the Director is hereby authorized to charge the additional
required fee(s) or credit any overpayment to Deposit Account Number 502111 in the
name of David and Raymond Patent Firm.

Please accept the above documents and payment and issue the Certificate of Correction for
this immediate application. Thank you for your assistance.

lly submitted,

Raymond Y. Cha

Reg. No.: 37,484

108 N. Ynez Avenue, Suite 128,

Monterey Park, CA 91754,

Tel. (626) 571-9812/ Fax: (626) 571-8813

Certification of Mailing

I certify that this correspondence will be deposited with the United States Postal Service as first

class mail yith—pro er postage aﬂ“ xad m an envelope addressed to: "Certificate of Corrections
Branch, Co antsTPO—Bgox 1450, Alexandria, VA 22313-1450." on the date
below.

Signature: Date: (b':/ "\P / 9"3'\[{3

Person S|gnlng R‘aYmET'iEl_Y (C"‘h

12/20/2086 COVSU,  BEAERERN 6671643
8. FOalgis 168,68 34
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PTOISE/4 (05.07)
Appraved for uta through 0A/31/2010. OME 0851-0033

.5, Patent and Trademark Office; L.5. DEPARTMENT OF COMMERCE
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{Aiz0 Form PTO-1050)
UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION
Page 1 of 1
PATENT NO. 1 6,671,864882
APPLICATION NO.:  10/017,310
ISSUE mf'e ¢ December 30, 2003

INVENTOR{S) : Hiram McCall, Ching-Fang Lin

It is certified that an emor appears or errors appear in the above-identified patent and that said Letters Patent

is hereby corrected as shown below:
W e Q\awnd
Claim 1, column 24, line 20, between “into" and "digital® delete "are”.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

This collection of information is required by 37 CFR 1.322, 1323, and 1.324. The infarmation Is required [ obtain or retain 3 benefit by the public which is Io e
(and by the USPTO to process) an appication. Confidentiality is govemed by 35 U_S.C. 122 and 37 CFR 1.14, This collection is estimated o take 1.0 hour o

, ncluding gathering, and form to e USPTO, Time will vary depending upon e individial case, Any
mmmmmmamaummmmmmmmwmgﬁumshmmmn.-m should ba sent to the Chief Information Officer,
U.S. Patent and Offica, 1. P.O, Bax 1450, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. smum-mmﬂm Carﬁﬁuhdf‘ Branch, € . for Patents, P.Q. Box 1450, Alexandria,
VA 223131450,

I you need assistance in compleling the form, call 1-800-PT0-9199 and select oplion 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. ;6,671,648 B2

Page 1 of |
APPLICATION NO. : 10/017310
DATED : December 30, 2003
INVENTOR(S) : Hiram McCall and Ching-Fang Lin

It is certified that error appears in the above-identified patent and that said Letters Patent is heraby corrected as shown below:
In the Claims

Claim 1, Column 24, Line 20, between “into™ and “digital” delete “are”.

Signed and Sealed this
Twenty-first Day of March, 2017

Tnecbatle % Lo

Michelle K. Lee
Directar of the United States Patent and Trademark Office
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Case 2:17-cv-00107-RWS-RSP Document 4 Filed 02/03/17 Page 1 of 2 PagelD # 79

ACH120 {Rev. DB0Y

10: Mail Stop 8 REPORT ON THE
' Director of the US. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Complinnce with 35 US.C. § 200 andlor 15 U.5.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court FOR THE EASTERN DISTRICT OF TEXAS o the following
] Trademarks o O Pateres. ([0 the patent action involves 35 UL5.C. § 292,
BOCKET NO. DATE FILED U5, DISTRICT COURT
2:17-cv-107 /32017 FOR THE EASTERN DISTRICT OF TEXAS
PLAINTIFF DEFENDANT
American GNC Corporation ZTE Corporation, ZTE {USA) Inc., and ZTE (TX) Ine.
PATENT (3R DATE OF PATENT . , .
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
I 6,311,555 11/6/2001 American GNC Coporation
1 6415227 7/2/2002 American GNC Coporation
3 6,508,122 1/21/2003 American GNG Coporation
4 6,516,280 2/4/2003 American GNC Coporation
5 8,671,648 12/30/2003 American GMNC Coporation
In the above —entitled case, the following putentis)/ trademark(s} have been included:
DATE INCLUDED INCLUDED BY
7 Amendment T Answer ] Cress Bilt ] Otker Plewsding
PATENT OR DATE OF PATENT - .
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the ahove  entiled case, the following decision has heen rendered or judgement issued:

DECISIONAUDGEMENT

CLERK (BY) DEFUTY CLERK DATE

Copy 1—LUpon initintion of action, mail this copy to Director  Copy 3—Upoa termination of action, mail this copy to Director
Copy 2—1Upon Hling decument adding patent(s), mail this copy to Director  Copy 4--Case file copy
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Case 2:17-cv-00107-RWS-RSP  Document 4 Filed 02/03/17 Page 2 of 2 PagelD #: 80

AQ 13 {Rev, 08200

TO: Mail Stop 8 REPORT ON THE
' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
1.0, Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 andior 15 U.5.C. § 1116 vou are hereby advised that a court action has been
filed in the ULS. District Court FOR THE EASTERN DISTRICT OF TEXAS on the following
) Trademarks or [ Patents.  { [ the patent action involves 33 UL5.C. § 2920
DOCKET NO. DATE FILED 1S, DISTRICT COURT
2:17-cv-107 232017 FOR THE EASTERN DISTRICT OF TEXAS
PLAINTIFF DEFENDANT
American GNC Corporation ZTE Corporation, ZTE (USA) Inc., and ZTE (TX) Inc.
PATENT OR DATE (IF PATENT . - ’
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
| 6,697,758 2{24/2004 American GNC Coporation
2 6,792,353 9/14/2004 American GNC Coparation
4
5
s the above  entitled case, the following patent(s ) trad (s} have been included:
DATE INCLUDED INCLUDED BY
7 Amendment [ Answer [ Cross Bill [ (xher Pleading
PATENT R DATE OF PATENT . - _
TRADEMARK NG OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
3
3
4
3

In the above —entited case, the following decision has been rendered or judgement issuid:

DECISIONAUDGEMENT

CLERK (BY)DEPUTY CLERK DATE

Copy 1—1pon initiation of action, mail this copy te Director  Copy 3—Upoa termination of aclion. mail this copy te Director
Copy 2—Upon [iling document adding patent(s), mail this copy 1o Director  Copy 4—Case file copy
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Case 2:17-cv-00119-RWS-RSP Document 2 Filed 02/10/17 Page 1 of 2 PagelD #: 78

A0 120 (Rev. DBAD)

10 Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.0. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, YA 22313-1450 TRADEMARK

In Compliance with 33 U.S.C. § 290 andfor 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the 1.5, Disirict Coun FOR THE EASTERN DISTRICT OF TEXAS on the following

[ Trademarks or o Patems. { (O lhe-p.ulcnl acliu.n"m-\;olvcs 35t .L.-§ 92
DOCKET NO. DATE FILED LS, DISTRICT COURT
2:17-cv-00119 2/8/2017 FOR THE EASTERN DISTRICT OF TEXAS
FLAINTIFF - DEFENDANT
American GNC Corporation LG Elactronics Inc., LG Electronics USA, Inc., LG

Electronics Mobilecomm USA, Inc., and LG Electronics
Mobile Research USA, LLC

PATENT OR DATE OF PATENT B ATENT (R THADE
TRADEMARK NO. OR TRADEMARK HOLRER OF PATENT OR TRADEMARK
| 6,311,555 11/6/2001 American GNC Coporation
? 6,415,227 7i22002 American GNC Coporation
3 6,508,122 1/21/2003 American GNC Coporation
4 6,516,283 2/4/2003 American GNC Coporation
5 6,671,648 12/30/2003 American GNC Coporation
In the above—entitled case, the following | ! trademark(s) have been included:
DATE INCLUDED INCLUDED BY
A d [ Answer [ Cross Bill [0 Other Pleading
PATENT OR DATE OF PATENT O P ATENT i
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
1
3
L]
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISIONIUDGEMENT

CLERK (BY) DEPUTY CLERK DATE '

Copy |—Upen initiation of action, mail this copy to Director  Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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SERIAL NO. FILING DATE
LAIMSONLY {OO£7310 (O -~22-0|
APPLICANT(S)
N T~ CLAIMS
I asrieo 18t A:gliumﬁm 2nd AMENDMENT * " *
wD. | per. | mo. | DER IND. | DEP. wp. | DER. | mwo. | DEP. | ND. | DER
1 1 51
2 \ 52
3 | 53
s [ 54
5 55
6 56
7 57
8 58
9 59
10 60
1 81
12 62
13 63
14 64
15 65
16 | 66
17 67
18 68 '
19 69
20 70
21 I
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
a0 80
K1l 81
32 82
33 83
34 84
35 a5
36 86
37 87
38 88
39 89
40 920
4 91
42 92
) 93
44 94
45 95
46 96
47 97
28 98
49 99
50 100
TOTAL TOTAL
IND. IND. ] ]
TOTAL TOTAL -
DEP. DEP.
oA CLAINS
* MAY BE USED FOR ADDITIONAL CLAIMS OR ADMENDMENTS
U.S.DEPARTMENT OF COMMERCE
FoRM PT0-2022 (1:66) Patént and Trademark Office
"8, Govemment Printing Office: 1898 - 433-214/70303
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PATENT APPLICATION FEE DETERMINATION RECORD

Effective October 1, 2001

Application or Docket Number

UsDP 1699 A- ¢

CLAIMS AS FILED - PART |

_ SMALL ENTITY OTHER THAN
(Cc:iunn 1) Column 2 TYPE OR . SMALL ENTITY
TOTAL CLAIMS _ [RaTE | FEE | [CRaTE | FEE
FOR NUMBER FILED NUMBER EXTRA [asic Feg] 370.00 |gR[BASIC FEEI 740.00
TOTAL CHARGEABLE CLAMS | U minus20= [+ © X3 9= orl| xsts=
INDEPENDENT CLAIMS | mns3=|" O Xa2= .
MULTIPLE DEPENDENT CLAIM PRESENT D
. - . +140= OR| +280=
* I the difference in column 1 is less than zero, enter "0" in column 2 ToTAL |2 72 o TOTAL
CLAIMS AS AMENDED - PART Il j OTHER THAN
" (Column 1 Column 2) _(Column 3) SMALL ENTITY OR SMALL ENTITY
™S HIGHEST
ADDI- ADD!-
< REMAINING NUMBER .
£ e ey | TEEENT RATE |TIONAL RATE | TIONAL
i AMENDMENT PAID FOR FEE FEE
=
% A ey Minus wO)L) |- X§ 9= or| xs18=
3 Independent |« / Minus ik ; = Xa2- orl xes=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM [ -
+140= +280= /
= OTAL
TOTAL TOTA
ADDIT. F " _|oR aoom re
Column 1 Column 2} (Column 3) /? . 7
CLAIM FIGHEST 7
m REMAINING NUMBER | PRESENT 4 ADDI- ADDI-
= AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
& AMENDMENT PAID FOR FEE FEE
= I
% Total * Minus *x = X$ 9= OR X$18=
E Independent |+ Minus . = X42= oR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM |
+140= OR| +280=
TOTAL TOTAL]
ADDIT. FEE OR sporT. Fee
Column 1 Column 2) _ (Column 3)
WS HIGHEST
o REMAINING _ NUMBER PRESENT ADDI- ADDI-
Fz- | AETER. PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
g AMENDMENT PAID FOR FEE FEE
Total * Mir = =
% : s il X$ 9= or | xs18=
Independent |« jnus o =
% = ° ¥ X42= or| xe4=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D :
+140= OR | +280=
* |fthe entry in column 1 Is less than the entry in column 2, write “0" in column 3.
= Ifthe *Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter ‘20." ADDIT FEE OR poom ree

w+{f the “Highest Number Previousty Paid Fo
The “Highest Number Previously Paid

r IN THIS SPACE is less than 3, enter "3,
For" (Total or Independent) is the highest

number found in the appropriate box in column 1.

. ——
FORM PTO-875 (Rev, 8/01)

FrU.5.0P0:2001 492124 1 50157

i — s—
Patent and Trademark Office, U.S, DEPARTMENT OF COMMERCE
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. |SSUE SLIP STAPLE AREA (for additional cross-references)

ISSUING CLASSIFICATION
ORIGINAL CROSS REFERENCE(S)
CLASS SUBCLASS | CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
-2 } 1 Doz CXg

INTERNATIONAL
CLASSIFICATION
Glolt|P| S los
& ol |P |51 e
/

/

i A Continued on Issue Slip Inside File Jacket
INDEX OF CLAIMS

Claim " Date Claim Date Claim Date

Final
Origi
|l /7 7
vl n 2 /o
Final
Original
Final
Original

[
|
8

(30 80 130
31 81 131
32 82 132

BES 83 133
3 B (kT
35 |85 135
36 86 (136
ar B B EED
38 a6 138
39 |89 (139
[ BE] 140
41 a1 141
a2 92 142
43 93 143
44 [T} 44
a5 :J 95 1%
46 [ 146
& BEd 147
46 o8 148
49 RE 149
50 100 150

If more than 150 claims or 9 actions staple additional shest here
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SEARCH SEARCH NOTES

{List databases searchied. Attach
search strategy inside.)

Sub. | Date . Date

Exmr.

1277|2513 / ) :
(41 LA Gewde | 3/T)23 RO
[ pzd )

.-"l(/?//
{7
g
2106
217
zee

(_zz.«f

INTERFERENCE SEARCHED
Class | Sub. Date | Exmr,

2y v =3
s |V

7{"“’"3 ﬂyj
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