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LOW LEAKAGE AND DATA RETENTION CIRCUITRY

RELATED APPLICATIONS

5 This application is a continuation of U.S. Application No. 13/074,291, filed
March 29, 2011, which is a continuation of U.S. Application No. 12/542,352, filed
August 17,2009 (now U.S. Patent 7,940,081), which is a continuation of U.S.
Application No. 12/284,311, filed September 19, 2008 (now U.S. Patent 7,592,837),
which is a continuation of U.S. Application No. 11/998,725, filed November 30, 2007

10 (now U.S. Patent 7,443,197), which is a continuation of U.S. Application No.
11/732,181, filed April 2, 2007 (now U.S. Patent 7,348,804), which is a divisional and
claims the priority benefit of U.S. Application No. 11/041,687 filed January 20, 2005
(now U.S. Patent 7,227,383), which claims the priority benefit of U.S. Provisional
Application No. 60/546,574, filed February 19, 2004 and U.S. Provisional Application

15 No. 60/586,565, filed July 9, 2004.

The entire teachings of the above applications are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
20 The present invention relates generally to integrated circuits, and more

particularly to low leakage and data retention circuitry.
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2. Description of the Related Art

Most integrated circuits have a design goal to reduce the overall power
consumption. The total power consumed by an integrated circuit includes dynamic
power consumption and standby leakage current consumption. The challenge in
designing an integrated circuit is to reduce the dynamic power and leakage power, while
maintaining performance and cost goals for the integrated circuit.

In complementary metal oxide semiconductors (CMOS), various types of
leakage occur such as pn junction reverse-bias current, subthreshold leakage, oxide
tunneling current, gate current due to hot-carrier injection, gate-induced drain leakage,
and channel punch through current. When the threshold voltage for a CMOS transistor
is reduced for higher performance, the leakage power is significant in the total power
consumption of the CMOS circuit.

There are two approaches in reducing the leakage power for CMOS circuits. The
first approach is a process level technique that controls the doping profile of the
transistor. The other approach is a circuit level technique where voltages at the different
device terminals such as the drain, source, gate, and body are controlled. Some circuit
level techniques are discussed below.

One circuit level technique is stacking transistors, which is also called self-
reverse bias. When more than one transistor in a stack of series-connected transistors is
turned off, the subthreshold leakage current is reduced. One problem with the transistor
stack is that only a three times reduction in leakage current is achieved.

Another circuit level technique is a multiple threshold voltage design. Both high- and
low-threshold transistors are on the same chip to deal with the leakage problem. The
high-threshold transistors suppress the sub-threshold leakage current. The low-threshold
transistors are used to achieve higher performance. One problem with a multiple
threshold design is that process complexity and costs are increased.

Another circuit level technique is a multiple body bias in which the body voltage
is changed to modify the threshold voltage. If separate body biases are applied to

different NMOS transistors, the transistor cannot share the same well, which requires
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triple well technologies. One problem is that well biasing consumes a lot of chip arca
and requires extra power supplies for each cell. This technique also increases process
complexity and the leakage reduction is not optimal.

Another technique for reducing leakage is a sleep transistor. FIG. 1 depicts prior
art circuitry including a sleep transistor. For NMOS sleep transistors, one or more
NMOS transistors are added to logic gates in series with the cell transistors to VSS. The
NMOS sleep transistors act as a switch to turn on and off the logic gate. In FIG. 1, the
sleep transistor 130 is turned on (gate to VDD) during normal cell operation. When the
cell is idle, the sleep transistor 130 is turned off (gate tied to VSS) to reduce the leakage
current of the cell. Sleep transistors can also be PMOS transistors. One problem with
sleep transistors is that if all logic has sleep transistors, the logic will lose their state

information.

SUMMARY OF THE INVENTION

In an exemplary embodiment of the presently disclosed invention, a data
retention circuit is provided. The exemplary circuit includes an input/output pad cell
that itself includes level shifter circuitry, the level shifter circuitry having inputs and
outputs. Output latching circuitry is also provided as a part of the data retention circuit.
The output latching circuitry includes two transistors. The transistors are coupled to the
outputs of the level shifter circuitry and retain a state of the level shifter circuitry based
on the state of the inputs. A leakage optimization circuit is also included, the leakage
optimization circuit is configured to simultaneously decrease leakage power in
conjunction with the state retention of the output latching circuitry.

In another embodiment of the presently disclosed invention, a system for
controlling power consumption within an integrated circuit is disclosed. The system
includes a power island, the power island includes a first circuit. The first circuit of the
power island is configured to receive an input signals and a hold signal. The circuit is
further configured to process the input signals and retain data in a sleep state having low

leakage. The first circuit is further configured to retain the data based on the hold
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signal. The system further includes a sleep transistor, which is coupled to the first
circuit. The sleep transistor is configured to receive a negative voltage sleep signal and
reduce power consumption of the first circuit in the sleep state. As a result, the first
circuit has low leakage based on the sleep signal while simultancously retaining the

data.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing will be apparent from the following more particular description of
example embodiments of the invention, as illustrated in the accompanying drawings in
which like reference characters refer to the same parts throughout the different views.
The drawings are not necessarily to scale, emphasis instead being placed upon
illustrating embodiments of the present invention.

FIG. 1 is an illustration of circuitry including a sleep transistor in the prior art;

FIG. 2 is an illustration of an integrated circuit with a power supply in an
exemplary implementation of the invention;

FIG. 2A is a block diagram of a leakage manager system for minimizing state
leakage of a logic gate by application of a negative voltage to a sleep transistor.

FIG. 3 is an illustration of a power island manager with an isolation gate and a D
flip-flop in an exemplary implementation of the invention;

FIG. 4 is an illustration of a power island manager in an exemplary
implementation of the invention;

FIG. 5 is an illustration of a D/Q portion of flip-flop circuitry in an exemplary
implementation of the invention;

FIG. 6 is an illustration of a CK portion of flip-flop circuitry in an exemplary
implementation of the invention;

FIG. 7A is an illustration of a sleep transistor for an OFF node in an exemplary
implementation of the invention;

FIG. 7B is an illustration of a sleep transistor for an SB node in an exemplary

implementation of the invention;
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FIG. 7C is an illustration of a moderate impedance transistor for an SB node in
an exemplary implementation of the invention;

FIG. 8A is an illustration of circuitry for a tristate inverter in the master latch in
an exemplary implementation of the invention;

FIG. 8B is an illustration of circuitry for a tristate inverter in the slave latch in an
exemplary implementation of the invention;

FIG. 9 is an illustration of a HOLDB and SLEEPB signals in an exemplary
implementation of the invention;

FIG. 10 is an illustration of circuitry for low leakage and data retention in an
exemplary implementation of the invention;

FIG. 11 is an illustration of slave latch circuitry in an exemplary implementation
of the invention; and

FIG. 12 is an illustration of circuitry for a level shifter for an I/0 pad in an

exemplary implementation of the invention.

DETAILED DESCRIPTION OF THE INVENTION

A description of example embodiments of the invention follows.

As shown in the exemplary drawings wherein like reference numerals indicate
like or corresponding elements among the figures, exemplary embodiments of a system
and method according to the present invention are described below in detail. It is to be
understood, however, that the present invention may be embodied in various forms.
Therefore, specific details disclosed herein are not to be interpreted as limiting, but
rather as a basis for the claims and as a representative basis for teaching one skilled in
the art to employ the present invention in virtually any appropriately detailed system,
structure, method, process or manner.

Power Island Manager — FIGS. 2-4

In some embodiments, an integrated circuit can be delineated into power islands.
Power consumption can then be controlled within the power island. A power island

manager provides control signals to the power island to control power consumption of
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the power island. In some embodiments, the low leakage, data retention circuitry is
located within the power islands.

FIG. 2 depicts an illustration of an integrated circuit 200 with a power supply
280 in an exemplary implementation of the invention. The integrated circuit 200
includes a central processing unit (CPU) 210, a clock manager 212, power island
managers 220, 222, and 224, a power supply manager 240, level shifter/isolation gates
(LS/ISO) 250, 252, and 254, logic (power island 2) 260, memory (power island 0) 262,
third party intellectual property (IP) (power island 1) 264, adaptive leakage controller
(ALC) 270, and bus 280.

A power island is any section, delineation, partition, or division of an integrated
circuit where power consumption is controlled within the section, delineation, partition,
or division. In some embodiments, the power islands are delineated based on
geographic factors of the integrated circuit. In some embodiments, the power islands are
delineated based on functional IP units of the integrated circuit 200. In this example
depicted in FIG. 2, power islands are delineated by memory 262, logic 260, and third
party IP 264. Power islands are discussed in further detail in pending U.S. application
serial no. 10/840,893 entitled “Managing Power on Integrated Circuits Using Power
Islands” filed on May 7, 2004, which is hereby incorporated by reference.

The power island managers 220, 222, and 224 are any circuitry, device, or
system configured to provide control signals to a power island to control power within
the power island. The power island managers 220, 222, and 224 can dynamically
change the power consumption of the power islands based on the needs and operation of
the integrated circuit 200. The power island managers 220, 222, 224 may select a clock,
change clock frequency, or modify the voltage within the power island to control the
power consumption of the power island.

The ALC 270 provides control signals to compensate for process and
temperature variation to provide the optimum voltage to be applied to sleep transistors

in the power islands. The ALC 270 is described in further detail U.S. Patent Application
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Serial Number 10/996,739 entitled “Systems and Methods for Minimizing Static
Leakage of an Integrated Circuit” filed on 11/17/04.

FIG. 2A is a block diagram of a leakage manager system 290 for minimizing
static leakage of a logic gate by application of a negative voltage to a sleep transistor in
accordance with an example embodiment. The leakage manager system 290 comprises
an adaptive leakage controller (ALC) 291, a negative voltage regulator 292, and a
charge pump 294. The charge pump 294 generates a negative voltage 295 (SLPB). The
ALC 291 determines whether to adjust the negative voltage 295. The ALC 291
generates a signal (depicted as CTRL) depending on the determination. The negative
voltage regulator 292 adjusts the negative voltage 295 depending on the CTRL signal.

As described further herein, the negative voltage regulator 292 of one
embodiment generates an enable (EN) signal to the charge pump 294 to enable the
charge pump 294 to increase the magnitude of the negative voltage 295 (i.c., to make
the negative voltage 295 more negative). If the EN signal is low, an alternating signal
from an oscillator 293 to the charge pump 294 is disabled, preventing the charge pump
294 from increasing the magnitude of the negative voltage 295. Alternatively, if the EN
signal is high, the alternating signal from the oscillator 293 is enabled so that the charge
pump 294 will increase the magnitude of the negative voltage 295. Because the negative
voltage regulator 292 toggles the EN signal on or off depending on whether the ALC
291 determines to adjust the negative voltage 295, the leakage manager system 290
maintains the negative voltage 295 at a particular negative voltage to minimize static
leakage of the logic gate.

Under normal operation where the digital logic block is to operate, the sleep
control receives a signal (sleep input, polarity unimportant here) to disable the charge
pump and raise Vieep voltage to Vpp.

Under idle operation, where the digital logic block is to sleep (change to a low
leakage current state), the Charge Pump Control Logic (CPCL) sends a clock signal and
an enable signal to the Negative Voltage Charge Pump (NVCP) to first rapidly drop the
Veep signal to Vgg. Then the charge pump begins to push the Ve, voltage below Vss



2037.2077-019

10

15

20

25

-8 -

and continues to do so until it receives a pause signal from the CPCL. The Negative
Bias Voltage Bias Regulator (NVBR) monitors the Ve, voltage until a desirable
reduction of the transistor current I ¢ has been achieved. At that point it sends a signal
to the CPCL to initiate a Pause signal to the NVCP. As time passes the Vsleep voltage
will slowly drift upwards toward Vgg and at a preset transistor L, the NVBR sends a
signal to the CPCL to restart the NVCP to restore the Ve, negative voltage to achieve
the desired L.

FIG. 3 depicts an illustration of the power island manager 220 with an isolation
gate 350 and a D flip-flop 360 in an exemplary embodiment of the invention. The
power island manager 220 includes a data retention state machine 330 and a sleep
generator 340 that are coupled to each other.

The power island manager 220 is coupled to the isolation gate 350 by the ISO
signal. The ISO signal is also coupled to other isolation gates. The data retention state
machine 330 is coupled to DRB input of the D flip-flop 360 via the DRB signal. The
data retention state machine 330 is also coupled to the AND gate 362 via the ENC
signal. The clock island (CKI) signal is coupled to the data retention state machine 330
and the AND gate 362. The sleep generator 340 is coupled to the D flip-flop 360 and
the AND gate 362 via the SLPB signal. The output of the AND gate 362 is coupled to
the C input of the D flip-flop 360 via the CKA signal. The system reset signal is
coupled to the RESETB input of the power island manager 220 and the RB input of the
D flip-flop 360. The SLPB signal, the DRB signal, and the system reset signal are
coupled to other data retention flip-flops.

FIG. 4 depicts an illustration of a power island manager 220 in an exemplary
embodiment of the invention. The power island manager 220 includes an AND gate
402, a multiplexer (MUX) 404, a D flip-flop 410, an inverter 412, an AND gate 414, a
D flip-flop 420, a D flip-flop 430, the data retention state machine 330, a MUX 432, a
MUX 442, a sleep generator 340, and a buffer 452.

The DIO pin is coupled to the D input of the D flip-flop 410. The SIO0 pin is
coupled to the SI input of the D flip-flop 410. The CSB and the WEB pins are coupled
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to the inputs of the AND gate 402. The output of the AND gate 402 and the SCK1 pin
are coupled to the input of the MUX 404. The output of the MUX 404 is coupled to the
C inputs of the D flip-flop 410, the D flip-flop 420, and the D flip-flop 430. The Q
output of the D flip-flop 410 is coupled to the DOOQ pin, which is coupled to the input of
the inverter 412 and the SI input of the D flip-flop 420. The DI1 pin is coupled to the D
input of the D flip-flop 420. The Q output of the D flip-flop 420 is coupled to the DOI
pin, which is coupled to the input of the AND gate 414 and the SI input of the D flip-
flop 430. The output of the AND gate 414 is coupled to the RSTB pin. The DI2 pin is
coupled to the D input of the D flip-flop 430. The Q output of the D flip-flop 430 is
coupled to the DO2 pin, which is coupled to the DLY 1/ISO pin. The DLY 1/ISO pin is
coupled to the SO1, the input of the MUX 432, and the data retention state machine
340.

The RESETB pin is coupled to the R input of the D flip-flop 430, the D flip-flop
420, and the D flip-flop 410. The SE pin, the RESETB pin, the CKI pin, and the SI2 pin
are coupled to the data retention state machine 330. The data retention state machine
330 is coupled to the input of the MUX 432, the SO2 pin, the DRB pin, the ENC pin,
and the input of the MUX 442. The output of the MUX 442, the VDDI pin, and the
VL[0:2] are coupled to the sleep generator 340. The sleep generator 340 is coupled to
the SLPB pin. The sleep generator 340 is coupled to the data retention state machine
330 via the AW pin and the input of the buffer 452. The output of the buffer 452 is
coupled to the DO3 pin. The DRMODE pin is coupled to the MUX 442.

In operation, the power island manager 220 has a three bit register for
controlling a power island for some embodiments. D [0], with input DIO and output
DOO, is an island reset for re-initializing a power island. This bit is combined with
RESETB to form RSTB to re-initialize the power island whenever RESETB or the D
[0] is active. D [1], with input DI1 and output DO1, is a sleep bit. When the D [1] bit is
set to one, the power island goes into a low leakage state. D [2], with input DI2 and
output DO2, is a DLY 1/Isolate bit. When DRMODE is tied to low, the D [2] bit, when
set to one, will add one clock cycle delay between DRB going active and SLPB going

10
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active. When DRMODE is tied high, the D [2] bit, when set to one, will activate
isolation of the power island. D [3], such as DO3, is an awake bit. This D [3] bit goes
high when SLPB is high. This can be used by software to determine when a power
island is out of the sleep state.

The power island manager 220 has two operating modes: one that supports
power islands with data retention flip-flops and one that does not. When the DRMODE
pin is tied high, a power island is put to sleep by writing a one to D[1]. The data
retention state machine 330 performs the timing. The isolate (ISO) signal goes active
when the sleep bit is written to a one, and the enable clock (ENC) and the data retention
(DRB) will go low after synchronization to the power island clock (CKI). One or two
clock cycles later the sleep (SLPB) goes low. To come out of sleep mode, a zero is
written to D[1]. In some embodiments, all clock buffers in the power islands can be put
to sleep to further minimize leakage. Software can determine when the power island has
come out of sleep by reading when DO3 is high.

The System Reset is typically applied once after initial system power up. In
some embodiments, the System Reset goes to all data retention flip-flops. The System
Reset signal and DIO bar are combined in a logical AND (RSTB output) to provide
initialization to non data retention flip-flops. To create a power island reset, D[0] is set
to a one and then cleared to a zero by software.

When the DRMODE is tied low, the power island manager 220 can also provide
the control signals for a power island without data retention flip-flops. The power island
manager 220 may have a hardware driven method and a software driven method for
interfacing to power islands without data retention flip-flops. The software sequence has

the following sequence:

Write 04 /turn on isolation
Write 06 /turn on sleep, isolation on /come out of sleep

Write 05 /turn sleep off, reset island, isolation on /wait for sleep to go high

11
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Read/test for DO3 = 1; sleep is high

Write 00 /turn isolation off, normal operation

The hardware driven method uses a clock to sequence the state machine. The
5  only action software takes is to write the sleep bit (DI1) to a one to go into sleep and
write a zero to the sleep bit to go out of sleep. Software can determine when the island
has come out of sleep by reading when DO3 is high.
In some embodiments, the power island manager 220 contains two scan chains
because some of the flip-flops are clocked on the positive and some on the negative.
10 The scan chain enable pin switches the clock on scan chain 1 (SI1 is the input; SO1 is
the output), the registers, to CKS1. Scan chain 2 (SI2 is the input; SO2 is the output) is
connected to the data retention state machine 330 flip-flops that are clocked on the
negative edge of CKI. A separate scan out is provided for each clock domain.
In some embodiments, the SLPB net uses p-type antenna diodes. Since the
15  SLPB net may go to a negative voltage, an n-type antenna diode can cause excessive
leakage to ground. The leakage can cause SLPB not to go negative and may not work
properly. The CSB pin is a chip select pin. The WEB pin is the write enable pin. The
VL [2:0] is the leakage control voltage value set by the ALC 270 (FIG. 2). The VDDI is
the VDD from the power island.
20

Low Leakage, Data Retention Circuitry — FIG. 5. 6, 7A-C, 8A-8B, and 9-12

FIGS. 5, 6, 7A-C, and 8A-8B disclose one embodiment for low leakage, data
retention circuitry. In this embodiment, in sleep mode, the circuit parts of a flip-flop that
do not require data retention are coupled to ground through a sleep transistor. The gate

25  of'the sleep transistor is coupled to a sleep signal that can be driven to a negative
voltage such as —0.3V. Thus, the leakage in these circuit parts of the flip-flop is
climinated (reduced). When not in a sleep state, the sleep transistor has a gate value

equal to or greater than the VDD supply, which effectively grounds the circuit.

12
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The circuit parts that require data retention are coupled to ground through two
transistors. One transistor acts effectively to ground the circuit above when not in sleep
mode just as the sleep transistor described above. The other transistor is a PMOS device
with the gate tied to ground, which provides medium impedance to ground. The voltage
drop across this transistor acts to reduce the leakage by increasing the source bias of the
NMOS transistors and simultaneously reduces the voltage across the circuit. In this
embodiment, the data is retained in a sleep state and reduces the leakage by a factor of
22.

FIG. 5 depicts an illustration of a D/Q portion 500 of the flip-flop circuitry in an
exemplary implementation of the invention. The D/Q portion 500 of the flip-flop
circuitry includes an inverter 502, a M3 PMOS transistor 504, an M4 NMOS transistor
506, master latch circuitry 510, an M11 PMOS transistor 522, an M12 NMOS transistor
524, an M13 NMOS transistor 526, slave latch circuitry 530, and an inverter 540.

The D signal input is the input of the inverter 502, which includes transistors M1
and M2. The source of the inverter 502 is coupled to the node OFF, which is described
below in FIG. 7A. The output of the inverter 502 is coupled to the M3 PMOS transistor
504 and the M4 NMOS transistor 506. The gate of the M3 PMOS transistor 504 is
coupled to the CLK signal input. The gate of the M4 NMOS transistor 506 is coupled to
the CLKB signal input.

The master latch circuitry 510 includes the inverter 512 and the inverter 514.
The inverter 514 forms a feedback loop with the inverter 512, where the output of the
inverter 512 is coupled to the input of the inverter 514 and the output of the inverter 514
is coupled to the input of the inverter 512. The inverter 512 corresponds to transistor
M5 and M6. The inverter 514 corresponds to transistors M7-M10. The input of the
inverter 512 is coupled to node A, which is described in FIG. 8A below. The source of
the inverter 512 is also coupled to node OFF, which is described below in FIG. 7A. The
output of the inverter 512 is coupled to node B, which is described below in FIG. 8A.

The source of the inverter 514 is coupled to node OFF, which is described below in

13
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FIG. 7A. The PMOS gate of the inverter 514 is coupled to the CLKB signal input. The
NMOS gate of the inverter 514 is coupled to the CLK signal input.

The M11 PMOS transistor 522 is in parallel to the M12 NMOS transistor 524
and the M13 NMOS transistor 526, which are in series. The gate of the M11 PMOS
transistor 522 is coupled to the CLKB signal input. The gate of the M12 NMOS
transistor 524 is coupled to the HOLDB signal input. The gate of the M13 NMOS
transistor 526 is coupled to the CLK signal input.

The slave latch circuitry 530 includes the inverter 532 and the inverter 534. The
inverter 534 forms a feedback loop with the inverter 532, where the output of the
inverter 532 is coupled to the input of the inverter 534 and the output of the inverter 534
is coupled to the input of the inverter 532. The inverter 532 corresponds to transistor
M14 and M15. The inverter 534 corresponds to transistors M18-21 and M31. The input
of the inverter 532 is coupled to node C, which is described in FIG. 8B below. The
source of the inverter 532 is also coupled to node SB, which is described below in
FIGS. 7B-C. The output of the inverter 532 is coupled to node D, which is described
below in FIG. 8B. The source of the inverter 534 is coupled to node SB, which is
described below in FIGS. 7B-C. The PMOS gates of the inverter 534 are coupled to the
HOLDB and CLK signal inputs. The NMOS gate of the inverter 534 is coupled to the
CLKB signal input.

The output of the inverter 532 is coupled to the input of the inverter 540. The
inverter 540 corresponds to transistors M16 and M17. The source of the inverter 540 is
also coupled to node OFF, which is described below in FIG. 7A. The output of the
inverter 540 is the Q signal output.

FIG. 6 depicts a CK portion 600 of the flip-flop circuitry in an exemplary
implementation of the invention. The CK portion 600 of the flip-flop circuitry includes
an inverter 602, an M24 PMOS transistor 604, an M25 PMOS transistor 606, an M26
NMOS transistor 608, an M32 NMOS transistor 610, and an M27 PMOS transistor 612.

The CK signal input is the input of the inverter 602, which includes transistors

M22 and M23. The source of the inverter 602 is coupled to node OFF, which is

14
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described below in FIG. 7A. The output of the inverter 602 is coupled to the drain of the
M24 PMOS transistor 604 and the node CLKB. The gate of the M24 PMOS transistor
604 is coupled to the HOLDB signal input. The output of the inverter 602 is also
coupled to the M25 PMOS transistor 606 and the M26 NMOS transistor 608. The M25
PMOS transistor 606, the M26 NMOS transistor 608, and the M32 NMOS transistor
610 are coupled in series. The gate of the M32 NMOS transistor 610 is coupled to the
HOLDB signal input.

The CLK signal output is coupled to the drain of the M25 PMOS transistor 606,
the drain of the M26 NMOS transistor 608, and the drain of the M27 PMOS transistor
612. The gate of the M27 PMOS transistor 612 is coupled to the HOLDB signal input.

FIG. 7A depicts a sleep transistor 702 for the OFF node in an exemplary
implementation of the invention. The sleep transistor 702 is an NMOS transistor that
corresponds to transistor M28. The drain of the sleep transistor 702 is coupled to the
OFF node. The gate of the sleep transistor 702 is coupled to the SLEEPB signal input.
The source of the sleep transistor 702 is coupled to ground. In some embodiments, the
OFF node can be separated into two or more nodes each having its own NMOS sleep
transistor.

FIG. 7B depicts a sleep transistor 704 for the SB node in an exemplary
implementation of the invention. The sleep transistor 704 is an NMOS transistor that
corresponds to transistor M29. The drain of the sleep transistor 704 is coupled to the SB
node. The gate of the sleep transistor 704 is coupled to the SLEEPB signal input. The
source of the sleep transistor 704 is coupled to ground.

FIG. 7C depicts a sleep transistor 706 for the SB node in an exemplary
implementation of the invention. The sleep transistor 706 is a PMOS transistor that
corresponds to transistor M30. The source of the sleep transistor 706 is coupled to the
SB node. The gate and drain of the sleep transistor 706 are coupled to ground.

FIG. 8A depicts circuitry 800 for the tristate inverter in the master latch in an
exemplary implementation of the invention. The circuitry 800 for the master latch

includes a PMOS transistor 802, a PMOS transistor 804, an NMOS transistor 806, and
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an NMOS transistor 808 that are coupled together in series. The gates of the PMOS
transistor 802 and the NMOS transistor 808 are coupled to the node B. The gate of the
PMOS transistor 804 is coupled to the CLKB signal input. The gate of the NMOS
transistor 806 is coupled to the CLK signal input. The drains of the PMOS transistor

5 804 and the NMOS transistor 806 are coupled to node A. The source of the NMOS
transistor 808 is coupled to node OFF.

FIG. 8B depicts circuitry 810 for the tristate inverter in the slave latch in an
exemplary implementation of the invention. The circuitry 810 for the slave latch
includes a PMOS transistor 812, a PMOS transistor 814, a PMOS transistor 816, an

10  NMOS transistor 818, and an NMOS transistor 820. The PMOS transistor 812 is
coupled to the PMOS transistor 814 and the PMOS transistor 816 that are parallel to
cach other. The PMOS transistor 814 and the PMOS transistor 816 are coupled to the
NMOS transistor 818, which is also coupled to the NMOS transistor 820.

The gates of the PMOS transistor 812 and the NMOS transistor 820 are coupled

15  to the node D. The gate of the PMOS transistor 814 is coupled to the HOLDB signal
input. The gate of the PMOS transistor 816 is coupled to the CLK signal input. The gate
of the NMOS transistor 818 is coupled to the CLKB signal input. The drains of the
PMOS transistor 814, the PMOS transistor 816, and the NMOS transistor 806 are
coupled to node C. The source of the NMOS transistor 820 is coupled to node SB.

20 FIG. 9 depicts an illustration of the HOLDB and SLEEPB signals in an
exemplary embodiment of the invention.

The operation begins with CK going to zero. This causes CLKB to be equal to
VDD and CLK to be equal to zero, which isolates the slave latch circuitry 530 from the
master latch circuitry 510. The HOLDB signal goes to 0 to retain the state of the slave

25  latch. The SLEEPB signal then goes to —0.3V. This shuts off transistor M28 in FIG. 7A,
which halts the leakage from all the circuits except in the slave latch circuitry 530.

When not in sleep mode, transistor M28 provides a low impedance path to ground.
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The slave latch circuitry 530 is coupled to ground through the transistors M29
and M30, respectively depicted in FIGS. 7B and 7C. One purpose of transistor M29 is
to provide a low impedance path to ground when not in sleep mode.

One purpose of transistor M30 is to provide a default moderate impedance path
to ground when transistor M29 is off or in sleep mode. The leakage in the slave latch
circuitry 530, in going through transistor M30, causes node SB to rise. This provides a
source bias to the slave NMOS transistors reducing the leakage through them and also
reduces the voltage across the slave side to VDD — SB, which further reduces the
leakage. Equilibrium is reached where the leakage cannot increase. Basically, the
leakage is used to limit itself.

This embodiment uses the gated VDD solution because the voltage across the
circuit is reduced to VDD — SB. This embodiment combines this gated VDD with the
modulated back gate bias method because of the source bias SB but only for the NMOS
transistors. This is accomplished without switching a lower VDD and driving a well.
Thus, a simple process can be used. Also, this embodiment advantageously uses the
moderate impedance transistor in a way that causes leakage to limit itself by reaching
equilibrium.

FIGS. 10 and 11 disclose another embodiment for low leakage, data retention
circuitry. In this embodiment, in a sleep state, the circuitries that do not require data
retention are coupled to ground through a sleep transistor. The logic coupled to the
transistors gated by the SLEEPB signal is shut off and draws minimal leakage. This
process is accomplished by driving the SLEEPB signal below VSS by 0.3-0.4V. The
HOLDB signal keeps the slave latch circuitry from changing state while the rest of the
flip-flop comes out of the sleep state. The only part of the flip-flop still powered is the
slave latch circuitry. The slave latch circuitry combines several techniques to minimize
leakage.

FIG. 10 depicts circuitry 1000 for low leakage and data retention in an
exemplary embodiment of the invention. The circuitry 1000 includes the inverter 1002,

the master latch circuitry 1010, the slave latch circuitry 1020, the inverter 1032, the
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inverter 1034, the sleep transistors 1042, 1044, 1046, and 1048, the inverter 1052, and
the inverter 1054.

The D input is the input for the inverter 1002. The master latch circuitry 1010
includes the transmission gate 1012, the inverter 1014, the transmission gate 1016, and
the inverter 1018. The output of the inverter 1002 is coupled to the left contact of the
transmission gate 1012. The right contact of the transmission gate 1012 is coupled to
the input of the inverter 1014 and the left contact of the transmission gate 1016. The
output of the inverter 1014 is coupled to the D input of the slave latch circuitry 1020
and the input of the inverter 1018. The output of the inverter 1018 is coupled to the DB
input of the slave latch circuitry 1020 and the right contact of the transmission gate
1016.

The SLEEPB signal input is coupled to the gates for the SL1 sleep transistor
1042, the SL2 sleep transistor 1044, the SL3 sleep transistor 1046, the SL4 sleep
transistor 1048, and the SLEEPB input of the slave latch circuitry 1020. The SL1 sleep
transistor 1042 is coupled to the inverter 1002 and ground. The SL2 sleep transistor
1044 is coupled to the inverter 1052, the inverter 1054, and ground. The SL3 sleep
transistor 1046 is coupled to the inverter 1014, the inverter 1018, and ground. The SL4
sleep transistor 1048 is coupled to the inverter 1032, the inverter 1034, and ground. In
some embodiments, the SL1 sleep transistor 1042, the SL2 sleep transistor 1044, the
SL3 sleep transistor 1046, and the SL4 sleep transistor 1048 can each be separated into
two or more node each having its own NMOS sleep transistor.

The CK signal is the input of the inverter 1052. The output of the inverter 1052
is coupled to the transmission gate 1012, the transmission gate 1016, and the input of
the inverter 1054. The output of the inverter 1054 is coupled to the transmission gate
1012, the transmission gate 1016, and the CLK input of the slave latch circuitry 1020.
The HOLDB signal input is coupled to the HOLDB input of the slave latch circuitry
1020. The output of the slave latch circuitry 1020 is coupled to the input of the inverter
1032. The output of the inverter 1032 is coupled to the input of the inverter 1034. The
output of the inverter 1034 is the Q signal.

18
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FIG. 11 depicts slave latch circuitry 1020 in an exemplary embodiment of the
invention. The slave latch circuitry 1020 includes D1 transistor 1102, D2 transistor
1104, DH transistor 1106, DSL sleep transistor 1108, stack transistors 1110, stack
transistors 1120, D1B transistor 1132, D2B transistor 1134, DHB transistor 1136, and

5 sleep transistor 1138.

The D1 transistor 1102, the D2 transistor 1104, the DH transistor 1106, and the
DSL sleep transistor 1108 are coupled to each other in series with the sleep transistor
1108 coupled to ground. The gate of the D1 transistor 1102 is coupled to the CLK
signal input. The gate of the D2 transistor 1104 is coupled to the D signal input. The

10  gate of the DH transistor 1106 is coupled to the HOLDB signal input. The gate of the
sleep transistor 1108 is coupled to the SLEEPB signal input.

The stack transistors 1110 comprise P1 transistor 1112, PO transistor 1114, N1
transistor 1116, and NO transistor 1118. The P1 transistor 1112, the PO transistor 1114,
the N1 transistor 1116, and the NO transistor 1118 are coupled to each other in series

15  with the NO transistor 1118 coupled to ground. The gates of the P1 transistor 1112, the
PO transistor 1114, the N1 transistor 1116, and the NO transistor 1118 are coupled to the
LAT signal input. The drains of the POB transistor 1124 and the N1B transistor 1126 are
coupled to the LAT signal input.

The stack transistors 1120 comprise P1B transistor 1122, POB transistor 1124,

20  NIB transistor 1126, and NOB transistor 1128. The P1B transistor 1122, the POB
transistor 1124, the N1B transistor 1126, and the NOB transistor 1128 are coupled to
cach other in series with the NOB transistor 1128 coupled to ground. The gates of the
P1B transistor 1122, the POB transistor 1124, the N1B transistor 1126, and the NOB
transistor 1128 are coupled to the LATB signal input. The drains of the PO transistor

25 1114 and the N1 transistor 1116 are coupled to the LATB signal input.

In operation, the logic coupled to the transistors gated by the SLEEPB signal is
shut off and draws minimal leakage. This process is accomplished by driving the
SLEEPB signal below VSS by 0.3-0.4V. The HOLDB signal keeps the slave latch
circuitry 1020 from changing state while the rest of the flip-flop comes out of the sleep
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state. The only part of the flip-flop still powered is the slave latch circuitry 1020. The
slave latch circuitry 1020 combines several techniques to minimize leakage. Transistors
not necessary for state retention (stacks with CLK) have sleep transistors to shut off
leakage (gated by the SLEEPB signal).

The 8 transistors in the stack transistors 1110 and 1120 use two techniques to
reduce leakage. The first technique used is transistor stacking, which is also called self-
reverse bias. The NO transistor 1118 and the N1 transistor 1116 will have some small
leakage even when the gate is at 0V. As a result, VNN1 will be at a positive voltage.
This causes VGS(N1) and VBS(N1) to be negative, and VDS(N1) to decrease.
Consequently, the leakage current is reduced in NO transistor 1118 and the N1 transistor
1116. The same effect occurs on NOB transistor 1128, N1B transistor 1126, PO
transistor 1114, P1 transistor 1112, POB transistor 1124, and P1B transistor 1122.

The second technique is called multiple threshold transistors. Increasing channel
length of MOS transistors increases the threshold of the devices without any change in
process complexity. The NO transistor 1118, the N1 transistor 1116, the NOB transistor
1128, and the N1B transistor 1126 have increased channel length, which raises VTH
and reduces leakage current.

This embodiment reduces leakage by a factor of 25 over a current standard cell

D flip-flop.

I/O Pad — FIG. 12

In some embodiments, a programmable general purpose input and output (I/0)
padcell includes built in-level shifters and isolation that interface with the chip core
logic. In these embodiments, a level shifter can be controlled to retain data.

FIG. 12 depicts circuitry 1200 for a level shifter for an I/O pad in an exemplary
embodiment of the invention. The circuitry 1200 includes MP2 transistor 1202, MP3
transistor 1204, M3 transistor 1206, M4 transistor 1208, M1 transistor 1210, M0
transistor 1212, M5 transistor 1214, M2 transistor 1216, and an inverter 1218.
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The circuitry 1200 is for a latching level shifter. The M3 transistor 1206 and the
M4 transistor 1208 are “native” cascode devices. The M3 transistor 1206 and the M4
transistor 1208 are also known as depletion-mode transistors. The M3 transistor 1206
and the M4 transistor 1208 are used to allow thin gate devices to be used in the input
stage. This allows large voltage ratios between the VDD and the V310. The MO
transistor 1212 and the M1 transistor 1210 are output latching devices that allow the
level shifter to retain the state when both IN and INB are 0. Thus, IN and INB control
data retention.

In some embodiments, the gates of the M3 transistor 1206 and the M4 transistor
1208 are coupled to other transistors connected to the cascode voltage.

The following truth table is for circuitry 1200.

IN INB ouT
0 0 Retain
last state
0 1 0
1 0 1
1 1 Mlegal

There will be setup time requirements for any signal compared to SLPB. If level
shifters are used with an SRAM cell built into the output stage, the two inputs can be
removed anytime after the output latch has flipped to a new state. Both 1.2V inputs to
the level shifter cannot go to VDD. This can be prevented by including an inverter. If
both the inverter and the level shifter have SLPB transistors, there is a potential timing

race if SLPB goes to VSS with VDD high. In this case, the level shifters should be off
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before the output of the inverter drifts to VDD. In some embodiments, the M5 transistor
1214 and the M2 transistor 1216 can be configured to withstand greater voltages.

In some embodiments, the sources of the M5 transistor 1214 and the M2
transistor 1216 can be coupled to a common SLEEPB transistor 1240 to further reduce
leakage. In one embodiment, the width of the SLEEPB transistor 1240 is 4 micrometers,
and the length is .13 micrometers. The following truth table is for circuitry 1200
including this common SLEEPB transistor 1240:

SLEEPB IN INB OouT

1 0 0 Retain
state
(Data
Retention)

1 0 1 0

1 1 0 1

1 1 1 Illegal

0 X X Retain
State

In some embodiments, the SLEEPB = 0 input state should be understood to
include the SLEEPB voltage being below 0V (E.g. -0.35V generated by a leakage
optimization circuit).

In this extension to FIG. 12 (and the above truth table), the two Data Retention
states may be operated independently, sequentially or simultaneously. This is beneficial

when the SLEEPB input is used to control/limit leakage power while the IN/INB = 00
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state is used for data retention. This is because the SLEEPB voltage comes from a
charge pump and takes some time to transition from Vdd (=1) to the Data Retention
mode.

The above description is illustrative and not restrictive. Many variations of the
invention will become apparent to those of skill in the art upon review of this
disclosure. The scope of the invention should, therefore, be determined not with
reference to the above description, but instead should be determined with reference to
the appended claims along with their full scope of equivalents.

While this invention has been particularly shown and described with references
to example embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

scope of the invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

1. An integrated circuit comprising:
terminals including a common ground terminal and first and second
5 power supply terminals;

a level shifter configured to translate binary data from voltage levels
defined by said first power supply terminal and said common ground terminal,
to voltage levels defined by said second power supply terminal and said
common ground terminal, said level shifter having a sleep transistor, input

10 transistors, and cross-coupled output latching devices between said common
ground terminal and an output terminal, said sleep transistor in series with an
electrical connection to said common ground terminal, and said input transistors
driven by inputs at voltage levels defined by said first power supply terminal
and said common ground terminal; and

15 power management circuitry configured to control power consumed by

said level shifter using said sleep transistor.

2. The integrated circuit as claimed in claim 1 wherein said second power supply

terminal provides a higher voltage than said first power supply terminal.

3. The integrated circuit as claimed in claim 1 wherein said level shifter is built
20 into an input/output pad cell configured to interface with chip core logic.
4. The integrated circuit as claimed in claim 1 wherein said sleep transistor enables

a power down mode.

5. The integrated circuit as claimed in claim 4 wherein said sleep transistor is an n-

channel transistor connected to said common ground terminal.
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The integrated circuit as claimed in claim 5 wherein said power management
circuit applies a voltage from said first power supply terminal to said sleep

transistor when not in said power down mode.

The integrated circuit as claimed in claim 5 wherein said power management
circuit applies a voltage lower than a voltage level of said common ground

terminal to said sleep transistor in said power down mode.

The integrated circuit as claimed in claim 5 wherein said power management
circuit applies a voltage greater than a voltage level of said first power supply

terminal to said sleep transistor when not in said power down mode.

The integrated circuit as claimed in claim 4 wherein said level shifter retains

data in said power down mode.

The integrated circuit as claimed in claim 1 wherein said level shifter latches

level shifted data.

The integrated circuit as claimed in claim 1 wherein said level shifter input

transistors are thin gate transistors.

The integrated circuit as claimed in claim 1 wherein said level shifter comprises

cross-coupled cascode devices.

The integrated circuit as claimed in claim 12 wherein said input transistors are
thin gate transistors and said cross-coupled output latching devices comprise

thick gate transistors.

The integrated circuit as claimed in claim 12 further comprising a static random

access memory (SRAM) cell built into an output stage of said level shifter.
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The integrated circuit as claimed in claim 14 further comprising an inverter to
prevent inputs of said level shifter from reaching a voltage of said first power

supply terminal at the same time.

The integrated circuit as claimed in claim 14 wherein said input transistors are
configured to withstand voltages higher than that of said first power supply

terminal.

A method for operating an integrated circuit, the method comprising:

providing first and second power supply terminals;

translating binary data with a level shifter from voltage levels defined by
said first power supply terminal and a common ground terminal to voltage levels
defined by said second power supply and said common ground terminal;

driving level shifter input transistors with voltage levels defined by said
first power supply terminal and said common ground terminal; and

in a power down mode, controlling power consumed by said level shifter

with a sleep transistor while said level shifter retains data.

The method as claimed in claim 17 wherein said second power supply terminal

provides a higher voltage than said first power supply terminal.

The method as claimed in claim 17 further comprising preventing inputs of said
level shifter from reaching the voltage level of said first power supply terminal

at the same time.

The method as claimed in claim 17 further comprising latching level shifted

data.

The method as claimed in claim 17 wherein controlling power consumed by said

level shifter includes enabling a power down mode.
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The method as claimed in claim 21 further comprising applying voltage from
said first power supply terminal to said sleep transistor when not in said power

down mode.

The method as claimed in claim 21 further comprising applying a voltage lower
than that of said common ground terminal to said sleep transistor in said power

down mode.

The method as claimed in claim 21 further comprising applying a voltage
greater than the voltage level of said first power supply terminal to said sleep

transistor when not in said power down mode.

The method as claimed in claim 21 further comprising retaining data with said

level shifter in said power down mode.

An integrated circuit comprising:

terminals including a common ground terminal and first and second
power supply terminals;

a level shifter built into an input/output pad cell configured to interface
with chip core logic, said level shifter configured to translate binary data from
voltage levels defined by said first power supply terminal and said common
ground terminal, to voltage levels defined by said second power supply terminal
and said common ground terminal, said level shifter having a sleep transistor
and input transistors, said sleep transistor in series with an electrical connection
to said common ground terminal, and said input transistors driven by inputs at
voltage levels defined by said first power supply terminal and said common
ground terminal; and

power management circuitry configured to control power consumed by

said level shifter using said sleep transistor.
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The integrated circuit as claimed in claim 26 wherein said second power supply

terminal provides a higher voltage than said first power supply terminal.

The integrated circuit as claimed in claim 26 wherein said sleep transistor

enables a power down mode.

The integrated circuit as claimed in claim 28 wherein said sleep transistor is an

n-channel transistor connected to said common ground terminal.

The integrated circuit as claimed in claim 29 wherein said power management
circuit applies a voltage from said first power supply terminal to said sleep

transistor when not in said power down mode.

The integrated circuit as claimed in claim 29 wherein said power management
circuit applies a voltage lower than a voltage level of said common ground

terminal to said sleep transistor in said power down mode.

The integrated circuit as claimed in claim 29 wherein said power management
circuit applies a voltage greater than a voltage level of said first power supply

terminal to said sleep transistor when not in said power down mode.

The integrated circuit as claimed in claim 28 wherein said level shifter retains

data in said power down mode.

The integrated circuit as claimed in claim 26 wherein said level shifter latches

level shifted data.

The integrated circuit as claimed in claim 26 wherein said level shifter input

transistors are thin gate transistors.
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The integrated circuit as claimed in claim 26 wherein said level shifter
comprises cross-coupled cascode devices and cross-coupled output latching

devices.

The integrated circuit as claimed in claim 36 wherein said input transistors are
thin gate transistors and said cross-coupled output latching devices comprise

thick gate transistors.

The integrated circuit as claimed in claim 36 further comprising a static random

access memory (SRAM) cell built into an output stage of said level shifter.

The integrated circuit as claimed in claim 38 further comprising an inverter to
prevent inputs of said level shifter from reaching a voltage of said first power

supply terminal at the same time.

The integrated circuit as claimed in claim 38 wherein said input transistors are
configured to withstand voltages higher than that of said first power supply

terminal.

An integrated circuit comprising:

terminals including a common ground terminal and first and second
power supply terminals;

a level shifter configured to latch data shifted from voltage levels defined
by said first power supply terminal and said common ground terminal, to
voltage levels defined by said second power supply terminal and said common
ground terminal, said level shifter having a sleep transistor and input transistors,
said sleep transistor in series with an electrical connection to said common
ground terminal, and said input transistors driven by inputs at voltage levels
defined by said first power supply terminal and said common ground terminal,

and
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power management circuitry configured to control power consumed by

said level shifter using said sleep transistor.

42.  The integrated circuit as claimed in claim 41 wherein said second power supply

terminal provides a higher voltage than said first power supply terminal.

5 43, The integrated circuit as claimed in claim 41 wherein said level shifter is built

into an input/output pad cell configured to interface with chip core logic.

44.  The integrated circuit as claimed in claim 41 wherein said sleep transistor

enables a power down mode.

45. The integrated circuit as claimed in claim 44 wherein said sleep transistor is an
10 n-channel transistor connected to said common ground terminal.
46. The integrated circuit as claimed in claim 45 wherein said power management

circuit applies a voltage from said first power supply terminal to said sleep

transistor when not in said power down mode.

47.  The integrated circuit as claimed in claim 45 wherein said power management
15 circuit applies a voltage lower than a voltage level of said common ground

terminal to said sleep transistor in said power down mode.

48. The integrated circuit as claimed in claim 45 wherein said power management
circuit applies a voltage greater than a voltage level of said first power supply

terminal to said sleep transistor when not in said power down mode.

20 49. The integrated circuit as claimed in claim 44 wherein said level shifter retains

data in said power down mode.
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The integrated circuit as claimed in claim 41 wherein said level shifter input

transistors are thin gate transistors.

The integrated circuit as claimed in claim 41 wherein said level shifter
comprises cross-coupled cascode devices and cross-coupled output latching

devices.

The integrated circuit as claimed in claim 51 wherein said input transistors are
thin gate transistors and said cross-coupled output latching devices comprise

thick gate transistors.

The integrated circuit as claimed in claim 51 further comprising a static random

access memory (SRAM) cell built into an output stage of said level shifter.

The integrated circuit as claimed in claim 53 further comprising an inverter to
prevent inputs of said level shifter from reaching a voltage of said first power

supply terminal at the same time.

The integrated circuit as claimed in claim 53 wherein said input transistors are
configured to withstand voltages higher than that of said first power supply

terminal.

A method for operating an integrated circuit, the method comprising:

providing first and second power supply terminals;

translating binary data with a level shifter from voltage levels defined by
said first power supply terminal and a common ground terminal to voltage levels
defined by said second power supply and said common ground terminal;

driving level shifter input transistors with voltage levels defined by said

first power supply terminal and said common ground terminal;
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preventing inputs of said level shifter from reaching the voltage level of
said first power supply terminal at the same time; and

controlling power consumed by said level shifter with a sleep transistor.

The method as claimed in claim 56 wherein said second power supply terminal

provides a higher voltage than said first power supply terminal.

The method as claimed in claim 56 further comprising latching level shifted

data.

The method as claimed in claim 56 wherein controlling power consumed by said

level shifter includes enabling a power down mode.

The method as claimed in claim 59 further comprising applying voltage from
said first power supply terminal to said sleep transistor when not in said power

down mode.

The method as claimed in claim 59 further comprising applying a voltage lower
than that of said common ground terminal to said sleep transistor in said power

down mode.

The method as claimed in claim 59 further comprising applying a voltage
greater than the voltage level of said first power supply terminal to said sleep

transistor when not in said power down mode.

The method as claimed in claim 59 further comprising retaining data with said

level shifter in said power down mode.
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ABSTRACT OF THE DISCLOSURE

An integrated circuit includes first circuitry and sleep transistor circuitry. The
first circuitry receives input signals and processes the input signals. The first circuitry
also retains data in a sleep state that has low leakage. The sleep transistor circuitry is

5 coupled to the first circuitry and receives a sleep signal that has a negative voltage. The
sleep circuitry reduces power consumption of the first circuitry in the sleep state to have

low leakage based on the sleep signal while retaining the data in the first circuitry.
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PATENT APPLICATION
IMS/BJS/cdt Attorney's Docket No.: 2037.2077-019
August 8, 2012

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

Continuation Application of:

Application No.:  13/074,291

Filed: March 29, 2011
For: Low Leakage And Data Retention Circuitry
Date:

EXPRESS MAIL LABEL NO.

REMARKS

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

The above-captioned application is a Continuation of application number 13/074,291
filed on March 29, 2011 to which priority is claimed under 35 U.S.C. § 120.

The specification of the present application is substantially the same as that of the parent
application. The related applications paragraph has been revised to include a specific reference
to the parent application.

The specification has been revised to incorporate amendments entered in the parent
application.

Applicant understands that the Examiner will review the present claims on their own
merits. Applicant does not rely upon claim amendments, arguments or declarations advanced in
prior applications unless such claim amendments, arguments or declarations are specifically

presented again.

1251316.1

46



2

Please send all correspondence in the above-identified continuing application to:
Customer No. 021005; Hamilton, Brook, Smith & Reynolds, P.C., 530 Virginia Road, P.O. Box
9133, Concord, Massachusetts 01742-9133. In addition, please direct all telephone calls to
James M. Smith at (978) 341-0036, and all facsimile communications to (978) 341-0136.

Respectfully submitted,

HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By_/Benjamin Sparrow, Reg. 62259/

Benjamin J. Sparrow
Registration No.: 62,259
Telephone: (978) 341-0036
Facsimile: (978) 341-0136
Concord, MA 01742-9133
Date: August 8, 2012

1251316.1
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ATTORNEY'S DOCKET NO.: _PA2717US

DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION

~COPY FOR CONTINUING
As a below named inventor, | hereby declare that: APPLICATION

My residence, post office address and citizenship are as stated below next to my name.

" I believe [ aim an original, first and joint inventor of the subject matter which is claimed and for
which a patent is sought on the invention entitled

“Low Leakage and Data Retention Circuitry”

the specification of which is attached hereto.

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

[ acknowledge the duty to disclose information which is matenal to patentablhfy as defined in
Title 37, Code of Federal Regulations, §1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and
the national or PCT mtematxonal ﬁlmg date of the continuation-in-part application.

I hereby claim foreign priority benefits under Title 35, United States Code §1 19(a)- (d) or (f) or
§365(b) of any foreign application(s) for patent, inventor's or plant breeder’s rights certificate(s),
* or §365(a) of any PCT international application which designated at least one country other than
the United States of America, listed below and have also identified below, by checking the box,
any foreign application for patent, inventor's or plant breeder’s rights certificate(s), or any PCT
international apphcanon having a ﬁhng date before that of the application on which priority is
claimed.

Prior Foreign Application(s):

Foreign Filing Priority Certified Copy
Number Country Date Claimed?  Attached?
v L L L
(Number) (Country) (MM/DD/YYYY) Yes No. Yes No
L L L L
" (Number) (Country) (MM/DDIYYYY) Yes No Yes No

f00134314v1Page 1
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[ hereby claim the beneﬁt under Title 35, United States Code §119(e) of any United States
provisional application(s) listed below.

Prior Provisional Applications:

60/546.574 February 19, 2004
(Application Number) (Filing Date) -
60/586.565 ’ Julv 9. 2004

(Application Number) - {Filing Date)
| hereby claim the benefit under Title 35, United States Code.§120 of any United States
application(s), or §365(c) of any PCT International application designating the United States,
listed below and, insofar as the subject matter of each of the claims of this application is not

“disclosed in the prior United States or PCT Intemational application in the manner provided by
the first paragraph of Title 35, United States Code §112, [ acknowledge the duty to disclose
information which is material to patentability as defined in Title 37, Code of Federal
Regulations, §1.56 which became available between the filing date of the prior application and
the national or PCT International filing date of this application.

Prior U.S. obr PCT Applications Designating the U.S.:

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

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

POWER OF ATTORNEY: [ hereby appoint the attorney(s) and/or agent(s) associated with the
customer number 22830 to prosecute this application and to transact all business in the Patent
and Trademark Office connected therewith. '

SEND ALL CORRESPONDENCE TO:
CARR & FERRELL LLP
2200 Geng Road
© Palo Alto, CA 94303

TEL: (650) 812-3400
FAX: (650) 812-3444

{00134314v1)Page 2

49



[ 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
.staternents 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 wiliful faise statements may jeopardize the validity of the application or any
patent issued thereon. -

~Full name of first inventor: Barrv A. Hoberman Citizenship: U.S.A.

irst Name. Middle Nam Initial (if applicable). Last Name

Dated: [~ f“/ - O(

ignature:
Inventor's signature \
Y 7 ¢ t
{Pe@em ink oplyj : (Date of Signature)

Mailing Address: 10290 Palo Vista Road. Cupertino. CA 95014

(Where the inventor customarily receives mail: Number, Streer, City, State. Zip Code)

Residence Address:

(if the inventor lives at a location different than his/her mailing address)

Full name of second inventor: Daniel L. Hillman - Citizenship: U.S.A.
Print First Name, Middle Name or initial (if applicable]. Last Name :

Inventor's signature: K/ e jﬁj/ém Dated: [~ 1405

(Date of Signature)

(Permanent ink only)

Mailing Address: 6607 Winterset Way, San Jose. CA 95120

(Where the inventor customarily receives mail. Number, Smreet, City, State, Zip Code)

Residence Address:

(if the inventor lives at a location different than his/her mailing address)

Full name of third inventor: _William G. Walker Citizenship: USA

Print First Name, Middle Nam¢ or initial (if applicable), Last Name

Inventor's signature: Coulbion S 0/al b _ Dated: ___[~194-Q5"

(Date of Signarure)

(Permanent ink only)

Mailing Address:

(Where the inventor customarily receives mail. Number, Street, City, State, Zip Code)

Residence Address: 18640 Woodbank Way. Saratoga. CA 95070

(if the invenior lives at a location different than his/her mailing address)

{00134314viPage 3
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Full name of fourth inventor: John M. Callahan ‘ Citizenship: USA

[nventor's signature:

Print First Name, Middle Name or Initial (if applicable). Last Name

MW M Dated: (/7 -2%

T ermanem ink only} (Daie of Signature)

9610 Alcosta Blvd., San Ramon, CA 94583

Mailing Address:

Residence Address:

(Where the invenior customarily receives mail: Number. Street. Cinv, State. Zip Code)

(if the inventor lives at a location different than his/her mailing address)

Full name of fifth inventor: Michael A. Zampaglione Citizenship: _USA

Inventor's signature:

Mailing Address:

Print First Name, Middle Name or Initial (if applicable). Last Name

OW W}J Datéd: [“ (91\ GS

(Permanent ink only) (Date of Signarure)

1615 Canvon View Drive. San Jose, CA 95132

Residence Address:

Inventor's signature:

(Where the inventor customarily receives mail: Number, Street, City, State. Zip Code)

(if the invenior lives at a location different than his/her mailing address)

Full name of sixth inventor: _Andrew Cole Citizenship: _Australia
Print First Wame. Middle Name or [nitial (if applicable). Last Name :
—_ i - / // / -
: )’ PN N A AN NN
\ AN 4 Dated: /Y 7e>
(Permanent ink only) (Date of Signarure)

1109 Lily Ave. Sunnvvale. CA 94086

Mailing Address:

Residence Address:

(Where the inventor customarily receives mail: Number, Street, Ciry, State, Zip Code)

. (if the invenior lives at a location different than his/her mailing address)

{00134314v1)Page 4
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COPY FOR . ~TINUINB

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. APPLICATION
; . Application/Patent Number 11/ 998,725
REVOCATION OF POWER OF Filing/Issue Date November 30,2007
v ATTORNEY WITH First Named Inventor/Pateniee Barry A. Hoberman
NEW POWER OF ATTORNEY
and Confirmation Number 6623
CHANGE OF CORRESPONDENCE | oo 4t Vet 2819
| | ADDRESS Examirer Name Le, Don P,

Atrorney Docket Number

2037.2077-010

Title | LOW LEAKAGE AND DATA RETENTION CIRCUITRY

1 hereby revoke all previous powers of attorney given in the above-identified application.

} hereby appoint the following practitioner(s): [Notto exceed 10]

0

OR
X 1hereby appoint the practitioners associated with the Customer Number: 021005

Please change the correspondence address for the above-identified application to:
X  Customer Number 021005 :
Hamilton, Brook, Smith & Reynolds, P.C.
530 Virginia Road
P.O. Box 9133
Concord, Massachusetts 01742-5133

- Other

Please direct all telephone calls and facsimiles to:

Name James M. Smith, Esq. Tel. No. §78-341-0036

Fax No. 978-341-0136

1 am the:
O Applicant/Inventor.

Authorized representative of the Assignee, Mosaid Technologies Corporation, of the entire interest. See 37 CFR § 3.71.

B A Statement under 37 CFR § 3.73(b) is enclosed.

= Authorized representative of the Assignee, [ FILL IN WITH NAME OF ASSIGNEE J, together with [ FILL IN WITH
NAME OF ASSIGNEE ), of tb/e entire interest. A Statement under 37 CFR § 3.73(b) is enclosed.

/ m SIGNATURE of Applicant or Assignee of Record

s | TR

Name & Title Philli;iggaér - Secretary

Date July 31, 2008
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cOPY FOR CONTINUING

\ CATION
AePL Docket No. 2037.2077-010

STATEMENT UNDER 37 CFR § 3.73(b)

Applicant/Patentee:__ Barry A. Hoberman, Danie] 1. Hillman, William G. Walker, John M. Callahan, Michael A,
Zampaglione and Andrew Cole

Application No./Patent No.:__11/998.725 Filed/Issue Date:__November 30, 2007
Fori__ LOW LEAKAGE AND DATA RETENTION CIRCUITRY
Mosaid Technologies Corporation ,a Corporation
(Name of Assignee) Type of Assignee, ¢.g., corporetion, partnership, university, povernnent agenoy, &)

states that it is

A, X the assignee of the entire right, title and interest in the patent application identified above; or
B. O an assignee together with [ ] of the entire right, title and interest in the patent application identified
above,

The nght title and interest of the above-named assignee in the patent application identified above is estabhshed by
virtue of:

A.[]  Anassignment from the inventor(s) of the patent application identified above. The assignment was recorded
in the Patent and Trademark Office at Reel [ ], Frame [ ], or a copy thereof is attached.

OR
B.[X A chain of title from the inventor(s) of the patent application identified above, to the current assignee as
shown below: .
1 From:Bamry A. Hoberman, Daniell. Hillman, William G, Walker, Jo . Callal ichael A,

Zampaglione and Andrew Cole
To: Virtual Silicon Technology, Inc.

The document was recorded in the United States Patent and Trademark Office at

Reel 020242 , Frame 0317-0319 , Or a copy thereof is attached.
2. From:__Virtual Silicon Technology. Inc. To: Moszid Delaware, Inc.

The document was recorded in the United States Patent and Trademark Office at

Reel 020242 , Frame 0301-0305 , or a copy thereof is attached,
3. From:___Mosaid Delaware. Inc. To: __Mosaid Technologies Corporation

The document was recorded in the United States Patent and Trademark Office at

Reel 021217 , Frame 0124-0127 , or a copy thereof is attached.

[ Additional documents in the chain of title are listed on z suppiementa} sheet,

As required by 37 CFR 3.73@)(1)0), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrent}y is being, submitted for recordation pursuant to 37 CFR 3,11.

[NOTE: A separate copy (1 e., a rue copy of the original assignment document(s)) must be submitted to Assignment

Division in accordance 37 CFR» art 3, to record the assignment in the records of the USPTO. See MPEP 302.08]
The undersigned "‘ K bhcd below) is authorized to act on behalf of the assignee.

Signature 1/ S

Name: FPRillip Sha%./)

i’itlﬁ: Secretary

Date: July 31, 2008

818241_)
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PATENT APPLICATION
JMS/BJS/cdt DOCKET NO.: 2037.2077-019
August 8,2012

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M. Callahan,
Michael A. Zampaglione and Andrew Cole

Continuation Application of:
Application No.:  13/074,291
Filed: March 29, 2011

For: Low Leakage And Data Retention Circuitry

CERTIFICATE OF MAILING OR TRANSMISSION
T hereby certify that this correspondence is being deposited with the United
States Postal Service with sufficient postage as First Class Mail in an
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450, or is being facsimile transmitted to the United States Patent
and Trademark Office on:

Date Signature

Typed or printed name of person signing certificate

TRANSMITTAL LETTER FOR
INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This Information Disclosure Statement is submitted:

X  under 37 CFR 1.97(b), or

(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the
national stage in an international application; or before the mailing date of a first office action on the merits; or before the mailing of a first
office action after the filing of a Request for Continued Examination).

] under 37 CFR 1.97(c) together with either:
[]  aStatement under 37 CFR 1.97(c), as checked below, or
[1 a$180.00 feec under 37 CFR 1.17(p), or

(After the 37 CFR 1.97(b) time period, but before any of a final action, notice of allowance, or an action that closes
prosecution, whichever occurs first)

[]  under 37 CFR 1.97(d) together with:
L] a Statement under 37 CFR 1.97(¢), as checked below, and
[1 a$180.00 fee under 37 CFR 1.17(p), or

(Filed after final action, notice of allowance, whichever occurs first, or if prosecution otherwise closes, but on or before
payment of the issue fee)

] under 37 CFR 1.97(i):

Applicant requests that the IDS and cited reference(s) be placed in the application file.
(Filed after payment of issue fee)

1251518.1
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Statement Under 37 CFR 1.97(¢)

[l

[

Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement; or

No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the undersigned, after making reasonable inquiry, no item of information
contained in the information disclosure statement was known to any individual designated in
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure
Statement.

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment)

[

1251518.1

Applies to original applications (other than design) filed on or after May 29, 2000

(1) A paper containing only an information disclosure statement in compliance with §§ 1.97
and 1.98 will not be considered a failure to engage in reasonable efforts to conclude
prosecution (processing or examination) of the application under paragraphs (¢)(6), (c)(8),
(¢)(9), or (c)(10) of this section if it is accompanied by a statement that each item of
information contained in the information disclosure statement:

L] (i) Was first cited in any communication from a patent office in a counterpart foreign
or international application or from the Office, and this communication was not received by
any individual designated in §1.56(c) more than thirty days prior to the filing of the
information disclosure statement; or

L] (i1) Is a communication that was issued by a patent office in a counterpart foreign or
international application or by the Office, and this communication was not received by any
individual designated in §1.56(c) more than thirty days prior to the filing of the information
disclosure statement.

Enclosed herewith is a Listing of References. Copies of the cited references are enclosed
except as indicated below or in the attached Listing of References.

Copies of the cited references submitted with an Information Disclosure Statement in prior
application, U.S. Application No. 13/074,291, to which priority under 35 U.S.C. 120 is
claimed, are not required under 37 CFR 1.98(d)(1) and (2) and are thus not provided.

The listed references were cited in the enclosed Search Report in counterpart foreign
application [add application number], which is listed in the attached Listing of References.
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The “concise explanation” requirement (non-English references) for reference(s) [ ] under
37 CFR 1.98(a)(3) is satisfied by:

the explanation provided on the attached sheet.

the explanation provided in the Specification.

submission of the enclosed International Search Report.

submission of the enclosed English-language version of a foreign Search Report
and/or foreign Office Action.

O Odon

the enclosed English language abstract.

Method of payment:

X

[l
[
[

Authorization is NOT granted to charge any fees which may be due in this matter to our
Deposit Account.

Please charge Deposit Account 08-0380 in the amount of §[  ].

A check for the fee noted above is enclosed, or the fee has been included in the check with
the accompanying Reply.

Please charge any deficiency in fees and credit any overpayment to Deposit Account
08-0380.

Respectfully submitted,
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By__/Benjamin Sparrow, Reg. 62259/
Benjamin J. Sparrow

Registration No. 62,259

Telephone: (978) 341-0036
Facsimile: (978) 341-0136

Concord, MA 01742-9133

Dated:

1251518.1

August 8, 2012
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Sheet 1 of 8

Substitute for form 1449B/PTO

INFORMATION DISCLOSURE STATEMENT
IN AN APPLICATION

LISTING OF REFERENCES

August §, 2012

(Use several sheets if necessary)

ATTORNEY DOCKET NO. APPLICATION NO.

2037.2077-019 Continuation of
13/074,294

FIRST NAMED INVENTOR FILING DATE

Barry A. Hoberman

EXAMINER CONFIRMATION NO. GROUP

U.S. PATENT DOCUMENTS

S N | i, | mcanovoa | I TEONE O

Al 16.046,627 04-04-2000 Ttoh, et al.

AZ 16 046,627 04-04-2000 Ttoh, et al.

A3 16208,171 B 03-27-2001 Kumagai, ef al.
A4 16208,171 B 03-27-2001 Kumagai, ef al.
AS 16246265 06-12-2001 Ogawa

A6 16 246,265 06-12-2001 Ogawa

AT 16288591 09-11-2001 Riccio

A8 16288 591 09-11-2001 Riccio

A9 16,307,233 BI 10-23-2001 Awaka, et al.
A0 16307233 B1 10-23-2001 Awaka, et al.
ALl 16359 874 B 12-11-2001 Ye, et al.

AlZ 16379 874 BI 12-11-2001 Ye, et al.
Al3 16337583 B 01-08-2002 Ooishi et al.
Ald |6 337 583 B1 01-08-2002 Ooishi et al.
AlS 16 384,630 B 05-07-2002 Chen, et al.
Al6 16384 630 B 05-07-2002 Chen, et al.
AlT 6 414,534 07-02-2002 Wang, ef al.
Al 6 414,534 07-02-2002 Wang, et al.
A9 15002/0089352 A1 07-11-2002 Hanson et al.
A20 16 437,623 08-20-2002 Hsu, ef al.
A2l 16 437,627 08-20-2002 Tran, et al.

EXAMINER DATE CONSIDERED
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Sheet 2 of 8

Substitute for form 1449B/PTO

INFORMATION DISCLOSURE STATEMENT
IN AN APPLICATION

LISTING OF REFERENCES

August §, 2012

(Use several sheets if necessary)
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section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019
CONFIRMATION NO. 6838
21005 FORMALITIES LETTER

HAMILTON, BROOK, SMITH & REYNOLDS, P.C

530 VIRGINIA ROAD | T

P.0.BOX 9133
CONCORD, MA 01742-9133

Date Mailed: 08/17/2012

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
Applicant must submit $380 to complete the basic filing fee for a non-small entity. If appropriate, applicant may
make a written assertion of entitlement to small entity status and pay the small entity filing fee (37 CFR 1.27).

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

« Additional claim fees of $3080 as a non-small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

* A surcharge (for late submission of filing fee, search fee, examination fee or oath or declaration) as set forth in
37 CFR 1.16(f) of $130 for a non-small entity, must be submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWO MONTHS from the date of this Notice is $4460 for a non-small entity
+ $380 Statutory basic filing fee.
+ $130 Surcharge.
« The application search fee has not been paid. Applicant must submit $620 to complete the search fee.
« The application examination fee has not been paid. Applicant must submit $250 to complete the examination
fee for a non-small entity.
« Total additional claim fee(s) for this application is $3080
+ $500 for 2 independent claims over 3.
« $2580 for 43 total claims over 20.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/cvorachack/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁ‘);alx;sd;;,g\;i\:rgmia 22313-1450
| APPLICATION NUMBER ] FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019
CONFIRMATION NO. 6838
21005 POA ACCEPTANCE LETTER
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

530 VIRGINIA ROAD

s LT

CONCORD, MA 01742-9133

Date Mailed: 08/17/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/08/2012.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/vanderson/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Sheet 1 of 1

Substitute for form 1449B/PTO ATTORNEY DOCKET NO. APPLICATION NO.
SUPPLEMENTAL INFORMATION 2037.2077-019 13/569,613
DISCLOSURE STATEMENT FIRST NAMED INVENTOR | FILING DATE
IN AN APPLICATION Barry A. Hoberman August 8, 2012
LISTING OF REFERENCES EXAMINER CONFIRMATION NO. | GROUP
Not yet assigned 6838 281
September 13, 2012 o
(Use several sheets if necessary)

Examiner's I;f;)f OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)

C49 |Tschanz, James W., et al.,”Dynamic Sleep Transistor and Body Bias for Active Leakage Power
Control of Microprocessors”, IEEE Journal of Solid-State Circuits, Vol. 38, No. 11, November
2003, pp. 1838-1845

*Copies of any U.S. Office Communications or non-published U.S. Patent Applications are not being provided
because the examiner has access to such documents through PAIR. We are not listing separately any prior U.S.
Patent Office communications regarding the cited documents because the Examiner has access to any such actions
through PAIR.

EXAMINER DATE CONSIDERED
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Electronic Acknowledgement Receipt

EFS ID: 13734129
Application Number: 13569613
International Application Number:
Confirmation Number: 6838

Title of Invention:

LOW LEAKAGE AND DATA RETENTION CIRCUITRY

First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

21005

Filer:

Benjamin J. Sparrow/Cheryl Thomas

Filer Authorized By:

Benjamin J. Sparrow

Attorney Docket Number: 2037.2077-019
Receipt Date: 13-SEP-2012
Filing Date: 08-AUG-2012
Time Stamp: 16:32:40

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y M . . 9
Number Message Digest | Part/.zip| (ifappl.)
75062
. 20372077019SIDSTransmittal.
1 Transmittal Letter df no 3
p bf65a7¢72d1a8db4060ec3f4128723a1ff55
0399
Warnings:

Information:
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78652
Information Disclosure Statement (IDS) -
2 Form (5B08) 20372077019SIDSListing.pdf no 1
8a42df76f183cc95dc8f718a4a215a16a239
5a66
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
1580138
3 Non Patent Literature 20372077019_C49.pdf no 8
08caf340c4bfef016efc03e642d6c6e66919¢]
245
Warnings:
Information:
Total Files Size (in bytes){ 1733852

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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JMS/BJS/cdt

PATENT APPLICATION
DOCKET NO.: 2037.2077-019

September 13, 2012

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

Application No.: 13/569,613 Group: 2819

Filed: August 8, 2012 Examiner:  Not yet assigned

Confirmation No.: 6838

For:

Low Leakage And Data Retention Circuitry

CERTIFICATE OF MAILING OR TRANSMISSION
T hereby certify that this correspondence is being deposited with the United
States Postal Service with sufficient postage as First Class Mail in an
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450, or is being facsimile transmitted to the United States Patent
and Trademark Office on:

Date Signature

Typed or printed name of person signing certificate

TRANSMITTAL LETTER FOR
SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This Information Disclosure Statement is submitted:

X

[l

1349570.1

under 37 CFR 1.97(b), or

(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the
national stage in an international application; or before the mailing date of a first office action on the merits; or before the mailing of a first
office action after the filing of a Request for Continued Examination).

under 37 CFR 1.97(c) together with either:
a Statement under 37 CFR 1.97(e), as checked below, or
a $180.00 fee under 37 CFR 1.17(p), or

(After the 37 CFR 1.97(b) time period, but before any of a final action, notice of allowance, or an action that closes
prosecution, whichever occurs first)

under 37 CFR 1.97(d) together with:
a Statement under 37 CFR 1.97(¢), as checked below, and
a $180.00 fee under 37 CFR 1.17(p), or

(Filed after final action, notice of allowance, whichever occurs first, or if prosecution otherwise closes, but on or before
payment of the issue fee)

under 37 CFR 1.97(i):

Applicant requests that the IDS and cited reference(s) be placed in the application file.
(Filed after payment of issue fee)
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2o

Statement Under 37 CFR 1.97(e)

[l

[

Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement; or

No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the undersigned, after making reasonable inquiry, no item of information
contained in the information disclosure statement was known to any individual designated in
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure
Statement.

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment)

[

1349570.1

Applies to original applications (other than design) filed on or after May 29, 2000

(1) A paper containing only an information disclosure statement in compliance with §§ 1.97
and 1.98 will not be considered a failure to engage in reasonable efforts to conclude
prosecution (processing or examination) of the application under paragraphs (¢)(6), (c)(8),
(¢)(9), or (c)(10) of this section if it is accompanied by a statement that each item of
information contained in the information disclosure statement:

L] (i) Was first cited in any communication from a patent office in a counterpart foreign
or international application or from the Office, and this communication was not received by
any individual designated in §1.56(c) more than thirty days prior to the filing of the
information disclosure statement; or

L] (i1) Is a communication that was issued by a patent office in a counterpart foreign or
international application or by the Office, and this communication was not received by any
individual designated in §1.56(c) more than thirty days prior to the filing of the information
disclosure statement.

Enclosed herewith is a Listing of References. Copies of the cited references are enclosed
except as indicated below or in the attached Listing of References.

Copies of the cited references submitted with an Information Disclosure Statement in prior
application, U.S. Application No. [ ], to which priority under 35 U.S.C. 120 is claimed, are
not required under 37 CFR 1.98(d)(1) and (2) and are thus not provided.

The listed references were cited in the enclosed Search Report in counterpart foreign
application [add application number], which is listed in the attached Listing of References.
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] The “concise explanation” requirement (non-English references) for reference(s) [ ] under
37 CFR 1.98(a)(3) is satisfied by:

the explanation provided on the attached sheet.

the explanation provided in the Specification.

submission of the enclosed International Search Report.

submission of the enclosed English-language version of a foreign Search Report
and/or foreign Office Action.

O Odon

the enclosed English language abstract.

Method of payment:

X Authorization is NOT granted to charge any fees which may be due in this matter to our
Deposit Account.

Please charge Deposit Account 08-0380 in the amount of §[  ].

O]

] A check for the fee noted above is enclosed, or the fee has been included in the check with
the accompanying Reply.

L]

Please charge any deficiency in fees and credit any overpayment to Deposit Account
08-0380.

Respectfully submitted,
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By__/Benjamin Sparrow, Reg. 62259/
Benjamin J. Sparrow

Registration No. 62,259

Telephone: (978) 341-0036
Facsimile: (978) 341-0136

Concord, MA 01742-9133
Dated: September 13, 2012

1349570.1
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JMS/BJS/cdt

PATENT APPLICATION
Docket No.: 2037.2077-019

October 16, 2012

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

Application No.: 13/569,613 Group: 2819

Filed: August 8, 2012 Examiner: Not yet assigned

Confirmation No.: 6838

For: Low Leakage And Data Retention Circuitry

CERTIFICATE OF MAILING OR TRANSMISSION
I hereby certify that this correspondence is being deposited with the United
States Postal Service with sufficient postage as First Class Mail in an
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450, or is being facsimile transmitted to the United States Patent
and Trademark Office on:

Date Signature

Typed or printed name of person signing certificate

REPLY TO NOTICE TO FILE MISSING PARTS OF APPLICATION

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

In reply to the Notice to File Missing Parts dated August 17, 2012, the following documents and

fees are being submitted for filing in the captioned application.

[
L]

X

X

1356774.1

COPY OF EXECUTED DECLARATION FOR PATENT APPLICATION

(Separate transmittal letter and postcard not required)

POWER OF ATTORNEY DOCUMENT
[l  Granted by Inventor(s)
] Granted by Assignee, including Statement under 37 CFR § 3.73(c)

(Separate transmittal letter and postcard not required)

PRELIMINARY AMENDMENT

(Separate transmittal letter and postcard not required)

FILING FEE - with Fee Transmittal for Patent Applications
Fee calculations based on:
] Claims as originally filed
] The Notice to File Missing Parts states an erroneous number of claims.
= Claims upon entry of the Preliminary Amendment filed herewith

(Separate transmittal letter and postcard not required)

SURCHARGE - surcharge fee of $130

(Separate transmittal letter and postcard not required)
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[

[

2-
SEQUENCE LISTING - Filed concurrently and is attached
] Preliminary Amendment included in Sequence Listing Transmittal

(Separate transmittal letter and postcard required)

REPLACEMENT DRAWINGS -[ ] sheets of replacement drawings consisting of Figs. [
] - [ ] are enclosed (Separate transmittal letter and postcard not required)

] A Petition to Accept Color Drawings/Photographs (Fig(s). [ ]) is attached as required.
(Separate check for fees and postcard required)

PETITION FOR EXTENSION OF TIME
Applicant hereby petitions to extend the time to respond to the Notice to File Missing
Parts dated[ ]for[ ]month(s)from[ ]Jto[ ]. The appropriate fec of §[ ]is
included as indicated in the Method of Payment section below.

L] A [ ] month extension of time to respond to the Notice to File Missing Parts dated [ ]
was filedon [ ] with paymentofa $§[ ] fee

] Applicant hereby petitions for an additional [ ] month extension of time to respond to
the Notice to File Missing Parts. The appropriate fee of $[ ] is included as indicated in
the Method of Payment section below.

(Separate Petition for Extension of Time and postcard not required)

REQUEST FOR CORRECTED FILING RECEIPT - Filed concurrently and is attached

(Separate transmittal letter and postcard required)

STATEMENT CLAIMING SMALL ENTITY STATUS
] Was filedon|[ ]

] Is enclosed herewith

(Separate transmittal letter and postcard not required)

] In view of the small entity status of the captioned application, we hereby request a
reimbursement of 50% of the filing fees in the amount of §[ ] which were paidon[ ]
to be deposited in Deposit Account No. 08-0380

OTHER [ 1]

METHOD OF PAYMENT

] The fees required for filing the indicated documents are enclosed in the form of a check
in the total amount of §[ 1.

= Please charge Deposit Account 08-0380 in the amount of $1390 for the fees required for
filing the indicated documents.

X Please charge any deficiency in fees and credit any overpayment to Deposit Account 08-
0380.

Respectfully submitted,

HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By_/Benjamin Sparrow, Reg. 62259/
Benjamin J. Sparrow

Registration No.: 62,259

Tel.: (978) 341-0036

Fax: (978) 341-0136

Concord, Massachusetts 01742-9133
Date: October 16, 2012

1356774.1
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HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

Attorney Docket Number

2037.2077-019

FEE TRANSMITTAL FOR
PATENT APPLICATIONS

Application Number

13/569,613

First Named Inventor

Barry A. Hoberman

CLAIM CALCULATION (includes any preliminary amendment)

| GlAmS (1) FOR (2) NUMBER FILED | (3) NUMBER (4) RATE (5) CALCULATIONS
\\\\\\\\\\\QE EXTRA
| oTAcas 18 |-20=| o0 X$60= | X$30= |g 0
INDEPENDENT CLAIMS - - _
(37 CFR 1.16(h) 2(- 3= 0 X$250 = X$125 =
MULTIPLE DEPENDENT CLAIMS (if applicable) (37 CFR 1.16())) | +$450= | +$225= |$

Paper Filing

BASIC FEE (37 CFR1.16(a)(1))
Paper or Electronic Filing - Large Entity $

Electronic filing

- Small Entity
- Small Entity

390

APPLICATION SIZE FEE 37 cFR 1.16(s)
$310/155 for each add'l 50 sheets exceeding 100
IF FILED ELECTRONICALLY:

Total No. Pages/Sheets X .75 (If a fraction remains,
add 1 page to the total thereby including the fraction).
Using the total after calculation, the fee is $310/155 for

Specification:
Drawings:
Sequence Listing:

Total No. Pages/Sheets

32 Pages
12 Sheets

0 pages $
44

SEARCH FEE (37 CFR 1.16(k))

620

.

EXAMINATION FEE (37 CFR 1.16(0))

250

Surcharge - Late Filing of Declaration or Filing Fees (37 CFR 1.16(f)) =

130

Petition for Extension of Time Fee (37 CFR 1.17) =

1090/2090 Non-electronic filing fee (Utility application) $400/$200 =

Assignment Recordation Fee (37 CFR 1.21(h)) =
(only when filed with application)

PR AR | P | R R [(R|P

TOTAL =

1390

1. Small entity status:

b. [0 (Optional) Asmallentity statementis enclosed.

c. [ Small entity status is no longer being claimed in this application.
0380.

A check is enclosed for $[ 1.

Other:

a. [0 Applicant qualifies for and claims small entity status under 37 CFR 1.27.

X1 Please charge $1390 to Deposit Account No. 08-0380.

Please charge any deficiency or credit any overpayment in the fees that may be due in this matter to Deposit Account No. 08-

Signature /Benjamin Sparrow, Reg. 62259/

Date October 16, 2012

Submitted by
Typed or Printed Name

Benjamin J. Sparrow

Reg. Number

62,259

—Rev/Fee Schedule September 26, 2011

1356786.1
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PATENT APPLICATION
IMS/BJS/cdt Attorney's Docket No.: 2037.2077-019
October 16,2012

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

Application No.: 13/569,613 Group: 2819

Filed: August 8, 2012 Examiner: Not yet assigned

Confirmation No: 6838

For: Low Leakage And Data Retention Circuitry

CERTIFICATE OF MAILING OR TRANSMISSION
T hereby certify that this correspondence is being deposited with the United
States Postal Service with sufficient postage as First Class Mail in an
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450, or is being facsimile transmitted to the United States Patent
and Trademark Office on:

Date Signature

Typed or printed name of person signing certificate

PRELIMINARY AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This Preliminary Amendment is being submitted under 37 CFR § 1.115. Further this
Amendment is being filed within the time period set forth under 37 CFR § 1.115(b)(2)(1).
Acceptance is respectfully requested.

Please amend the application as follows:

1362015.1
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Amendments to the Claims

Please cancel Claims 1-63. Please add new Claims 64-81. The Claim Listing below will

replace all prior versions of the claims in the application:

Claim Listing

1.-63. (Cancelled)

64.

65.

66.

67.

68.

1362015.1

(New) A method carried out in an integrated circuit that includes an adaptive leakage
controller, a power manager and a plurality of power islands, the method comprising:

receiving, at the power manager, a control signal from the adaptive leakage
controller; and

employing the power manager to dynamically change power consumptions of the
plurality of power islands, the employing the power manager to dynamically change
power consumptions including: generating a variable voltage based on the control signal;
and providing the variable voltage to at least one of low leakage sleep circuits of the

integrated circuit.

(New) The method as claimed in claim 64 further comprising putting to sleep and taking

out of sleep, at different times, at least one of the power islands.

(New) The method as claimed in claim 65 wherein the power manager employs a state

machine to control the putting to sleep and the taking out of sleep.

(New) The method as claimed in claim 64 wherein the variable voltage is an optimum

voltage.

(New) The method as claimed in claim 67 wherein the optimum voltage is dependent

upon both process variation and temperature variation.
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69.

70.

71.

72.

73.

74.

75.

1362015.1

-3-

(New) The method as claimed in claim 67 wherein the optimum voltage is generated by a

sleep generator.

(New) The method as claimed in claim 64 wherein the control signal is a digital signal.

(New) The method as claimed in claim 64 wherein the at least one of the low leakage
sleep circuits is connected in series to a source of a supply voltage and to a logic gate or

storage cell of one of the power islands.

(New) The method as claimed in claim 71 wherein the at least one of the low leakage
sleep circuits modifies the supply voltage to the one of the power islands during a sleep

mode.

(New) A method carried out in an integrated circuit that includes an adaptive leakage
controller, a power manager, a plurality of power islands and a plurality of low leakage
sleep circuits, the method comprising:

receiving, at the power manager, a control signal from the adaptive leakage
controller; and

employing the power manager to dynamically change power consumptions of the
plurality of power islands, the employing the power manager to dynamically change
power consumptions including: generating a variable voltage based on the control signal;
and providing the variable voltage to the plurality of low leakage sleep circuits,

wherein each of low leakage sleep circuits is associated with leakage reduction of

a respective one of the plurality of power islands.

(New) The method as claimed in claim 73 further comprising putting to sleep and taking

out of sleep, at different times, at least one of the power islands.

New) The method as claimed in claim 74 wherein the power manager employs a state

machine to control the putting to sleep and the taking out of sleep.
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76.

77.

78.

79.

80.

81.

1362015.1

(New) The method as claimed in claim 73 wherein the variable voltage is an optimum

voltage.

(New) The method as claimed in claim 76 wherein the optimum voltage is dependent

upon both process variation and temperature variation.

(New) The method as claimed in claim 76 wherein the optimum voltage is generated by a

sleep generator.

(New) The method as claimed in claim 73 wherein the control signal is a digital signal.
(New) The method as claimed in claim 73 wherein at least one of the low leakage sleep
circuits is connected in series to a source of a supply voltage and to a logic gate or storage
cell of an associated one of the power islands.

(New) The method as claimed in claim 80 wherein the at least one of the low lecakage

sleep circuits modifies the supply voltage to the associated one of the power islands

during a sleep mode.
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REMARKS

Claims 1-63 are being canceled. New claims 64-81 are being added. Acceptance is

respectfully requested.

CONCLUSION

In view of the above amendments and remarks, it is believed that all claims are in
condition for allowance, and it is respectfully requested that the application be passed to issue. If
the Examiner feels that a telephone conference would expedite prosecution of this case, the

Examiner is invited to call the undersigned.

Respectfully submitted,

HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By _/Benjamin Sparrow, Reg. 62259/
Benjamin J. Sparrow

Registration No. 62,259

Telephone: (978) 341-0036

Facsimile: (978) 341-0136

Concord, MA 01742-9133
Date: October 16, 2012

1362015.1
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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JMS/BJS/cdt
November 1, 2012

PATENT APPLICATION
DOCKET NO.: 2037.2077-019

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

Application No.: 13/569,613 Group: 2819

Filed: August 8, 2012 Examiner:  Not yet assigned

Confirmation No.: 6838

For:

Low Leakage And Data Retention Circuitry

CERTIFICATE OF MAILING OR TRANSMISSION
T hereby certify that this correspondence is being deposited with the United
States Postal Service with sufficient postage as First Class Mail in an
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450, or is being facsimile transmitted to the United States Patent
and Trademark Office on:

Date Signature

Typed or printed name of person signing certificate

TRANSMITTAL LETTER FOR
INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This Information Disclosure Statement is submitted:

X

[l

1369594.1

under 37 CFR 1.97(b), or

(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the
national stage in an international application; or before the mailing date of a first office action on the merits; or before the mailing of a first
office action after the filing of a Request for Continued Examination).

under 37 CFR 1.97(c) together with either:
a Statement under 37 CFR 1.97(e), as checked below, or
a $180.00 fee under 37 CFR 1.17(p), or

(After the 37 CFR 1.97(b) time period, but before any of a final action, notice of allowance, or an action that closes
prosecution, whichever occurs first)

under 37 CFR 1.97(d) together with:
a Statement under 37 CFR 1.97(¢), as checked below, and
a $180.00 fee under 37 CFR 1.17(p), or

(Filed after final action, notice of allowance, whichever occurs first, or if prosecution otherwise closes, but on or before
payment of the issue fee)

under 37 CFR 1.97(i):

Applicant requests that the IDS and cited reference(s) be placed in the application file.
(Filed after payment of issue fee)
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Statement Under 37 CFR 1.97(e)

[l

[

Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement; or

No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the undersigned, after making reasonable inquiry, no item of information
contained in the information disclosure statement was known to any individual designated in
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure
Statement.

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment)

[

1369594.1

Applies to original applications (other than design) filed on or after May 29, 2000

(1) A paper containing only an information disclosure statement in compliance with §§ 1.97
and 1.98 will not be considered a failure to engage in reasonable efforts to conclude
prosecution (processing or examination) of the application under paragraphs (¢)(6), (c)(8),
(¢)(9), or (c)(10) of this section if it is accompanied by a statement that each item of
information contained in the information disclosure statement:

L] (i) Was first cited in any communication from a patent office in a counterpart foreign
or international application or from the Office, and this communication was not received by
any individual designated in §1.56(c) more than thirty days prior to the filing of the
information disclosure statement; or

L] (i1) Is a communication that was issued by a patent office in a counterpart foreign or
international application or by the Office, and this communication was not received by any
individual designated in §1.56(c) more than thirty days prior to the filing of the information
disclosure statement.

Enclosed herewith is a Listing of References. Copies of the cited references are enclosed
except as indicated below or in the attached Listing of References.

Copies of the cited references submitted with an Information Disclosure Statement in prior
application, U.S. Application No. [ ], to which priority under 35 U.S.C. 120 is claimed, are
not required under 37 CFR 1.98(d)(1) and (2) and are thus not provided.

The listed references were cited in the enclosed Search Report in counterpart foreign
application [add application number], which is listed in the attached Listing of References.
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] The “concise explanation” requirement (non-English references) for reference(s) [ ] under
37 CFR 1.98(a)(3) is satisfied by:

the explanation provided on the attached sheet.

the explanation provided in the Specification.

submission of the enclosed International Search Report.

submission of the enclosed English-language version of a foreign Search Report
and/or foreign Office Action.

O Odon

the enclosed English language abstract.

Method of payment:

] Authorization is NOT granted to charge any fees which may be due in this matter to our
Deposit Account.

Please charge Deposit Account 08-0380 in the amount of §[  ].

O]

] A check for the fee noted above is enclosed, or the fee has been included in the check with
the accompanying Reply.

X

Please charge any deficiency in fees and credit any overpayment to Deposit Account
08-0380.

Respectfully submitted,
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By__/Benjamin Sparrow, Reg. 62259/
Benjamin J. Sparrow

Registration No. 62,259

Telephone: (978) 341-0036
Facsimile: (978) 341-0136

Concord, MA 01742-9133
Dated: November 1, 2012

1369594.1
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HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS
BEFORE THE USPTO

T hereby revoke all previous powers of attorney given in the application identified in the
attached statement under 37 CFR § 3.73(b).

[/We hereby appoint

4 Practitioners associated with, Hamilton, Brook, Smith & Reynolds, P.C., Customer No. 108735

Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer
] number must be used:

as attorney(s) or agent(s) to represent the assignee before the United States Patent and Trademark
Office (USPTO) and to act on behalf of the assignee in connection with any and all patent applications
assigned only to the assignee indicated below according to the USPTO assignment records or
assignment documents attached to this form in accordance with 37 CFR § 3.73(b).

Assignee Name and Address:

MOSAID Technologies Incorporated
11 Hines Road, Suite 203

Ottawa, ON K2K 2X1

Canada

A copy of this form, together with a Statement under 37 CFR § 3.73(b) (Form PTO/SB/96 or
equivalent) is required to be filed in each application in which this form is used. The Statement
under 37 CFR § 3.73(b) may be completed by one of the practitioners appointed in this form if
the appointed practitioner is authorized to act on behalf of the assignee, and must identify the
application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record
The individugt'whose signature and title is supplied below is authorized to act on behalf of the assignee

Name Phil Sh‘,ae = &

1 "
Signature £§' S,.-“ o N Date November 20, 2012
Title Vice Prcs?dﬁh&@éﬁer‘&iﬁﬁﬁﬁsel and Corporate Telephone 613 599-9539
Secretary
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Electronic Acknowledgement Receipt

EFS ID: 14652331
Application Number: 13569613
International Application Number:
Confirmation Number: 6838

Title of Invention:

LOW LEAKAGE AND DATA RETENTION CIRCUITRY

First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

21005

Filer:

Harvey Auerback/Meagan Blue

Filer Authorized By:

Harvey Auerback

Attorney Docket Number: 2037.2077-019
Receipt Date: 09-JAN-2013
Filing Date: 08-AUG-2012
Time Stamp: 13:42:45

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document File Size(Bytes)/ Multi Pages
Document Description File Name f . .
Number P Message Digest | Part/.zip| (ifappl.)
SB_80_prior_HBSR_P f 75077
1 Power of Attorney —o0_prior_ _POWer_ot_ no 1
Attorney_executed.pdf
5b7c68061f332854cade45cfb309b6h800fC
a7a7
Warnings:
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The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Total Files Size (in bytes):| 75077

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER ] FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019
CONFIRMATION NO. 6838
108735 POA ACCEPTANCE LETTER

SOVigna Road L

Concord, MA 01742
Date Mailed: 01/16/2013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/09/2013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/snguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁ;‘)}aﬂsﬂ;f:,g\;i:rgmia 22313-1450
[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019
CONFIRMATION NO. 6838
21005 POWER OF ATTORNEY NOTICE
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

530 VIRGINIA ROAD

AN R LA AT AR

CONCORD, MA 01742-9133

Date Mailed: 01/16/2013

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/09/2013.

+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/snguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019
CONFIRMATION NO. 6838
108735 PUBLICATION NOTICE

Hamilton Brook Smith & Reynolds, PC

530 vigina Foae T

Concord, MA 01742

Title:LOW LEAKAGE AND DATA RETENTION CIRCUITRY

Publication No.US-2013-0027125-A1
Publication Date:01/31/2013

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Substitute for form 1449B/PTO

SUPPLEMENTAL INFORMATION
DISCLOSURE STATEMENT

IN AN APPLICATION
LISTING OF REFERENCES
April 24, 2013

(Use several sheets if necessary)

ATTORNEY DOCKET NO.
2037.2077-019

APPLICATION NO.
13/569,613

FIRST NAMED INVENTOR
Barry A. Hoberman

FILING DATE
August 8, 2012

EXAMINER

CONFIRMATION NO.
Not yet assigned 6838

GROUP
2819

U.S. PATENT DOCUMENTS

DOCUMENT NUMBER
Number-Kind Code (if known)

Examiner’s | Ref.
Initials No.

ISSUE DATE /
PUBLICATION DATE
MM-DD-YYYY

NAME OF PATENTEE OR APPLICANT
OF CITED DOCUMENT

AS57 |5,973,552

10-26-1999

Allan, Graham

A58 (8,253,438

08-28-2012

Hoberman, ct al.

Copies of issued U.S. Patents and Published U.S. Applications are not required and are not being provided. We are
not listing separately any prior U.S. Patent Office communications regarding the cited documents because the
Examiner has access to any such actions through PAIR.

EXAMINER

DATE CONSIDERED
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ATTORNEY DOCKET NO. APPLICATION NO.
SUPPLEMENTAL INFORMATION 2037.2077-019 13/569,613
DISCLOSURE STATEMENT FIRST NAMED INVENTOR | FILING DATE
IN AN APPLICATION Barry A. Hoberman August 8, 2012
LISTING OF REFERENCES EXAMINER CONFIRMATION NO. | GROUP
Not yet assigned 6838 2819

April 24, 2013

(Use several sheets if necessary)

FOREIGN PATENT DOCUMENTS

DOCUMENT NUMBER
xaminer’s | Ref. 5 DATE NAME OF PATENTEE OR APPLICANT
Eiﬁals N‘Z. Country Coc(lff'ﬁ‘:\fl;"m“d Code MM-DD-YYYY OF CITED DOCUMENT
B9 |JP 10-261946 09-29-1998 Mitsubishi Electric Corp
B10 |JP 2000-013215 01-14-2000 NEC Corp
EXAMINER DATE CONSIDERED
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Searching PAJ http://www19.ipdl.inpit.go.jp/PAl/cgi-bin/PA1DETAIL

i/1 Please click here for details of Stored Data Information of [DETAIL], [JAPANESE], and [LEGAL STATUS].

PATENT ABSTRACTS OF JAPAN

(11)Publication number : 10-261946
(43)Date of publication of application : 29.09.1998

r

(51)Int.Cl. HO3K 19/00
G11C 11/407
HO1L 21/8238
HO1L 27/092

HO3K 19/0948

(21)Application number : 09-066973 (71)Applicant : MITSUBISHI ELECTRIC CORP

(22)Date of filing : 19.03.1997 (72)Inventor : MAKINO HIROYUKI
SUZUKI HIROAKI

(54) SEMICONDUCTOR INTEGRATED CIRCUIT

(57)Abstract:

PROBLEM TO BE SOLVED: To reduce the leakage current of a circuit which is not operated without destroying holding
data of the sequential circuit and to reduce power consumption by providing a control means varying the threshold
voltage of a fild effect transistor used in the sequential circuit. .
SOLUTION: The sequential circuit 20 is constituted of (p) and (n) channel MOSFET 14-17 and the control means is . *?l g
constituted of a positive voltage generator 21, a negative voltage generator 22 and the back gate nodes 23 and 24 ey
of the MOSFET 14-17, Nodes 18 and 19 form a pair of storage holding nodes. The positive voltage generator 21 and
the negative voltage generator 22 set the potential VC1 and VD1 of the nodes 23 and 24 to be power voltage VDD
and ground potential VGND when the sequential circuit 20 operates and set them to be higher than power voltage

VDD and lower than ground potential VGND when the circuit does not operate. Thus, leak current is reduced and ¢y
power consumption is reduced without destroying data of the storage holding nodes when the circuit does not
operate,
B9
1 ofl 4/16/2013 9:42 AM
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(54) SEMICONDUCTOR INTEGRATED CIRCUIT

(57)Abstract:

PROBLEM TO BE SOLVED: To reduce a leakage current in a standby state of a logic circuit including a low threshold
complementary field effect transistor FET regardless of a simple component configuration and to maintain a potential
state of each node even in a standby state,

SOLUTION: In this semiconductor integrated circuit, a control transistor(TR) 4 and a potential clamp circuit 9 are
placed between a power supply line 2 and a pseudo power supply line 3, the pseudo power supply line 3 is clamped
to be a prescribed level by the potential clamp circuit 9 to maintain a potential state (high level, low level) of each
node of a logic circuit, In this case, FETs being components of the logic circuit reach a state where a back bias is
applied to the FETs. Since a threshold voltage Vt gets higher than that of the operating state, a leakage current is
reduced. Moreover, in this semiconductor integrated circuit, since the same Vt is set to one of complementary FETs
configuring the logic circuit with the control TR 4, the area of the layout is reduced more than that of a conventional = U (P
technology where a high Vt TR is employed for the control TR 4 and the number of the manufacturing processes is 1 S 442
decreased. <N
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b, Fv T RAROBNEY —VBROLEE L pALT
B, ATRED NS VY AEDOWDOEEH, 5 0mm
EFTCLH M IVIREBERTERY, TOLIIC, L
DWFLICES F E TOX ZEBEOMINE Kb, Fv 7
SHEOFNE Y — T BRDF v T LIV T OERFORR
BEOLERPRETIZERE %5, E/HAM7— LWW
h DX TEROMIE, 5 L O/ EFICHINg %
b\L@x&—UvﬁﬁﬂbfﬁET@%%&@ﬁtﬁ
b)) BELNES N5,

[(0006) M1 4%BBITZEL, TOEIZEV ¢ b
T UV RL RCIEREE RO, RO EEE S 2
W BENEETAEMA & LT, Bz, FHET6
2983 4 BRAMICBIRE NEREBIWRENT VS, K
14T, B LICEREIN2EHR (VDD) 2 L&
LIBER (VVD) 3LoOMiciEEEhsd ALYy ¥ 3
RIS PO22 1 6 K> THRENZE 1 OB
PREIRS &, Bl 5 ICEBRE N2 EHE (GND) 6 L&t
LR (VGD) 7EDMicEBENEEAL Y Vg
VREIB R SO 2 1 TICEK 2 THERENZE 208
BEREZEZT, EKAL vy a)b NiREER 1 5 O%
TG F O—DhBEMERKR (VVD) 3kEREh, &
Alowa )V RHEER 1 5 OBHERTFOE 5 —-DhkE
M%wﬁ(VGD>7k€m5hfm% ¥t B
B B OBMEERR S HNTE (VDD) 2
k&%{uﬁ'ﬂ%&i (VVD) 3, Mt & se st
(VGD) TOMICAR 1 8SEBFLEEREFRIN
TWa,

(0007] ®1 4DICBENT, ALy gLk
HHEEE L 5, ALy YalbREENS YRR ]
6. 1 72N LTERBEMTONTNS, FHROL =
0. 25 umOMOS FETOBETE, ALYV 3
VRSV YAR 16, 1T7TOVEZ0. 5VIKE
ETHUE, W=50pmOFT7ERE 1 p Ad—X—I
RIBERE T H B, Mo TR 1 4 DT, R (C
S=ao LN\, CSB=nALN)W) &, BALY Y
F)VREIE NSV REL 6, 17HFT7 LTEREL —
B 5 D ) — VB EE KA B 708, RIEREOTHE
BHEBERICLNT, 05N TES,
[0008]) LALENL ZOHEREITIE, PMOSK
UNMO S DAL Lb—HIIBEV t LBV c D 21E
OV IREL LTS R 5knizs, SEiETHENE
M zE0nIHBERDNH S,

(0009]) FhfE b YR, NERY—X
c FLAVEE UF, Vds &idd) TEALy >
7))V il EEEHER &N 25 E TEIET 2 DICHER
WHRE AT BEEHHRD DD, TORMRFORRITH]
MESUYARL 6, 17K TBEITDITNINE
Vit SYVARERRETZE, BVt IV REE
WHLEZEEIDETINOHIE NS YR EZ16, 17
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O7— MEEREL LIRSS, La 70 MEH
EIIE % & 05 RS 5,

(0010] B1 40X 7z BIFHK TR RS R
ZRBTHHOREBL LT, ERIE 1995 S
on VLSI Circuits
Digest of Technical Pape
rsOI25BBLT126H (S. Shigema
tsufs., “A 1—-V High—speed MT
CMOS circuit for p
ower—downapplications”) i<
B, B 50K BEBAMHENTY .
(0011) ®1 5T, KAy a)bFiREER 1
5 OEIRER & OHGERIIR 1 4 LA TH B, D
BAL Y ¥ a)V FigHEE 1 5 ONE/—F (DAT
A) ONHE FHEIRCE R T 2700 S FlEEk 1 9

ymposium

scheme

I UUAR TRERENTZ 2 DA )S—Z INV 1,
INV2E, 2HOFSYATPHF—FTGC 1, TG2
THERENT VS,

L. SVFEEDERA IV ER L 61IRT .

(0013] ®M1BIEBVT, TINET4DEXAI
VBT BEA L)V RHEERK 1 5 &5 v FHE
1 9DREEE, KOEDICTE> TV 5B,

[0014) T1 @HOWYERE, TG1, TG2d
WA T,

(0015) T2:TG1MFY, TG2AATL, K
15HDODATA/— ROEEMNT v FREIE 1 9 IR
Ws 5.

(0016) T3 &REE, TCIMAT, TG2MH
FUL, BHREICTOEDZETMODATA/ —RD
BN T v FEEE 1 OHICT vFENDB,

(0017 T4:TG1, TCz2icFv L, SvF
EEE 1 QIR SN TV T—2BMEXL v a)lb F
EMEIEIE 1 5 BT %,

(00 18] COXITHRFMOERAER Tld. Rk
FHC B R I$9 3 /e HDE B2 E OFEE EEE & 5l
WCERIRNEREEST, 1o TLA T Y MO MmE
BTV, T OBREBREOEFEZ 12713
K1 6IRY KO ICHEHT, K1 4 OBFEERE RO
WS BIRSRET TENEINYG 5,

(0019]

REAERE L &S T 23] 5 1 ORISR, 18k
OCMO S RiE R EE L, S TREMEML I N
WELIEB WS HTH B,

(0020] ZOHEER, &, K. 2EEOX LYY 3
JVREEFRETZOOTENMMMENS DOTH
B, MO S F ETOF v FIOVEEEAOTH 4 VFEAN
TALy Y a )V FBERRE TIHE. PF v VEM
OSFET. NF+2NHMOS FETZNRZFNUCH.
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K2FBO ALy a2V REBEZRET S L 21358 —V
DIA7WNBEME 725,

[0021] E2oMEMAX, BERBOFENT VY
AZDLA T Y NEEMERTBL VIR TH %,

[0022]) zomiid, BEHREROHE NS /IR
KA BRI FNECEV SV REREAL
TWaisd, &V t MU PR REFRL EBEICHEX
TH— MEDPKELRDT-HTH B,

[0023] %3 OMBAIK. RHERFONESREROED
DZy FE % B OMRE EIRE & 3R R L hid
EBEWED, LATY MEEMEML, T LA T
T NERERIL QT X 2T REMAEMIC R b BRET TR
MBINT 2 LW EHTH 3,

{002 4] ZNHAFEOHREL, Lt ORIBERZER
FUFEAEERARERET LIS %,

[(0025] AFHOEL S —DOHEIL, BIFHIEOR
BLAERE L, KO EDMMEEAHIEE TTEEICT 24
RN BT B T 2IcH B,

[0026]

[FREZ R IRT 2 2 DF ) RO | OERICK
E, PF v 3IVEM I S (netal insulator semicondu
ctor) BRMENS VYA XENF ¥ XIVEMI SEBR
BRIV VAR EDHEE N ERIMMEI ST VIR
2E, GBS VYA ZOMEPFy FNVEMI S
BRAR N VR ZRUHEHNT ¥ XVEM 1 SER
MRFSVVARICENFNERENE I RUE 2D
BIGTFE 2ET 5REERE, BRICERENSEIR
e, BIRDHE 2 OBBPIR T IR I B & Il EHicE
BE N BB MRS . WIRCE IR & ATRCAEE HIE & OO
BHEE T 2BAHGH L2 E T 2 8 (A ERERIC
BOC, BIRPFYrNVEM] SEBRYR S VIAL
OEMHF IFATFOER R BRI N, »ORIENF v 2

FICESEE N, ITECEAEATNE. ATECER EE I ORIED
1 OBEMFICERINRUERRE . AT ERR
& HIECERLL B RN & ORI R S NI BB A v FE
LEREL, WERERA Y FEEE, B RBIER &R
SELEIR & ORICHER I NP Fy JVEIM T SED
HE S o VA& L iR B L ATEOER LR E O
CHEREE N, WOECHE b S Y X anA 7 Lickic,
AFCEELE RO A2, WIETIEMOTAIL » BEL
FEEROBMN I VLBV S VB, 75T
T2V TEBEE L, %25V TEREIE. B
FSUPAERA T URIC, TR B, wiEcH
WhS Y AENA 7T B EE ORI E O NES/
— RORE L-NVORER RES SR C L 2RHME TS
ARG FERAFE NS .

[0027]) AFAOE 2 OEEICINE, PFvb
BIM 1 S (metal insulator semiconductor) FEFREHHE
SGUIRARENF Y RINVMM L SRR NSV AX
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Y OMEEN BRBEH N SV R 2 L, ZHEHE
SUVAZDHFLPF Y FIVEIM I SBRUR N VY
AZRUHIEENF v 2VEM [ STBHRAE S S VAL
WCENFNEGENLE I RUE 2 OBRE T 26T
BHIMEIEE L | BIICESE N B L IICHTRIE | OB
ITICERIE DA B E . BB T N B HEHER
&, HIRCARER @8R & ARt iR s O OBH e T 5
TBHEHEHR L AT 2 LB GBI BV T, WREP
Fr ZVEIM [ STBIHR b 522 X & DEAREGF T
HEFERICERIN, »OMENF Y IVEMI SER
SR N T Y AR OBMRE T I RTEERIC B S
RO ULA BT, BIE05RIE EISORIEIE 2 O EIEHT
WX N BEUEHIER & | BTECHEHBER & b R L
MEOMICEREINTEBEA A v FEBKEEH L, Biid
BIRA A F [l I, BTRCHE MR & FCEE M iR &
FRCEER SN IZNF v 2VEIM T SEIOEIE F5 X
K& WECHE HUER & ATRD R EBAR & ORI BRRE .
MR S YR EMA T LB, iR RELU R
OB, i CEROBN L0 HE HERBEROE
ik bR SUTEBMIC, 75 TTB 75T
BAERGL, %oV TEEG, RSN YU AR
F T UBHC . AiEdamBEEE I, RimE s oY R4
A TF BEFTOFCAIEE BEONE/ — F OFRE LA
JVOIRBER R FE XG5 C & Fil & T 2B AR TEE R
HEENS,

(002 8] AXWPDE 3 DEEICIIE, PFyvRIL
FIM I S (metal insulator semiconductor) FEFREHE -
SGUVARENF Y RVEM I STERMR N S VI RE
EOMEED DRZHEME N S YR 2L, HERHE
FGUVARDOWEPF Yy XNVEMI SERME NS VY
AZRUHIEENF v LM [ SEFRWE N SV AL
WKENFNEEENEE L RUE 2 OBRM T L2HT
ZnEER L, BRICERS NS BRRE ., BHcER
ThaEin L FEEEER D S AT E BB
MRS BN E B, FIEREOREE LTETE
WARSERE R BT, B PF v 3VEIM 1 SERY
BRIV ZORRRTRAGGIBERRICEREEN, b
DEFFENF v 3JVEM I SEHRGHE b T Y A XD HAR
BT AT R R S N, TEREA MR, AR
ERTEEIRE ORI FOE | OWIRNE FICHERE N BRI
& HIEDEIRAR & MIECEEH B AR & OMICERE N izEs
| DEFEAA v FEKE, FiFREEROW S 2 0W
BT S N BRlEh iR & . AR IR & BE0RE
(LU & 0 RN B & 72 55 2 O AA v FEE &
AL, BIEDH 1 OB/BHAA v FEEE, WFCBERE
BRI & OIS SN P F v ZIVEIMIT S
HOHE 1 ORISR & &, Wit EiFmR & aridse
YRR L ORNCEERIE N, W0 1 ORI~ S AR
AT UTBE I, BTRERE R EROEA £, WiEBIRR
OBMED & ELFIFEEROBEMIDEFVE 1 DY
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SYTBMIE, VIVTTBEIOIT Y TEERYE
U, WIRCHS 2 O A FHEESE, fiac SR & i
FRLIEHIR L OBICERE NENF Yy 2VEM T SEO
F2OHIE NS YA RE | BRI & SRR LI
e OMICEREXI N, MRS 2 OFIE NS VYR ENA
7 UFeBFT, WIECEE M AR B, §i RO E
fEDEELHLFE IOV SUTBMNED BEVE2D
s UIBAI, PV TTRE 20T Y TEEE
L. Wi | RUHIRE 2 075 TRk, fEes1
RO 2 OFI N 5> VX ZMA 7 U felc, #iEd
AEIEIRRLS . ATROE 1 RO RS 2 O b S YA K
AT T % EETORTEIARE EEONES — RORIELAN
JVOAREER (R &9 % T L R & 9 % A B A EREE
MMESND,
[(00209]) ARBOHE 4 ORI, EBOES
DORERAIC & B PBEAERE Bl BWT, EARBEOR R
REIWCHU., BTRCATEMRE OERRORIEIE 1| OFE -2
VYRR, Wi EGIE OEEY 55 1 OYIEEE
Fr, Wit 1 OB ES NS LNVDRICA T T 5
LOTHY . BIECHERE OB OIS 2 OFiHE k=
VYA, RS LB RS 55 2 OYIE{ER
iy, REE 2 OUBEES oY LVUVORHCE VTS
EDTHD T L RFEYET Y EEEREEIESN
B,
[0030]) ARHOE 5 ORI ZuE, Lo 4

FECH L., RIETERE OEKE, AR 1 OTEME
BRUNE S 2 OUMER RERT 2 Y EBERFE
&, iR AR OER K CHREUEES S RFRIC B
gran, s AREE O B SRS 1 08
BB L. MILYBEEERFERY LRI WEHE 1 O
BESLONORZELBNOREKE, 2 ONOREE
DIHHEERRIET B 1 O R—2 k| R0 LA
BOERE CHIEI VI ES SR TFEICER S, #iEt
FIBERE OIE B 52V T p iEEE 2 OYIEBE S L. WiRRY)
BEBER TR, DR HEIE 2 DU EELONA
NDZrZNANDEMKE, TONAND EEOHHE
BERIET 55204 VN &k, HIIHL, §ifH
1 DA YIN—ZDOHAEE DR AR OEEED 2
ONIFTH 1 OYIEES & U TR AR OB i
T, HIEH 2 DA 3 — RO BB H IR T ARE
DEB DT HORIFLE 2 O YPEES & U TR FhfEE
DEBICHEHIND T &R HE L T 2B REREIRD
BoNn3,

(0031]

(ERY T O& 5 ICAFR Tk, BER L BEERRE
DNC, F T3 BIR & B DR & Oz, K-S
VYRR L BT T YT EBEHEEE NI RREA T

B, COELE,BRHE S VIVAMBEV L TV
VRREFRTHLEZEV, TOXIRRRET BT
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ek, BN VYRR AT U CHRE R B RHE
WHeL o T2 & &I, FRTRE RSO BIFG T O BRI —E
BRIC Y SV TENS,
[0032]
(HEHDO R DORAE) ST FRIAO TN DT R
z%ﬂbrw%?%

Bo

[003 4] 1CiE, S LITERE NS SRR (V
DD) 2 LREAEES (VVD) 3EofIiciEIND
B RSV RF ARUEN 7TV TEEOICE > TH
MENBBEAA v FEEE . Bl 51kt sk
M (GND) 6 LEFMUEAR (VGD) 7TOMICKES
NBEME NS VAR 8RB TV THEIIC K
THRERENZ BEAA v FHEIEEEZHLI TV B, HIZ,
SHIEER 1 0 OBFTFO—> @B, %1 OBPRN

T BEIEEEEES (VV D) 3IEsE N, oo
TRFET (AT, 252 OWBFIET) HVNTECRECUERHIER

(VGD) 7TIKEHEEINTV S, HEER 1 02ERT
BPF ¥ 3)VHEMOS F E T OEARSTF O£ TIdBER
(VDD) 2ic#Efigh, NF+3)VEMOSFETD
BRSTFEE THEER (CND) sicBRE T3,
BRI ERERERE 1 0, AT L 1 & EFNCRHE
TRE2MEDAN=212 12122058l ENT
Wb,

[(0035] &k, TOE1 OREIOERHIE LT

W, B2 DDOBEREAA Y FREED D b7 DOHRDRT
BNTERV, HiE~5 vy AR ARCGHEM 75V T
BOlC k> THRENBEBE A7 v FERBNRIONS
BA. REERR 00 LHE 2 OBEHTIX ., Bl
BVED) 7TLHEIBN S Y IRZSRUBMNI S VT
[E% O % &3 BIFAA v FE B EOHARENTTIC,
EECEmE (GND) 6lcESENG, #lEss oY
AZSRUBMY SV THE O K> TR ENZER
X%/?M%#Qth%“Ak@ EMEREIEE 1 0Dk
1 OBEHTIS. %M%ﬁﬁ(vvn)%k%@%
FGUVARE 4}}10 BT S THEE O BB BRAA Y
Flg e O AR ENETIC, EEICEES (VDD)

2icHERiEN B,
(00 386]) K 1 OEHEHIOBEIRE & FRIRED
HEAE, BEBEVDD=2. 5V, BUBEBER (VV

D) 3nrSy7EMEL. OV, BWUEBIER (VG
D) TOYSVTEMEO. 6VELT, BIHED,
(003 7] FHEEE1 OVEEREDEE (CS=n
AL, CSB=1aw Ll | FREEE 10K,
EEREOHIE NS Y RX 4, 8ENMLTBRMAD
Tbhb, COLE, By Sy TREEHETS, 4
B (VDD) 2 LEHUTERAR (VVD) 3., B
(GND) 6 LEHiER (VGD) TRENEN, &
EHELUWBL RS,
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[0038] ki, BIERIENLIFHERE (CS=mv
Ll C S B=nA L)L) ictib#b e, K
SUVRAR 4, 8BHITATL, ThBHIE T VYR
R 4RV 8 I A TEBRNFND, BH O BEER T
%ﬁnﬁlOE%&T%%%V?X*@E—FF@%E
i, B S oYRAR 4, BOES—MEXD L+
k%mkw‘%M%ﬁﬁ(vvn)3®$mi@buﬁ
TU, 0 B (VGED) 7 0BABBKRLICER
T B, 7272 Ly BUUTEHE (VVD) 30®EALE, WL
2S5 TEBIOEHET. 9VEXDEETET,
i, BELE R (VG D) 7OEMEO.
ER U,

[0039] K1 OERNFHIRETEHLUERR (VV
D) 3OE|AA L. OV, SRR (VGD) 708
M0, 6 VILFNTNTI SV TEINTVBERETS
L. HMEBEEIODAAN—=R121, 1 22%02@
DPMOSFET (MP1, MP2) £2fONMOS
FET (MN1., MN2) DV—AiF & EMmFric
i, FhFENO. 6 VORI — A TRAEE (V
bs) BEIIMENTVWAT 2icixb, TDOESEMOS
FETINY X = NA TABERNIMENB L, V
bs=0VDREZLEART | Vi | BER L, A 78N

R
6VEEAT

DTS
(004013 ¥—hrEL=0. 25um. |
Vt|=0. 2V, F—FEW=50pmTONY Y

—IRXA 7 REBE (| Vb s |) & T&EH (] 1.
[) OEFEERLELDTHS, WO OX3 I, |
Vbs | =0. 6 VDN ZIALT ADHINENTIE
&, Vb s =0VIZHRTNMOS FE T Cldt 78K
ﬁﬁl/lom\PMOSFETT@%1/4K%M%
nEHd

[0041]1@;5u$%%?@ T L AR B
FREETAMI S FETIC N 2L 7 AHDEMENS
=8, ThHDOV t B ER U, SO BBRAEIR
ENb,

(004 2] EEHOBERBEIBHOIE KD IT, A%
FAOR 1 DRBRTE, #Il FSrYRE4, 8BVt
FSUVRETHBBETEL, |V =0. ZVE
BEORV L I YVAXTRKEEETH S, Thic

D, B SY YRR 4, 8OF— FiER dé<¢%g
EHTE, EREOLI IKEV t hT Y IR TR
TERBELOE LA T b HEEBAEE TH B,
[0043]) THICH1IOMBRTI, HEIFS I X
4. 8OV t BFNFNHmEEKZHEKT Z2PMOS,
NMOSHV ¢ &8 LR CICRET R Lickb,
ek v & EOE TREHIRATRETH 5.
(00442, W3, TNTNAREHE2, B3
OEMHIORBRETH B, RRIARE 2 DRMEH X5
20, M 1IPOBELMYS VITEBBN 1L EOX A 4— R
FEF 1 3THREEINTVE., Tixbb, K 2 ORMGEH
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W, B NS VYV RR ARG A A~ FEF | 3hbR
BEIOBRAAYFERESI 1&, HEN VIPXE8
RUOEAF— F&EF 1 305 R5B20BFATvFH
H32Lr2ETH, BEMOX/A—FRETF 131, B
g (VDD) 217/ — R, BEUEHER (VVD) 3
AV — R EREN, BlloX A A—F#EF 13
W, BEOEEHER (VGD) 7T/ — R, B (GN
D) GiEAY —FHERENTVS, TOX S s
TBHIEICE D, EEM (VDD) 2 LEHUBIR (V
VD) 3ROENE, M EHE (GND) 6 L&
IR (VG D) THOBEMNZR., ThEThXAF—F
FEF13OCIV A VEBE (VIb) Tz sC L
MEREE 5% o
(0045) ARIFHEIOEMIF L HBH3 Tl K1
OB Y D 7RIS 2l OB E N XA 4 —
REF 1 3THEREINTVE, TOEIRERICKD,
FBFR (VD D) 2 LEELIEFER (VVD) 3MOEL
W (GND) 6 2EEUEEER (VGD)
THOBMEE, TNENL A A—RETF 1 30
A VEE (Vb)) Q2 TICMR 2 LWL &
B,
[0046) COXIICE2, B3OSR TE, X1
A= REFOUN M VBERFBALT, GRLETE
BBy D v TERERBEERETD 5,
(0047]) 4, RIEHE 4 OREHOMEKTH
%, AERFH T, R1POBMY TV 76 BN ERR
(VDD) 2 LEHMUEER (VVD) 30M., MUTICHE
g (GND) 6 LEHUEIMER (VGD) 7 Diiczn
FREBINZERET 1 4 THRINTV 3,
[0048) COEMHITIE, HEEHCENETL 4%
HNAERIC KO EREK (VDD) 2 LEHUBHER (V
VD) 3, iCicHEti (GND) 6 ZEEREEhR
(VGD) 7MICEMAENPREL, WMEER 1 0 2R
FTBEMOSF ETIENYINRATAREZD T ENTE
%o

FlazmnsBRICKDRETIBMAERZFALT,
R ERTFH R CEL Y Z V THEBEMET ETH 5,
[0050]) K5, ARPEES OEMEH O ERKTH

BRIV VT PSS UVRE2 0, W AIERN Y
VIRNIGUY A2 I THEENTWS, ThLEBY
SUTSUIAE20, 2 1 OEEME, FhEN,

BE NS Y A2 4, SOEBFBRLILHEDOF v 3 )VE

(EED) IKhx>THh., &7 — MiFICEHE 5
VAZANOHEES LR CESPATENS,

{005 1] REMHCE, FERICETR (VDD)
2 LRHUBI A (VVD) 3 &OROEAE ZBIMNE
[MSUTRSUPAZ200 |Vt | IR, M
PR (GN D) 6 LREMEEMR (VGD) 7 OB
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TBAERBIAENG S TR VYRZ 210D | VL
| LRI, BNFIAZ ZENTREL R B,
(0052]) cokIcAEMmITE, BENIFTH
FYIVRZOV t ZRAL T, GRTEFHERCEMY
T ¥ TR B ATEE TS b,
[0053]) K6, RFEHE 6 OFMH OMINTH
%, 6. X2 082 0EGEHORET., o FEK
ERER LI BEOMBERE RLUTVS, K6 T, it
B 1 0D \FEAA v FE B E OBERFRIEK 2 2ET
THb, T OHEER1 0 DONEF/—F (DATA) ©
FREEIG T2, Ty FEE L OPBRINTVHS
. COHBIGEE OREEETHOONTWALDT
Hbo, REFAOBFEA v EEEREERT S bic
BINE NIz O TIEEV, RODTyFERLIEZ, 2
oA )S—Z INV 1, INV2&, 2D TR
T7HF=RTG1, TG2 THRENTVWS, K6DT
wFEE 1 9OBBKTS R IVVREZOV ik, WHEE
BE1O0EMBRT BRI /Y ARDOV L LR UICREEh
TWb, EEFEHTRERENTHIZVD, Ty FH
BEERT AP F vy XNVEMOS F E TOARNTFIZS
NTEPEG (VDD 2icHHE A, BN Fv xIVEM
O S FE T OEARMTI&E THIR (GND) 6IcEEw
ENTVs,
[0054) WE, BEEIVDD=2. 5V, &1F
—RET 1 3OENMAVBE (VED) 20, 7TVE
T2E, K 6OEBE, FERETEEMEBRR (VV
D) 30BN, 8VEIE, REMEMER (VGD) 7
DBLAO . T VLTINS, H6-T. HEHEE 1
0TS v FEIK 1 9 DRER/ — FOIREEE, BFUE
B (VV D) 3DBME /N LYV, RELUEHIE (V
GD) 7TOEMEDTLAIVE LT, BERED SHHE
IREEAEI O B ZEAMORENMRREENS,
(0055]) COXICARHPOBFEBEHBRTIE, &
xS w FEBERIBC Ll HHEICE/ —~FD
NA LU, BT LAV REEE (REFETRE TH B
(00561 7k, RHEFEOFETOERMFIZRL T
%, W71k, M2 0EME EEEEBVTBELL 2
RAERLT WA,
(0057 81b, 7 OEMHIE, K2 OEKOXS
1S, THIRERVDD & BERUBIEARWD Mic, BIHXA v F b

OND & BE{LUBHIARVCD M, BEA T v F S VY A&
8HRETEZBEASyFEEI 20T B LE—T
BHEL, TOBRAAYF NIV IARDAY F T
KoTT I F 4TS A)—TOE— RYEEEERT B
BICRNT, BEA Y F NI VYA XD HIEOREE L
FEREGEICT B LD TH %,

PROEEE 3 3) ZHOIC, HIBEETH 558 (D
FfEOmEERE3 3 (KNP EMOEEEE 3 3) & Tk
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BTHZEM) BEEORRE (Khohfl OB KR 3
3) BERLT V3,
[0059]) &n BEE (hi) OREEHEEI 3 T, BIK
FRVDD & BELL B IEARVVD () D RIS BE M OB IR A A v F
[HEE 3 1 AR AZ A, BEHBEROND & BELUREHD FRVGD(n) o
BT I O BT v F 3 2B A TN T
%, M7TIKHBWVT, BEn BB OREE3 3L 5E0-D
W 3 3IENT BT VT 4T SR =T E—R
CS(n+1), CSB 1) % R B Fosblc . AFEHAIC
LRERITIZCS A 28— & 3 5 £ (0SB i /78—
23 B6MRITENT VB, CSHAVNN—%3 5EHERT
BMOSE T IRAEZEPWST TVIRAK, F—HEDS
L. FLAvE3 LRZERENEREI N, NSk
RO — A EHIEROND ICBEi T, PHOSh S YR &
DY — ZHEE BBV ) IcHEE T %, TOX
SEHRET A itk Bn BENAR) —TE-F
W IS ) ERIEEOND) Lbeinsd
T2¥h, (1) BEREOEESEE 3 31T B S0
JHAA Y FEES 223 TIRBICTEENTES, FH
R, CSB A A v/ 3—% 3 6 BRKTANM0S M T PR
ZEPMOSh T VYRR, F—RESL, FLAvES
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First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

108735

Filer:

Benjamin J. Sparrow/Cheryl Thomas

Filer Authorized By:

Benjamin J. Sparrow

Attorney Docket Number: 2037.2077-019
Receipt Date: 24-APR-2013
Filing Date: 08-AUG-2012
Time Stamp: 15:22:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
. 75472
) 20372077019_SIDSTransmittal.
1 Transmittal Letter of no 3
p 80b26d8923a184b0079166fc5203c2b2ff81
c2cf
Warnings:

Information:
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67631
20372077019_SIDSListing.pdf no 2

bbbb192b93940ac49e 1433a5bcace3c5ead|
890a4

Information Disclosure Statement (IDS)
Form (SB08)

Warnings:

Information:

This is not an USPTO supplied IDS fillable form

1484770
3 Foreign Reference 20372077019_B9.pdf no 12

97a451b2e7c8e19e2c30a3f1¢c3680badc18
bbce8

Warnings:

Information:

2352649
4 Foreign Reference 20372077019_B10.pdf no 17

2661fccfd8f52df58823508760ddd50a82ec
<79f

Warnings:

Information:

Total Files Size (in bytes):| 3980522

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

145




JMS/BJS/cdt
April 24,2013

PATENT APPLICATION
DOCKET NO.: 2037.2077-019

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: Barry A. Hoberman, Daniel L. Hillman, William G. Walker, John M.
Callahan, Michael A. Zampaglione and Andrew Cole

Application No.: 13/569,613 Group: 2819

Filed: August 8, 2012 Examiner:  Not yet assigned

Confirmation No.: 6838

For:

Low Leakage And Data Retention Circuitry

CERTIFICATE OF MAILING OR TRANSMISSION
T hereby certify that this correspondence is being deposited with the United
States Postal Service with sufficient postage as First Class Mail in an
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450, or is being facsimile transmitted to the United States Patent
and Trademark Office on:

Date Signature

Typed or printed name of person signing certificate

TRANSMITTAL LETTER FOR
INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This Information Disclosure Statement is submitted:

X

[l

1443216.1

under 37 CFR 1.97(b), or

(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the
national stage in an international application; or before the mailing date of a first office action on the merits; or before the mailing of a first
office action after the filing of a Request for Continued Examination).

under 37 CFR 1.97(c) together with either:
a Statement under 37 CFR 1.97(e), as checked below, or
a $[180/90/45] fee under 37 CFR 1.17(p), or

(After the 37 CFR 1.97(b) time period, but before any of a final action, notice of allowance, or an action that closes
prosecution, whichever occurs first)

under 37 CFR 1.97(d) together with:
a Statement under 37 CFR 1.97(¢), as checked below, and
a $[180/90/45] fee under 37 CFR 1.17(p), or

(Filed after final action, notice of allowance, whichever occurs first, or if prosecution otherwise closes, but on or before
payment of the issue fee)

under 37 CFR 1.97(i):

Applicant requests that the IDS and cited reference(s) be placed in the application file.
(Filed after payment of issue fee)
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2o

Statement Under 37 CFR 1.97(e)

[l

[

Each item of information contained in this Information Disclosure Statement was first cited
in any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement; or

No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the undersigned, after making reasonable inquiry, no item of information
contained in the information disclosure statement was known to any individual designated in
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure
Statement.

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment)

[

1443216.1

Applies to original applications (other than design) filed on or after May 29, 2000

(1) A paper containing only an information disclosure statement in compliance with §§ 1.97
and 1.98 will not be considered a failure to engage in reasonable efforts to conclude
prosecution (processing or examination) of the application under paragraphs (¢)(6), (c)(8),
(¢)(9), or (c)(10) of this section if it is accompanied by a statement that each item of
information contained in the information disclosure statement:

L] (i) Was first cited in any communication from a patent office in a counterpart foreign
or international application or from the Office, and this communication was not received by
any individual designated in §1.56(c) more than thirty days prior to the filing of the
information disclosure statement; or

L] (i1) Is a communication that was issued by a patent office in a counterpart foreign or
international application or by the Office, and this communication was not received by any
individual designated in §1.56(c) more than thirty days prior to the filing of the information
disclosure statement.

Enclosed herewith is a Listing of References. Copies of the cited references are enclosed
except as indicated below or in the attached Listing of References.

Copies of the cited references submitted with an Information Disclosure Statement in prior
application, U.S. Application No. [ ], to which priority under 35 U.S.C. 120 is claimed, are
not required under 37 CFR 1.98(d)(1) and (2) and are thus not provided.

The listed references were cited in the enclosed Search Report in counterpart foreign
application [add application number], which is listed in the attached Listing of References.
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The “concise explanation” requirement (non-English references) for references B9 and B10
under 37 CFR 1.98(a)(3) is satisfied by:

the explanation provided on the attached sheet.

the explanation provided in the Specification.

submission of the enclosed International Search Report.

submission of the enclosed English-language version of a foreign Search Report
and/or foreign Office Action.

X Odoo

the enclosed English language abstract.

Method of payment:

[l

[l
[
X

Authorization is NOT granted to charge any fees which may be due in this matter to our
Deposit Account.

Please charge Deposit Account 08-0380 in the amount of §[  ].

A check for the fee noted above is enclosed, or the fee has been included in the check with
the accompanying Reply.

Please charge any deficiency in fees and credit any overpayment to Deposit Account
08-0380.

Respectfully submitted,
HAMILTON, BROOK, SMITH & REYNOLDS, P.C.

By__/Benjamin Sparrow, Reg. 62259/
Benjamin J. Sparrow

Registration No. 62,259

Telephone: (978) 341-0036
Facsimile: (978) 341-0136

Concord, MA 01742-9133
Dated: April 24,2013

1443216.1
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Bpproved for yse through 1130014, OMB 0851-3038

.8, Patent and Trademark Offos; U8 DEPARTMENT OF COMMERCE

Lindss the Paperwork Regduction At of 1895, no persons 878 required 1o respond 1o 3 collsction of information uniess 1 dispiays 8 valid OMB control number,

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

{ hareby ravoke all previocus powers of attorney given in the application identified in the altached statemant
ungder 37 OFR 3.73{¢).

{ hereby appoint
E 8 E Practitioners associated with Customer Mumbae: 4,3 ,,g & 3? 2
OR
{3 Practilivners} named below (i more than ten pstent practitioners are o be namad, then 3 sustomer number must be used):
Naane Ragistration Mame Registratios
Nurmbar Mumbes

' Ag aliorney(s] o agent{s) to represent the underaigned beforg the United States Patent and Trademark Oflice (USPTO)} in connection with
any and aff patent applications assigned galy to the undersigned according to the USFTQ assignment racords of assignments documents
attachad to this form in accordancs with 37 CFR 3.73{¢}

Please change the coneapondence address for the application identified in e sitached sistorment under 37 CFR 3730 ©

The adidress assosisted with Customay Nuraber °§ AE 43? 2
OR

Firm or
Individuat Nams

Addrass

City ESiate 32&)

Courntry

Talephans Emai

Assignee Mame and Addrass: MOSAID Tachnologies Incorporgted
11 Hines Road, Sullts 203
QOttawa, Ontarie Canada K2K 23

A copy of this form, together with 3 slsterment under 37 COFR 3.73{c} (Form PITO/AIAMRS or esgmvaiem} is required to bs
Filed in 2ach application in which this form is used. The statersent under 37 OFR 3.73{c} may be sompleted by sne of
The praciitionsrs appointed in this form, and must identify the application iy which thia Power of Aorney is f0 be filed.

& E JATURE of Assignes of Rscord
The individual whose' ssgrxatu{;sa‘ ad title is supplied below is authorized o act on behalf of the assignes

i Dz o 3/74 /]2
Name i/f% &z’f&f@ﬁ?xzfszf/fﬁm%&w Telptone §17— 5955/ 75

Title

2 NN
7 nis coliacton of infoxwai.cn B u'-a.fxec ”by k3 i 3 13 vequired to oidain of relrin & benelli Ly the public which iz 1o file (ang
by e WSPT TR wp } an appil wont bty s govemaed by mg 3F OFR 1.41 and 114, This collecton is estimated o teke 3 minas

10 cutriplala, sm‘iudmg gAihent\g ;\mpar.ns and submitting the complated app cai.m forms to the USPTE, Time wilf vary depanding upon he indiddusl oase. Aay
sornets on the amount of ime you mguire fo camplets this Turm andiar suggestions for raducing this burden, should be sant to the Chie! informating Dficer,
4.8, Patent and Trademark Office, U.8. Department of Commercs, F.0. Bax 1450, Alexandria, VA 22313-14350. DO NOT SEND FEES OR COMPLETED
FORME TO THIS ARDRESS. SENDT: Commilss fay Pad PO, Bax 1458, Alexandris, VA 333131458,

§ you need assistancs in compisting the form, call 1-800-PTO-8188 and salect option 2.
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PTO/AIA/986 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
MOSAID Technologies Incorporated

Applicant/Patent Owner:

Application No./Patent No.: 13/569,613 Filed/Issue Date: August 8, 2012
Titleq: LOW Leakage and Data Retention Circuitry

MOSAID Technologies Incorporated , a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignhee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assighment from the inventor(s) of the patent application/patent identified above. The assighment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. Erom: Barry A. Hoberman, Daniel L. Hilman, Willam G. Walker, John M. Callzhan, Michael A. Zampaglione, Andrew Cole To: V]rtua| SiliCOn Techno|ogy, |nC.

The document was recorded in the United States Patent and Trademark Office at

Reel %, Frame L, or for which a copy thereof is attached.
5 From: Virtual Silicon Technology, Inc. To: MOSAID Delaware, Inc.

The document was recorded in the United States Patent and Trademark Office at
Reel 028782 , Frame 0834 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

STATEMENT UNDER 37 CFR 3.73(c)

3. From: MOSAID Delaware, Inc. To: MOSAID Technologies Corporation
The document was recorded in the United States Patent and Trademark Office at
Reel 028785 , Frame 0754 , or for which a copy thereof is attached.

4. From: MOSAID Technologies Corporation To: MOSAID Technologies Incorporation

The document was recorded in the United States Patent and Trademark Office at

Reel 028784 , Frame 0514 , or for which a copy thereof is attached.

5. From: MOSAID Technologies Incorporation To: MOSAID Technologies Incorporation
The document was recorded in the United States Patent and Trademark Office at
Reel 028786 , Frame 0153 , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assighee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assighment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/J. Robert Brown, Jr./ June 17, 2013
Signature Date

J. Robert BI’OWH, Jr. 45438

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose forwhich the
information isused by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the U.S. Patent and Trademark
Office may not be able to process and/or examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

152



Electronic Acknowledgement Receipt

EFS ID: 16054456
Application Number: 13569613
International Application Number:
Confirmation Number: 6838

Title of Invention:

LOW LEAKAGE AND DATA RETENTION CIRCUITRY

First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

108735

Filer:

J. Robert Brown/Shannon Trotter

Filer Authorized By:

J. Robert Brown

Attorney Docket Number: 2037.2077-019
Receipt Date: 17-JUN-2013
Filing Date: 08-AUG-2012
Time Stamp: 17:43:02

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
1454730
1 Power of Attorne MOSD_MDO01182_US_CON5_0 o 1
Y 1007_POA.pdf
9f96e64e73b224984e724edca996ad982bd|
db86a
Warnings:

Information:
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126539
Assignee showing of ownership per37 | MOSD_MDO01182_US_CON5_0

2 CFR3.73. 1007_Statement.pdf noe 3
fa97bc699cc6769cc9f7d020f66f12a106b08|
Warnings:
Information:
Total Files Size (in bytes):| 1581269

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019
CONFIRMATION NO. 6838
114372 POA ACCEPTANCE LETTER

clo Conley Fogo, PG TR R

5601 Granite Parkway, Suite 500

Plano, TX 75024
Date Mailed: 06/24/2013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/17/2013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/hsarwari/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019
CONFIRMATION NO. 6838
108735 POWER OF ATTORNEY NOTICE

S50 vigna Foad A

530 Virginia Road

Concord, MA 01742
Date Mailed: 06/24/2013

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/17/2013.

+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/hsarwari/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.“SP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
114372 7590 01/24/2014
MOSAID Technologies Incorporated LE, DONP
c/o Conley Rose, P.C.
5601 Granite Parkway, Suite 500 I ART UNIT PAPER NUMBER |
Plano, TX 75024 2844
DATE MAILED: 01/24/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019 6838

TITLE OF INVENTION: LOW LEAKAGE AND DATA RETENTION CIRCUITRY

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 30 $960 04/24/2014

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
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verity whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). 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. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop 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. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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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
ommlssmner for Patents
P.O. Box 145
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)ropuate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certlﬁcate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

114372 7550 R 01/24/2014 I hereby certify that this Fee(s f) Transmittal is being deposited with the United
MOSAID Technologles Incorporated States Postal Service with sufficient postage for first class mail in an envelope
/o Conley R P.C addressed to the Mail Stog ISSUE FEE address above, or being facsimile
¢/0 Lon ey. ose, F.L. . transmitted to the USPTO (571) 273-2885, on the date indicated below.
5601 Granite Parkway, Suite 500
Plano, TX 75024 Deposiiors narme)
2
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019 6838
TITLE OF INVENTION: LOW LEAKAGE AND DATA RETENTION CIRCUITRY
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 04/24/2014
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
LE, DON P 2844 326-027000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). 1
(1) The names of up to 3 registered patent attorneys
(| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

hd

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (I The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

(| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark 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 PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.“SP[O.gOV

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
13/569,613 08/08/2012 Barry A. Hoberman 2037.2077-019 6838
| EXAMINER |
114372 7590 01/24/2014
MOSAID Technologies Incorporated LE, DONP
c/o Conley Rose, P.C.
5601 Granite Parkway, Suite 500 I ART UNIT PAPER NUMBER |
Plano, TX 75024 2844

DATE MAILED: 01/24/2014

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 108 day(s). 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 Patent Term Adjustment will be 108 day(s).

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) WEB site (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 (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, 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 valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
13/569,613 HOBERMAN ET AL.
; HH i i AlA (First Inventor to
Notice of Allowability g’gﬂ?r 2;‘42“" Filo) Status
No

-- 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 or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X] This communication is responsive to document filed 8/8/2012.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 64-81. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitpeww Lsplo.gov/patenis/init_events/oph/indax.isp or send an inquiry to PPHicadback@usplo.goy .

4. [7] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[JSome *c)[] None of the:
1. [ Cetrtified copies of the priotity documents have been received.
2. [[] Certified copies of the priority documents have been received in Application No. ___
3. [J 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)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

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. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [J Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 8/8/2012, 9/13/2012, 11/1/2012, 4/24/2012

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [] Other .

of Biological Material
4. [] Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140111
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Application/Control Number: 13/569,613 Page 2
Art Unit: 2844

1. The present application is being examined under the pre-AlA first to invent
provisions.

Allowable Subject Matter

2. Claims 64-81 are allowed.
3. The following is an examiner’s statement of reasons for allowance:
4. With respect to claim 64, the prior art does not teach A method carried out in an

integrated circuit that includes an adaptive leakage controller, a power manager and a
plurality of power islands, the method comprising: receiving, at the power manager, a
control signal from the adaptive leakage controller; and employing the power manager
to dynamically change power consumptions of the plurality of power islands, the
employing the power manager to dynamically change power consumptions including:
generating a variable voltage based on the control signal; and providing the variable
voltage to at least one of low leakage sleep circuits of the integrated circuit.

5. With respect to claim 73, the prior art does not teach a method carried out in an
integrated circuit that includes an adaptive leakage controller, a power manager, a
plurality of power islands and a plurality of low leakage sleep circuits, the method
comprising: receiving, at the power manager, a control signal from the adaptive leakage
controller; and employing the power manager to dynamically change power
consumptions of the plurality of power islands, the employing the power manager to
dynamically change power consumptions including: generating a variable voltage based

on the control signal; and providing the variable voltage to the plurality of low leakage
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Application/Control Number: 13/569,613 Page 3
Art Unit: 2844

sleep circuits, wherein each of low leakage sleep circuits is associated with leakage
reduction of a respective one of the plurality of power islands

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.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DON LE whose telephone number is (571)272-1806.
The examiner can normally be reached on 7AM - 5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Douglas Owens can be reached on 571-272-1662. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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Application/Control Number: 13/569,613 Page 4
Art Unit: 2844

/DON LE/
Primary Examiner, Art Unit 2844
1/11/2014
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Application/Control No. Applicant(s)/Patent Under
et £
Notice of References Cited _ .
Examiner Art Unit
DON LE 2844 Page 1 of 1
U.S. PATENT DOCUMENTS
> oounts%iﬂﬂiﬁtm'ﬁﬁmf; Code MM??(T\E(EYY Name Classification
*| A | Us-2013/0173077 07-2013 Ye et al. 700/295
* | B | US-2010/0031073 02-2010 Yeh et al. 713/324
* | ¢ | US-2010/0066439 03-2010 Caplan et al. 327/535
D | US-
E | US-
F | US-
G | US-
H | US-
I us-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Courty Godbmumberkind Gode. | MVAYYY Country Name Classification
N
(e}
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
A
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20140111
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Receipt date: 09/13/2012 13569613 - GAU: 2844
Sheet 1 of 1
Substitute for form 1449B/PTO ATTORNEY DOCKET NO. APPLICATION NO.
SUPPLEMENTAL INFORMATION 2037.2077-019 13/569,613
DISCLOSURE STATEMENT FIRST NAMED INVENTOR | FILING DATE
IN AN APPLICATION Barry A. Hoberman August 8, 2012
LISTING OF REFERENCES EXAMINER CONFIRMATION NO. | GROUP
Not yet assigned 6838 2819
September 13, 2012
(Use several sheets if necessary)
Bxaminer’s | Ref OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
C49 |Tschanz, James W., et al.,”Dynamic Sleep Transistor and Body Bias for Active Leakage Power
Control of Microprocessors”, IEEE Journal of Solid-State Circuits, Vol. 38, No. 11, November
2003, pp. 1838-1845
*Copies of any U.S. Office Communications or non-published U.S. Patent Applications are not being provided
because the examiner has access to such documents through PAIR. We are not listing separately any prior U.S.
Patent Office communications regarding the cited documents because the Examiner has access to any such actions
through PAIR.
EXAMINER Don Le/ DATE CONSIDERED 01/09/2014
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.L./
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Receipt date: 11/01/2012 13569613 - GAU: 2844

Sheet 1 of 1
Substitute for form 1449B/PTO ATTORNEY DOCKET NO. APPLICATION NO.
SUPPLEMENTAL INFORMATION 2037.2077-019 13/569,613
DISCLOSURE STATEMENT FIRST NAMED INVENTOR | FILING DATE
IN AN APPLICATION Barry A. Hoberman August 8, 2012
LISTING OF REFERENCES EXAMINER CONFIRMATION NO. | GROUP
Not yet assigned 6838 2819

November 1, 2012

(Use several sheets if necessary)

U.S. PATENT DOCUMENTS

Examiner’s | Ref. DOCUMENT NUMBER PU BIEISg f 111331’\11‘ ];:-)2 IE NAME OF PATENTEE OR APPLICANT
Initials No. Number-Kind Code (if known) MM-DD-YYYY OF CITED DOCUMENT

AS55 [(US2003/0103368 06-05-2003 Arimoto et al.

A56 15,781,481 07-14-1998 Iwakiri, Itsuro

Copies of issued U.S. Patents and Published U.S. Applications are not required and are not being provided. We are
not listing separately any prior U.S. Patent Office communications regarding the cited documents hecause the
Examiner has access to any such actions through PAIR.

EXAMINER Don

DATE CONSIDERED

01/09/2014

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.L/
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

RefHits iSearch Query DBs Default iiPlurals {iTime

# Operator Stamp

L1 414 4(("8253438") or ("7940081") or {US-PGPUB; USPAT; OR OFF 2014/01/11
("7592837") or ("7443197") or {USOCR; FPRS; EPO; 16:00
("7348804") or JPO; DERWENT;
("7227383")).PN. IBM_TDB

2 {83 |(POWER ADJ ISLAND) AND US-PGPUB; USPAT; OR ON 2014/01/11
(POWER ADJ CONSUMPTION)  §USOCR; FPRS; EPO; 16:08
AND SLEEP AND LEAKAGE JPO; DERWENT;

IBM_TDB

EAST Search History (I nterference)
< This search history is empty>

1/11/2014 4:12:58 PM

file:///Cl/Users/dle 1/Documents/e-Red%20Folder/13569613/EASTSearchHistory.13569613_AccessibleVersion.htm[1/11/2014 4:13:00 PM]
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Receipt date: 04/24/2013 13569613 - GAU: 2844

Sheet 1 of 2
Substitute for form 1449B/PTO ATTORNEY DOCKET NO. APPLICATION NO.
SUPPLEMENTAL INFORMATION 2037.2077-019 13/569,613
DISCLOSURE STATEMENT FIRST NAMED INVENTOR | FILING DATE
IN AN APPLICATION Barry A. Hoberman August 8, 2012
LISTING OF REFERENCES EXAMINER CONFIRMATION NO. | GROUP
Not yet assigned 6838 2819

April 24,2013

(Use several sheets if necessary)

U.S. PATENT DOCUMENTS

Examiner’s| Ref. DOCUMENT NUMBER »U BIEISS f, 1?31\? ]i)ﬁs - NAME OF PATENTEE OR APPLICANT
Initials No. Number-Kind Code (if known) MM-DD-YYYY OF CITED DOCUMENT

AS57 (5,973,552 10-26-1999 Allan, Graham

A58 18,253,438 08-28-2012 Hoberman, et al.

Copies of issued U.S. Patents and Published U.S. Applications are not required and are not being provided. We are
not listing separately any prior U.S. Patent Office communications regarding the cited documents hecause the
Examiner has access to any such actions through PAIR.

EXAMINER .
/Don Le/f

DATE CONSIDERED

01/09/2014

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.L/
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Receipt date: 04/24/2013 13569613 - GAU: 2844

Sheet 2 of 2
Substitute for form 1449B/PTO ATTORNEY DOCKET NO. APPLICATION NO.
SUPPLEMENTAL INFORMATION 2037.2077-019 13/569,613
DISCLOSURE STATEMENT FIRST NAMED INVENTOR | FILING DATE
IN AN APPLICATION Barry A. Hoberman August 8, 2012
LISTING OF REFERENCES EXAMINER CONFIRMATION NO. | GROUP
. Not yet assigned 6838
April 24, 2013 2819
(Use several sheets if necessary)
FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER
Examiner’s| Ref. - DATE NAME OF PATENTEE OR APPLICANT
Initials No. Country Co‘éiilljl‘l‘;‘;'f)"K‘“d Code MM-DD-YYYY OF CITED DOCUMENT
B9 |JP 10-261946 09-29-1998 Mitsubishi Electric Corp
B10 |JP2000-013215 01-14-2000 NEC Corp
EXAMINER /Don Le/ DATE CONSIDERED 01/09/2014

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.L/
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entered, applicant must request non-entry of such amendment(s).

l:l Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[] Other

[X] Enclosed

[[1 Amendment/Reply
Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

[] ©ther

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c)} for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 501515

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

Patent Practitioner Signature

[[1 Applicant Signature
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Doc code: RCEX
Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (07-08)

Approved for use through 07/31/2012. OMB 0851-0031
U.S. Patent and Trademark Office; U.S5. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

/J. Robert Brown, Jr./

Date (YYYY-MM-DD}

2014-04-22

Name

J. Robert Brown, Jr.

Registration Number

45438

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for

reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you de not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.8.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice toc determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a centract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, tc another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not he used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitaticns of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned cr in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code: IDS PTO/SB/08a {01-10)

P - - . Approved for use through G7/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 13569613
Filing Date 2012-08-08

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Barry A. Hoberman

Art Unit ‘ 2844

Examiner Name | DonP. Le

Attorney Docket Number ‘ MD01182-US-CON54438-01007

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear
1 6144251 2000-11-07 Ogawa
2 6242948 B1 2001-06-05 Makino
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns, Lines
Examiner| Cite | Foreign Document Country Kind [ Publication Aoplicant of cited where Relevant s
Initial* No | Number2 Code2 j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 07105174 JP A 1995-04-21 Hitachi, Ltd.
2 9948208 wO Al 1999-09-23 Siemens |:|
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Application Number 13569613
Filing Date 2012-08-08

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Barry A. Hoberman
Art Unit ‘ 2844

Examiner Name | Don P. Le

Attorney Docket Number ‘ MD01182-US-CON54438-01007

3 |2001284530 JP A [2001-10-12 | Matsushita Electricind

If you wish to add additional Foreign Patent Document citation information please click the Add button Add

NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S - . '
. (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
Initials No . . .
publisher, city and/or country where published.
1 Japanese Rejection Decision; Application No. 2011-217253; October 22, 2013; 3 pages.

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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Application Number 13569613

Filing Date 2012-08-08

INFORMATION DISCLOSURE

First Named Inventor | Barry A. Hoberman

STATEMENT BY APPLICANT BT

( Not for submission under 37 CFR 1.99)
Examiner Name | DonP. Le

Attorney Docket Number ‘ MD01182-US-CON54438-01007

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s}):

That each item of informaticn contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not mare than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the informaticn disclosure statement was cited in a communication frem a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c} more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e}(2).

[ ] See attached certification statement.
[] The fee set forth in 37 CFR 1.17 (p) has been submitied herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1 .4(d) for the
form of the signature.

Signature 1J. Robert Brown, Jr./ Date (YYYY-MM-DD) 2014-04-22

Name/Print J. Robert Brown, Jr. Registration Number 45438

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.C. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain infarmation in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2}; (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in terminaticn of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the Intemational Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce} directive. Such disclosure shall not be used tc make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) cr issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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-J.JJAPANESE PATENT OFFICE

PATENT ABSTRACTS OF JAPAN

(11) Publication number: 07105174 A

(43) Date of publication of application: 21.04.95

(51) Int. CI GO6F 15/78
GO6F 1/32

(21) Application number: 05251512

(22) Date of fiing: 07.10.93

(71) Applicant:

(72) Inventor:

HITACHI LTD

SUGAI MASARU

(54) ONE-CHIP MICROCOMPUTER
(57) Abstract:

PURPOSE: To provide a one-chip microcomputer which
can reduce the power consumption of the whole system
by easily specifying a function module to be reduced in
power consumption by a user.

CONSTITUTION: Terminals A and B are connected to the
input terminals of a decoder 8 respectively. Three
output terminals of the decoder 8 are connected to the
input terminals of low power consumption mode control
circuits 2, 3, and 4. The low power consumption mode
circuit 2 controls the electric power consumption of a
serial interface 5. The low power consumption mode
control circuit 3 controls the power consumption of a
timer 6. The low power consumption mode control circuit
4 controls the power consumption of a timer 7.
Consequently, the power consumption of the function
modules can be reduced by the simple circuits.

COPYRIGHT: (C)1995,JPO
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(57) Abstract

The invention relates to a circuit made of parts
(2,3) consisting of transistors with a low threshold voltage
(NV transistors). In order to reduce leakage current from
said circuit parts (2,3), each part is coupled to a supply
voltage (VDD, VSS) by means of an intermediate switching
transistor (MP1, MN1) with a high threshold voltage (HV
transistor) and an NV control transistor (MNH1, MPH]1) is
connected in parallel to the HV switching transistor (MP1,
MN1).

(57) Zusammenfassung

Die Erfindung betrifft eine Schaltungsanordnung
mit aus  Transistoren niedriger  Einsatzspannung
(NV—Transistoren) bestehenden Schaltungsteilen (2, 3).
Zur Reduzierung des Leckstromes der Schaltungsteile (2,
3) ist das Schaltungsteil durch Zwischenschaltung eines
Schalttransistors (MP1, MNI1) hoher Einsatzspannung
(HV-Transistor) an eine Versorgungspannung (VDD,
VSS) gekoppelt, und parallel zum HV-Schalttransistor
(MP1, MN1) ist ein NV-Steuertransistor (MNHI1, MPH1)
geschaltet.
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Beschreibung

Schaltungsanordnung zur Reduzierung des Leckstromes

Die Erfindung betrifft eine Schaltungsanordnung mit aus Tran-
sistoren niedriger Einsatzspannung (NV-Transistoren) beste-

henden Schaltungsteilen.

Insbesondere bei portablen Anwendungen ist eine niedrige
Stromaufnahme von mikroelektronischen Schaltungsanordnungen
wiinschenswert, da sich bei gegebener Batterie- oder Akkumula-
torkapazitdt die Standzeit entsprechend verlingert. Eine Er-
niedrigung der Stromaufnahme wird beispielsweise durch eine
Reduzierung der Versorgungsspannung erreicht, die allerdings
bei MOS-Transistoren zu reduzierten Schaltgeschwindigkeiten-
fihrt. Wird neben der niedrigen Stromaufnahme gleichzeitig ei-
ne hohe Schaltgeschwindigkeit der Transistoren benttigt, muss
zusdtzlich zur Versorgungsspannung die Einsatzspannung der
Transistoren reduziert werden. Bei einer Versorgungsspannung
von beispielsweise 1 Volt werden Einsatzspannungen der Tran-
sistoren von typischerweise 0,3 bis 0,2 Volt (entsprechend
einem Wert von einem Viertel der Versorgungsspannung) bend-
tigt, verglichen mit 0,6 bis etwa 0,4 Volt Einsatzspannung
bei einer Versorgungsspannung von 3,3 Volt. Derart niedrige
Einsatzspannungen fithren aber zu stark erhdhten Leckstrémen
bei geschlossenen, d.h. nicht angesteuerten Transistoren, was
insbesondere bei langen Ruhephasen (“Standby”) der Schal-
tungsanordnungen zu einer Belastung der Batterie bzw. des Ak-

kumulators fihrt.
Es sind verschiedentlich MaBnahmen vorgeschlagen worden, die

eine Reduzierung der statischen Leckstromaufnahme in den Ru-

hephasen der Schaltungsanordnung erlauben sollen.
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So ist beispielsweise aus Shin‘ichiro Mutoh et al., IEEE In-
ternational Solid-State Circuits Conference, 1896, S. 168 ff.
vorgeschlagen worden, Transistoren mit mehreren Einsatzspan-
nungen in einer Schaltungsanordnung einzusetzen, sogenannte
Multi-Threshold-Voltage CMOS-Transistoren. Hierbei ist die
mikroelektronische Schaltungsanordnung iiber PMOS und/oder
NMOS-Tranistoren mit hoher Einsatzspannung an die Versor-
gungsspannungen VDD bzw. VSS angeschlossen. Im aktiven Zu-
stand sind diese Transistoren angesteuert (die Gatespannungen
von VDD und VSS liegen am NMOS bzw. PMOS-Transistor), die lo-
kalen Versorgungsleitungen VDDL und VSSL liegen damit auf VDD
bzw. VSS. Im Standby-Modus sind die Transistoren geschlossen
(es liegen Gatespannungen von VSS und VDD am NMOS- bzw. PMOS-
Transistor), und die Stromaufnahme reduziert sich dann auf
die wegen der hohen Einsatzspannungen der Schalttransistoren

niedrigen Leckstrome.

Damit speichernde Schaltungsteile ihre Information behalten,
sind allerdings weitere Vorkehrungen zu treffen. Werden nam-
lich die Hochspannungs-Schalttransistoren geschlossen, fiihren
die hohen Leckstrome der NV-Transistoren (Transistoren nied-
riger Einsatzspannung) der Schaltungsanordnung nach einiger
Zeit zu einer Angleichung aller Spannungen innerhalb der
Schaltungsanordnung, wodurch die Information der speichernden
Elemente in den Schaltungsteilen verloren geht. Eine Moglich-
keit, den Informationsverlust zu verhindern besteht darin, in
den speichernden Schaltungsteilen Transistoren mit hoher Ein-
satzspannung zu verwenden. Damit sind jedoch wegen der Anpas-
sung der speichernden Schaltungsteile grundsdtzlich neue

Schaltungsentwiirfe erforderlich.

Eine weitere MafBnahme zur Reduzierung der statischen Leck-
stromaufnahme in der Ruhephase besteht darin, die Wannen- und
Substratpotentiale zur Erhthung der effektiven Einsatzspan-

nung vorzuspannen. Diese auch unter der Bezeichnung “Back-
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Biasing” bekannte MaBnahme ist beispielsweise aus Tadahiro
Kurcda et al., IEEE International Solid-State Circuits Confe-
rence, 1996, S. 166 ff. beschrieben. Wahrend der Standby-
Phase wird die Wanne auf Spannungen oberhalb der Versorgungs-
spannung VDD erhodht, das Substratpotential auf Werte unter-
halb der Versorgungsspannung VSS verringert. Dies fiuhrt zu
hoheren Einsatzspannungen der PMOS- bzw. NMOS-Transistoren,
mit den entsprechend niedrigeren Leckstrdmen. Nachteil dieser
Mafnahme ist allerdings, daBl zwel weitere Spannungen bendétigt
werden, und dafB unabhangig von der Dauer der Standby-Phase
immer die gleiche Schaltenergie zum Umladen des Substrats und
der Wannen bendtigt wird. Sollen nur Schaltungsteile deakti-
viert werden, koénnen nur die Einsatzspannungen der in den
Wannen befindlichen Transistoren beeinflusst werden (bei n-
Wannenprozessen sind dies die PMOS-Transistoren), und das

Substratpotential ist fir alle Schaltungsteile gleich.

Aus der deutschen Offenlegungsschrift DE 195 15 417 Al ist
eine Schaltungsanordnung zum Ansteuern eines Leistungs-
MOSFETs bekannt, bei der ein Steuer-IC Uber einen steuerbaren
Schalter derart mit einer Versorgungsspannung verbunden ist,
dafl der Steuer-IC iber den steuerbaren Schalter geschaltet
wird, wenn der Leistungs-MOSFET abgeschaltet ist. Hierdurch
wird eine drastische Reduzierung des Ruhestromes durch den

Steuer-IC erreicht.

Der Erfindung liegt die Aufgabe zugrunde, eine mikroelektro-
nische Schaltungsanordnung insbesondere fiir portable Anwen-—
dungen mit niedriger Stromaufnahme zur Verfiigung zu stellen,
beil der neben einer geringen Stromaufnahme gleichzeitig eine
hohe Schaltgeschwindigkeit der Transistoren gewidhrleistet

ist, und bei welcher die Leckstrtme bei geschlossenen, nicht

210



10

15

20

25

30

35

WO 99/48208 PCT/DE99/00677

4
angesteuerten Transistoren der Schaltungsteile und damit die

Belastung der Batterie- bzw. Akkumulatorkapazitdat insbesonde-
re bei langen Ruhephasen der Schaltungsanordnung vermindert

werden kann.

Diese Aufgabe wird durch eine Schaltungsanordnung nach An-

spruch 1 geldst.

Erfindungsgemdf ist das Schaltungsteil durch Zwischenschal-
tung eines Schalttransistors hoher Einsatzspannung (HV-Tran-
sistor) an eine Versorgungsspannung (VDD, VSS) gekoppelt, wo-
beil parallel zum HV-Schalttransistor ein NV-Steuertransistor

geschaltet ist.

Die Erfindung ermdglicht durch den Einsatz von Transistoren
mit hoher und niederer Einsatzspannung eine Reduzierung des
Leckstromes von Schaltungen und Schaltungsteilen bestehend
aus Transistoren niedriger Einsatzspannung (NV-Transistoren),
wobei die erfindungsgemaBe LOsung gegeniiber den vorbekannten

Mafnahmen folgende Vorteile besitzt:

- Es ist der Erhalt von Daten in den speichernden Elementen
der Schaltungsteile gewdhrleistet, ohne daB Vorkehrungen
bei den speichernden Schaltungsteilen erforderlich werden,
und

- ohne dak mehrere Versorgungsspannungen und/oder Versor-

gungsspannungsregelungen bendtigt werden.

Das Umschalten vom aktiven Modus in den Standby-Modus erfolgt
hierbei durch digitale Steuersignale, wobei die erfindungsge-
mafen MaRnahmen von Vorteil auch fiir die Schaltungsteile

selbst anwendbar sind.

Weitere zweckmaBige Weiterbildungen der Erfindung ergeben

sich aus den Unteranspriichen.
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Nachfolgend wird die Erfindung anhand in der Zeichnung darge-

stellter Ausfilhrungsbeispiele weiter erldutert. Im Einzelnen

zeigen die schematischen Darstellungen in:

Figur 1A eine erfindungsgemale Schaltungsanordnung gemiaB ei-

Figur

Figur

Figur

Figur

Figur

Figur

Figur

Figur

1B

2A

2B

3A

3B

4A

4B

S5A

nem ersten Ausfiihrungsbeispiel;

einen schematischen zeitlichen Kurvenverlauf der
Versorgungsspannung VDDL der Schaltungsanordnung ge-

malk dem ersten Ausfithrungsbeispiel;

eine erfindungsgemédfe Schaltungsanordnung gemiB ei-

nem zweiten Ausfihrungsbeispiel;

einen schematischen zeitlichen Kurvenverlauf der
Versorgungsspannungen VDDL und VSSL der Schaltungs-

anordnung gemdfl dem zweiten Ausfiihrungsbeispiel;

eine erfindungsgemaBe Schaltungsanordnung gemal ei-

nem dritten Ausfiihrungsbeispiel;

einen schematischen zeitlichen Kurvenverlauf der
Versorgungsspannungen VDDL und VSSL der Schaltungs-

anordnung gemdl dem dritten Ausfithrungsbeispiel;

eine erfindungsgem&fe Schaltungsanordnung gemaf ei-

nem vierten Ausfihrungsbeispiel;
einen schematischen zeitlichen Kurvenverlauf der
Versorgungsspannungen VDDL und VSSL der Schaltungs-

anordnung gemidf dem vierten Ausfiihrungsbeispiel;

eine erfindungsgemdfe Schaltungsanordnung gemiB ei-

nem funften Ausfihrungsbeispiel;
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Figur 5B einen schematischen zeitlichen Kurvenverlauf der
Versorgungsspannungen VDDL und VSSL der Schaltungs-

anordnung gemaB dem flinften Ausfiihrungsbeispiel; und

Figur 6 eine schematische Kurvendarstellung des PMOS-Leck-

stromes gegeniiber der Versorgungsspannung Vds.

Bel den im Folgenden anhand der Figuren erliuterten Ausfiih-
rungsbeispiele der Erfindung bezeichnen gleiche Bezugsziffern
gleiche Schaltungsbestandteile. Im Folgenden werden Transi-
storen mit hoher Einsatzspannung (d.h. Einsatzspannungen Vth
von etwa 0,4 V bis etwa 0,6 V) als HV-Transistoren (Hoch-Vth-
Transistoren) bezeichnet, diejenigen mit niedriger Einsatz-
spannung als NV-Transistoren (Nieder-Vth-Transistoren). Die
dargestellten Ausfithrungsbeispiele stellen schematische Bei-
spielschaltungen dar, die anhand von Simulationen Uberprift
wurden, wobel die speichernden Schaltungsteile und die kombi-
natorischen Schaltungsteile jeweils zusammenfassend als
Blockschaltungen bezeichnet sind, die an lokalen Versorgungs-
spannungsleitungen VDDL und/oder VSSL hingen. Samtliche Tran-
sistoren in diesen zu dem genannten Block zusammengefassten
speichernden und kombinatorischen Schaltungsteilen besitzen
eine niedrige Einsatzspannung von lowVthn, lowVthp ~ 0,25
Volt fiur NMOS- bzw. PMOS-Transistoren. Fiir die Schalttrani-
storen werden HV-Transistoren mit den Einsatzspannungen
highVthn, highVthp ~ 0,5 Volt eingesetzt.

Bei dem zu jedem Ausfithrungsbeispiel dargestellten Spannungs-
verlauf von VDDL und VSSL reicht die aktive Phase bis 0,5 us,
danach beginnt eine Stand By-Phase, die bis zum Zeitpunkt 65
ps andauert. Daran anschliefend beginnt eine weitere aktive

Phase.
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7
Bei samtlichen Ausfihrungsbeispielen sind die folgenden An-

schliisse einheitlich wie folgt bezeichnet:

1 Schaltungsblock

2 speichernder Schaltungsteil

3 kombinatorischer Schaltungsteil

4 Dateneingang (datain)

5 Takteingang (clock)

6 Ausgang des kombinatorischen Schaltungsteiles 3
7, 11 Hochspannung Substrat

8, 12 Wannenspannung

9, 13 Niederspannung Substrat

10, 14 Substratspannung

15 Datenausgang des speichernden Schaltungsteiles 2
16 Eingang des kombinatorischen Schaltungsteiles 3
17, 18 Steuersignale, Schalttransistoren

MP1l, MN1 Schalttransistoren hoher Einsatzspannung

(HV-Transistoren)
MNH1, MPHl1 Steuertransistoren niedriger Einsatzspannung

(NV-Steuertransistoren).

Bei dem Ausfiihrungsbeispiel nach Figur 1A ist in der erfin-
dungsgemaBen Schaltungsanordnung parallel zu dem HV-PMOS-
Schalttranisstor MP1 ein NV-NMOS-Transistor MNH1 geschaltet,
dessen Gate 19 mit der globalen Versorgungsspannung VDD ange-
steuert ist. Der NV-Transistor MNH1 stellt damit eine dem HV-
Schalttransistor MP1 parallel geschaltete Diode dar, beste-
hend aus einem NV-Transistor MNH1 entgegengesetzter Polari-
tat. Im aktiven Zustand der Schaltungsanordnung ist der Tran-
sistor MP1 leitend, die lokale Versorgungsspannungsleitung.
VDDL liegt auf der Versorgungsspannung VDD. Wird der Transi-
stor MP1 geschlossen, sinkt aufgrund der hoheren Leckstrodme
der NV-Transistoren der Schaltungsteile 2 und 3 in dem Block
1 das Potential von VDDL ab (Fig. 1B). Erreiéht das Potential
von VDDL den Wert VDD - lowVthn*, beginnt der Transistor MNH1
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8
Strom zu leiten. Dadurch wird das Potential VDDL auf diesen

Wert gehalten, wodurch die speichernden Schaltungsteile 2 ih-
re Daten halten konnen. Der Wert lowVthn* ist die durch den
Substratsteuereffekt erhthte Einsatzspannung der NV-Transis-
toren, da das Substrat auf einem tieferen Potential als der

Source-Knoten des Transistors MNH1 liegt.

Die Reduzierung des Leckstromes ergibt sich aus dessen Abhan-
gigkeit von der Drain-Source-Spannung. Dieser Sachverhalt ist
in Figur 6 anhand von Messergebnissen dargestellt, wobei nach
rechts die Source-Drain-Spannung Vds, und nach oben der PMOS-
Leckstrom (Einsatzspannung Vth = 0,2 V) aufgetragen ist. Wird
die Source-Drain-Spannung Vds von 1 Volt auf beispielsweise
0,5 Volt reduziert, nimmt der Leckstrom um ca. 70 % ab. Dies
bedeutet, dal die Spannungsversorgung nicht den Leckstrom des
Blockes 1 im Betriebszustand (bei 1 Volt) liefern muss, son-
dern nur einen auf ein Drittel reduzierten Leckstrom. Liegt
die Drain-Source-Spannung Vds noch niedriger, ist eine deut-

lichere Reduzierung moglich.

Beil der Schaltungsanordnung gemidB dem zweiten Ausfilhrungsbei-
spiel nach Figur 2A, bel der innerhalb der Schaltungsanord-
nung das Wannenpotential von der Spannungsvérsorgung VDDL ge-
trennt gefiihrt wird und mit VDD verbunden ist, ist liber die
Vds-Abhangigkeit hinaus eine weitere Reduzierung des Leck-
stromes mé&glich. Im aktiven Zustand der Schaltungsanordnung
nach Figur 2A sind die Transistoren MPl und MN1 leitend, die
Potentialleitungen VDDL und VSSL liegen auf den Potentialen
VDD bzw. VSS. Wird der Transistor MP1 geschlossen, sinkt auf-
grund der héheren Leckstrémﬁng der NV-Transistoren des Blok-
kes 1 das Potential von VDDL ab (Fig. 2B). Erreicht das Po-
tential von VDDL den Wert VDD - lowVthn*, beginnt der Transi-
stor MNH1, Strom zu leiten. Gleiches trifft flir das Potential
VSSL zu: Erreicht das Potential VSS den Werf VSS + lowVthp* =
lowVthp (wegen VSS = 0), beginnt der Transistor MPHl1 zu lei-
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S
ten. Dadurch werden die Potentiale VDDL und VSSL auf diese

Werte gehalten, wodurch speichernde Schaltungsteile 2 ihre
Daten halten kénnen. Die Werte lowVthn* und lowVthp* sind die
durch den Substratsteuereffekt erh&hten Einsatzspannungen der
NV-Transistoren (Wanne und Substrat liegen auf einem hdheren
bzw. tieferen Potential als die jeweiligen Source-Knoten).
Auch hier ist die Drain-Source-Spannung fiir die geschlossenen
Transistoren in den Schaltungsteilen 2 und 3 auf deutlich un-
terhalb von VDD reduziert, was einen niedrigeren Leckstrom
zur Folge hat. Gleichzeitig erfolgt eine Erhdhung der effek-
tiven Einsatzspannung der NV-Transistoren im Block 1, da das
Substratpotential und das Wannenpotential auf VSS bzw. VDD
verbleiben. Diesem entspricht, allerdings ohne zusitzliche
Spannungsquelle, einem Vorspannen von Substrat (Back-Biasing)
und Wanne. Die dadurch erhéhte Einsatzspannung fiihrt zu einer
weiteren Reduzierung der Leckstrdme der Schaltungsteile 2 und
3, welcher von der Spannungsversorgung VDD geliefert wird.
Anhand von Simulationen konnte eine Reduktion des Leckstromes

auf 1/15 im Vergleich zu 1 Volt festgestellt werden.

Figur 3A zeigt ein modifiziertes, drittes Ausfihrungsbei-
spiel, bei dem gegeniiber dem vorstehend erliuterten zweiten
Ausfiihrungsbeispiel lediglich ein (Zahlwort) HV-Schalttran-
sistor MN1 mit einem als Diode parallel geschalteten NV-
Transistor MPH1 zum Einsatz gelangt. Der Vorteil hier liegt
darin, daB sich der Flachenbedarf aufgrund des Schalttransi-
stors MN1 und des “Diodentransistors” MPH1 gegeniiber den vor-
genannten Ausfliihrungsbeispielen halbiert. In diesem Fall
tritt nur bei den N-Kanal-NV-Transistoren der Schaltungsteile
2 und 3 des Blockes 1 eine Erhdhung der Einsatzspannung durch
den Substratsteuereffekt ein. Bei den sperrenden P-Kanal-NV-
Transistoren ergibt sich eine Reduzierung der Leckstréme nur
durch die niedrigere Drain-Source-Spannung. Anhand von Simu-
lationen konnte eine Reduktion des Leckstroﬁes auf 1/10 im

Vergleich zu 1 Volt festgestellt werden. Fig. 3B zeigt den
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Verlauf von VDDL und VSSL wihrend einer Standby-Phase.

Bei den vorgenannten Ausfiihrungsbeispielen werden als Dioden
geschaltete NV-Transistoren entgegengesetzter Polaritat (ge-
genliber den HV-Schalttransistoren) verwendet. Dies fuhrt zur
Absenkung bzw. Anhebung des Potentials von VDDL bzw. VSSL um
lowVthp* bzw. lowVthn*, den mittels Substratsteuereffekt ho-
heren Einsatzspannungen der NV-Transistoren. Von Vorteil ist
jedoch ebenso mdglich, den HV-Schalttransistoren als Dioden
geschaltete NV-Transistoren gleicher Polaritdt parallel zu
schalten. Dieser Fall ist als viertes Ausfiihrungsbeispiel der
Erfindung in Figur 4A dargestellt. Bei der Schaltungsanord-
nung nach Figur 4A wird das Potential von VDDL und VSSL um
lowVthp bzw. lowVthn verschoben, d.h. um die Einsatzspannun-
gen der NV-Transistoren mit Substrat- und Wannenpotential von
VSS bzw. VDD (kein Substratsteuereffekt bei MNH1 und MPH1).
Fig. 4B zeigt den Verlauf von VDDL und VSSL wahrend einer
Standby-Phase.

Fir den Fall, dafl eine Verschiebung von VDDL und VSSL um
lowVthp bzw. lowVthn wie bei vorstehendem Ausfithrungsbeispiel
erlautert nicht ausreicht, d.h. die Source-Drain-Spannung der
NV-Transistoren im Block 1 ist noch zu hoch, bietet das fiinf-
te Ausfihrungsbeispiel nach Figur 5A folgende Ldsung: Durch
eine Reihenschaltung von als Dioden geschalteten NV-Tran-
sistoren (mit gegenliber den HV-Transistoren gleicher Polari-
tat) wird das Potential von VDDL und VSSL um die entsprechen-
de Vielfache von lowVthp bzw. lowVthn verschoben. Bei dem
Ausfihrungsbeispiel nach Figur 5A sind hierzu jeweils zweil
NV-Transistoren MPHl1, MPH2 bzw. MNH1 und MNH2 parallel zu den
Schalttransistoren MP1l bzw. MN1 geschaltet. Fig. 5B zeigt
wiederum den Verlauf von VDDL und VSSL widhrend einer Standby-
Phase.
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Patentanspriliche

1. Schaltungsanordnung mit aus Transistoren niedriger Ein-
satzspannung (NV-Transistoren) bestehenden Schaltungsteilen
(2, 3),

bei der zur Reduzierung des Leckstromes der Schaltungsteile
(2, 3) die Schaltungsteile durch Zwischenschaltung eines
Schalttransistors (MP1l, MN1) hoher Einsatzspannung an eine
Versorgungsspannung (VDD, VSS) gekoppelt sind,

dadurch g e k enn z e i chnet,

daf parallel zum Schalttransistor (MP1l, MN1l) hoher Einsatz-
spannung ein Steuertransistor (MNH1, MPH1) niedriger Einsatz-

spannung geschaltet ist.

2. Schaltungsanordnung nach Anspruch 1,

dadurch g e k ennzeichnet,

daR auch die andere Versorgungsspannung (VSS, VDD) durch ei-
nen zu einem Schalttransistor (MN1l, MP1l) hoher Einsatzspan-
nung parallel geschalteten Steuertransistor (MPH1, MNHI1)
niedriger Einsatzspannung mit den Schaltungsteilen verbunden

ist.

3. Schaltungsanordnung nach Anspruch 1 oder 2,

dadurch g e k enn z e i c hnet,

daB die Schalttransistoren (MP1, MN1) hoher Einsatzspannung
und die Steuertransistoren (MNH1, MPH1) niedriger Einsatz-

spannung entgegengesetzte Polaritiat besitzen.

4. Schaltungsanordnung nach einem der Anspriiche 1 bis 3,
dadurch g e k ennzeichnet,

daf die Schaltungsteile einen aktiven und einen passiven
(“Standby”)-Betriebszustand besitzt, und das Umschalten zwi-
schen den beiden Betriebszustinden durch digitale Steuersi-

gnale erfolgt.
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5. Schaltungsanordnung nach einem der Anspriiche 1 bis 4,

dadurch g e k enn z e i ¢chnet,

daffi mehrere Steuertransistoren niedriger Einsatzspannung
(MNH1, MNH2, MNP1l, MNP2) gleicher Polaritit einem Schalttran-
sistor (MP1l, MN1l) hoher Einsatzspannung parallel geschaltet

sind.

6. Schaltungsanordnung nach einem der Anspriiche 1 bis 5,
dadurch g e k ennzedichneHt,

dal der Schaltungsteil (2, 3) in einem Halbleitersubstrat
ausgebildet ist, und das Halbleitersubstrat und samtliche in
dem Halbleitersubstrat ausgebildeten Wannenbereiche mit den
lokalen Versorgungsspannungen (VSSL bzw. VDDL) gekoppelt sind
(Fig. 1A).

7. Schaltungsanordnung nach einem der Anspriiche 1 bis 5,
dadurch g e k ennze ichnet,

dafl der Schaltungsteil (2, 3) in einem Halbleitersubstrat
ausgebildet ist, und die in dem Halbleitersubstrat ausgebil-
deten Wannenbereiche mit einer globalen Versorgungsspannung

(VSS bzw. VDD) gekoppelt sind (Fig. 2A bis Fig. 5A).
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Confirmation Number: 6838

Title of Invention:

LOW LEAKAGE AND DATA RETENTION CIRCUITRY

First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

114372

Filer:

J. Robert Brown/Bonnie Robertson

Filer Authorized By:

J. Robert Brown

Attorney Docket Number: MDO01182-US-CON54438-01007
Receipt Date: 22-APR-2014
Filing Date: 08-AUG-2012
Time Stamp: 13:32:50

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1200

RAM confirmation Number 10289

Deposit Account 501515

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document
Number

Document Description

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

Request for Continued Examination

(RCE)

2014-04-22_Request_for_Conti

697803

nued_Examination.pdf

e64534f68dd66cf1 cf163f0fd477a862810a6)
Tea

no

Warnings:

Information:

Information Disclosure Statement (IDS)

Form (SB08)

2014-04-22_|DS.pdf

614903

99b979cdebbf75%d5Tef5d084d2e657b94]
3elc2

no

Warnings:

Information:

Foreign Reference

241163

JP07105174.pdf

185f9d390fd1922a83c7e496d1a02c4%cfa3]
ach

no

1

Warnings:

Information:

Foreign Reference

W09948208A1.pdf

2868114

4d8112daed0ce179e662e65064db5409aff]
89508

no

27

Warnings:

Information:

Foreign Reference

472599

JP2001284530.pdf

06d22369aaee79d03c7f2fadcf0acl 6d269faf

no

10

Warnings:

Information:

Non Patent Literature

JPOfficeAction_102213.pdf

17828

9d5208a95a3ed78fc8681bfec46055b808f9|

no

Warnings:

Information:

Fee Worksheet (SB06)

30663

fee-info.pdf

be85d77b15300955021e0f807654dec3f59)|
9f5a2

no

Warnings:

Information:

Total Files Size (in bytes):i

4943073
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTOIAABD (0712}

Approved for use through 11/30/2014, OMB 0851-0035

1.8, Patant and Trademark Office; U.S DEPARTMENT OF COMMERCE

Under the Papenwvork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control numbsr,

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73(c).

| hereby appoint:
| Practitioners associated with Customer Number: 1 1 437 2
OR
D Practitioner(s} named below (if more than ten patent practitioners are to be named; then a customer number must be used):
Name Registration Namse Registration
Number Number

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with ;
{ any and all patent applications assigned anly to the undersigned according to the USPTO assignment records or assignments documents
v attached to this form in accordance with 37 CFR 3.73(c).

] Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to:

IE' The address associated with Customer Number: 1 1 43 7 2
OR

Firm or
Individual Name

Address

City _ ‘ _ State Zip

Country

Telephone Email

Assignee Name and Address: Conversant Intellectual Property Management Inc.
11 Hines Road, Suite 203
Ottawa, Ontario Canada K2K 2X1

A cbsiy of this form, together with a statement under 37 CFR 3.73{c} (Form PTQ/AIA/SS or equivalent} is redi:vﬁa‘-é& to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73({c} may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.

P SIGNATURE of Assignee of Record
The individ/?( wﬂp%g signatur’e and title is supplied below is authorized to act on behalf of the assignee

sgnare | 7 &7 NN T pate April 8, 2014
Name Phil Shaer = Telephone (613) 599-9539

Title Senior'\'/ice PreSidéni and Chief Intellectual Property Officer

?his collection of information is required by 37 CER 1.31, 1.32 and 1.83. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process}) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time wilf vary depending upon the individual case. Any
comments on ths amount of fime you require to compiete this form and/or suggsstions for reducing this burden, shouid be sent to the Chief Information Officer,
.S, Patent and Trademark Office, U.S. Depariment of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SERND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450,

If you need assistance in completing the form, call 1-800-PT0-8199 and select option 2.
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PTO/AIA/986 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Conversant Intellectual Property Management Inc.

Applicant/Patent Owner:

Application No./Patent No.: 13/569,613 Filed/Issue Date: August 8, 2012
Titleq: LOW Leakage and Data Retention Circuitry

Conversant Intellectual Property Management Inc. , corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignhee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assighment from the inventor(s) of the patent application/patent identified above. The assighment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: Mosaid Technologies Incorporated To: Conversant Intellectual Property Management Inc.
The document was recorded in the United States Patent and Trademark Office at
Reel 032439 , Frame 0638 , or for which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assighee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assighment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/J. Robert Brown, Jr./ May 21, 2014
Signature Date

J. Robert BI’OWH, Jr. 45438

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose forwhich the
information isused by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the U.S. Patent and Trademark
Office may not be able to process and/or examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Supplemental Application Data Sheet PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | MD01182-US-CON54438-01007

13/569,613

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Low Leakage and Data Retention Circuitry

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[] 37 CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1
Legal Name

Prefix| Given Name Middle Name

Barry A. Hoberman
Residence Information (Select One) (® US Residency () Non US Residency () Active US Military Service
| State/Province | CA

Family Name Suffix

City | Cupertino

| Country of Residencd | US

Mailing Address of Inventor:

Address 1 10290 Palo Vista Road
Address 2
City Cupertino | State/Province CA
Postal Code 95014 | Countryi us
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Daniel L. Hillman
Residence Information (Select One) (@ US Residency () Non US Residency () Active US Military Service
City | SanJose | State/Province | CA | Country of Residencd | US
Mailing Address of Inventor:
Address 1 6607 Winterset Way
Address 2
City San Jose | State/Province CA
Postal Code 95120 | Countryi | us
Inventor 3
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
William G. Walker

Residence Information (Select One) (@ US Residency

(O NonUS Residency (O Active US Military Service

EFS Web 2.2.4
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

L. Attorney Docket Number | MD01182-US-CON54438-01007
Application Data Sheet 37 CFR 1.76 —
Application Number 13/569,613
Title of Invention | Low Leakage and Data Retention Circuitry
City | Saratoga State/Province | CA | Country of Residencd | US
Mailing Address of Inventor:
Address 1 18640 Woodbank Way
Address 2
City Saratoga | State/Province | CA
Postal Code 95070 | Countryi us
Inventor 4
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
John M. Callahan
Residence Information (Select One) (@ US Residency (O Non US Residency () Active US Military Service
City | San Ramon | State/Province | CA | Country of Residencd | US
Mailing Address of Inventor:
Address 1 9610 Alcosta Boulevard
Address 2
City San Ramon | State/Province | CA
Postal Code 94583 | Countryi us
Inventor 5
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Michael A. Zampaglione
Residence Information (Select One) (® US Residency (O Non US Residency () Active US Military Service
City | San Jose | State/Province | CA | Country of Residencd | US
Mailing Address of Inventor:
Address 1 1615 Canyon View Drive
Address 2
City San Jose | State/Province | CA
Postal Code 95132 | Countryi us
Inventor 6
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Andrew Cole
Residence Information (Select One) (® US Residency () Non US Residency () Active US Military Service
City | Sunnyvale | State/Province | CA | Country of Residencd | US
EFS Web 2.2.4
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | MD01182-US-CON54438-01007

Application Data Sheet 37 CFR 1.76

Application Number 13/569,613

Title of Invention | Low Leakage and Data Retention Circuitry

Mailing Address of Inventor:

Address 1 1109 Lily Avenue

Address 2

City Sunnyvale | State/Province CA
Postal Code I 94086 | Countryi | us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[[] An Address is being provided for the correspondence Information of this application.

Customer Number 114372

Email Address dallaspatents@dfw.conleyrose.com

Application Information:

Title of the Invention Low Leakage and Data Retention Circuitry

Attorney Docket Number| MDO01182-US-CON54438-01007 | Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) ‘Sub Class (if any) ‘

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any)

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

EFS Web 2.2.4
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

MD01182-US-CON54438-01007

Application Number

13/569,613

Title of Invention

Low Leakage and Data Retention Circuitry

Please Select One:

@ Customer Number | O US Patent Practitioner | O Limited Recognition (37 CFR 11.9)

Customer Number

114372

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status | Patented

Aw::}:ztejfn Continuity Type Prior’\ﬁpr;ptl)i:?tion (Y\'(:\”(i\r;?MDl\;al-th) Patent Number (Y\I(S\?\ufMDN?_tSD)
13569613 Continuation of 13074291 2011-03-29 8253438 2012-08-28

Prior Application Status | Patented |

AZF:J[L:?;?” Continuity Type Priokﬁrr)ﬁtl)i:?tion (Y\'(:\”(i\??MDI\;aI-tSD) Patent Number (Y\I(S\?\lfMDl\;al-th)
13074291 Continuation of 12542352 2009-08-17 7940081 2011-05-10

Prior Application Status | Patented |

AEF;[;;?)Z?” Continuity Type Priokﬁm)tl)igftion (Y\'(:\”(i\r;?MDnj_tSD) Patent Number (Y\I(S{(S\ufMDNT -tSD)
12542352 Continuation of 12284311 2008-09-19 7592837 2009-09-22

Prior Application Status | Patented |

Aﬂﬂiﬁgifn Continuity Type Priokﬁr;ftl)i:zration (Y\L:\il(i\??MDl\;al-th) Patent Number (Y\I(S\'(S\ufMD,\/T _th)
12284311 Continuation of 11998725 2007-11-30 7443197 2008-10-28

Prior Application Status | Patented |

Amj;ﬁii?n Continuity Type Priorr\ﬁr;ftl)i:zration (Y\I(:\il(i\r;?MD’\;al_th) Patent Number (Y\I(S\'(s\ufMD,\/T _th)
11998725 Continuation of 11732181 2007-04-02 7348804 2008-03-25

Prior Application Status | Patented |

AZT:;?)Z?” Continuity Type Prio:\]Aur;:)tl)ieration (Y\'(:\”(i\';?MDI\;aI-tSD) Patent Number (Y\I(si\ufMDNT -tSD)
11732181 Division of 11041687 2005-01-20 7227383 2007-06-05

Prior Application Status | Expired

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
11041687 non provisional of 60586565 2004-07-09

Prior Application Status | Expired

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
11041687 non provisional of 60546574 2004-02-19

by selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form

EFS Web 2.2.4

255




PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

MD01182-US-CON54438-01007

Application Number

13/569,613

Title of Invention | Low Leakage and Data Retention Circuitry

Foreign Priority Information:

and 37 CFR 1.55(a).

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)

Application Number

Country!

Filing Date (YYYY-MM-DD)

Priority Claimed

O Yes ® No

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Authorization to Permit Access:

X] Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

to have an assignment recorded by the Office.

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | MD01182-US-CON54438-01007
Application Number 13/569,613

Application Data Sheet 37 CFR 1.76

Title of Invention | Low Leakage and Data Retention Circuitry

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assighee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

® Assignee (O  Legal Representative under 35 U.S.C. 117

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Assignee is an Organization check here. X

Organization Name Conversant Intellectual Property Management Inc.

Mailing Address Information:

Address 1 11 Hines Road

Address 2 Suite 203

City Ottawa State/Province ON
Countn/ | CA Postal Code K2K 2X1
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

Signature |/J. Robert Brown, Jr./ Date (YYYY-MM-DD)| 2014-05-21

First Name | J. Robert Last Name | Brown, Jr. Registration Number | 45438

Additional Signature may be generated within this form by selecting the Add button.
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PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

MD01182-US-CON54438-01007

Application Number

13/569,613

Title of Invention | Low Leakage and Data Retention Circuitry

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 19093646
Application Number: 13569613
International Application Number:
Confirmation Number: 6838

Title of Invention:

LOW LEAKAGE AND DATA RETENTION CIRCUITRY

First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

114372

Filer:

J. Robert Brown/Bonnie Robertson

Filer Authorized By:

J. Robert Brown

Attorney Docket Number: MDO01182-US-CON54438-01007
Receipt Date: 21-MAY-2014
Filing Date: 08-AUG-2012
Time Stamp: 16:32:40

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
231296
2014-05-21_Power_of_Attorne
1 Power of Attorney no 1
y.pdf
866773bccObd3feebf15035c07c76a0b5809
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Warnings:
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5 Assignee showing of ownership per37 | 2014-05-21_Statement_Under _| o 3
CFR 3.73. 37_CFR_373c.pdf
83ccb1389d927065c6e1cf71c483507ee407]
433a
Warnings:
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Warnings:
Information:
This is not an USPTO supplied ADS fillable form
Total Files Size (in bytes){ 484371

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPt0.gOV
| APPLICATION NUMBER FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
MDO01182-US-CON54438-
13/569,613 08/08/2012 Barry A. Hoberman 01007
CONFIRMATION NO. 6838
114372 POA ACCEPTANCE LETTER
Conversant Intellectual Property Management Inc.
olo Conley Rose, P.C. O O

5601 Granite Parkway, Suite 500

Plano, TX 75024
Date Mailed: 05/30/2014

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 05/21/2014.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/qtran/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.“SP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
114372 7590 06/06/2014
Conversant Intellectual Property Management Inc. LE, DONP
c/o Conley Rose, P.C.
5601 Granite Parkway, Suite 500 I ART UNIT PAPER NUMBER |
Plano, TX 75024 2844
DATE MAILED: 06/06/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
13/569.,613 08/08/2012 Barry A. Hoberman MD01182-US-CONS54438-01007 6838

TITLE OF INVENTION: LOW LEAKAGE AND DATA RETENTION CIRCUITRY

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 30 $960 09/08/2014

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
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verity whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). 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. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop 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. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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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
ommlssmner for Patents
P.O. Box 145
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)ropuate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certlﬁcate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

114372 7550 06/06/2014 I hereby certify that this Fee(s f) Transmittal is being deposited with the United
Conversant Intellectual Property Management Inc. States Postal Service with sufficient postage for first class mail in an envelope
/o Conley R P.C addressed to the Mail Stog ISSUE FEE address above, or being facsimile
¢/0 Lon ey. ose, F.L. . transmitted to the USPTO (571) 273-2885, on the date indicated below.
5601 Granite Parkway, Suite 500
Plano, TX 75024 Deposiiors narme)
2
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/569,613 08/08/2012 Barry A. Hoberman MDO01182-US-CON54438-01007 6838
TITLE OF INVENTION: LOW LEAKAGE AND DATA RETENTION CIRCUITRY
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 09/08/2014
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
LE, DON P 2844 326-027000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). 1
(1) The names of up to 3 registered patent attorneys
(| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . 2
(2) The name of a single firm (having as a member a
[ "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

hd

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (I The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

(| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.“SP[O.gOV

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/569,613 08/08/2012 Barry A. Hoberman MDO01182-US-CON54438-01007 6838
| EXAMINER |
114372 7590 06/06/2014
Conversant Intellectual Property Management Inc. LE, DONP
c/o Conley Rose, P.C.
5601 Granite Parkway, Suite 500 I ART UNIT PAPER NUMBER |
Plano, TX 75024 2844

DATE MAILED: 06/06/2014

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, 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 valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
13/569,613 HOBERMAN ET AL.
; HH i i AlA (First Inventor to
Notice of Allowability g’gﬂ?r 2;‘42“" Filo) Status
No

-- 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 or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X] This communication is responsive to BCE filed 4/22/2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 64-81. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitpeww Lsplo.gov/patenis/init_events/oph/indax.sp or send an inquiry to PPHicadback@usplo.goy .

4. [7] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[JSome *c)[] None of the:
1. [ Cetrtified copies of the priotity documents have been received.
2. [[] Certified copies of the priority documents have been received in Application No. ___
3. [J 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)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

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. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).
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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
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)ropuate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certlﬁcate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

114372 7550 06/06/2014 I hereby certify that this Fee(s f) Transmittal is being deposited with the United
Conversant Intellectual Property Management Inc. States Postal Service with sufficient postage for first class mail in an envelope
/o Conley R P.C addressed to the Mail Stog ISSUE FEE address above, or being facsimile
¢/0 Lon ey. ose, F.L. . transmitted to the USPTO (571) 273-2885, on the date indicated below.
5601 Granite Parkway, Suite 500 -
Plano. TX 75024 Bonnie Robertson (Depositor's name)
2
/Bonnie Robertson/ (Signature)
September 9, 2014 (Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
13/569,613 08/08/2012 Barry A. Hoberman MDO01182-US-CON54438-01007 6838
TITLE OF INVENTION: LOW LEAKAGE AND DATA RETENTION CIRCUITRY
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 09/08/2014
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
LE, DON P 2844 326-027000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys 1_Conley Rose, P.C.
(| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
ddress orm PTO/SB/122) attached. (2) The name of a single firm (having as a member a 2_J. Robert Br own, Jr.
"Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Conversant Intellectual Property Management Inc. Ottawa. Ontario. Canada

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual g Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
@ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies ﬁThe Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number _5() ] % 15 (enclose an extra copy of this form).
5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
(| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /J. Robert Brown, Jr./ Date _September 9, 2014
Typed or printed name J. Robert Brown, Jr. Registration No. 45,438
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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U.S. Patent and Trademark Office; U. S. DEPARTMENT OF COMMERCE

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

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:

Mail Stop M Correspondence 571-273-6500
Commissioner for Patents -OR -

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,

only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to
maintenance fees should be mailed to a different address than the correspondence address for the application.

When to check the first box below: If you have a Customer Number to represent the fee address. When
to check the second box below: If you have no Customer Number representing the desired fee address,
in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403.

For the following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR
1.363 the address associated with:

Kl Customer Number: 68256

OR

D The attached Request for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER

(if known)

Completed by (check one):

[] Applicant/Inventor /J. Robert Brown, Jr./
Signature
Attorney or Agent of record __ 45,438 J. Robert Brown, Jr.
(Reg. No.) Typed or printed name
|:| Assignee of record of the entire interest. See 37 CFR 3.71. 972-731-2288
Statement under 37 CFR 3.73(b) is enclosed. Requester’s telephone number
(Form PTO/SB/96)
D Assignee recorded at Reel Frame September 9, 2014
Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one
signature is required, see below*.

@ * Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.363. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 11 and 1.14. This colle ction is estimated to take 5 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Depar tment of Commerce, P.O. Box 1450, Alex andria, VA 22313- 1450. DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Mail Stop M Correspondence, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Barry A. Hoberman

Filer:

J. Robert Brown/Bonnie Robertson

Attorney Docket Number:

MD01182-US-CON54438-01007

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees
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Basic Filing:
Pages:
Claims:
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Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee 1501 1 960 960

Extension-of-Time:
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Electronic Acknowledgement Receipt

EFS ID: 20069647
Application Number: 13569613
International Application Number:
Confirmation Number: 6838
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LOW LEAKAGE AND DATA RETENTION CIRCUITRY

First Named Inventor/Applicant Name:

Barry A. Hoberman

Customer Number:

114372

Filer:

J. Robert Brown/Bonnie Robertson

Filer Authorized By:

J. Robert Brown
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Receipt Date: 08-SEP-2014
Filing Date: 08-AUG-2012
Time Stamp: 17:37:37
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Utility under 35 USC 111(a)

Payment information:

Submitted with Payment
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Payment Type Deposit Account
Payment was successfully received in RAM $960

RAM confirmation Number 4654

Deposit Account 501515

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)
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File Listing:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/569,613 10/07/2014 8854077 MDO01182-US-CON54438-01007 6838
114372 7590 09/17/2014

Conversant Intellectual Property Management Inc.
c/o Conley Rose, P.C.

5601 Granite Parkway, Suite 500

Plano, TX 75024

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 108 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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) WEB site (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 (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Barry A. Hoberman, Cupertino, CA;
Daniel L. Hillman, San Jose, CA;
William G. Walker, Saratoga, CA,;

John M. Callahan, San Ramon, CA;
Michael A. Zampaglione, San Jose, CA;
Andrew Cole, Sunnyvale, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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