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USB REGULATOR WITH CURRENT BUFFER TO REDUCE
COMPENSATION CAPACITOR SIZE AND PROVIDE FOR
WIDE RANGE OF ESR VALUES OF EXTERNAL CAPACITOR

RELATED PATENT APPLICATION

[0001] This application claims priority to commonly owned United States Provisional
Patent Application Serial Number 61/780,985; filed March 14, 2013; which is hereby

incorporated by reference herein for all purposes.

TECHNICAL FIELD

[0002] The present disclosure relates to USB voltage regulators, and, more particularly,
to a USB voltage regulator having a current buffer to reduce compensation capacitor size and

provide for a wide range of external compensation capacitor ESR values.

BACKGROUND
[0003] USB voltage regulators operate with extremely low equivalent series resistance
(ESR) values, for example around 10 milliohms. This ESR value is not very accurate because
the ceramic capacitor manufacturers rarely specify the value of ESR in their data sheets.
Additionally, the exact value depends on the size/voltage rating design of the external capacitor,
and can vary based on user connection topology (circuit board layout and components used
thereon), e.g., putting multiple small capacitors in parallel, thereby reducing ESR; or using
thin/long printed circuit board traces to connect to the capacitor, thereby adding copper trace
resistance ESR. Typically the externally compensated low-drop out (LDO) voltage regulator
uses large value external capacitors for stability with a limited range of ESR ratings. The ESR
values will heavily impact the design of LDO voltage regulators due to its variable zero pole
locations depending upon the load conditions. Therefore existing products having a USB
interface use standard voltage regulator architectures that require very large external capacitor

sizes with variations of ESR values in order to keep the voltage regulator stable.

[0004] Referring to Figures 1 and 1A, depicted are various frequency response graphs
showing different ESR situations. Figure 1(a) shows a desired normal frequency response.
Figure 1(b) shows a situation where the ESR is too high. Figure 1A(c) shows a situation where
the ESR is too low. And Figure 1A(d) shows ESRs resulting in the dreaded "tunnel of death."”
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SUMMARY
[0005] Therefore a need exists to significantly improve the range of external capacitors
with small to large ESR values and reduce the size of the internal compensation capacitance
value for stabilizing an associated voltage regulator, especially a low-drop out (LDO) voltage

regulator.

[0006] According to an embodiment, a voltage regulator may comprise: an operational
amplifier; a gm enhanced current buffer driver; an output power driver, wherein the current
buffer driver may be coupled between the operational amplifier and the output power driver; a
current feedback circuit coupled between the output power driver and the current buffer driver;

and a feedback loop coupled between the output power driver and the operational amplifier.

[0007] According to a further embodiment, a gm-boost circuit may be coupled to the
current buffer driver. According to a further embodiment, the gm-boost circuit increases the
current buffer driver input impedance. According to a further embodiment, the gm-boost circuit
enables the current buffer driver to have a large gm value. According to a further embodiment, a
biasing circuit may be coupled to the current buffer driver to set a biasing ratio for gm-boost of the
current buffer driver. According to a further embodiment, an enable/disable function may be
provided to enable/disable the biasing circuit for reducing standby current. According to a further
embodiment, a compensation capacitor may be coupled between the output power driver and a
cascode node of the operational amplifier. According to a further embodiment, the voltage
regulator may be a low drop out (LDO) voltage regulator. According to a further embodiment, the
operational amplifier may have a first input adapted for coupling to a voltage reference, and a
second input coupled to the feedback loop. According to a further embodiment, the operational
amplifier may be a low gain and high bandwidth amplifier. According to a further embodiment,
the low gain and high bandwidth amplifier may be a folded-cascode amplifier. According to a
further embodiment, the operational amplifier may comprise diode connected PMOS transistors
for lowering an output impedance of the folded-cascode amplifier. According to a further

embodiment, the current buffer driver may be an operational transconductance amplifier (OTA).

[0008] According to a further embodiment, the current feedback circuit may sense a
current change at the output power driver. According to a further embodiment, the current

feedback circuit may provide transient enhancement for improved load regulation. According to a
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further embodiment, the current feedback circuit may provide a feedback voltage from an output
voltage node. According to a further embodiment, the current buffer driver may have a low
output impedance. According to a further embodiment, capacitors in the biasing circuit may be
provided for improving noise immunity thereof. According to a further embodiment, the voltage
regulator may be a USB voltage regulator. According to a further embodiment, the current buffer
driver may have low input impedance and may provide a high frequency pole that may not

substantially affect the voltage regulator dominant pole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete understanding of the present disclosure may be acquired by
referring to the following description taken in conjunction with the accompanying drawings

wherein:

[0010] Figures 1 and 1A illustrate various frequency response graphs showing different

ESR situations;

[0011] Figure 2 illustrates a schematic block diagram of a USB wvoltage regulator,

according to a specific example embodiment of this disclosure;

[0012] Figures 3, 3A and 3B illustrate in combination a schematic diagram of a folded-
cascode amplifier having bias, gm-boost, current driver and current feedback circuits, according

to a specific embodiment of this disclosure; and

[0013] Figures 4 and 5 illustrate transient and regulation response curves, according to

the teachings of this disclosure.

[0014] While the present disclosure is susceptible to various modifications and
alternative forms, specific example embodiments thercof have been shown in the drawings and
are herein described in detail. It should be understood, however, that the description herein of
specific example embodiments is not intended to limit the disclosure to the particular forms
disclosed herein, but on the contrary, this disclosure is to cover all modifications and equivalents

as defined by the appended claims.
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DETAILED DESCRIPTION
[0015] In typical low-drop out regulator (LDO) designs, the output load is not always
constant. As the load changes, the pole location at the output varies from relatively high
frequency (full load, e.g., >30 mA) to very low frequency (no load or very low load,
e.g., < 100uA), resulting in difficulty in separating the output pole and the gate pole due to large
power PMOS transistor size. A USB regulator has a very large power PMOS transistor as an
output driver due to the large transition range in load currents, typically from very low, less
than 250 pA to very large at about 60 mA. Due to this unique application, SoC (system on chip)
design (capacitor-less architecture) is very hard to achieve. An external capacitor is needed for
USB LDO voltage regulator applications. The external capacitor may have very different ESR
(equivalent series resistance) values ranging from a few milliohms to tens of ohms causing the
output pole-zero locations to shift drastically. Therefore a need exists to push the gate pole of
the last stage PMOS power transistor to a higher frequency when using external capacitors in, for

example but not limited to, a USB LDO voltage regulator.

[0016] According to various embodiments, a voltage regulator may comprise a large gm
(transconductance) current driver (low impedance current buffer amplifier) added between a first
stage operation amplifier (OpAmp) and a last stage power transistor, e.g., p-channel metal oxide
semiconductor (PMOS) transistor. This current buffer allows a significant reduction of the
maximum internal compensation capacitance to about 3.7 picofarads, and the working range of
the external load capacitance from about 0.4 microfarads to about 4.7 microfarads. In addition,
the current buffer, according to the teachings of this disclosure, offers the circuit designer a
wider range of external capacitor sizes to choose from. The current buffer compensation circuit
described and claimed herein allows reduced external capacitor size that increases the overall
circuit board layout efficiency and flexibility of capacitor choices. In addition, according to
various embodiments, the voltage regulator, e.g., USB voltage regulator, may consume less
power by, for example but is not limited to, using low-drop out (LDO) voltage regulator circuit

designs, according to the teachings of this disclosure.

[0017] According to various embodiments, various values of ESR may be handled by
separating the poles inside of the voltage regulator circuit sufficiently to create an approximate
one pole system. Referring to Figure 2, depicted is a schematic block diagram of a voltage

regulator, according to a specific example embodiment of this disclosure. The regulator may
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comprise a low-gain operational amplifier (OpAmp) 202, a low-impedance current buffer
driver 204, and a power output driver 206, e.g., PMOS. The key to being able to use smaller
value internal and external capacitances is to have a large gm current driver buffer amplifier 204
between the first stage OpAmp 202 and the last stage power output driver 206. The voltage
regulator of Figure 2 may further comprise biasing circuits 208, current feedback 210, a feedback
loop 212, a compensation capacitor 214 and a gm-boost circuit 218. This voltage regulator may
supply power (voltage and current) to an external load and capacitor 216 and may further be used

as a USB voltage regulator.

[0018] The implementation of the OpAmp 202 as a folded-cascode configuration is due
to its unique architecture which results in a single pole at the output that minimizes the
complexity of its compensation. The current buffer driver 204 acts like a low impedance driver
which connects between the OpAmp 202 and the output driver 206. Since the output driver 206
may provide very large amounts of switching current during power supply operation, the gate
capacitance is significantly high due to the size of the driver, thereby resulting in the generation
of a pole at relatively low frequency. Thus the current buffer driver 204 pushes this pole to a
high frequency beyond unity-gain frequency due to its low-impedance characteristics in order to
get the pole-splitting effect. To achieve this, it is necessary to provide a fairly large gm value of
the current buffer driver 204. The gm-boost circuit 218 may provide a gm-boost technique that
will increase the impedance value of the current buffer driver 204 with the help of the current
feedback 210 which may sense the current change at the output of the output driver 206. The
current feedback 210 also may behave like a transient enhancement circuit which will help with
load regulation of the regulator during, for example but is not limited to, USB power supply

operation.

[0019] The input stage OpAmp 202 may be a low-gain, high-bandwidth amplifier
comprising diode connected PMOS transistors that lower the output impedance of the folded-
cascode amplifier. Referring to Figures 3, 3A and 3B, depicted in combination is a schematic
diagram of a folded-cascode amplifier having gm-boost, current driver and current feedback
circuits, according to a specific embodiment of this disclosure. A folded-cascode amplifier
design was selected for the input stage OpAmp 202 for the following reasons: (1) The
architecture forms only one pole at the output of the folded stage which reduces the complexity

of frequency compensation, (2) it provides a good driving capability for the source follower
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stage of the current buffer 204 shown in Figure 3B placed thereafter due to its characteristics of
being an OTA (Operational Transconductance Amplifier) that may be adapted to drive a
capacitive load such as the gate of transistor 384, and (3) its uniqueness of the folded stage

(transistors 360 and 366 shown in Figure 3A) may be used as an indirect compensation node E.

[0020] Shown in Figure 3 is the bias circuit 208 for the USB regulator. Transistors 320,
330, 334 and 336 may be shut off during disabling/power down operation to make sure this
circuit will consume substantially no DC current. Capacitors 322 and 342 are coupling
capacitors to improve the VDD noise cancelation making sure the gates of transistors 324, 326
and 328 are moving the same way as VDD (node A) to cancel the power noise resulting with
Vsg noise = 0. 342 acts similarly to help transistor 340 have better ground noise immunity
resulting in Vgs_noise = 0. Node M is the enable signal coming to the regulator circuit so that

the module can be turned off when disabled.

[0021] The output stage (transistors 350, 360 and 366) from the OpAmp 202 (Figure 3A,
node C) then connects to the gate of the PMOS second stage transistor 384. The low impedance
looking into the amplifier function of the current buffer 204 and source of transistor 384 creates a
fairly high frequency pole that would be irrelevant to interact with the system dominant pole,
which connects to the power PMOS transistor 380 in the power output driver 206, thereby
having more efficient pole-splitting, and allowing easier frequency compensation. The current
driver stage transistor 384 (in the current buffer 204) of the regulator circuit shown in Figure 3B
creates a low impedance environment using the current buffer (transistors 384 and 394, and
resistor 372) to separate the poles seen on the big power output driver 206 comprising
transistor 380 and the internal stages of the regulator (OpAmp 202, Figure 3A, node C). By
literally pushing the pole at the gate of transistor 380 to a high frequency domain, effectively
leaves the only dominant pole at the output (node C) of the OpAmp 202 during full-load

conditions. To achieve such operation, a gm-boost stage may be used.

[0022] The gm-boost stage 218 may comprise transistors 368, 370, 374, 376, 378, 382,
396, 394, 400, 402, 384 and resistor 372 shown in Figure 3B of the current buffer 204. The
current driver may comprise transistors 370, 384 and 394, and resistor 372 shown in Figure 3B

of the current buffer 204, and the current feedback circuits 210 may comprise transistors 374,

376, 378, 400, 402, and 394 shown in Figure 3B of the current buffer 204. The gm of the PMOS
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current buffer driver 204 may comprise transistor 384 and may be coupled to two sources of
currents, one from the bias network and the other as current feedback 210 comprising
transistors 378, 400, 402 and 376 from the power output stage 206 that may comprise
transistor 380. The bias network may be fixed by transistor 396. Then these currents are ratio'ed
in transistors 368 and 370 to provide a sufficient amount of current for the driver transistor 384

but not enough to increase more current based upon a limited current mirror by transistor 396.

[0023] The feedback network 212 may comprise transistor 380, the resistors 388 and 390
may be coupled to the output transistor 380, and may actively provide current to the current
driver transistor 384 when the regulation circuit experiences different output load conditions.
This feedback network 212 provides feedback voltage to one differential input (transistor 356,
Figure 3A, node D) of the OpAmp 202 to compare with a reference voltage (from a voltage
reference not shown) connected to the other differential input (transistor 354, Figure 3A,
node H). The only compensation capacitor required between the output stage of the OpAmp 202
node C in Figure 3A and the output stage of the regulator above resistor 388 coupled to output
node N in Figure 3B need only be sized to make sure that the poles are even further well
separated. This value is limited to a small number which helps in stabilizing the regulator
system. With the simple current buffer 204 comprising transistors 368, 370, 374, 376, 378, 382,
396, 394, 400, 402, 384 and resistor 372, the voltage regulator acts like a pseudo "one-pole"
system that is independent from the output pole changing so long as it falls within the bandwidth
of the system. Thus, the range of ESR is extended along with the output capacitance. Therefore
a wider range of external capacitors may be effectively used, according to the teachings of this

disclosure.

[0024] Referring to Figures 4 and 5, depicted are transient and regulation response
curves, according to the teachings of this disclosure. Shown are line transient response graphs
reflecting the AC response of the system wherein the regulator output is stable with supply
voltage change in transient. These graphs show the regulator system using a small compensation

capacitor is stable.

[0025] While embodiments of this disclosure have been depicted, described, and are
defined by reference to example embodiments of the disclosure, such references do not imply a

limitation on the disclosure, and no such limitation is to be inferred. The subject matter
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disclosed is capable of considerable modification, alteration, and equivalents in form and
function, as will occur to those ordinarily skilled in the pertinent art and having the benefit of this
disclosure. The depicted and described embodiments of this disclosure are examples only, and

are not exhaustive of the scope of the disclosure.
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CLAIMS

What is claimed is:

1. A voltage regulator, comprising:

an operational amplifier;

a gm enhanced current buffer driver;

an output power driver, wherein the current buffer driver is coupled between the
operational amplifier and the output power driver;

a current feedback circuit coupled between the output power driver and the
current buffer driver; and

a feedback loop coupled between the output power driver and the operational

amplifier.

2. The voltage regulator according to claim 1, further comprising a gm-boost circuit

coupled to the current buffer driver.

3. The voltage regulator according to claim 2, wherein the gm-boost circuit increases

the current buffer driver input impedance.

4. The voltage regulator according to claim 2, wherein the gm-boost circuit enables the

current buffer driver to have a large gm value.

5. The voltage regulator according to claim 1, further comprising a biasing circuit

coupled to the current buffer driver to set a biasing ratio for gm-boost of the current buffer driver.

6. The voltage regulator according to claim 5, further comprising an enable/disable

function to enable/disable the biasing circuit for reducing standby current.

7. The voltage regulator according to claim 1, further comprising a compensation

capacitor coupled between the output power driver and a cascode node of the operational amplifier.

8. The voltage regulator according to claim 1, wherein the voltage regulator is a low

drop out (LDO) voltage regulator.

22533539 9
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9. The voltage regulator according to claim 1, wherein the operational amplifier has a
first input adapted for coupling to a voltage reference, and a second input coupled to the

feedback loop.

10.  The voltage regulator according to claim 1, wherein the operational amplifier is a

low gain and high bandwidth amplifier.

11. The voltage regulator according to claim 10, wherein the low gain and high

bandwidth amplifier is a folded-cascode amplifier.

12. The voltage regulator according to claim 11, wherein the operational amplifier
comprises diode connected PMOS transistors for lowering an output impedance of the folded-

cascode amplifier.

13. The voltage regulator according to claim 1, wherein the current buffer driver is an

operational transconductance amplifier (OTA).

14. The voltage regulator according to claim 1, wherein the current feedback circuit

senses a current change at the output power driver.

15. The voltage regulator according to claim 1, wherein the current feedback circuit

provides transient enhancement for improved load regulation.

16. The voltage regulator according to claim 1, wherein the current feedback circuit

provides a feedback voltage from an output voltage node.

17. The voltage regulator according to claim 1, wherein the current buffer driver has a

low output impedance.

18. The voltage regulator according to claim 5, further comprising capacitors in the

biasing circuit for improving noise immunity thereof.

19.  The voltage regulator according to claim 1, wherein the voltage regulator is a USB

voltage regulator.
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20. The voltage regulator according to claim 1, wherein the current buffer driver has
low input impedance and provides a high frequency pole that does not substantially affect the

voltage regulator dominant pole.
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USB REGULATOR WITH CURRENT BUFFER TO REDUCE
COMPENSATION CAPACITOR SIZE AND PROVIDE FOR
WIDE RANGE OF ESR VALUES OF EXTERNAL CAPACITOR

ABSTRACT OF THE DISCLOSURE

A voltage regulator comprises a large gm current buffer driver added between a first
stage of an operation amplifier and a last stage power transistor. This current buffer allows a
significant reduction in the maximum internal and external compensation capacitances needed
for regulator stability. The current buffer compensation circuit allows a wide range of external
capacitor sizes that increases the flexibility in choosing the external capacitor types (with low to

high ESR ratings).
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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.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and
nvention | Provide for Wide Range of ESR Values of External Capacitor

As the below named inventor, | hereby declare that:

This declaration I
is directed to: The attached application, or

[] United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Huamin Zhou Date (Optional) :

Signature: /‘%;. P—

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/SB/AIA01 form for each additional inventor.

[a—

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1 minute 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. 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.

Microchip EX2005, p. 29
Aptiv v. Microchip
IPR2024-00646



PTO/AIA/01 (06-12)
Approved for use through 01/31/2014. OMB 0651-0032
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and
Invention | Provide for Wide Range of ESR Values of External Capacitor

As the below named inventor, | hereby declare that:

This declaration P
is directed to: The attached application, or

D United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Woowai Martin Date (Optional) :
~ JDrnf—
Signature: : lL
W / A

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/SB/AIA01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1 minute 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. 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-PT0O-2199 and select option 2.
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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.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titte of | USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and
Invention | Provide for Wide Range of ESR Values of External Capacitor

As the below named inventor, | hereby declare that:

This declaration -
is directed to: The attached application, or

[ ] United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor:

Cristian AIbin_a P Date (Optional) ;

Signature:

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/SB/AIAQ1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1 minute to
complete, including gathering, preparing, and submitting the completed appilication 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.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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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.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and
Invention | Provide for Wide Range of ESR Values of External Capacitor

As the below named inventor, | hereby declare that:

This declaration ‘ I
is directed to: The attached application, or

D United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: FrItZ‘ SChlunde,r/\ N Date (Optional) :

Signature: 4”3/ M"\J

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/SB/AIA01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1 minute 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. 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-PT0-9199 and select option 2.
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PTO/AIA/O01 (06-12)

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 displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and
Invention | Provide for Wide Range of ESR Values of External Capacitor

As the below named inventor, | hereby declare that:

This declaration .
is directed to: The attached application, or

D United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Minh Le 17 1 Date (Optional) :

Signature: ' /V M

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/SB/AIA01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1 minute 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. 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-PT0-9199 and select option 2.
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Electronic Patent Application Fee Transmittal
Application Number:
Filing Date:
USB REGULATOR WITH CURRENT BUFFER TO REDUCE COMPENSATION
Title of Invention: CAPACITOR SIZE AND PROVIDE FOR WIDE RANGE OF ESR VALUES OF
EXTERNAL CAPACITOR
First Named Inventor/Applicant Name: Huamin Zhou
Filer: Eric M. Grabski/Todd Rosson
Attorney Docket Number: 68354.225441
Filed as Large Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Suz-s'l's(tsa)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 1111 1 600 600
Utility Examination Fee 1311 1 720 720
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sullaj-s'l';(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1600
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Electronic Acknowledgement Receipt

EFS ID: 18431661

Application Number: 14204011

International Application Number:

Confirmation Number: 9205

USB REGULATOR WITH CURRENT BUFFER TO REDUCE COMPENSATION

Title of Invention: CAPACITOR SIZE AND PROVIDE FOR WIDE RANGE OF ESR VALUES OF
EXTERNAL CAPACITOR
First Named Inventor/Applicant Name: Huamin Zhou
Customer Number: 86528
Filer: Eric M. Grabski/Todd Rosson
Filer Authorized By: Eric M. Grabski
Attorney Docket Number: 68354.225441
Receipt Date: 11-MAR-2014
Filing Date:
Time Stamp: 13:48:55
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $1600

RAM confirmation Number 12542

Deposit Account 504871

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 L. . File Size(Bytes Multi Pages
Document Description File Name ( y W . . 9
Number Message Digest | Part/.zip| (ifappl.)
635780
1 Application Data Sheet ADSA_225441.pdf no 7
2dd2d34135faf80b5a130769c2176d9a5d3
Warnings:
Information:
Patent_Applicati 225441 165964
5 atent_Application_ . ves 13
pdf
1892d68a6955402321465¢135516335212]
0947
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 9
Claims 10 12
Abstract 13 13
Warnings:
Information:
. o 618904
3 Drawings-only bla.ck and white line Drawings_225441.pdf o 8
drawings
7d5f5d514f55d2d76908b5b540bc5229d40)
7ccbb
Warnings:
Information:
295133
4 QOath or Declaration filed Declaration_225441.PDF no 5
21362e68b94bf1b44120a772f5d4295ad73
Warnings:
Information:
33525
5 Fee Worksheet (SB06) fee-info.pdf no 2
b7864aee7ed8f160basb69bff999e817b20
Warnings:
Information:
Total Files Size (in bytes):i 1749306
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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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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 14204011 Document Date: 03/11/2014

The presence of this form in the IFW record indicates that the following document type was received in
electronic format on the date identified above. This content is stored in the SCORE database.

* Drawings — Other than Black and White Line Drawings

Since this'was an electronic submission, there is no physical artifact folder, no artifact folder is recorded in
PALM, and no paper documents or physical media exist. The TIFF images in the IFW record were created
from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions below.

At the time of document entry (noted above):
¢ Examiners may access SCORE content via the eDAN interface.
¢ Other USPTO employees can bookmark the current SCORE URL
(http://Score.uspto.gov/ScoreAccessWeb/).
¢ External customers may access SCORE content via the Public and Prlvate PAIR interfaces.

Form Revision Date: September 30, 2013
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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

APIE)II{JII\(/:@EII{ON I 351I(LCI)N]§IA?EE Gl?;\l?ll"{T I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMS I IND CLAIMSl
14/204,011 03/11/2014 2838 1600 68354225441 20
CONFIRMATION NO. 9205
86528 FILING RECEIPT
King & Spalding LLP
401 Congress Avenue OO 0 A
Suite 3200 000000067434837

Austin, TX 78701
Date Mailed: 03/31/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Huamin Zhou, Chandler, AZ;
Woowai Martin, Phoenix, AZ;
Cristian Albina, Chandler, AZ;
Fritz Schlunder, Gilbert, AZ;
Minh Le, Gilbert, AZ;
Applicant(s)
Microchip Technology Incorporated, Chandler, AZ

Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 61/780,985 03/14/2013

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 03/27/2014
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/204,011

Projected Publication Date: 09/18/2014
page 1 of 3
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Non-Publication Request: No

Early Publication Request: No
Title

USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and Provide for Wide
Range of ESR Values of External Capacitor

Preliminary Class
323
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
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 (1-866-999-4258).

page 2 of 3
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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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/204,011
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e e o) N/A N/A N/A N/A 280
SEARCH FEE
e i) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 720
TOTAL CLAIMS .
(37 CFR 1.16(3)) 20 minus 20= OR [« 80 - 0.00
INDEPENDENT CLAIMS ! *
(37 CFR 1.16(h)) 1 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
w Total v " -
= (37 CF?{ Iav16(i)) Mins OR |x =
=] Independent * Minus | *** =
E (37 oiR 1.16(h) OR |x =
<§( Application Size Fee (37 CGFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total * Minus | ** = -
= (37 oFg{ ?16@)) OR [x =
% Independent Minus | *** = _ OR M _
w (37 CFR 1.16(h)) = =
<§: Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 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 |
14/204,011 03/11/2014 Huamin Zhou 68354.225441
CONFIRMATION NO. 9205
86528 PUBLICATION NOTICE

King & Spalding LLP

401 Gongress Avens L
Suite 3200

Austin, TX 78701

Title:USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and Provide for Wide Range of
ESR Values of External Capacitor

Publication No.US-2014-0266107-A1
Publication Date:09/18/2014

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 USPTO'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 USPTQO'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
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ATTORNEY DOCKET PATENT APPLICATION
68354.225441 14/204,011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Huamin Zhou et al.

Serial No.: 14/204,011

Date Filed: March 11, 2014

Group Art Unit: 2838

Confirmation No.: 9205

Examiner: Lewis, Monica

Title: USB REGULATOR WITH CURRENT

BUFFER TO REDUCE COMPENSATION
CAPACITOR SIZE AND PROVIDE FOR
WIDE RANGE OF ESR VALUES OF
EXTERNAL CAPACITOR

MAIL STOP - AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

INFORMATION DISCLOSURE STATEMENT

Applicants respectfully request, pursuant to 37 C.F.R. §§1.56, 1.97 and 1.98, that the
references listed on the attached PTO-1449 form, be considered and cited in the examination of
the above-identified application. Pursuant to 37 C.F.R. 1.98(a)(2), legible copies of any foreign
patents, unpublished U.S. applications, and/or non-patent published documents cited on the
attached PTO Form 1449 are being submitted with this Information Disclosure Statement.
Consistent with the provisions of 37 C.F.R. § 1.97(h), this submission does not constitute an
admission or representation that the submitted reference(s) is/are material to the patentability of

the subject matter disclosed in the application.

24577061
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ATTORNEY DOCKET PATENT APPLICATION
68354.225441 14/204,011

Applicants believe there are no fees due at this time, however, the Commissioner is
hereby authorized to charge any fees necessary or credit any overpayment to Deposit Account
No. 50-4871 of King & Spalding L.L.P.

If there are any matters concerning this Application that may be cleared up in a telephone

conversation, please contact Applicants’ attorney at 512.457.2030.

Respectfully submitted,
KING & SPALDING LLP
Attorney for Applicants

4 Got-

Andreas H. Grubert
Registration No. 59,143

Date: December 17,2014

SEND CORRESPONDENCE TO:
KING & SPALDING L.L.P.

CUSTOMER ACCOUNT NO. 86528
512-457-2025

512-457-2100 (fax)

24577061
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PTO.1449 Application No. Applicant(s)
14/204,011 Huamin Zhou et al.
Information Disclosure Citation Docket Number Group Art Unit Filing Date
in an Application
68354.225441 2838 March 11, 2014
U.S. PATENT DOCUMENTS
DOCUMENT NO. DATE NAME CLASS SUBCLASS FILING DATE
A. 2005/0168272 Al 08-04-05 Banerjee et al. 327 541 02-02-04
B. 2006/0192538 Al 08-31-06 Wang et al. 323 282 05-23-05
C. 7312598 Bl 12-25-07 Huang 323 280 08-25-06
D. 2009/0009147 A1l 01-08-09 Jian 323 280 03-04-08
E.
F.
G.
H.
L.
FOREIGN PATENT DOCUMENTS
DOCUMENT NO. DATE COUNTRY CLASS SUBCLASS Tl;%IS\ISLAT%\IOéV
L.
K.
L.
M.
N.
0.
P.
Q.
R.
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE
S. International Search Report and Written Opinion, Application No. PCT/US2014/023962, 16 pages 11-03-14
T.
U.
EXAMINER DATE CONSIDERED
EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to the applicant.
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY PCT
To:
Stayden, Bruce W. li NOTIFICATION OF TRANSMITTAL OF
KING & SPALDING LLP THE INTERNATIONAL SEARCH REPORT AND
201 G A Suite 3200 THE WRITTEN OPINION OF THE INTERNATIONAL
ongress fvenue, sttle SEARCHING AUTHORITY, OR THE DECLARATION

Austin, TX 78701
ETATS-UNIS D'AMERIQUE

(PCT Rule 44.1)

e Date of mailing
E’;%@ v DAY 17y | (day/month/year)
e 3 November 2014 {03-11-2014)
Applicant’s or agent's file reference
68354.227590 FOR FURTHER ACTION See paragraphs 1 and 4 below
international application No. International filing date
PCT/US2014/023962 (aaymonthiyear) 12 March 2014 (12-03-2014)

Applicant

MICROCHIP TECHNOLOGY INCORPORATED

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
International Search Report.

How?  Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 338.82.70

For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 -9.011.

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17{2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the International Bureau together with any
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

B no decision has been made yet on the protest; the applicant will be notified as socon as a decision is made.

4. Reminders
The applicant may submit comments on an informat basis on the written opinion of the International Searching Authority
to the International Bureau. These comments will be made available to the public after international publication. The
International Bureau will send a copy of such comments to all designated Offices unless an international preliminary
examination report has been or is to be established.
Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the internationat
application, or of the priority claim, must reach the international Bureau before the completion of the technical preparations for
international publication {(Rules 90bis.1 and 90bis.3).
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the
prescribed acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the
time limit of 30 months (or 1ater) will apply even if no demand is filed within 19 months. For details about the applicable time
limits, Office by Office, see www.wipc.int/pet/enftextsftime_limits htm! and the PCT Applicants Guide, Nationai Chapters.

Within 19 months from the priority date, the applicant may request that a suppliementary international search be carried
out by a different International Searching Authority that offers this service (Rule 45bis.1). The procedure for requesting
supplementary international search is described in the PCT Applicant's Guide, International Phase, paragraphs 8.006-8.032.

Name and mailing address of the International Searching Authority Authorized officer

itr;gggn}*%aggwqgice, P.B. 5818 Patentlaan 2 KL&G, Brigitta
- if
9) Tel. (+31-70) 340-2040 Tel: +31 (0)70 340-1034

Fax: (+31-70) 340-3016

Form PCTASA/220 (July 2014)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

li ' t's fil
Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220
68354.227590 ACTION as well as, where applicable, item 5 below.
International application No. international filing date {day/month/year) {Earliest) Priority Date (day/month/vear}
PCT/US2014/023362 12 March 2014 (12-03-2014) 14 March 2013 (14-03-2013)
Applicant

MICROCHIP TECHNOLOGY INCORPORATED

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of S sheets.

D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

D atranslation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12. B(a) and 23.1(b}))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or nofified to this Authority under Rule 91 (Rule 43.6bis{a}).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.
2. D Certain claims were found unsearchable {(See Box No. Il}
3. Unity of invention is lacking (see Box No I}

4. With regard to the title,
the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

8. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 2
D as suggested by the applicant
as selected by this Authority, because the applicant failed to suggest a figure
D as selected by this Authority, because this figure better characterizes the invention
b. D none of the figures is to be published with the abstract

Form PCT/AISA/210 (first sheet) {July 2009)
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2014/023962
Box No.ll  Observations where certain claims were found unsearchabie (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lil Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims cotild be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-6, 8, 9, 13-17, 19, 26

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fes.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/023962

?. CLASSIFICATION OF SUBJECT MATTER

NV. GO5F1/575
ADD.

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

B. FIELDS SEARCHED

GO5F HO3F

Minimum documentation searched (classification system followed by classification symbals)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2065/168272 Al (BANERJEE JAIDEEP [IN] 1-6,8,9,
ET AL) 4 August 20065 (20605-08-04) 13-17,
19,20
abstract; figures 1,2
X US 2006/192538 Al (WANG WEI [CN] ET AL) 1-6,8,9,
31 August 2006 {2006-08-31) 13-16,
19,20
abstract; figure 4
A US 2009/009147 Al (JIAN MING-HONG [TW]) 1-6,8,9,
8 January 2009 (2009-01-08) 13-17,
19,20
abstract; figure 8
A US 7 312 598 B1 (HUANG SHENGMING [GB]) 1-6
25 December 2007 (2007-12-25)
abstract; figure 2A

D Further documents are listed in the continuation of Box C.

See patent family annex.

> Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

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

“O* document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the intemational filing date but later than
the priority date claimed

"T" later document published after the internaticnal filing date or priority
date and not in conflict with the applicaticn but cited to understand
the principle or theory underlying the invention

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

"Y* document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skifled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

24 July 2014

Date of mailing of the interational search report

03/11/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Arias Pérez, Jagoba

Form PCT/ISA210 (second shest) {April 2008)
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INTERNATIONAL SEARCH REPORT

International application No
information on patent family members

PCT/US2014/023%62
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005168272 Al 04-08-2005  NONE
US 2006192538 Al 31-08-2006 TW 1285804 B 21-08-2007
US 2006192538 Al 31-08-2006
US 2009009147 Al 08-01-2009 JP 2009015810 A 22-01-2009
TW 200903988 A 16-01-2009
US 2009009147 Al 08-01-2009

Form PCT/ISA/210 (patent family annex) (April 2008}
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International Application No. PCT/ US2014/ 023962

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6, 8, 9, 13-17, 19, 20

Volitage regulator having a biasing circuit with an
enable/disable function.

2. claims: 7, 10-12

Voltage regulator having a folded cascode amplifier.

3. claim: 18

Voltage regulator having a biasing circuit with capacitors.
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To: PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCTASARL20

Date of mailing
{day/month/iyear) see form PCTASA210 (second sheet)

Applicant's or agent's file reference F;OR FURTHER ACTION
see form PCTASAR20 See paragraph 2 below
Tn;emaiional appiicatim No. K International filing date (day/monthjear) | Priority date (day/monthiear)

PCTAUS2014/023962 12.03.2014 1 14.03.2013

International Patent Classification (iPC} or both national classification and IPC

INV. GO5F1575

7Appiicani
MICROCHIP TECHNOLOGY INCORPORATED

1. This opinion contains indications relating to the foliowing items:

Box No. 1 Basis of the opinion
Box No. it Priority
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1(a){i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl Certain defects in the international application

000 BHRROK

Box No. VIII  Certain observations on the international application
2. FURTHER ACTION

if a demand for international preliminary examination is made, this opinion will usually be considered tc be a
written opinicn of the International Preliminary Examining Authority ("IPEA”) except that this does not apply where
the applicant chooses an Authority other than this one tc be the IPEA and the chosen {PEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASAR20.

{ Name and mailing address of the ISA: Date of completion of | Authorized Officer -

U this opinion i T

! i & %

| European Patent Office : . ; R 3

Q) P.B. 5818 Patentlaan 2 10 | Arias Pérez, Jagoba 0))) f

NL-2280 HV Rijswijk - Pays Bas | %, &
Tel. +31 70 340 - 2040 | Telephone No. +31 70 340-4194 s s
Fax: +31 70 340 - 3016 |

Form PCT/SA237 (Cover Sheet) (July 2009)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2014/023962

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed

1 atranslation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. [0 This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 81 (Rule 43bis.1(a)})

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. {means)
O on paper
U in electronic form
b. (lime)
O in the international application as filed
I together with the international application in electronic form
[J subsequently to this Authority for the purposes of search
4. 0 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCTAS2014/023962
Box No. 1l Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The gquestions whether the claimed invention appears to be novel, to involve an inventive step (to be non
obvious}, or to be industrially appticable have not been examined in respect of

[0 the entire international application
Bd claims Nos. 7,10-12, 18
because:

1 the said international application, or the said claims Nos. relate to the following subject matter which does
not require an international search (specify):

[0 the description, claims or drawings (indicate particufar elements below) or said claims Nos. are so unclear
that no meaningful opinion could be formed (specify).

[1 the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed (specify):

K no international search report has been established for the whole appiication or for said claims Nos. 7,
10-12. 18

0 a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the
prescribed time limit:

O furnish a sequence listing on paper complying with the standard provided for in Annex C of the
Administrative Instructions, and such listing was not available to the International Searching
Authority in a form and manner acceptable to it.

[ furnish a sequence listing in electronic form complying with the standard provided for in Annex C
of the Administrative Instructions, and such listing was not available to the International Searching
Authority in a form and manner acceptable to it.

[0 pay the required late furnishing fee for the furnishing of a sequence listing in response to an
invitation under Rules 13ter.1(a) or {b).

[0 See Supplemental Box for further details

Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

international application No.
PCTAUS2014/023962

Box No. IV Lack of unity of invention

1. B0 Inresponse to the invitation (Form PCTASA/R206) to pay additional fees, the applicant has, within the
applicable time limit:

]

O
0
Y

paid additional fees

paid additional fees under protest and, where applicable, the protest fee

paid additional fees under protest but the applicable protest fee was not paid

not paid additional fees

2. [} This Authority found that the requirement of unity of invention is not complied with and chose not to invite
the applicant to pay additional fees.

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is

0 complied with

K not complied with for the foilowing reasons:

see separate sheet

4. Consequently, this report has been established in respect of the following parts of the international application:

[ all parts.

B the parts relating to claims Nos. 1-6, 8. 9. 13-17, 19, 20

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims
No: Claims
Inventive step (IS) Yes: Claims
No: Claims
Industrial applicability (I1A) Yes: Claims

No: Claims

. Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007)

6. 19
1-5,8.9,13-17, 20

1-6,8,8,13-17, 19, 20

1-6.8.9, 13-17. 19, 20
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2014/023862

Re ltem IV
Lack of unity of invention

1 The following documents (D) are referred to in this communication:

D1 US 2005/168272 A1 (BANERJEE et al) 4 August 2005

D2 US 2006/192538 A1 (WANG et al) 31 August 2006

2 The application lacks unity within the meaning of Rule 13.1 PCT because for
the reasons given below, the following inventions are not linked so as to form
a single general inventive concept:

(a) Claims 1t06,8,9, 1310 17,19 and 20: Voltage regulator having a
biasing circuit with an enable/disable function.

(b) Claims 7 and 10 to 12: Voltage regulator having a folded cascode
amplifier.

{c} Claim 18: Voltage regulator having a biasing circuit with capacitors.

The closest prior art for the sake of assessing non-unity has been identified as
D1 (US2005/0168272). This document (see figures 1 and 2 and
accompanying text) discloses a voltage regulator (10) comprising an
operational amplifier (12); a gm enhanced current buffer driver (14); an output
power driver(16), wherein the current buffer driver (14) is coupled between the
operational amplifier (12) and the output power driver (18); a current feedback
circuit (18) coupled between the output power driver (16) and the current
buffer driver (14); and a feedback loop (17) coupled between the output power
driver (16) and the operational amplifier (12).

Form PCT/ISA/237 {Separate Sheet) {Shest 1) (EPO-Aprit 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2014/023962

Hence D1 anticipates all the technical features of independent claim 1, whose
subject-matter is therefore not new. Since claim 1 does not contribute to the
prior art, its features cannot be considered to constitute "special technical
features" (STF) of the invention in the sense of Rule 13.2 PCT. The first claim
depending on claim 1 whose subject-matier contains a contribution over the
prior art disclosed in D1 is claim 6.

2.1 The following technical feature of the first invention can be seen to make a
contribution over the teaching of D1 and is therefore considered to be an STF
of the invention in the sense of Rule 13.2 PCT (see claim 6):

- The voltage regulator comprises an enable/disable function to enable/
disable the biasing circuit for reducing standby current.

The objective technical problem to be solved by this STF may be seen to
reduce the current consumed by the regulator when it is not in use.

22 Likewise, the STF of the second invention is:

- The operational amplifier is a folded cascode amplifier.

The objective technical problem to be solved by this STF may be seen to
reduce the complexity of the frequency compensation, while providing a good
driving capacity for the buffer (see from page 5, line 25 to page 6, line 2).

2.3 Similarly, the STF of the third invention is:

- The biasing circuit comprises capacitors.

The objective technical problem is to improve the noise immunity of the
biasing circuit.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2014/023962

2.4 Thus the groups of claims mentioned above do not present a single common
special technical feature, nor are these special technical features
corresponding ones, since they do not solve a singie common objective
problem since they do not solve a single common objective problem which is
new and inventive. Therefore the technical relationship required by Rule 13.2
PCT is not present between these groups of claims.

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

3 The application does not meet the requirements of Article 6 PCT, because
claims 1 to 5, 15, 17 and 20 are not clear.

3.1 in claim 1, the expression "a gm enhanced current buffer driver" does not
have a recognised meaning in the field of electronics. The term "gm" seems to
refer to the transconductance of the buffer, which seems to be "enhanced”;
however an improvement of any circuit needs a reference to establish with
respect to which other circuit this particular value has been improved. In its
absence, any buffer can be considered to improve another buffer which is not
part of the claim.

Moreover this expression merely defines the subject-matter in terms of the
result to be achieved, which merely amounts to a statement of the underlying
problem, without providing the technical features necessary for achieving this
result.

The same objection applies mutatis mutandis to claims 2 to 4, 15 and 20.

3.2 In claim 4, the expression "a large gm value" is vague and indefinite, since it is
not clear how large a gm value needs to be to be considered "large". This
expression should be replaced by a functional feature or a range of values

Form PCT/ISA/237 (Separate Sheet) {Sheet 3) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2014/023962

that, being directly and unambiguously derivable from the application as filed,
allows the skilled person to objectively establish whether a certain gm value is
large enough to fall within the scope of the claim.

A similar objection applies claims 17 and 20.

3.3 In claim 5, the expression "to set a biasing ratio for gm-boost of the current
driver" is not clear because it does not define what kind of ratio is such biasing
ratio (is a ration between resistors? transistors? currents?). However it is not
clear from the application what magnitudes are linked by this ratio or what is
its desired effect and therefore this feature should be excised.

4 The present application does not meet the requirements of Article 33(2) PCT,
because, with respect to each of documents D1 and D2 taken in isolation, the
subject-matter of independent claim 1 is not new.

4.1 Document D1, for the reasons given in section 2.1 above, discloses in
combination all technical features of claim 1, whose subject-matter is
therefore not new.

4.2 The subject-matter of claim 1 is also known from D2 (see in particular figure
4). Document D2 discloses a voltage regulator (200), comprising an
operational amplifier (210); a gm enhanced current buffer driver (73); an
output power driver (230), wherein the current buffer driver (73) is coupled
between the operational amplifier (210) and the output power driver (230); a
current feedback circuit {220) coupled between the cutput power driver (230)
and the current buffer driver (73); and a feedback loop (240) coupled between
the output power driver (230) and the operational amplifier (210).

Hence also D2 discloses in combination all technical features of claim 1,
whose subject-matter is therefore not new.

Form PCT/ISA/237 (Separate Shest) (Sheet 4) (EPO-April 2005}
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WRITTEN OPINION OF THE internationat application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2014/023962

5.1

5.2

53

5.4

5.5

5.6

Dependent claims 2 to 6, 8, 9, 13 to 17, 19 and 20 do not contain any
additional features which, in combination with the features of any claim to
which they refer, meet the requirements of Article 33(2) and (3) PCT regarding
novelty and inventive step.

The additional features of claims 2 to 4 are known from D1 (see figure 2),
where the gm-boost circuit is considered to be transistor 50. This transistor is
connected as a source bias, which increases the transconductance (gm) of
the buffer (14) and its input impedance.

The features added by claim 5 are known from D1, where a biasing circuit is
disclosed to bias the gm-boost transistor 50 (see figure 2 and paragraph
[0019]).

The features added by claim 6 constitute a well known standard technique to
reduce power consumption in circuits. The skilled person would readily add
such a function to the voltage regulator of D1 or D2 whenever she wanted to
be able to put the load of the regulator in sleep mode.

The additional features of claim 8 are known from D1 (see paragraph [0001]),
where the regulator disclosed therein is defined as an LDO regulator. Those
of claim @ are also known from D1 (see figure 1), where the operational
amplifier (12) has a first input coupled to a reference voltage (VREF) and a
second input coupled to the feedback loop (VFB, 17).

The features added by claims 13 and 17 are also known from D1 (see figure
2), where the current buffer driver (14) is disclosed to be a PMOS transistor in
common drain configuration, exactly as the buffer driver of the present
application (compare with figure 3B, transistor 384) and therefore it forms an
operational transconductance amplifier.

The additional features of claims 14 to 16 are also known from D1 (see figure
2, feedback circuit 18) and D2 (see figure 4, block 220), where the feedback
circuits of both voltage regulators sense the output current and provides

Form PCT/ISA/237 (Separate Sheet) (Sheet §) (EPO-Aprit 2005)
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57

6.1

6.2

6.3

6.4

transient enhancement. In particular both current feedback circuits are
identical to the current feedback circuit in the present application (see figure
3B, transistors 374, 376, 378, 400 and 402).

The features added by claim 19 constitute a well known standard technique to
provide a USB bus with regulated voltage. Those of claim 20 are also known
from D1.

For the sake of completeness the following minor deficiencies are mentioned:

Contrary to the requirements of Rule 5.1(a)(ii) PCT, the documents D1 and D2
are not identified in the description and the relevant background art disclosed
therein is not at least briefly discussed.

Contrary to the requirements of Rule 6.3(b) PCT, the independent claims are
not properly drafted in the two-part form, with those features which in
combination are part of the closest prior art (cf. document D1) being placed in
the preamble.

No reference signs in parentheses have been inserted in the claims to
increase their intelligibility (Rule 6.2(b) PCT). This applies to both the
preamble and characterising portion.

The application contains passages (see page 1, lines 6 to 8 and from page 7,
line 27 to the end) which incorporate external documents to the present
application by reference and that try to extend the scope of protection of the
claims in an unclear and not defined way. These passages should be excised.

Because of the reasons stated in sections 2 to 6 above, claims 1106, 8,9, 13
to 17, 19 and 20 are not allowable. However, in view of the available prior art,
it appears that if the construction of the current buffer as shown in figure 3B
were introduced in the independent claim, the resulting subject-matter would
be new and inventive.
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DETAILED ACTION

1. This office action is in response to the application filed on 3/11/2014. Claims 1-
20 are pending.
Notice of Pre-AIA or AIA Status

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

Priority
3. Applicant’s claim for the benefit of a prior-filed application under 35 U.S.C. 119(e)
or under 35 U.S.C. 120, 121, or 365(c) is acknowledged.

Specification

4, The Abstract is objected for containing claim language, such as "comprises".
Correction is required. See MPEP § 608.01(b).

Drawing
5. Figures Fig. 1, 1A should be designated by a legend such as --Prior Art--
because only that which is old is illustrated. See MPEP § 608.02(g). Corrected
drawings in compliance with 37 CFR 1.121(d) are required in reply to the Office action
to avoid abandonment of the application. The replacement sheet(s) should be labeled
“‘Replacement Sheet” in the page header (as per 37 CFR 1.84(c)) so as not to obstruct
any portion of the drawing figures. If the changes are not accepted by the examiner, the
applicant will be notified and informed of any required corrective action in the next Office

action. The objection to the drawings will not be held in abeyance.
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Information Disclosure Statement
6. The information disclosure statements (IDS) submitted on 12/17/2014 has been
considered by the examiner.

Claim Rejections - 35 USC § 102

7. The following is a quotation of the appropriate paragraphs of pre-AlA 35
U.S.C. 102 that form the basis for the rejections under this section made in this Office

action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

8. Claims 1-4, 7-10, 13-17, 20 are rejected under pre-AlA 35 U.S.C. 102(b) as
being anticipated by Xi (US Patent No. 6246221, hereinafter ‘221).
Claim 1, ‘221 teaches a voltage regulator (e.g., see Fig. 4-9), comprising:

an operational amplifier (e.g., 204);

a gm enhanced current buffer driver (e.g., the circuits comprising 202, 210, see
Fig. 2);

an output power driver (e.g., 206), wherein the current buffer driver is coupled
between the operational amplifier and the output power driver (e.g., see Fig. 2);

a current feedback circuit (e.g., 214, see col. 7 lines 50-53, claims 12-14 in view
of Fig. 2) coupled between the output power driver and the current buffer driver; and a
feedback loop coupled between the output power driver and the operational amplifier

(e.g., the circuits providing Vfb, see Fig. 2).
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Claim 2, 221 teaches the limitations of claim 1 as discussed above. It further
teaches that a gm-boost circuit coupled to the current buffer driver (e.g., see Fig. 2).

Claim 3, 221 teaches the limitations of claim 2 as discussed above. It further
teaches that wherein the gm-boost circuit increases the current buffer driver input
impedance (e.g., see col. 7 lines 2-12 in view of Fig. 2).

Claim 4, 221 teaches the limitations of claim 2 as discussed above. It further
teaches that wherein the gm-boost circuit enables the current buffer driver to have a
large gm value (e.g., see col. 7 lines 50-53 in view of Fig. 2).

Claim 7, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that a compensation capacitor (e.g., Cc) coupled between the output power
driver and a cascode node of the operational amplifier (e.g., see Fig. 2).

Claim 8, 221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the voltage regulator is a low drop out (LDO) voltage regulator
(e.g., 200, see Fig. 2).

Claim 9, 221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the operational amplifier has a first input adapted for coupling to a
voltage reference (e.g., Vref), and a second input coupled to the feedback loop (e.g.,
see Fig. 2).

Claim 10, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the operational amplifier is a low gain and high bandwidth amplifier

(e.g., 204, see Fig. 2).
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Claim 13, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current buffer driver is an operational transconductance
amplifier (OTA) (e.g., 204, see Fig. 2).

Claim 14, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current feedback circuit senses a current change at the output
power driver (e.g., see col. 7 lines 50-53, claims 12-14 in view of Fig. 2).

Claim 15, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current feedback circuit provides transient enhancement for
improved load regulation (e.g., see Fig. 23-28).

Claim 16, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current feedback circuit provides a feedback voltage from an
output voltage node (e.g., the current sensed through the current mirror pair 214, 206
from the node 224, see Fig. 2).

Claim 17, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current buffer driver has a low output impedance (e.g., the
output impedance of 210, see Fig. 2).

Claim 20, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current buffer driver has low input impedance and provides a
high frequency pole that does not substantially affect the voltage regulator dominant
pole (e.g., see Abstract, col. 4 lines 11-17, col. 6 lines 16-27 in view of Fig. 1).

Claim Rejections - 35 USC § 103

9. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis
for all obviousness rejections set forth in this Office action:
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(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

10.  The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1,148
USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.
3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.

11.  This application currently names joint inventors. In considering patentability of the
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the
various claims was commonly owned at the time any inventions covered therein were
made absent any evidence to the contrary. Applicant is advised of the obligation under
37 CFR 1.56 to point out the inventor and invention dates of each claim that was not
commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)
prior art under 35 U.S.C. 103(a).
12.  Claims 11-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over Xi
(US Patent No. 6246221, hereinafter ‘221), in view of Chang (US PG Pub. No.
20130241505, hereinafter ‘505).

Claim 11, ‘221 teaches the limitations of claim 10 as discussed above. 221 does
not explicitly disclose that wherein the low gain and high bandwidth ampilifier is a

folded-cascode amplifier.

Microchip EX2005, p. 72
Aptiv v. Microchip
IPR2024-00646



Application/Control Number: 14/204,011 Page 7
Art Unit: 2838

‘221 discloses a voltage regulator with miller compensation (e.g., see Abstract;
Fig. 1-3). It further discloses that it is preferable to use a folded-cascode amplifier as its
first stage amplifier (e.g., see [0014] in view of Fig. 1).

Therefore, it would have been obvious to one having ordinary skill in the art at
the time of invention was made to modify the voltage regulator circuit to include the
folded-cascode amplifier as its the first stage amplifier as disclosed in ‘505, because it is
preferable, as demonstrated by ‘505, to use a folded-cascode amplifier as the first stage
amplifier in voltage regulator circuits.

Claim 12, the combination of “221 and “505 teach the limitations of claim 11 as
discussed above. ‘221 further discloses that wherein the operational amplifier
comprises diode connected PMOS transistors (e.g., MP8, MP58, MP32) for lowering an
output impedance of the folded-cascode amplifier (e.g., see Fig. 4).

13.  Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Xi (US
Patent No. 6246221, hereinafter ‘221).

Claim 19, ‘221 dislcoses the claimed invention except for explicitly disclosing that
wherein the voltage regulator is a USB voltage regulator. However, It would have been
obvious to one having ordinary skill in the art at the time of invention was made to
modify the voltage regulator circuit to use the voltage regulator of 221as a USB voltage
regulator, because it is dynamically adaptable, as demonstrated by ‘505, to either the
light load or the heavy load (e.g., see [0006]).

Allowable Subject Matter
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14.  Claims 5, 6, 18 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of
the base claim and any intervening claims.

15.  The following is a statement of reasons for the indication of allowable subject
matters:

For claims 5, 6, 18, the prior art does not disclose or suggest, in combination with
the limitations of the base claim and any intervening claims, primarily, ... a biasing
circuit coupled to the current buffer driver to set a biasing ratio for gm-boost of the
current buffer driver.

Examiner's Note:

16.  Examiner has cited particular columns and line numbers in the references
applied to the claims above for the convenience of the applicant. Although the specified
citations are representative of the teachings of the art and are applied to specific
limitations within the individual claim, other passages and figures may apply as well. It is
respectfully requested from the applicant in preparing responses, to fully consider the
references in their entirety as potentially teaching all or part of the claimed invention, as
well as the context of the passage as taught by the prior art or disclosed by the
Examiner.

17.  In the case of amending the claimed invention, Applicant is respectfully
requested to indicate the portion(s) of the specification which dictate(s) the structure
relied on for proper interpretation and also to verify and ascertain the metes and bounds

of the claimed invention.
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Conclusion
18.  Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Jue Zhang whose telephone number is (571) 270-1263.
The examiner can normally be reached on M-TH 8:00-5:00PM EST, Other F 8:00AM-
4:00PM EST

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Monica Lewis can be reached on 571-272-1838. 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.

IJUE ZHANG/
Primary Examiner, Art Unit 2838
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ATTORNEY DOCKET PATENT APPLICATION
68354.225441 14/204,011

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Huamin Zhou et al.

Serial No.: 14/204,011

Date Filed: March 11, 2014

Group Art Unit: 2838

Confirmation No.: 9205

Examiner: Zhang, Jue

Title: USB REGULATOR WITH CURRENT

BUFFER TO REDUCE COMPENSATION
CAPACITOR SIZE AND PROVIDE FOR
WIDE RANGE OF ESR VALUES OF
EXTERNAL CAPACITOR

MAIL STOP - AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Examiner:

RESPONSE TO OFFICE ACTION

In response to the Office Action mailed August 31, 2015, Applicants respectfully submit
the following remarks and request favorable action thereon.

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Drawings begin on page 3 of this paper and include both an attached
replacement sheet and an annotated sheet showing changes.

Amendments to Claims are reflected in the listing of claims which begins on page 4 of
this paper.

Remarks/Arguments begin on page 7 of this paper.
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SPECIFICATION AMENDMENT

1. Please replace the abstract with the following amended abstract:

A voltage regulator eemprises-has a large gm current buffer driver added between a first
stage of an operation amplifier and a last stage power transistor. This current buffer allows a
significant reduction in the maximum internal and external compensation capacitances needed for
regulator stability. The current buffer compensation circuit allows a wide range of external
capacitor sizes that increases the flexibility in choosing the external capacitor types (with low to

high ESR ratings).
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DRAWING AMENDMENTS

IN THE DRAWING:

The drawings were objected to for failing to show every feature of the invention as
specified in the claims. Applicants provide formal corrected drawings to be entered if the proposed

changes are accepted by the Examiner.
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CLAIM AMENDMENTS

IN THE CLAIMS

This listing of the claims will replace all prior versions, and listing, of claims in the

application or previous response to office action:

1. (Original) A voltage regulator, comprising:

an operational amplifier;

a gm enhanced current buffer driver;

an output power driver, wherein the current buffer driver is coupled between the
operational amplifier and the output power driver;

a current feedback circuit coupled between the output power driver and the current buffer
driver; and

a feedback loop coupled between the output power driver and the operational amplifier.

2. (Original) The voltage regulator according to claim 1, further comprising a gm-

boost circuit coupled to the current buffer driver.

3. (Original) The voltage regulator according to claim 2, wherein the gm-boost circuit

increases the current buffer driver input impedance.

4. (Original) The voltage regulator according to claim 2, wherein the gm-boost circuit

enables the current buffer driver to have a large gm value.

5. (Original) The voltage regulator according to claim 1, further comprising a biasing
circuit coupled to the current buffer driver to set a biasing ratio for gm-boost of the current buffer

driver.
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6. (Original) The voltage regulator according to claim 5, further comprising an

enable/disable function to enable/disable the biasing circuit for reducing standby current.

7. (Original) The voltage regulator according to claim 1, further comprising a
compensation capacitor coupled between the output power driver and a cascode node of the

operational amplifier.

8. (Original) The voltage regulator according to claim 1, wherein the voltage

regulator is a low drop out (LDO) voltage regulator.

9. (Original) The voltage regulator according to claim 1, wherein the operational
amplifier has a first input adapted for coupling to a voltage reference, and a second input coupled

to the feedback loop.

10. (Original) The voltage regulator according to claim 1, wherein the operational

amplifier is a low gain and high bandwidth amplifier.

11. (Original) The voltage regulator according to claim 10, wherein the low gain and

high bandwidth amplifier is a folded-cascode amplifier.

12.  The voltage regulator according to claim 11, wherein the operational amplifier
comprises diode connected PMOS transistors for lowering an output impedance of the folded-

cascode amplifier.

13. (Original) The voltage regulator according to claim 1, wherein the current buffer

driver is an operational transconductance amplifier (OTA).
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14.  (Original) The voltage regulator according to claim 1, wherein the current feedback

circuit senses a current change at the output power driver.

15. (Original) The voltage regulator according to claim 1, wherein the current feedback

circuit provides transient enhancement for improved load regulation.

16. (Original) The voltage regulator according to claim 1, wherein the current feedback

circuit provides a feedback voltage from an output voltage node.

17. (Original) The voltage regulator according to claim 1, wherein the current buffer

driver has a low output impedance.

18.  (Original) The voltage regulator according to claim 5, further comprising

capacitors in the biasing circuit for improving noise immunity thereof.

19. (Original) The voltage regulator according to claim 1, wherein the voltage

regulator is a USB voltage regulator.

20. (Original) The voltage regulator according to claim 1, wherein the current buffer
driver has low input impedance and provides a high frequency pole that does not substantially

affect the voltage regulator dominant pole.
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REMARKS

This Application has been carefully reviewed in light of the Office Action mailed August
31, 2015. Claims 1-4, 7-17, and 19-20 were rejected and Claims 5-6 and 18 were objected to in
the Office Action. Applicants respectfully request reconsideration and allowance of all pending

claims.

Rejections under 35 U.S.C. § 102

Claims 1-4, 7-10, 13-17, and 20 were rejected under 35 U.S.C. §102(b) as being anticipated
by Xi (US 6,246,221). Applicants respectfully traverse and submit the cited art does not teach all
of the elements of the claimed embodiment of the invention.

“A claim is anticipated only if each and every element as set forth in the claim is found,
either expressly or inherently described, in a single prior art reference.” Verdegaal Bros. v. Union
Oil Co. of California, 814 F.2d 628, 631,2 U.S.P.Q.2d 1051, 1053 (Fed. Cir. 1987). Furthermore,
“the identical invention must be shown in as complete detail as is contained in the ... claim.”
Richardson v. Suzuki Motor Co. Ltd., 868 F.2d 1226, 1236, 9 U.S.P.Q.2d 1913, 1920 (Fed. Cir.
1989). Applicants respectfully submit that the cited art as anticipated by the Examiner cannot
anticipate the rejected Claims, because the cited art does not show all the elements of the present

Claims.

Rejections under 35 U.S.C. §103

Claims 11-12 were rejected under 35 U.S.C. §103(a) as being unpatentable over Xi in view
of Chang (US 2013/0241505).

Claim 19 was rejected under 35 U.S.C. §103(a) as being unpatentable over Xi.

Applicants respectfully traverse and submit the cited art combinations, even if proper,
which Applicant does not concede, does not render the claimed embodiment of the invention
obvious.

In order to establish a prima facie case of obviousness, the references cited by the Examiner

must disclose all claimed limitations. In re Rovka, 490 F.2d 981, 180 U.S.P.Q. 580 (C.C.P.A.
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1974). Even if each limitation is disclosed in a combination of references, however, a claim
composed of several elements is not proved obvious merely by demonstrating that each of its
elements was, independently, known in the prior art. KSR Int’l. Co. v. Teleflex Inc., 127 S.Ct.
1727, 1741 (2007). Rather, the Examiner must identify an apparent reason to combine the known
clements in the fashion claimed. /d. “Rejections on obviousness grounds cannot be sustained by
mere conclusory statements; instead, there must be some articulated reasoning with some rational
underpinning to support the legal conclusion of obviousness.” /d., citing In re Kahn, 441 F.3d 977,
988 (Fed. Cir. 2006). Finally, the reason must be free of the distortion caused by hindsight bias
and may not rely on ex post reasoning. KSR, 127 S.Ct. at 1742. In addition, evidence that such a
combination was uniquely challenging or difficult tends to show that a claim was not obvious.
Leapfrog Enterprises, Inc. v. Fisher-Price, Inc. and Mattel, Inc., 485 F.3d 1157, 1162 (Fed. Cir.
2007), citing KSR, 127 S.Ct. at 1741.

The Examiner stated that X7 allegedly discloses all the limitations of independent claim 1.
Applicant respectfully disagrees.

Independent claim 1 includes amongst others:

“a gm enhanced current buffer driver;”

(emphasis added). Xi neither discloses nor suggest such a buffer. According to X7 a unity
gain voltage buffer is implemented as buffer 210. The operational amplifier 212 is connected such
that it forms a voltage follower by connecting the output directly with the inverting input and
feeding an input signal to the non-inverting input. Thus, the output of operational amplifier 212
will be the same voltage as the input voltage. A current fed into the operational amplifier cannot
be buffered by such a circuit. In fact, due to the high impedance at the input of operational
amplifier 212, there is basically no input current flowing into the buffer 210.

Hence, Xi clearly fails to disclose the use of a current buffer between the operational
amplifier 204 and the output power driver 206. Therefore, Xi cannot anticipate present claim 1.
Applicants respectfully submit that the dependent Claims are allowable at least to the extent of the
independent Claim 1 to which they refer, respectively. Thus, Applicants respectfully request

reconsideration and allowance of the dependent Claims. Applicants reserve the right to make
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further arguments regarding the Examiner's rejections under 35 U.S.C. 3103(a), if necessary, and

do not concede that the Examiner's proposed combinations are proper.

Allowable Subject Matter

Applicants appreciate Examiner’s consideration and indication that Claims 5-6 and 18
would be allowable if rewritten in independent form to include all of the limitations of the base
claim and any intervening claims. However, as stated above, Applicant respectfully submits that

all pending claims are allowable in view of the cited art.
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CONCLUSION

Applicants have made an earnest effort to place this case in condition for allowance in light
of the remarks set forth above. Applicants respectfully request reconsideration of the pending
claims.

Applicants believe there are no fees due at this time. However, the Commissioner is hereby
authorized to charge any fees necessary or credit any overpayment to Deposit Account No. 50-
6736 of SLAYDEN GRUBERT BEARD PLLC.

If there are any matters concerning this Application that may be cleared up in a telephone

conversation, please contact Applicants’ attorney at 512-402-3553.

Respectfully submitted,
SLAYDEN GRUBERT BEARD PLLC.
Attorney for Applicants

Andreas H. Grubert

Registration No. 59,143

Date: November 24, 2015

SEND CORRESPONDENCE TO:

SLAYDEN GRUBERT BEARD PLLC

CUSTOMER ACCOUNT NO. 86528
512-402-3553
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9)[] Claim(s) are subject to restriction and/or election requirement.
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DETAILED ACTION
1. This office action is in response to the reply filed on 11/24/2015. Claims 1-20 are
pending.
Notice of Pre-AlA or AIA Status
2. The present application is being examined under the pre-AlA first to invent
provisions.

Claim Rejections - 35 USC § 102

3. The following is a quotation of the appropriate paragraphs of pre-AlA 35
U.S.C. 102 that form the basis for the rejections under this section made in this Office

action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

4. Claims 1-5, 7-17, 20 are rejected under pre-AlA 35 U.S.C. 102(b) as being
anticipated by Al-Shyoukh et al. (NPL_IEEE_JSSC_2007, hereinafter Al-Shyoukh).
Claim 1, Al-Shyoukh teaches a voltage regulator (e.g., see Fig. 4-9), comprising:
an operational amplifier (e.g., the Error Amplifier comprising M1-M8, see Fig. 8 in view
of Fig. 4-5); a gm enhanced current buffer driver (e.g., the circuits comprising M21-M27,
see Fig. 8 in view of Fig. 4-5); an output power driver (e.g., Mp), wherein the current
buffer driver is coupled between the operational amplifier and the output power driver

(e.g., see Fig. 8 in view of Fig. 4-5); a current feedback circuit (e.g., the circuits
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comprising Cc, , see Fig. 8 in view of Fig. 4-5) coupled between the output power driver
and the current buffer driver (e.g., see Fig. 8 in view of Fig. 4-5); and a feedback loop
(e.g., the loop through N5 to M2) coupled between the output power driver and the
operational amplifier (e.g., see Fig. 8 in view of Fig. 4-5).

Claim 2, 221 teaches the limitations of claim 1 as discussed above. It further
teaches that a gm-boost circuit coupled to the current buffer driver (e.g., see Fig. 2).

Claim 3, ‘221 teaches the limitations of claim 2 as discussed above. It further
teaches that wherein the gm-boost circuit increases the current buffer driver input
impedance (e.g., see col. 7 lines 2-12 in view of Fig. 2).

Claim 4, ‘221 teaches the limitations of claim 2 as discussed above. It further
teaches that wherein the gm-boost circuit enables the current buffer driver to have a
large gm value (e.g., see col. 7 lines 50-53 in view of Fig. 2).

Claim 5, 221 teaches the limitations of claim 2 as discussed above. It further
teaches that a biasing circuit coupled to the current buffer driver to set a biasing ratio for
gm-boost of the current buffer driver (e.g., the ratio of 121 and 122, see Fig. 8 in view of
Fig. 3b).

Claim 7, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that a compensation capacitor (e.g., Cc) coupled between the output power
driver and a cascode node of the operational amplifier (e.g., N4, see Fig. 8 in view of
Fig. 4-5).

Claim 8, ‘221 teaches the limitations of claim 1 as discussed above. It further

teaches that wherein the voltage regulator is a low drop out (LDO) voltage regulator
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(e.g., see Abstract).

Claim 9, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the operational amplifier has a first input adapted for coupling to a
voltage reference (e.g., Vbg), and a second input coupled to the feedback loop (e.g.,
see Fig. 8).

Claim 10, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the operational amplifier is a low gain and high bandwidth amplifier
(e.g., the gain and the bandwidth of the Error Amplifier which is the same OpAmp
Applicant disclosed in Fig. 3A of the current application, see Fig. 8).

Claim 11, ‘221 teaches the limitations of claim 10 as discussed above. |t further
teaches that wherein the low gain and high bandwidth amplifier is a folded-cascode
amplifier (e.g., the Error Amplifier of Fig. 4, 8, see col. 1, page 1735).

Claim 12, ‘221 teaches the limitations of claim 11 as discussed above. |t further
teaches that wherein the operational amplifier comprises diode connected PMOS
transistors for lowering an output impedance of the folded- cascode amplifier (e.g., the
Error Amplifier of Fig. 4, 8, see col. 1, page 1735).

Claim 13, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current buffer driver is an operational transconductance
amplifier (OTA) (e.g., see Fig. 8 in view of Fig. 3b).

Claim 14, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current feedback circuit senses a current change at the output

power driver (e.g., the load current sensed by Cc and M3, see Fig. 8 in view of Fig. 4-5).
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Claim 15, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current feedback circuit provides transient enhancement for
improved load regulation (e.g., see Abstract, Fig. 8).

Claim 16, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current feedback circuit provides a feedback voltage from an
output voltage node (e.g. the node Vout, see Fig. 8, 4-5).

Claim 17, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current buffer driver has a low output impedance (e.g., the
impedance at N2, see para2, col. 1 page 1735, para2, col. 2 page 1735, Fig. 8, 4-5).

Claim 20, ‘221 teaches the limitations of claim 1 as discussed above. It further
teaches that wherein the current buffer driver has low input impedance and provides a
high frequency pole that does not substantially affect the voltage regulator dominant
pole (e.g., the pole at N2 (p2), see Abstract, para 3, col. 1 page 1735, para2, col. 2
page 1735, Fig. 8, 4-5).

Claim Rejections - 35 USC § 103

5. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis
for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1,148
USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under 35 U.S.C. 103(a) are summarized as follows:
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1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.
3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.

7. This application currently names joint inventors. In considering patentability of the
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the
various claims was commonly owned at the time any inventions covered therein were
made absent any evidence to the contrary. Applicant is advised of the obligation under
37 CFR 1.56 to point out the inventor and invention dates of each claim that was not
commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)
prior art under 35 U.S.C. 103(a).
8. Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Al-
Shyoukh et al. (NPL_IEEE_JSSC_2007, hereinafter Al-Shyoukh

Claim 19, Al-Shyoukh discloses the claimed invention except for explicitly
disclosing that wherein the voltage regulator is a USB voltage regulator. However, It
would have been obvious to one having ordinary skill in the art at the time of invention
was made to modify the voltage regulator circuit to use the voltage regulator of Al-
Shyoukh as a USB voltage regulator, because it is dynamically adaptable, as
demonstrated by Al-Shyoukh, to either the light load or the heavy load (e.g., see

[00086]).
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Allowable Subject Matter
9. Claims 6, 18 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of
the base claim and any intervening claims.
10.  The following is a statement of reasons for the indication of allowable subject
matters:

For claim 6, the prior art does not disclose or suggest, in combination with the
limitations of the base claim and any intervening claims, primarily, the voltage regulator
further having ... an enable/disable function to enable/disable the biasing circuit for
reducing standby current.

For claim 18, the prior art does not disclose or suggest, in combination with the
limitations of the base claim and any intervening claims, primarily, the voltage regulator
further having ... capacitors in the biasing circuit for improving noise immunity thereof.

Response to Argument
11.  Applicant's arguments filed on 11/24/2015 have been fully considered but are
moot in view of the new ground of rejections in the current office action above.
Examiner's Note:
12.  Examiner has cited particular columns and line numbers in the references
applied to the claims above for the convenience of the applicant. Although the specified
citations are representative of the teachings of the art and are applied to specific
limitations within the individual claim, other passages and figures may apply as well. It is

respectfully requested from the applicant in preparing responses, to fully consider the
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references in their entirety as potentially teaching all or part of the claimed invention, as
well as the context of the passage as taught by the prior art or disclosed by the
Examiner.
13.  Inthe case of amending the claimed invention, Applicant is respectfully
requested to indicate the portion(s) of the specification which dictate(s) the structure
relied on for proper interpretation and also to verify and ascertain the metes and bounds
of the claimed invention.
Conclusion

14.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JUE ZHANG whose telephone number is (571)270-
1263. The examiner can normally be reached on M-Th 7:30-5:00PM EST, Other F
7:30AM-5:00PM EST

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Monica Lewis can be reached on 571-272-1838. 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
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USPTO Customer Service Representative or access to the automated information
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In re Application of: Huamin Zhou et al.

Serial No.: 14/204,011

Date Filed: March 11, 2014

Group Art Unit: 2838

Confirmation No.: 9205

Examiner: Zhang, Jue
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BUFFER TO REDUCE COMPENSATION
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EXTERNAL CAPACITOR

MAIL STOP - AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Examiner:

RESPONSE TO OFFICE ACTION

In response to the Office Action mailed March 4, 2016 Applicants respectfully submit the
following remarks and request favorable action thereon.
Amendments to Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 6 of this paper.
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CLAIM AMENDMENTS

IN THE CLAIMS

This listing of the claims will replace all prior versions, and listing, of claims in the

application or previous response to office action:

1. (Currently Amended) A voltage regulator, comprising:
an operational amplifier;
a gm enhanced current buffer driver;

a biasing circuit coupled to the current buffer driver to set a biasing ratio for gm-boost of

the current buffer driver:

an enable/disable function to enable/disable the biasing circuit for reducing standby

current;

an output power driver, wherein the current buffer driver is coupled between the
operational amplifier and the output power driver;

a current feedback circuit coupled between the output power driver and the current buffer
driver; and

a feedback loop coupled between the output power driver and the operational amplifier.

2. (Original) The voltage regulator according to claim 1, further comprising a gm-

boost circuit coupled to the current buffer driver.

3. (Original) The voltage regulator according to claim 2, wherein the gm-boost circuit

increases the current buffer driver input impedance.

4, (Original) The voltage regulator according to claim 2, wherein the gm-boost circuit

enables the current buffer driver to have a large gm value.
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6. (Cancelled)

7. (Original) The voltage regulator according to claim 1, further comprising a
compensation capacitor coupled between the output power driver and a cascode node of the

operational amplifier.

8. (Original) The voltage regulator according to claim 1, wherein the voltage

regulator is a low drop out (LDO) voltage regulator.

9. (Original) The voltage regulator according to claim 1, wherein the operational
amplifier has a first input adapted for coupling to a voltage reference, and a second input coupled

to the feedback loop.

10.  (Original) The voltage regulator according to claim 1, wherein the operational

amplifier is a low gain and high bandwidth amplifier.

11.  (Original) The voltage regulator according to claim 10, wherein the low gain and

high bandwidth amplifier is a folded-cascode amplifier.

12. The voltage regulator according to claim 11, wherein the operational amplifier
comprises diode connected PMOS transistors for lowering an output impedance of the folded-

cascode amplifier.

13.  (Original) The voltage regulator according to claim 1, wherein the current buffer

driver is an operational transconductance amplifier (OTA).

14.  (Original) The voltage regulator according to claim 1, wherein the current feedback

circuit senses a current change at the output power driver.
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15.  (Original) The voltage regulator according to claim 1, wherein the current feedback

circuit provides transient enhancement for improved load regulation.

16.  (Original) The voltage regulator according to claim 1, wherein the current feedback

circuit provides a feedback voltage from an output voltage node.

17.  (Original) The voltage regulator according to claim 1, wherein the current buffer

driver has a low output impedance.

18.  (Currently Amended) The voltage regulator according to claim 51, further

comprising capacitors in the biasing circuit for improving noise immunity thereof.

19.  (Original) The voltage regulator according to claim 1, wherein the voltage

regulator is a USB voltage regulator.

20. (Original) The voltage regulator according to claim 1, wherein the current buffer
driver has low input impedance and provides a high frequency pole that does not substantially

affect the voltage regulator dominant pole.
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REMARKS

This Application has been carefully reviewed in light of the Office Action mailed March
4,2016. Claims 1-17 and 19-20 were rejected and Claims 6 and 18 were objected to in the Office
Action. Applicants amend claims 1 and 18. Claims 5 and 6 have been cancelled. Applicants

respectfully request reconsideration and allowance of all pending claims.

Allowable Subject Matter

Applicants appreciate Examiner’s consideration and indication that Claims 6 and 18 would
be allowable if rewritten in independent form to include all of the limitations of the base claim and
any intervening claims. Applicants amended independent claim 1 to include the limitations of

former claims 5 and 6. Claim 18 has been amended to be dependent on claim 1.
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ATTORNEY DOCKET PATENT APPLICATION
68354.225441 14/204,011

CONCLUSION

Applicants have made an earnest effort to place this case in condition for allowance in light
of the remarks set forth above. Applicants respectfully request reconsideration of the pending
claims.

Applicants believe there are no fees due at this time. However, the Commissioner is hereby
authorized to charge any fees necessary or credit any overpayment to Deposit Account No. 50-
6736 of SLAYDEN GRUBERT BEARD PLLC.

If there are any matters concerning this Application that may be cleared up in a telephone

conversation, please contact Applicants’ attorney at 512-402-3553.

Respectfully submitted,
SLAYDEN GRUBERT BEARD PLLC.
Attorney for Applicants

Andreas H. Grubert

Registration No. 59,143

Date: June 6, 2016

SEND CORRESPONDENCE TO:

SLAYDEN GRUBERT BEARD PLLC

CUSTOMER ACCOUNT NO. 86528
512-402-3553
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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
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 displays a valid OMB control number.

APPLICATION AS FILED - PART |

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Dockel Number | _Filing Date
Substitute for Form PTO-875 14/204,011 03/11/2014 | [ To be Mailed
ENTITY: LARGE []smaLL []micro

*# If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** |f the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

LIE

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
—
L1 Basic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
D SEARCH FEE ) N/A N/A N/A
(37 CFR 1.16(k), (i), or (m))
D EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . N
37 CFR 1.16(i minus 20 = X3 =
INDEPENDENT CLAIMS . B
(87 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
n of paper, the application size fee due is $310 ($155
ASF;PCL’lgﬁﬂlgN SIZE FEE for small entity) for each additional 50 sheets or
¢ 166 fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
= EE.’l\_AEAFLNlNG Egg\%%sw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
Z AMENDMENT PAID FOR
w Total (37 cFR .
g 1 160)) * Minus | ** = X 8 =
= - Minus § = i -
= |:| Application Size Fee (37 CFR 1.16(s))
< j—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD’L FEE
(Column 1) (Column 2) (Column 8)
CLAIMS HIGHEST
06/06/2016 RE/Q"FAF'EN'RNG PRNE%’}AC?ESLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
= b AMENDMENT PAID FOR
gl |18 vinus | 20 -0 x 580 - 0
= R B vinus | 3 - 1 x $420 - 420
E D Application Size Fee (37 CFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL ADD'L FEE 420

/Chantae Dessau/

This collection of information is required by 37 CFR 1.16. 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, 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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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 |
86528 7590 0612212016
Slayden Grubert Beard PLLC ZHANG, JUE
401 Congress Avenue
Suite 1900 l ART UNIT PAPER NUMBER |
Austin, TX 78701 2838
DATE MAILED: 06/22/2016
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
14/204,011 03/11/2014 Huamin Zhou 68354.225441 9205

TITLE OF INVENTION: USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and Provide for Wide Range of ESR Values of
External Capacitor

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 09/22/2016

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, verify 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
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
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated 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
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certiﬁcate 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

86528 7590 06/22/2016 I hereby certify that this Fee(s[:) Transmittal is being deposited with the United
Slayden Grubert Beard PLLC States Iyostal Service with sufficient postage for first class mail in an envelope
401C A addressed to the Mail Stop ISSUE FEE address above, or being facsimile
Sui fgg(r)ess venue transmitted to the USPTO (571) 273-2885, on the date indicated below.

uite

(Depositor's name)

Austin, TX 78701

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/204,011 03/11/2014 Huamin Zhou 68354.225441 9205
TITLE OF INVENTION: USB Regulator with Current Buffer to Reduce Compensation Capacitor Size and Provide for Wide Range of ESR Values of
External Capacitor
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 30 $960 09/22/2016

I EXAMINER | ART UNIT I CLASS-SUBCLASS |
ZHANG, JUE 2838 323-280000
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
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. : 8 . 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.
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)

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 [ 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

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
14/204,011 03/11/2014 Huamin Zhou 68354225441 9205
| EXAMINER |
86528 7590 06/22/2016
Slayden Grubert Beard PLLC ZHANG, JUE
401 Congress Avenue
Suite 1900 l ART UNIT PAPER NUMBER |
AUStiH, TX 78701 2838

DATE MAILED: 06/22/2016

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)
14/204,011 ZHOU ET AL.
Notice of Allowability ESE’;'H"KF\IG ggg"“ A First Inventor to File)
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. IX] This communication is responsive to the amendment filed on 06/06/2016.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

; the restriction

—_—

3. X] The allowed claim(s) is/are 1-5 and 7-20. 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 hitp//www.usnlo.gov/patents/inil_evenis/pph/indexdsp or send an inquiry to PPHfegdback@usplto.goy .

4. [] 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)y[J Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [[] 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. Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

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

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

/JUE ZHANG/
Primary Examiner, Art Unit 2838

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20160612
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Application/Control Number: 14/204,011 Page 2
Art Unit: 2838

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

REASONS FOR ALLOWANCE

1. Claims 1-5, 7-20 are allowed.
2. The following is an examiner's statement of reasons for the indication of
allowable subject matters:

For claim 1, see previous office action sent on 03/04/2016 for the examiner’s
statement of reasons for the indication of allowable subject matters

The aforementioned limitations in combination with all remaining limitations of the
respective claims are believed to render the aforementioned indicated claim and any
dependent claims thereof patentable over the art of record.
3. 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

4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jue Zhang whose telephone number is (571) 270-1263.
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L56 8 | (gm or transconductance) near (boost$3 or | US-PGPUB; | AND | ON 2016/06/12 21:23
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regulator) | USOCR,;
FPRS;
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The present application is being examined under the pre-AlA first to invent
provisions.

EXAMINER’S AMENDMENT

1. An examiner’'s amendment to the record appears below. Should the
changes and/or additions be unacceptable to applicant, an amendment may be
filed as provided by 37 CFR 1.312. To ensure consideration of such an
amendment, it MUST be submitted no later than the payment of the issue fee.
Authorization for this examiner’'s amendment was given in a telephone
interview with Andreas H. Grubert on 06/29/2016.
The application has been amended as follows:
a. Claim 6 has been amended from:
“6. (Cancelled)”
To:

“5-6. (Cancelled)”

REASONS FOR ALLOWANCE
2. Claims 1-4, 7-20 are allowed.
3. The following is an examiner's statement of reasons for the indication of
allowable subject matters:
For claim 1, see previous office action sent on 03/04/2016 for the

examiner’s statement of reasons for the indication of allowable subject matters
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The aforementioned limitations in combination with all remaining
limitations of the respective claims are believed to render the aforementioned
indicated claim and any dependent claims thereof patentable over the art of
record.

4, 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

5. Any inquiry concerning this communication or earlier communications from
the examiner should be directed to Jue Zhang whose telephone number is (571)
270-1263. The examiner can normally be reached on M-TH 8:00-5:00PM EST,
Other F 8:00AM-4:00PM EST

If attempts to reach the examiner by telephone are unsuccessful, the
examiner’s supervisor, Monica Lewis can be reached on 571-272-1838. 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
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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.

IJUE ZHANG/
Primary Examiner, Art Unit 2838
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Dear Sir:

INFORMATION DISCLOSURE STATEMENT

Applicants cite the information on the attached Form PTO-1449, pursuant to 37 C.F.R.
§§1.56, 1.97, and 1.98. Applicants have enclosed a copy of each foreign patent document and
non-patent literature, if applicable.

Applicants state that pursuant to 37 CF.R. §1.97(e), that each item of information
contained in this information disclosure statement was first cited in a 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.

The citation of this information does not constitute an admission of priority or that any
cited item is available as a reference, or a waiver of any right Applicants may have under applicable

statutes, Rules of Practice in patent cases, or otherwise.
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This Information Disclosure Statement is being filed after receipt of a Notice of Allowance.
A fee in the amount of $180.00, as required by 37 C.F.R. § 1.17(p), is being deposited at the time
of filing via Deposit Account No. 50-6736 of Slayden Grubert Beard P.L.L.C. The Commissioner
is authorized to charge any additional fees, or to credit any overpayment, to Deposit Account No.
50-6736.

If there are any matters concerning this Application that may be cleared up in a telephone

conversation, please contact Applicants’ attorney at 512.402.3553.

Respectfully submitted,
SLAYDEN GRUBERT BEARD PLLC
Attorney for Applicants

Andreas H. Grubert
Registration No. 59,143

Date: August 4, 2016
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Controllable low voltage differential Enear volfage stabilizing circuit for providing
mufti-cutput voliages

Inventor(s): HAIGANG ZHU [KR] + (ZHU HAIGANG)
Applicant(s):  SAMSUNG ELECTRONICS CO LTD [KR] + (SAMSUNG
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Application CN20071166861 20071022

number:

Priority number CN20071166861 20071022
(s):

Also published CN101419477 (B)
as:

Abstract of CN101418477 {4}

The invention provides a low-dropout linear vollage reguiator cirouit which comprises 8
bandgap reference voltage circuit for generating reference voltage, an error amplifier, a
driving cushion circult, a powsr PMOS pipe and a feedback control circuit, wherein a
negative end of the error ampiifier recelves reference voltage output by the bandgap
reference voltage circuit; a positive end of the driving cushion circuit is connected with
an output end of the sror amplifier, and a negative end is conneciad with the output
end; a source slecirods of the power PMOS pipe receives power voltage of the low-
dropout linear voltage regulator circuif, a drain electrode oulputs the voltage, and &
mesh glecirode s connecied o the oculput end of the driving cushion circuit;; the
feadhack control circuitis connedctad betwsen the positive end of the arror amplifier and
the drain electrode of the power PMOS pipe Tor the fesdback of the outpud voitage. The
low-dropout inear vollage regulstor circult realizes mutliple vollage sulput by
controliing feedback coegfficients of a feedback resistive network by two signals.
Moreover, g broadband operation transconductance ampilification circuit with low power
consumphon and a unit gain structure is used for realizing the driving cushion cirouit
and the stable work of the high-load current circuit and rapid response performance
can be ensurad,
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it provides 2 iow dropout Enear reguiaior ciroult, comprising: a bandgap reference vollage circull for generating a reference
voltage: an error amplifier which receives negative bandgap voltage reference circult oulput voitage 1o the end; driving buffer
cirnuit, the forward end connacted to the output of the error amplifier, the negative terminal angd the output terminals shoried;
power PMOS transistor having a scurce receiving low-dropout linear regulator circuit powar supgely voitage, the cutput voltage of
the drain and the gate connacted o the driving bulfer circult output end; feedback controf clrcult con 1ected tatween the forward
end and the power drain of PMOS transistor error amplifier for feadback output voltage. The low dropout lingar regulator circuit
5 contraiied by two signal feadback cosfficient lpedback resistor nebwork, enabling multh-voltage cutpit. In addition, by adopling
the structure of unily gain wideband low power operational fransconductance ampiifiar to achieve the driving buffer circuft 1o
ensure the stable operation of high Ipad currents and rapid response.

Frovide more conticiiable suiput voltage low diopout linear regulater cirouit
TECGHNICAL FIELD

The present invention relates 1o a low dropout linear regulator ciroult, and more particularly, relates to a method of providing
multipte-output Conirollable voltage fow dropout near regulator cliot

Background technigue

Low dropout linear reguiaton cireuil powsr supply is an impoertant branch of the integrated ciroult, and based on a pulse width
Modulation (PWM), puise frequcx‘cy madutation (PFA) Principle of DC-DC {(direct cirrent - direct current) converiers Compared
to its low cost, low noise and small quiescent current and induciance without marit, Portable Electronic products, ofien using low
dropeut linear reguilator clreult as a powsas supsly system,

Figure 1 shows a conventionz! low-dropout linear reguiaior cirouit schematic. As shown, a conventional fow Dropout finear
requiator oircull includes a reference voliage circult, an emor amplifier OTA1, power PMOS transistor, Feedback resistor
network, Reference vollage circull commaeniy used \.-andgcap reference vollage circult, an error amglifler OTA1 Usually two
differential operational amplifier; the power PMOS transistor channel width is large, large-smat channe! lengih PMCGS transistor
size, bt also the use of special manufanitring process of the power PMOS fransistor, such as PDMOS wubas,

PMOS seuree power seurcs input voltage (e, low-dropont linear regulator cirouit power supply voltage Vin}, the drain cutput
valtage, output voltage through the feedback resistor divider network input of the error amplifier OTA1T the positive side, the
refarance voltage input of the error amplifier OTAT negative tarminal of the enmr amplifier OTAT Compare and amplifies the
voltage acress the posiiive and negative inpul, and the outpul voltage 1o the contral gate of power PAOE iransistar, Whereby
the oulpul vollage. Thus, the error ampifier OTAT, PMOE power fransisior and the feadback resistor netwark Constitules a
stabie feedback loop.

http://translationportal .epo.org/emtp/translate/? ACTION=description-retrieval kCOUNTRY ... 8/4/2016
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Based on the feadback lbop has a sufficient degrae of gain and phase thrashold, the cutput voltage and the reference value is
sniy Feedback coeefficient vollage and the feedback rasisior network related, independent of the input vollage. Meanwhile, since
the reference ievel Pressure has 2 very iow lemperature drift, so # the feadback resistor nelwork are well maiched, the cutput
voltage 2150 Low temperature drift. it is possible 16 achieve a high pradision, low noise and output ripple voitags

Howevar the conventional low dropout linear reguiztor circult has the following two protlams,

First, the fraditional iow dropout linear regulator circull i3 generally only a fixed and externally adjusiable oulput voiiage input
Two types of voliage. Fixed oulput vollage of the ciroult can provide an output voltage; externally adjustable cuiput Voltage
sircuit must be connecied externally differani resisior values to gt different cutput voltages, such parties Since the iaw requires
an externai resistor, not only increases the cost of the apglication, ang an external resistor accuracy 2nd temperaiure cosfficient
And number seripusly affect the accuracy of the cutput voltage.

Secondly, when higher output drive curent, power PMOS fransisior dimensions will alse increase, Thus the PMOS gale
parasitic capaciance power corespending increase, which makes the loop first parasitic pole (le, closest to the dominant poie
parasitic pole) frequency reduced accordingly. On the other hand, a large driving So that the first main flow loop pole moves to
higher fraquencies, Thus, tha fivst primary and the first parasitic pole Bole close, resuiting i a subsiantial decling in the loop of
ihe phase threshoid, 50 that the entre circuit is not stable. Eve Before the general solution is 1o use a high ESR (equivalent
sefles rasistance) of the bad capacitance 1o generate 2 loft Half-plang zero o eliminate the first parasiic pole. However, the
fgh ESR of the lead capaciance increases the cost of the apglication, And will reduse the transient performance of the sirouit,
Another solution is the error amplifier and power increase behween the PMOS transistor a source foilower buffer stage driving
structure to isolate the emvor amplifier circuit high input impedance and powsr PMOS transistor gate iage parasitic capacitance.
Howevar, the drive sourse follower buffer siage struciure i will produce the inpul and oulput vollage level shilt, causing the
PMOS power can not be turmed on or off,

SUMMARY

Cne aspedt of the present inveniion, an exemplary embodiment is that at l2ast soive the above protlemns and / or disadvantages
an Eeaw ft provides the following advaniages. Accordingly, one aspect of the present invention, an exemplary embodiment
can be prowded to provide 2 More controilable output voltage fow dropout linear regulator circult.

According 10 an aspect of the present invention, thera is provided a low dropout iinear reguiator circult, comprising: a bandgag
The reference vollage cirouit for generating a reference voltage, an ermy ampiifier which receives nagative bandgap raference
yoltage circult to the and Gutput reference voltage; diiving buffer circult, the forward end of the eror amplifier s connecied o
the outeut, Eleciric power PMOS transistor naving 2 source recaiving low dropout iinear regulator clrouit; shart o the negative
ferrainal and the output terminal Source voliage, output voliage of the drain and the gate connecied to the driving bulfer circuil
autput ternunal; a feedback contro! Circuit connected between the forward end and the power drain of PMOS transistor arror
amplifier for feedback input Voliage.

The low dropout linear reguialor circul by using a fsedpack control circuit o achieve a muli-voltage cutput, this In addition, by
using the unity gain structure aorpss broadband low power oparational amplifier 1o schieve the guide drive siow Chong circuit to
ansure the stable operation of high lcad curents and rapid response.

BRIEF DESCRIPTION

With reference 1o the following desoripiion of embodgiments, these and / or other aspects of the present invention and
Advantages will bacome apparent and more readily apgreciated in whsch:

http://translationportal .epo.org/emtp/translate/? ACTION=description-retrieval kCOUNTRY ... 8/4/2016
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Figure 1 shows a conventional low-dropout lingar reguiator circuit schematic diagram;

Figura 2 shows an embadiment according to the principles of the present invention, low-dropout linear regulator cireuit
embodiment of FIG;

Figure 3 shows a unity gain knot according to low dropout linear reguiator oircult of the embodiment of the prasent invention
employed Configuration of a wideband low powsy operational transconductance amgplifying oircuit disgram of 2 cirouit
implementation of the driving buffer circuit; and

Figure 4 is = diggram showing low dropout linear regulator circuit of the embodiment of the present inventlon, = feadback control
sircult Circult diagram.

detailed descriphion

Embodiments of the invention will now be described in detal, which are liuystrated in the accompanying drawings, wherein the
phase The same reference numerals refer io like parts. Below by referring to the accompanying drawings, embodimants will be
desoribed 1o explain the prasent invention.

Figure 2 shows an embodiment acocording 1o the principles of the present invention, low-dmpout iinear regulalor circuit
ambodiment of Fl&. Refarring to Figure 2, The low dropout linsar regulator circull includes a bandgap reference voltage cireult
201, an error amplifier OTA 1 202, Driving buffer circuft OTA 2 203, PMOS transistor 204 and the power feadback controd cirouit
205, Power PRIOS Tube 204 source inpul voltage {ie, low-dropoul inear requiator circult power supply voitage Ving, a drain
autput Voitage. The fesdback control circuit 205 is connecied to the positive terminal of the error amplifier and output OTAY 202
in Between the pressure side, the bandgap reference voltage circuit 201 oulpuis a reference vollage of the error amglifier OTAY
202 The negative terminal is conneciad, the error amplifier cutput OTAT 202 and the driving bulfer circuit GTA 2 203 The
positive terminal is connacted, the error buffer circult OTA negative terminal 1o its output tarminal shorting 2203, the dibve slow
Chong circult OTA suipu! terminal 2203 s connested to the gale of the power PAMOS tubs,

it

At the oulpwt low dropout linear regulator circuil s connected 1o an external lcad RL. Meanwhile, low-dropout ine The
sonnection between the suipul ferminal of the vollage reguiaior circult and the ground capaciior CL, and thus al the sulput
frequency of about 1Main requiator circult / 2aRLCL pole so low drmpout linear requilator clrouit has sufficient phase threshoid
Degress, keep the whole ciroult stability. In this embodiment, CL = 1gF. However, the present invention is not limited to This
may also be used other large capaciance capaciiors,

{2

Figura 3 shows a unity gain knot aceording to low dropout linear reguiator circuit of the embodiment of the prasent invention
smployed Configuration of 2 wideband low powser operational transcoenductance ampiifier 16 achisve a driving buifer cirouit
driving bulfer ciroult OTA 2 203 The circull diagram in which the blas {Bias) end by a handgap reference vollage clrcuit 201
provides, Raferring fo FIG. 3, Deving buffer cireult QTA 2 203 upils gain structure using wideband low power ogperational
transconductance amplifier ciroult The way 16 achisve, Doving buffer cirouit OTA 2 203 [ isolate the eror ampiifier cutput
impedance and high Great power PMOS transistor gate parasitic capaciiance. From ac cirouit anaiysis point of view, the driving
buffer circult OTA 2Parasitic poles 2083 is split into a lower fraquency of the two poles of a higher freguency, thereby incre

the The error ampdifier OTAT 202, the ddving buffer cirouit QTA 2 203, PMOS transistor 204 and the power feedback Negative
feedback ivop phase threshold of the unit and the control circuit 205 feedback resistor netwaork consisting of band gain Wide, to
ansure stabilily and fast response regulator chrowit, And diive single-tube structure of the source follower butfer Chong clinui,
this kind of unity gain structire using wideband low powear operational transconductance ampiifier deiving Bulfer clreull, no input

and output fevel shift, which can guaraniee the normal power PROS transistor On and off. Parasiiic pole position and structure

is
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of the original structure in accordance with an embodiment of the present invention is dafinad by the following Expressaed as
follows:

The original structure: a iower frequency parasiiic poles, fp = 1/ ZunREAouiCpmos.

Embodiments of the invention: two higher frequency parasitic node, fp1 = 1 /7 2wREAwCOTAZIn and 2 = 1/
2aROTAZOHCpMos.

Whareln, REAoul to the original struciure of the cutput impedance of the error amplifier, Cpmos of the power PMGS Parasitic
capaciiance, ROTAZout to dibve the cutput impedance of the buifer cirouit 2203 of OTA, COTAZIn drive UTA 2 203 buffer
sircult input capaciiancs.

OTA 2 203 deving buffer ciron it ouipul resistance ROTAZDW = 1 7gm - N, therefore, fp2 = gm - N/ 2wCpmos, whas, gm s ihe
driving buffer stage circull inlef tube (la, power PMOS Tube) transconductance, (W7 L) MP4 MP4 tube in FIG. 3 the channstl
width and the channel Ratio of the length, channel width and channel length QW7 L) MP2 MP2 In FIEG tubse 3 ratio. While driving
Buffer cirouit input capacitance of OTA 2 203 COTAZIn the drive circuit input buffer stage tube (le, power PMOS transisiors) of
the channei width and channe! length is proportional {o the product of W - L. Thus, by adjusting to The parameters o set fpl and
fp2 incation.

{205

Figure 4 is = diggram showing low dropout linear regulator circuit of the embodiment of the present invention, = feadback control
circuit 208Coult diagram. By applying feadback control ciicuit, the output voltage can be achieved in & controlled Inw prassure
Dropout linear reguiaior circuil. Feadback control circull is not increasad siatic powsr consumption, and #s occcupation of the
wafer surface Froduct compared with the original circult area s small.

|

Fefarring 1o FIG. 4, the feedback control circull 205 by a decoding oircuit 2-4, the swiich circull and the fsedback resisior
network Nehwork of three paris. Feadback rasistor nebwvork comprising four resistors R1, RZ, RE and R4, zre connecied in series
Low dropout Hnear reguiator Clreuit between the output and ground, R input and low-drogouwt linear regulator circuit The sutput
fermainal connectad to the ouiput of R1 and R2 is connecied to the input terminal. The output of RZ and R3 is Input terminal
connectsd to the culput terminal R2 is connectad to the input terminal of R4, R4 s an output terminal connecied o ground.
Switching clrcult includes four switches 81, 82, 83 and 34, which are connected 1o the positive OTAT 202 Behvean the input
ferminal and the inpul terminal of the four resistors, 2-4 Decoding circull the two input signals are A and B, iis value is & or Vin.
2-4 Dacoding ciroult 1o dacode tha two input signais O1, G2, 0% and G4 Four signals. The four signals are controllad by the four
switches §1, 82, 83 and 84 of the switch To determine the overall siate of the vop feadback factor, thereby obtaining different
ouiput voltage values. Specific oulput Pressure derivation formusia as follows:

When 51 is tumnad on, Vrag = Vbgr

When 82 s tumad on,

When 83 is tumnad on,

When 84 is tuned on,
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Wherein, Vreg is the output voltags, Vbgr reference voltaga.

{44}

Whan the reference voltage is 1.2V, in crder fo obtain the oulput voltage 1.2V, 1.5V, 1.8V and 2.8V Respectively correspending
feadback cosfiicient resistor network design R1: RZ: R3: R4 ratio of 1510 141 38, According to the above formula, low dropout
finear reguiator circult specific output voiiage contral as showr in Tabie 1 Shown,

Table 1

<img ciass = "EMiNef" id = "101481 524-idi0005" 7

Al circuits of the present invention are in the standard CMOS process, not using special technology MOS tubs.

in swmmary, low dropout inear regulator oircuit acenrding to the present nvention by using a feadback control ciicuit real Now
the multi-voitage cutput. {n addition, through the gate of the power output of the error arnplifier PMOS trangistor Adopled by the
unit gain structure between broadband low power operational transeonductance amplifier driving buffer ciroult implemented Way
to ensure the stability of high load currents and rapid response.

Although the present invention with reference 1o cerfain exempiary embodiments of the present ihvention i3 shown and
descrined, dut the prasent The skilled artisan will appraciate that, without departing from the claims and their equivaients of the
present invention. The case of God and scope of the various changes in form and detail
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Abstract of CNIGIEE3040 (A}

The invention belongs o the technical field of integrated circuits and specifically relates
to a high mains rgjection ratio low dropout voltage linear voltage requiator with a
feadforward transconductancs, which consists of an error amplifier, a buffer, a PMQS
pass fransistor, a feedforward transconduciances, two feedback resisiors and a filter
capacitor, wherein the error amplifier is a current mirror amplifier consisting of a tail
current scurce, a PMOS input differential pair and three groups of current mirrors, The
mains voltage fluctuation influences the cutput mainly via two paths of the PMOS pass
transistor and the parasilic resistor of and PMOS pass transistor. The feedforward
transconductance transforms the perturbation of the maing voltage intoe the perturbation
of the current, and then the perturbation of the current is transformed into the in-phase
voltage perturbation of the grid of the pass transistor via the parasilic resistor of the
arror amplifier. The influence of the mains voltage perturbation on the oufput can be
eliminated by the control of the gain of the fesdiorward transconductance so as v
realize high mains rejection ratio. The invention can oplimize the mains rejection ratio
within a wider range of load current and does not reduce the efficiency of the low
dropout voltage linear voltage regquiaior.
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Fatent Transiate
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Notice

ated. it cannot be guaranteed thai i i3 inteliigibie, accurale, compileie, reliable or fit for specitic purpeses. Critical decisions,

85 commerciaily relevani or inancial decisions, should not be based on machine-iransiation oulnul,

SIFQORIDTION ONTOTRSIA
DESCORIPTION ONTOTaS4E

The prasent invention belongs 1o the fleld of inlegrated circult chnelogy, D padicaiar 16 a band feadftrward transcenductance
hign PSRRE low-dropout linear regulator. # consists of an error amplifier, a buffer, PMOS transfer tubes, feedforward
transconductancs, two feedback resistors and vy capacitors. The error amgplifiar by the fall current sgurce, PMOS input
differential pair and the curenl mirror three groups constiiute a current minrer amplifier. £ffect of supply voitage fluctuations on
the cutput of the main transmission through the parasiic resistance PMOS and PMOS transfer fubes of these two pathways.
Feedforward transconductance of the power supply voltage disturbances into electricity disturbance, and then afler the grror
amplifier parasilic resistance fransfer tube into the gate of an in-phass voltage disturbances, Through feadforward sonirot
transconductance gain, eliminate disturbances on the power supply voliage outpul, high power supply rejection ratic. The
presant invention can he optimized without degrading the power supply refection low dropout insar regulator offici
wider range of ivad cuments

noy than in a

One kind with feedfonvard transconduciance High PSRP Low Dropout Linear Regulator
TECHMICAL FIELD

The prasent invention belongs 2 the field of integrated circult tachnology, in pardicuiar to a with feadforward transconductance
figh PSRR low-dropout linsar reguiator (LDOG).

Background technigue

{0002

LDO power managemant is the core module, analog ciouits and RF circdlts and other nolse-sensitive chivuitry 1 improve
supplies poewer mainly, Thus, the power sueply rejection ratio is one of the kay perfermanse paramelers,

Currently, maost sommarsial high FSER LDO chip LDCO cassade, such grogrars had led o iow efficiency of LDO. Although in
recent years, many papers appesred high PERR LDO solutions, but they are mestly In increasing the output of the output
voltage noise, intreasing ciroult complaxity and expense of lower load currants,

(e

Therefore, {o design a pol o ihorease the oulpul voltage noise at the cost of a simple clrouit structure, can provide more ioad

current high power supply rejection ratio has great appiication significance.
SURMMARY

To soive the above problems, the presant fnvention provides a high power supply based on the feadiorward transconductance
ezjection ratio LDG Before the invention of the groposed methad of maislaining LDO transconductancs fed 2 high efficiency,
iow noise performance, simpie circuit structure and make LDG gat high power supply reiection ratio over the entire ivad range of
DOWRT.

The present invention is proposad based on the feedfsrward fransconductancs high PERR LDRG, by the smvor amglifier 1, buffer
2, BPMOS bransfer tubes 3, edforward bansconducianne feadback resislor in serdes 4.2 5.6-chip compensation via the
capacior 7 cennacted to form a cliroult) wherein the non-inverting input of the error am & fgadhack

=1 1 connected 1o a voliag
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terminal 11, an oulpt terming!l connecled to a reference source Vref is inverled, the end of the aror amplifier 8 and a
feadforward transconductance output terminal 4 of the buffer 2 connacted {0 the input; feadforward fransconductance 4 input
feraingtion power cuiput of the bulfer 2 of 8 fransier fubes connected PMOS gate terminal 3, the PMOS source termination
power fransfer tubes &, the drain terminal connected {o the culput of the LDO 10 3 feedback resistor in series with one end of
the LDO cutput 10, the other end; a compensaion capacior 7 tsrminaion LD cutput 10, the other end.

The present invention feediorward franscondtotance 4 will fluctuate on supply voltage bie a current Buchuations, and than by

the eror ouiput parasitic resistance converted into phase with the voliage Buctuation PRMOS fransfer tubes 3 gate offsel supply

voltage fhuctuation transfer ube source of ouwiput voltage impact In different load cwrent conditions, the desired different

fransconduciance gain. In the present invention, the feedforward transconductance gain of 4 with lnad current can be varled to
achieve the purpose of optinizing power supply rejection ratio in the wheole Inad range.

The present invention, the LI error amplifier 1 through the fesdback resistior § and & as the fesdback voltage with a reference
valtage Vet of comparison, and {0 ensure the feedback vollage node 11 the node 12 s equal 1o the reference voltage Vref. 1 by
the error amgiifier MOS transistors 13 fo 21 is connectad via the circull constiiution. PMOS transistors 15 and 18 constitule a
differential pair, NMOS and PMOS transistors 19, 20, 15.17.14,18 tube consisting ¢f thres curent miror, PMOS tube 21 min
ship current differential paic tall corrent offer. inverting tarminal of the error amplifier 1 is atiached to the feadback voltage node
11, attached 1o the opposite end of the reference vollage Vref node 12, Source and subsiraie scurce NMOS iransistors
13,44,17.18 and the substrate is grounded, then the powsr of the PMOS transistors 18, 20, the subsirate and the source of
FMOS transisior 15 and 18 are connected o eliminate the effect of partial tining , NMOS drain lerminal of the draln pips 13,
PIMOS transisions 15 and 18 are respectively connecied with the divde-connecied. All pipe work in the saturation region.

The present invention, the use of low ouipul impedance butfer 2 of the PRGOS transistor gate parasitic franster tubes 9 3 pole
push beyond the LDO Ioop handwidth, o ensure system stability. i consists of NMOGS transistors 24 ~ 26, PMOS cirouit 30 via
the pipe 27 o the connaction componenis. Wherein the PMOS transistor 23 is a source follower gate is connected 1o the cuiput
of the error amplifier 1 ferminal 3, the source connected io the gate of the PMOS transter fubes 3 &, PMOS and NMOS
fransistors 24, 25, 28, 29 gipe for the PMOS {ransistor 23 provides gardial on cwreni, the PMOS and NMOS transistors 24, 25
and tube 27 form a negative feedback {o reduce the cuiput impedance of the buifer, the SREGE pipe 30 is connected 1o 2 dicde
S is connecied to the input of the bulfer 5o that the buffer sutput Impedance of the lead current increases and decreases, Pau
net enly imgrove the high current efficiency also allows the LDO LDO staiiity ovaer the entire bad mnge.

The presant invention, feedforward transconduciance 4 by the NMOS fransision 31 ~ 37, PMOE tute 38 I 43 ang resisions 44
znd 45 via the slectrical connaction compenents. PMOS transistor 40, NMOS tube 35 is the core of thelr transconductance
values increase with increased power. Feediorward transconductance gain is sguivalent PMOS transistor 40 and NMOS
transistor 35 differential ransconducianse of the eror amplifier cutput resistance of the product. NMOS transistors 41, 42, 33,
34 and PMOS transistor 40 provides biass for the PMUOS transistors, NMOS transistors 31, 32 and PMUOS fransistors 43 tube
surrent mirror PMOS transfer tubes 3, the PMOS transconduciance tube 40 with the load current changes, thereby adjusting the
feedforward ransconductanne gain of the LDO I mainiain 8 hgh power supply eiection rall taristics gver ihe entire
lcad range. NMOS fransisiors 38, 38, 38, 37 and PRGOS curent mirrer consisting of two mirrored the egquivalent
transeonductance error amplifier output terminal 1 of 8. 8¢ that the feed for the fiist fransconductance error amgplifier output
impedance does not affect the properdies, PMGE channel length of pipe 38, 38 is graaler than 20um

The present invention, the error amplifier from the all current source, PRMOS input differential palr and the current yirror three
groups constitute a current mirror amplifier. Effect of supply voltage fluctuations on the culput of the main transmission through
the parasic resistance PMCOS and PRMOS transfer tubes of these two pathways. Feediorward fransconduntance of the power
supply vollage disturbances inte slectricity disturpance, and then after the error amplifier parasitic resistance transfer fube into
the gate of an in-phase voltage disturbances. Thiough feedforward control fransconductance gain complstely eliminate
disturbancas on the cuiput vellage of the power supply, enabling high power supply rejection ralio, Compared o sonventional
high power supply rejection ratio, low dropout linesr regulator circult, the present invention can achieve higher power supply
rejection ratio, power supply rejection ratio eptimization does not reduce the low-dropout inear regulator in a wider range of bad
currant efficiency .

BRIEF DESCRIPTION

Figure 1. A with feedforward transconductance high FPSRR low-dropeut Hnear requlator (LDO) stnicture of FIG.
Figure 2 of the present invantion applied ervor amplifier cirouits,
Buffer circuit of Figure 3 of the present invention applied to achieve.

Feedforward transconductance circult in Figure 4 of the prasent invention designed 1o achieve.
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Explanztion of Refarenca: 1 15 a schematic diagram of the emor amplifier 2 s s schematic of the buffer, 4 i3 a diagram of the
feadforward  transconduniance resistor 55 44,45, 12,15,20,21.23,28,28, 30,38,39,40,41 42,43 for the PMOS transisior,
13,44,17,18,24,25,26 31 32,33,34,35,36 37 the NMCS transistor ¥ compensation capaciior 8 1 cuiput of the emror ampiifier, the
autput of buifer 210 8, 10 to LDO ouiput terminal voltage feedbacik tarminal 11, 12 of the node of the emor ampilifier 1 connected
0 the refarence voltage Vref, 22, 45 for the chip the bias vollage ibput termingh,

delafled desoription

Beiow in conjunction with the accompanying drawings of the present invention is further described.

Figure 1 shows the whole with feedforward transconductance high PSRE LDOs structure. | The error amplifier with 1 in FIG. 1
with a feedback voltage ingut ferminal connested 1o terminal 11, the output of the inverting terminal 1 of § with feedforward
transconductance suipul erminal 4 connested o the inpul bulfer 2 s connected reference sourse Vref, soor amplifier,
feadiorward transconductance 4 input termination power ouiput of the bulfer 2 of 8 transfer iubes connecled PMOS gate
terminal 3, the PMOS transfer tubes termination power source 3, 2 drain ferminal connected o the output of the LDO 10, one
end of the feadbank resist fes LDO outpul 14, the other end. Compensation capacior 7 a termination LDC output 10, the
sther end.

Figure 2 shows the error amplifier cirouit 1 in Figure 1 implemented. FIG PMOE transistors 15 and 18 constitute a differential
pair, NMOS and PMOS transistors 18, 20, 13,17,14.18 tube consisting of three current mirror, PMOS tube 21 external cuirent
mirror provides differential pair fal current. imverting terminal of the error amplifier 1 is attached o the feadback voltage node 114,
aitached to the opposite end of the referance voltage Vref node 12, Source and subsirate source NMOS transistors 13,14,17,18
and the subsirate Is grounded, then the power of the PMOZ & dors 18, 20, the subsirzte and the source of PMOE transistor
18 and 18 are connected (o siminate the effect of pariial lining NMMGE fransisiors 13, 14, the drain drain termingl, PMOS tube
15, 16 are connected 1o the dicde Is connected. All pipe work in the saturation reginn.

S

Figure 1 shows the buffer cirealt of FIG. 2 implementation 3. FIG. 23 is a PMOS transistor scurce follower gate is connected to
the output of the ervor ampiifier 1 terminat §, a source terminal is connecied PMOS transisior gate 83 of the fransfer fube, PMCGE
transistors 28, 28 and NMOS iransisiors 24 and 25 provide for the PMOS transistor 23 bias curreni, PMOS and NMOS
fransistors 24, 25 and tube 27 form a negative feedback to reduce the autput impedance of the buffer, PMOS tube 30 is
sonnected D a dinds § s connected o the nput of the bulfer, Sourse aad PMOS (27 i 30) connaciad 10 the power seures and
the substrate, PMQGS tube (23) of the source and substrate connected PRMOS transistor (28} of the drain ferminal, NMOS tube
{24,25,28) of substrate is grounded.

Figure 4 shows the Figure 1 oross feadivrward cirouit 4 s implemeniad, PMOS figure Cascode connection fubas 41, 42 and
diode-~connected NMOS fransistors 33, 34, 40 for the PMGE fransistor {o provide bims voltage. NMOS transisiors 31, 32 and
PMOS transistors 43 tube current mirror PRIGE fransfer tubeg 3. NMOS transisters 38, 38, 38, 37 and PMOS curmrent mirror
sonsisting of two mirrered the eguivaient fransconductance error amgiiiec cutput terminal 1 of 8 Whereln, NMQS tube
31,82,33,38,38,37 of the source and the substrate are grounded, PMOS tube 38,38,40,42,43 the source and the subsirale are
connactad 1o the supply, NMGS source tibe 34 terminating the NMOE gate terminal 33, NMOS tube stbstrate s grounded 34,
FMOS tube tenminating source PMOS 41 of the drain pips 42, PMOS substrate connecied o the supply dige. The NMOE and
PIOS channei length 36, 37 38, 30 are larger than 20um, all tubes are working in sirong inversion region.

The present invention is achleved with feediorward transconductance high FPSER low-dropout linear requiator
sompatible with standard CMOS grocess, the full load range power supply rejection ratic, bad current, efe,, &
variety of power supply neise sensitive nigh-precision analog, BF clrouits,

with fully
cable to a

The apove are only preferred embodimenis of the present nvention, # should be noted thal, without departing from the
principlas of the present invention, the pramise of a number of improvements and madifications made shall also be considered
the scoape of the present invention,
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The invention relates {0 a8 Iow-voltage stabilizer for ultra-lower static current, which
comprises an error amphification dreuit, an output circuit, a vollage Tesdback cirouit, 8
compensation circult and a current feedhack device, wherain an input and Vi of the
current feedback devics is connected with the input end of the cutput circuit, the current
feadback device is used for transforming voltage Vi input by the culput cirouit into
current 101 fed back {0 a ground end of the error amplification circuit; when the
stabilizer suffers a heavy load, the feedback current 101 is increased, and the current of
the ground end of the error ampiification circuit 1s aiso increassd, and the rasponge
speed of the error amplification current is increased;; and whan the stabilizer suffers 8
light load, the feadback current 101 of the current feadback device is reduced, the bias
current of the ground end of the error amplification circuit is also reduced, and the
consumption of the low-voltage stabilizer is in a static current state, The iow-vollage
stabilizer has the advaniages that after adopting a dynamic current feadback device,
the static current of the low-vollage siabilizer can be lower than 1 microampers, and
the low-voltage siabilizer has incomparabie technical advantages than other traditional
fow-voltage stabilizers.
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Notice

ated. it cannot be guaranteed thai i i3 inteliigibie, accurale, compileie, reliable or fit for specitic purpeses. Critical decisions,

85 commerciaily relevani or inancial decisions, should not be based on machine-iransiation oulnul,

Cne kind of extramely low guisscent curent LDQO, including eror amplifier, the output circult, a voltage fsedback cira
cornpensation circuil; feedback means further comprises a cument input terminal V access o the means of the oulput current
feadback input cirouit end, that is, the current feedback clroult means output voltage V input into a current |is fed back io the
arer amplifier cireult ground feominal, when the reguiaion in heavy iead, the fpedback curent s increzsed, the error amplifying
circulf ground current also increased, which improves the response speed of the error amplifying clroult; reguiator when the icad
is light, the feadback current lot current feedback means becomes smailer, the arer amplifying circuit a ground terminal of the
bias current is raduced, s that the reguiaters low ::,uses;cem iow current consumptinn in the state. The beneficial effects nfthe
prasent invantion are: the use of dynamic current fesdback device of the present invention, sfier the proposed LDG quiescent
currant &t fight ivads and during sleep can be less than 1A, having other existing LDO unmatched tachnologinal supariority.

dit and

Yary low quiescernt current LDO

The present invention relates 1o a low-drepout reguiator, and mora particulany o a coliector ciroult ¢hip LDOQ, pasticulardy, 1o a
vary low guiescent current L3O,

With the development of semiconducior integrated circuils, integrated cireuit chips used in maore advanced fechnoiogy, the chip
ciinuitry required supply voltage and chip input power voltage is typizally inconsistent, in most cases the intermnal circuitry of the
chip reqguired supply veltage is low the chip supply voltage input, which raquires the chip integrates a low dropout requiator, the
chip ir:put supply voitage info an internal power supply voitage reguired for other circuiis. Such low dropout reguiators in other

circuiis o provide power for selfconsumption 2iso need less current, particularly in the slesp circult chig, low-dropout voltage
regu:at«a cirent consumption as low as possible.

Art LB for stability at work, usually guiescent current design is relatively large, usually more than 10uA, 50 much so that the
class gutescent curent LROs not energy during sleep. In order to save energy, some LDO uses a contiol terminal to control the
LDO work on and off the ohip will work through the apen conirel terminal iow r.Es‘cspouT regulaton the chin will sieep Low Dropout
Regulators closed. Such control end by internal digital ciroults controlied by = digtal circuit and power supply LEBO output
supplying. When the digital closad circuit LDO, the LDO can not give the digital cirouitry, digital circutiry, no power can not wake
up LG, low drogoul regulator so in a stale of sleep and wake exists between a seli-locking mechanism, how 1o break this self
locking mechanism i3 a very complicated matter, nead a ot of control circull designed Yor this purpese, when the contral ciroult
dasign, It might cause unsuceassiul; and iow-drpgout regulator clesed mamory status i digital cireuits are 1ost after the wake of
these states and the need 1o re-setl.

3

The technical problem io be sehved by the inveniion of the present invention is 1o avoid the shortcomings of the prior art and o
provide a very low guisscent current fow diopout regulator, to solve the prior st LDO sleap or light-load power consumption big
pn):.-:e.’n.

The presant invention solves the technical problam i solvad by the following technical sohution fo achieve, o design a very low
guiescent current LDQ, Including error amplitier, the output circuit, a voltage feedback circuit and compensation circult; the error
amplifier cirouit the difference between the referance voltage V ref and the voltage feadback circult feedback voltage V ih sent
from an amplifier to the input tlerminal of sald ouzput circuil; said feedback clrcull is a vellage oulpul circull outpu! voltage WV out
fed back 1o the error amplifier circuit | the compensation circult is connected acress the output terminz! of the arror amplifier
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circuit and the output cireuit of the output tarminal; in particular, also includes g currant feedback means, the input terminal Vi of
the cuwivent feadback means connected to the cuiput ciroult input termingl, Le. the osutput of the current feedback ciroult means
input voltage Vi inte a current | O1 is fed back 1o the ground terminai of the error ampiifier ciroult, when the regulator is under
heavy load, the feadback current | 81 is increased, then the error amplifier circult ground currenis also increased to improve the
rasponse speed of the error ampiifier cirouit; when the regiiaior s light loads, the current fpedback device feadback current 1 O
becomes amaller, the arror amplifying circulf ground terminal of the bias cument is reduced such that the LDG quiescent low
surrent consumgption inthe state.

The LIO also includes a bulfer circull, the buffer ciroult is connecled in series between the error amplifier cirowit and the cutput
circuit; the buffer circult of the error amplifier output voltage o pan and / or follow the treatment to the oulput input of the circull;
the cutput of sald current feadback means of fpedback current | Q2 delivery 16 the ground terminal of the bulfer clrouit,

!

Said current fasdback means comprises a voliage / current converier and a current mirrorn the voltage / current converter
connectad 1o the input of VI in the output ciredit of the inpd, the output is about input voltage V1 o cuwrent converter oircul,
sending o the inpul of the voitage / current converier connecied o the cument mirvor | in, the current through the current mirror
copy |01, 102

The voltage / current converter which includes g resisior R4 ang a P-type MOG Heid aeffect fransisior Q 2, the resistor R 4 is
connactad across the LDO power V IN and the source of the field effect transistor Q 2 between the poles | the gate and drain of
ihe field effect ransisior Q 2 are connected the four voiiage / current switch input terminai Vi and the ouiput terminal

Said current mirror comprises an N-type MOS fisid-effect transisiors Q3, Q4 and Q5; of the fisld sffect transistors Q3, G4 and
Pgrpund source, the transistor QF &5 connecled 1o the drain and the gate of the said voltage / current converter
connaciad to an outpul ferminal I of the fleld effect transistors Q4, Q5 image composition means, connactad in paraiist
hatwaean the gale slectrode, and then connecting the gate of the field-affect transistor Q%; s=zid mirror means to the input current
{ respeciively, in propodion o copy and redistribule 1o the current mirror output pord 1 O1, or 7 and 1 QZ, the cunent | in the
proportion of redistribution, Q5 and Q3 size ralic s determined by the fleld-effect transistor Q4.

The sp-amg ervor ampdifler ground terminal 1 via a bias cugent source T s grounded, 50 that the tlas cument source 1 fows
grounded; the cument suiput feedback means feedback current to said cument i O1 source 11 infiow end.

The ¢p amp bulfer croult ground terminal 2 via & bias current source | 2 Is grounded, so that the bias cumrent source | 2 flowing
groundad: the cutput current feedhack means feedback current | O2 to the current source | 2 of the inflow end.

Corepared with the prior art, the bensficlai affects of the present imvention I8 A method o achieve dynamic curreni feedback
davice, reaktime moniioring of the device LRO output current, the outnut current s adjusted according to the size of LDO bias
surrent o achisve both under heavy load drive capability Is very strong, bul also af fight Iad or very low gquisscent current sleap,
very energy efficient; and LDO without sleep / wake control terminal, there is no existing seli-locking technology issues LDO
steap / wake; because the LDO bas been working, the cuiput current persists, and therefore the state of memory in a digitad
cirouit is not fosl. Compared with other existing LOO, dynamic cument feedback device of the present invention, after the
proposed LDO quiescent current at ight loads and during sleep can be lass than 1gA, having other existing LUO is unmaiched
technological superiority.

Figura 1 of the present invention s a low-volage iow dropout regudaior guiescent current of the logical struchurs of the prefarred
embodiment of the schematic;
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Figure & is a current fredback means 830 of the preferred embodiment an elecirical schematic diagram of embodiment;

Figure 3 is a current feedback means 60 of the sscond elecirical schematic diagram of the preferad embodiment
implementation;

Figure 4 is a preferred embodiment of the current feadback structure schematic logic device 84;

Figure 5 is a schematic diagrarm of 2 circuit 61 in the case of the preferred embodiment of the vollage converter,

FiG § s a ciroult schematic of the prefered ambodiment of the current minsr §2.

DETAILED DESCRIFTION Hereinafter, with reference o preferrad ambodiments
invention is #usirated further

sstrated it the drawings of e pragent

Sae Figure 1-2, the preferred embodimant of the present invention, one A iow guiescent cumrent LDQ, including error amplifier
14, the ouwtput circuit 30, a voltage feedback oircuit 40 and compensation circult 5 the ervor a differanse amgiifying circult 10
and the reference voitage V REF voltage feedback circuit 40 is sent o the feedback voltage V FB cuiput of the amplifying circuit
30 is supplied to the input terminal; said voitage feedback circuit 40 1o the output circult 30 is the output voltage V out feadback
to the aoer ampiifying circuit 10; and the compensation circait 53 s connected across the ouipul terminal of the eror amplifying
chreisit 10 and the output ferminal of the cutput ciroult 38; a current feedback means further comprises a buffer circult 80 and 20,
the buffer circult 20 connegcisd In series behwaen the arror amplifying clreuit 10 and an oulput circult 38; after the buffer cirowt 20
to the arer ampiifier ouipu! voltage transiation circui 10 and / or oliow the process o the inpul of the sulpat cireull 30; the said
current feadback input device &0 inpiis the oulpul Vi of the access circuit 38, the cuiput of the current fzedback means 80 of
conveying feadback current § O1 and 1 02 are respactively supplied to the ervor amplifying circuit 10 and butfer cirouit ground 20
end; when the regulator is in a heavy bad, the feedback current § O1 and | OF s Increased, the ervor amplifving oircuit 10 and
buffer clrcull 20 is a ground ferminal of each current aise increases, thereby increasing the amor 10 and the response speed of
the buffer clrcuit 20 of the amplifier cireult; when the regulator is fight loads, the current feedback davice 80 feadback current |
01 and 102 betomes smalier, the error amgiifisn greund circull 10 and cuffer ciroult 20 end of the bizs current is reduced, 8¢
that the requiators low quisscent inw current consumption in the siate.

in conjunction with Figure 2, Figures 4 o &, the prefarred embodiment, the function of each circull component are as follows:

The op-amp ervor amglifiar ground terminal 10 1 via a bias current spurce |1 1o ground, that the bias current source | 1 flows
grounded, the injection end through a ine connected o the op-amp natwork n3 1 to end: the bizs current seurce F1 1 o provide
the most hasic op amp dlas cumrent fo ensure that the operational amplifier 1 in LBCG is able to operale at light luad or sleep. The
means 80 feadback currant | ©1 of feedback murent delivered 1o the inflow end of the cwrent scurce 1.

The buffer amplifier cireuit 20 of the ground terminal 2 via a bias cumrent source | 2 ground that the tias cuwrent source | 2 fows
grounded, which is connecied o the inflow end o end operational amplifiar 2 through wire mesh n2 |, 2 provides the muost basic
o the op amp bias currenti to ansure that the operational amplifier 2 in LD is able 10 operate at light load or sleep. The ourent
feedback means &0 outputs the feedback current | 02 10 the Infention end of the current sowme | 2.

An operational amplifier as the error amplifier, its negative nput connected 1o 2 reference power source V rel, the oulpul vollage
of the positive input of the feedback circuit 50 through the lerminal resistor ® wire net n& 1, R 2.1 op amp feedback voltage V b
and V ref with the difference 1o be drawn aerror correction voltage amplification, and then transmitind {0 the error correction
voltage op amp buffer circoll 20 2. & is a8 buffer amplifien op amp which an enor corraction voltage outpul rom the vollage
follower, the voltage may be necessary to follow the iransiational movement of the voltage follower, and then through the wire
mesh nt o the output circult 30, the O cuiput of the power transistor 1 gate. The on amp output drive canability 2 is stronger
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than the o amp oculput drive dynamic capability 1, an order of magnitude or more, the oulpul power iransisior Q3 gale
capantance of a relatively large, the op amp input 2 parashtic capacitance is relatively small, so transport put 2 isolation amplifier
case direcily drive large capadcitive loads of 1, greatly improving the ability 1o respond to the high frequency amplifier 1, and the
operational ampiifier 2 because of thelr relatively strong drive capshility, even i the gate drive output of the power fransistor G 1
the case of the capacitor is still better than #s frequency response ampiifler 1 several times faster,

Cuipad powse transistors Q 1 using PMOS (Pdype matal - oxide semiconducton having a gate connesfed o the suipyl of the
cperationai ampiifier 2, a source connactad to power supply V in, a drain connected LDG outpul V out. Voillage feedback circuit
5% by the dividing resistors R 1, B 2 compaesition, the V cut voltage propotional feadback o the positive input of the operational
amplifier 1. Figure 2 shows, the outpul voltage of the op amp 1 changes LDO output voltage V out o the relationship is the
same, the op amp osutput voltage of the op amp output 2 voltage to 1 is the same relationship, the output power transistors Q
drain voltage and the gate voitage varation 115 an inverse relationship, so the LDO voltage feedback loog is negative feedbank,
LDO realtime comection of the oulpuyl voltage V out | so that the cutput voltage V out and the reference wveilage V ref
maintaining a constant voltage proportional relationshin,

The cuiput power transistors G 1 size design is relatively large, and thus a strong drive capability, so that regardiess of the lead
is heawy load (bad resistor RL small valie) or Hght load {resistance icad resistor BL 2ge), the cutput voliags Vool all remains
substaniially constant. the eror will not be much.

Current feadback means 80 via line network nt sampling gale voltage outpul power fransistors Q2 1 and the voltage into a
surrent, an cuiput current | G2 which is connectad to the amplifier ground terminal 2 through the wire mesh n2, another unit
cuiput current 1 01 connected by wire 1o the op amp network nd ground terminal 1. When the LDC foad becomes heawy, the
cutpul voltage V out will be slightly lowered by the voitage negative feedback loop so that the gate voltage of the power
transistor @ 1 hecomes low, while the output curent of the power fransistor & 1 increases, boyoolt outpt voltage V out goes
iow because the gate voillage of the power fransisior G 1 pecomes low, the outpu! cumrent of the current feadback davice s
increased o improve the op amp bias current operational amplifier 1 and 2, thereby improving the operational amplifier 1 and
the response speed of the operational ampiifier 2, the response speed of the system also will be increased. Conversely, when
the L3O icad becomes ighter, the gate voltage of the power fransistor Q 1 becomes high, the outpul cument of the current
feadback device becomes smalier, the op amp bias current sperational amplifier 1 and 2 s reduced, the entire system guiescent
surrent consumption i reduced in oider to achleve 2 low dropoeut vollage reguiaton in heavy iead fast rasponse al lighi oad
guiescent current is low, and withou! increasing the LDCG control port. Join cument feedback device such LDRO both energy-
saving and efficient, is a simple and efficient means.

=]

Figura 3 resister R 3 and napacitor © 2 constitute a stabilily compensation ciroult 434, one end of the capacitor G voltage owiput
Voout 2, the other end of resisior B 3, the other end of the resisinr R 3 s connected through a wire mesh nd op 1 oulput.
Resistor R 3 and capacitor € 2 s in effect when the system is heavily ioaded compeansate the op amp cuipul pole 1 so that the
autput of op amp sutput pole 1 pole for the first secondary pole while the pole falls by the capacitor © 1 and a resistor nearby B
a5 cormposad of zero poles and zams olose to each glher o form a gigole, nteraction ofise! frequency demain, Capaciinr C 1 s
the output voltage V outl of the stable capacitance, while the main system falls pole output stage, resistor R es is the egulvalent
noa G 1 of the saries resistor and capaciior © 1 R es together constituie the output voltage stabilizing circult . R Lig the
cad resistance

See Figure 4, the present invention 3 in view of a cuirent feedback device 80 to achisve a funciional block diagram. Current
feedback means 64 consists of iwo parts means: part of the apparatus of the voltage / current converter 61, the port from which
the current feedback W means converts the voltage 1o the output current | o, and another pordion of the curmrent mirrer davice §2;
the input &1 of the current mirror copying and redistribution of the current | in and are oulput to the port current feedback davice
83101 and § G2

Refer to FIB. §, the invention of FIGURE 3 is 2 voltage / curent converter 80 one specific embadiment of the circult, whinh
consist of iwo componeants: the resistor R 4 and the PMOS fransisior 2 2. One end of resistor B 4 power supply V in, the other
end of the PMOE transistor & 2 source elecirode, the gate and drain of PMOS fransisior Q 2 are connected to the voltage /
curreant copverter V1 port and { Q. Resistor R 4 funclion acts as a current imiting device, the drain current in the PMOS
fransisior @ 2 is relatively samall, the resistance R 4 almost doas nol work, can he ignored as a wire, then drain current of the
PMOS transistor Q3 2 by transconduciance gm 2 decision, the drain curent Id 2 =qm 2 * Vgs 2, Vgs 2 for the PMOS fransisior Q
2 gate-source voitags difference; drain current in the PMOS iransistor Q 2 s relatively large, the re e R4 play a negative
feadback, limiting the drain current of the PMOS fransistor 3 2 growth, in which case the drain current of the PMOS fransistor @
2 is decided by the transconduciance of Gm 2, 2 of Gm formuia:

{lmage]
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3MB is 2 and the drain of PAMOES transistor Q 2 is the fransconduciance of the substraie

The PMOS transistor Q 2, the diain current id 2 =Gm 2 * Vgs 2, due to the addition of 4 R, making the PMOS transistor Q@ 2 at
Righ cuments drain current role gm 2 Dl weakened, limiting the drain current unlimiled increases, ultimately limits the voliage /
current comverder madmum sulpul cumrent. Outeid current 1 & = -id 2, so the gats voltage of the PMOS transistor G 2 becomes
iow, the output current | O becomes larger; otherwise contrary.

Refer tp FIG. 6, the present invention is a specific ciroult diagram of an embodiment 4 in the current mirr 82 compiising
cornponents: NMOS tube © 3, Q2 4, © 5. NMCS transistor § 2 pord to accept the current mirrer input current | in and through the
mirror means comprises NMOS transistors @ 4, O 5, respeciively, consisting of a current copy and redistribute by a cerlain
percentage to the ourrent mirror output port | G1 and | O2 cuvent redistripution ratin is determined by the ratio of the size of the
NMOS transistor 2 4 and & 5 and G 3 in. Of which only two cases mark the ouiput current, in accordance with the present

i
3

invention, one or two or more output currents are possible; the figure using only a single MOS current mirror to produce,
acearding i the present invention, designed o be sasily cascaded MOS the way 10 make the current mirer, Thess 2 within
the scape of protection of this patent.

1 and 3, the preferred embodimant of the present invention, two with an instance of the exception that the low guigscent current
LDO input VI no access buffer 20, curant feedback device 80 the input of the cirouit 30 is cuiput, Le., the current feadback
circult 60 sets the cuiput 30 of the inpul voltage V1 is converted into a current | O i3 fed back to the ground ferminal of the errar
amplifying circuit 10, the regulaior when the heavy ioads the feedback current | &1 increases, the error amplifier cirouit 10

ground current also increases, which improves the response spaed of the aror amplifier croult 10; when the regulator is light
iead, the current feedback device 80 feedback current | 01 becomes smaller, the ground terminal of the emor ampiifier bias
current cirowit 10 is aiso reduced, so that the reguizstor's low quiescent low current consumption in the state.

in this example embodiment of the current feadback cireuit 84 of the apparatus may e employad in the instance of a program,
current mirms 82 s used D make a singles MOS current mirmo fo which the present fechnical field of ordinary skill iy one
ambodiment in conunction very abvicus, not repeat them here.
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