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[0001] 

USB REGULATOR WITH CURRENT BUFFER TO REDUCE 
COMPENSATION CAPACITOR SIZE AND PROVIDE FOR 

WIDE RANGE OF ESR VALUES OF EXTERNAL CAPACITOR 

RELATED PATENT APPLICATION 

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 IA, depicted are various frequency response graphs 

showing different ESR situations. Figure l(a) shows a desired normal frequency response. 

Figure l(b) shows a situation where the ESR is too high. Figure IA(c) shows a situation where 

the ESR is too low. And Figure IA( 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 IA illustrate various frequency response graphs showing different 

ESR situations; 

[0011] Figure 2 illustrates a schematic block diagram of a USB voltage 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 vanous modifications and 

alternative forms, specific example embodiments thereof 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.,< IO0µA), 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 µA 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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compnse 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 

V sg_ noise = 0. 342 acts similarly to help transistor 340 have better ground noise immunity 

resulting in Vgs_noise = 0. Node Mis 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. 
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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 gam 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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PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. 0MB 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 infonmation unless it displays a valid 0MB 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, I 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. 

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

I 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 

Signature: ~- __._.;» ~ 
Date (Optional): _________ _ 

2....:::-, 

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, ca/11-800-PTO-9199 and select option 2. 
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PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. 0MB 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 0MB 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, I hereby declare that: 

This declaration 
is directed to: 

The attached application, or [Z] 

□ United States application or PCT international application number ________ _ 

filed on _____________ _ 

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

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

I 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 

Signature: r ~ ~ 
;.," 

Date (Optional): _________ _ 

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, ca/11-800-PTO-9199 and select option 2. 
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PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. 0MB 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 0MB 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, I hereby declare that: 

This declaration 
is directed to: 

The attached application, or [l] 

□ United States application or PCT international application number ________ _ 

filed on ---------------

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

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

I 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 Albina 

Signature: ~ 
Date (Optional): _________ _ 

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, ca/I1-800-PTO-9199 and select option 2. 
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PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. 0MB 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 0MB 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, I hereby declare that: 

This declaration 
is directed to: 

The attached application, or [Z] 

□ United States application or PCT international application number ________ _ 

filed on _____________ _ 

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

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

I 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 

laveato" Fritz Schllfilk= 
Signature: A ~ 

Date (Optional): _________ _ 

Note: An application data sheet (PTO/AIN14 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 fonn, call 1-800-PTO-9199 and select option 2. 
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PTO/AIN01 (06-12) 
Approved for use through 01/31/2014. 0MB 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 0MB control number. 

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

Title of USS 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, I hereby declare that: 

This declaration 
is directed to: 

[Z] 

□ 

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. 

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

I 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 --Ji--+---t9- Date (Optional): ________ _ 

Signature: --------+-/V __ 1CCC~-----------------------------
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, ca/11-800-PTO-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 
Sub-Total in 

USO($) 

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 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1600 
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Electronic Acknowledgement Receipt 

EFSID: 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 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

635780 

1 Application Data Sheet ADSA_225441.pdf no 7 
2dd2d34135faf80b5a 130769c2176d9a5d3 

48141 

Warnings: 

Information: 

165964 

2 
Patent_Application_225441. 

yes 13 
pdf 

1892d6f8a6955402321465c1 35516335212 
094f7 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 9 

Claims 10 12 

Abstract 13 13 

Warnings: 

Information: 

618904 

3 
Drawings-only black and white line 

Drawings_225441.pdf no 8 
drawings 

7 dS fS dS 14 f55 d 2d 7 6908b5 b540bc5 229d40 
7ccbb 

Warnings: 

Information: 

295133 

4 Oath or Declaration filed Declaration_225441.PDF no 5 
2f362e68b94bf1 b44120a772f5d4295ad73 

73f79 

Warnings: 

Information: 

33525 

5 Fee Worksheet (SB06) fee-info.pdf no 2 
b 7864-aee 7 ed 8f1 60ba8b69bff999e817b2 0 

521d1 

Warnings: 

Information: 

Total Files Size (in bytes) 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 

Microchip EX2005, p. 38
Aptiv v. Microchip

IPR2024-00646



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/ScoreAccess Web/). 
• External customers may access SCORE content via the Public and Private PAIR interfaces. 

Form Revision Date: September 30, 2013 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

14/204,011 03/11/2014 2838 1600 68354.225441 20 1 

86528 
King & Spalding LLP 
401 Congress Avenue 
Suite 3200 
Austin, TX 78701 

CONFIRMATION NO. 9205 

FILING RECEIPT 

1111111111111111111111 ll]~!l]!~l!~l!~H!I) l~UI] 11111111111111111111111 

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 

lnventor(s) 

Applicant( s) 

Huamin Zhou, Chandler, AZ; 
Woowai Martin, Phoenix, AZ; 
Cristian Albina, Chandler, AZ; 
Fritz Schlunder, Gilbert, AZ; 
Minh Le, Gilbert, AZ; 

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 
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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 AIA (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 US PTO 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-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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. 
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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 I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 280 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR X 80 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 420 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 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 II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 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 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 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". 

*** If 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. 

Microchip EX2005, p. 43
Aptiv v. Microchip

IPR2024-00646



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

14/204,011 

86528 
King & Spalding LLP 
401 Congress Avenue 
Suite 3200 
Austin, TX 78701 

FILING OR 3 71 (C) DATE 

03/11/2014 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

HuaminZhou 68354.225441 
CONFIRMATION NO. 9205 

PUBLICATION NOTICE 

11111111111111111 lllll ll]~!l]!~l!~l!~lil~!IH!,11111111111111111 IIII 1111 

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-A 1 
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 USPTO's Office of 
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382, 
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of 
Public Records, Alexandria, VA 22313-1450 or via the Internet. 

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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ATTORNEY DOCKET 
68354.225441 

1 

PATENT APPLICATION 
14/204,011 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Serial No.: 

Date Filed: 

Group Art Unit: 

Confirmation No.: 

Examiner: 

Title: 

MAIL STOP - AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-14 5 0 

Dear Sir: 

Huamin Zhou et al. 

14/204,011 

March 11, 2014 

2838 

9205 

Lewis, Monica 

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

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 
68354.225441 

2 

PATENT APPLICATION 
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. 

Date: December 17, 2014 

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

CUSTOMER ACCOUNT NO. 86528 
512-457-2025 
512-457-2100 (fax) 

24577061 

Respectfully submitted, 
KING & SPALDING LLP 
Attorney for Applicants 

A-W 
Andreas H. Grubert 
Registration No. 59,143 
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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 Al 01-08-09 Jian 323 280 03-04-08 

E. 

F. 

G. 

H. 

I. 

FOREIGN PATENT DOCUMENTS 

DOCUMENT NO. DATE COUNTRY CLASS SUBCLASS 
TRANSLATION 

YES NO 

J. 

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. 

24577061 
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PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY PCT 
To: 

Slayden, Bruce W. Ii 

KING & SPALDING LLP 

401 Congress Avenue, Suite 3200 

Austin, TX 78701 

ETATS-UN!S D'AMERIQUE 

NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT AND 

THE WRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

Date of mailing 
(day/month/year) 

(PCT Rule 44.1) 

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. 

PCT /US2014/023962 

Applicant 

MICROCHIP TECHNOLOGY INCORPORATED 

International filing date 
(day/month/year) 

12 March 2014 (12-03-2014) 

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. 

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. 

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

□ 
□ 

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. 

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

4. Reminders 
The applicant may submit comments on an informal 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 international 
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 later) will apply even if no demand is filed within 19 months. For details about the applicable time 
limits, Office by Office, see www.wipo.int/pct/en/texts/time_Jimits.html and the POT Applicant's Guide, National Chapters. 

Within 19 months from the priority date, the applicant may request that a supplementary 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 POT Applicant's Guide, International Phase, paragraphs 8.006-8.032. 

Name and mailing address of the International Searching Authority 

~ 
European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswijk 
Tel. {+31-70) 340-2040 

---=-- Fax: (+31-70) 340-3016 

Form PCT/ISA/220 (July 2014) 

Authorized officer 

KLaG, Brigitta 

Tel: +31 (0)70 340-1034 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

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/year) 

PCT/US2014/023962 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 ______ 5 __ sheets. 

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

1 . Basis of the report 

2. 

3. 

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

b. □ 

C. □ 

□ 
0 

0 the international application in the language in which it was filed 

□ a translation 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)) 

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

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable {See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

[8J 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, 

0 
□ 

the text is approved as submitted by the applicant 

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 

6. 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 

b. □ 

[8J 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 

none of the figures is to be published with the abstract 
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International application No. 

INTERNATIONAL SEARCH REPORT PCT/US2014/023962 

Box No. II Observations where certain claims were found unsearchable (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 ClaimsNos.: 
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. Ill 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 

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 could be searched without effort justifying an additional fees, this Authority did not invite payment of 
additional fees. 

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.: 

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, 20 

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

□ 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. 

□ No protest accompanied the payment of additional search fees. 
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date and not in conflict with the application but cited to understand 
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"E" earlier application or patent but published on or after the international •x• document of particular relevance; the claimed invention cannot be filing date considered novel or cannot be considered to involve an inventive 
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the publication date of another citation or other 'Y" document of particular relevance; the claimed invention cannot be special reason (as specified) considered to involve an inventive step when the document is 
•o• document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 

means being obvious to a person skilled in the art 
•p• document published prior to the international filing date but later than 

the priority date claimed •&• document member of the same patent family 
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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 

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

2. claims: 7, 10-12 

Voltage regulator having a folded cascade amplifier. 

3. claim: 18 

Voltage regulator having a biasing circuit with capacitors. 
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Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 
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D Box No. VI Certain documents cited 

D Box No. VII Certain defects in the international application 

D Box No. VIII Certain observations on the international application 
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If a demand for international preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where 
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the 
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authority 
will not be so considered. 
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If this opinion is, as provided above, considered to be a written opinion of the !PEA, the applicant is invited to 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

tZl the international application in the language in which it was filed 

International application No. 
PCT/US2014!023962 

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

2. □ This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (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) 

□ on paper 

□ in electronic form 

b. (time) 

□ in the international application as filed 

□ together with the international application in electronic form 

□ subsequently to this Authority for the purposes of search 

4. □ 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: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/US2014!023962 

Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

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

□ the entire international application 

!Zl claimsNos. 7,10-12,18 

because: 

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

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

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

!Zl no international search report has been established for the whole application or for said claims Nos. L 
10-12. 18 

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

□ 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. 

□ 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). 

□ See Supplemental Box for further details 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/lJS2014!023962 

Box No. IV Lack of unity of invention 

1. f2l In response to the invitation (Form PCT/ISA/.206) to pay additional fees, the applicant has, within the 
applicable time limit: 

□ 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 

f2l 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 

□ complied with 

f2l not complied with for the following reasons: 

see separate sheet 

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

□ all parts. 

f2l 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 6. 19 
No: Claims 1-5, 8, 9, 13-17, 20 

Inventive step (IS) Yes: Claims 
No: Claims 1-6. 8, 9, 13-17, 19, 20 

Industrial applicability (IA) Yes: Claims 1-6. 8. 9. 13-17, 19. 20 
No: Claims 

2. Citations and explanations 

see separate sheet 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Re Item IV 

Lack of unity of invention 

International application No. 

PCT /US2014/023962 

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 A 1 (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 1 to 6, 8, 9, 13 to 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 cascade 
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 (16); 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). 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/US2014/023962 

Hence 01 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-matter contains a contribution over the 
prior art disclosed in 01 is claim 6. 

2.1 The following technical feature of the first invention can be seen to make a 
contribution over the teaching of 01 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. 

2.2 Likewise, the STF of the second invention is: 

- The operational amplifier is a folded cascade 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. 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

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 single 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 Item 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 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

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 01 and 02 taken in isolation, the 
subject-matter of independent claim 1 is not new. 

4.1 Document 01, 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 02 (see in particular figure 
4). Document 02 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 output 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 02 discloses in combination all technical features of claim 1, 
whose subject-matter is therefore not new. 

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005) 

Microchip EX2005, p. 61
Aptiv v. Microchip

IPR2024-00646



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/US2014/023962 

5 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. 

5.1 The additional features of claims 2 to 4 are known from 01 (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. 

5.2 The features added by claim 5 are known from 01, where a biasing circuit is 
disclosed to bias the gm-boost transistor 50 (see figure 2 and paragraph 
[0019]). 

5.3 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 01 or 02 whenever she wanted to 
be able to put the load of the regulator in sleep mode. 

5.4 The additional features of claim 8 are known from 01 (see paragraph [0001 ]), 
where the regulator disclosed therein is defined as an LOO regulator. Those 
of claim 9 are also known from 01 (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). 

5.5 The features added by claims 13 and 17 are also known from 01 (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 38, transistor 384) and therefore it forms an 
operational transconductance amplifier. 

5.6 The additional features of claims 14 to 16 are also known from 01 (see figure 
2, feedback circuit 18) and 02 (see figure 4, block 220), where the feedback 
circuits of both voltage regulators sense the output current and provides 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/US2014/023962 

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). 

5.7 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 01. 

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

6.1 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the documents 01 and 02 
are not identified in the description and the relevant background art disclosed 
therein is not at least briefly discussed. 

6.2 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 01) being placed in 
the preamble. 

6.3 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. 

6.4 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. 

7 Because of the reasons stated in sections 2 to 6 above, claims 1 to 6, 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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12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)O All b)O Some** c)O None of the: 

1.0 

2.0 

3.0 
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1. This office action is in response to the application filed on 3/11/2014. Claims 1-

20 are pending. 

Notice of Pre-A/A or AJA Status 

2. The present application is being examined under the pre-AIA 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, 1 A 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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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-AIA 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-AIA 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 cascade 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 (LOO) 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-AIA 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 amplifier is a 

folded-cascade amplifier. 
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'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-cascade 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-cascade amplifier as its the first stage amplifier as disclosed in '505, because it is 

preferable, as demonstrated by '505, to use a folded-cascade 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-cascade 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 '221 as 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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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. 

/JUE ZHANG/ 
Primary Examiner, Art Unit 2838 
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68354.225441 
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PATENT APPLICATION 
14/204,011 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Serial No.: 

Date Filed: 

Group Art Unit: 

Confirmation No.: 

Examiner: 

Title: 

MAIL STOP - AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-14 5 0 

Dear Examiner: 

Huamin Zhou et al. 

14/204,011 

March 11, 2014 

2838 

9205 

Zhang, Jue 

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

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 
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14/204,011 

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

A voltage regulator comprises 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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IN THE DRAWING: 

3 

DRAWING AMENDMENTS 

PATENT APPLICATION 
14/204,011 

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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4 

CLAIM AMENDMENTS 

PATENT APPLICATION 
14/204,011 

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 1s 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 compnsmg 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 compnsmg 

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 

PATENT APPLICATION 
14/204,011 

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 Royka, 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'!. Co. v. Teleflex Inc., 127 S.Ct. 

1727, 1741 (2007). Rather, the Examiner must identify an apparent reason to combine the known 

elements in the fashion claimed. Id. "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." Id., 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 Xi 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 Xi 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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ATTORNEY DOCKET 
68354.225441 
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PATENT APPLICATION 
14/204,011 

further arguments regarding the Examiner's rejections under 35 U.S.C. B103(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 

PATENT APPLICATION 
14/204,011 

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. 

Date: November 24, 2015 

SEND CORRESPONDENCE TO: 

SLAYDEN GRUBERT BEARD PLLC 
CUSTOMER ACCOUNT NO. 86528 
512-402-3553 

Respectfully submitted, 
SLAYDEN GRUBERT BEARD PLLC. 
Attorney for Applicants 

A-W 
Andreas H. Grubert 
Registration No. 59,143 
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DETAILED ACTION 

Page 2 

1. This office action is in response to the reply filed on 11/24/2015. Claims 1-20 are 

pending. 

Notice of Pre-A/A or AJA Status 

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

provisions. 

Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of pre-AIA 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-AIA 35 U.S.C. 102(b) as being 

anticipated by AI-Shyoukh et al. (NPL_IEEE_JSSC_2007, hereinafter AI-Shyoukh). 

Claim 1, AI-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 cascade 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 (LOO) voltage regulator 
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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. It further 

teaches that wherein the low gain and high bandwidth amplifier is a folded-cascade 

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. It further 

teaches that wherein the operational amplifier comprises diode connected PMOS 

transistors for lowering an output impedance of the folded- cascade 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-AIA 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. 

Page 6 

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 AI-

Shyoukh et al. (NPL_IEEE_JSSC_2007, hereinafter AI-Shyoukh 

Claim 19, AI-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 AI­

Shyoukh as a USB voltage regulator, because it is dynamically adaptable, as 

demonstrated by AI-Shyoukh, to either the light load or the heavy load (e.g., see 

[0006]). 

Microchip EX2005, p. 111
Aptiv v. Microchip

IPR2024-00646



Application/Control Number: 14/204,011 

Art Unit: 2838 

Allowable Subject Matter 

Page 7 

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. 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. 

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 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/JUE ZHANG/ 
Primary Examiner, Art Unit 2838 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Examiner: 
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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 

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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IN THE CLAIMS 

2 

CLAIM AMENDMENTS 

PATENT APPLICATION 
14/204,011 

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 1s 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) 

3 

PATENT APPLICATION 
14/204,011 

7. (Original) The voltage regulator according to claim 1, further comprising a 

compensation capacitor coupled between the output power driver and a cascade 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-cascade 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 .§.l, 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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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 Subiect Matter 

Applicants appreciate Examiner's consideration and indication that Claims 6 and 18 would 

be allowable ifrewritten 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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CONCLUSION 

PATENT APPLICATION 
14/204,011 

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. 

Date: June 6, 2016 

SEND CORRESPONDENCE TO: 

SLAYDEN GRUBERT BEARD PLLC 
CUSTOMER ACCOUNT NO. 86528 
512-402-3553 

Respectfully submitted, 
SLAYDEN GRUBERT BEARD PLLC. 
Attorney for Applicants 

A-W 
Andreas H. Grubert 
Registration No. 59,143 
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Abstract of CN10i419477 (A} 

G05F1/56 

Tl1e invention provides a low-dropout linear voltage regulator circuit iivhich comprises a 
bandgap reference voltage circuit for generating reference voltage, an error amplifier, a 
driving cushion circuit, a power PMOS pipe and a feedback control circuit, wherein a 
negative end of the error amplifier receives 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 error amplifier, and a negative end is connected with the output 
end; a source electrode of the pmNer PMOS pipe receives power voltage of the low­
dropout linear voltage regulator circuit, a drain electrode outputs the voltage, and a 
mesh electrode is connected to the output end of the driving cushion circuit;; the 
feedback control circuitis connected between the positive end of t11e error amplifier and 
the drain electrode of the power Pf\~OS pipe for the feedback of the output voltage. The 
low-dropout linear voltage regulator circuit realizes multiple voltage output by 
controlling feedback coefficients of a feedback resistive network by two signals. 
Moreover, a broadband operation transconductance amplification circuit with low power 
consumption and a unit gain structure is used for realizing the driving cushion circuit 
and the stable work of tile high-load current circuit and rapid response performance 
can be ensured. 

https://worldwide.espacenet.com/publicationDetails/biblio?CC=CN&NR=l01419477A&K... 8/4/2016 

Microchip EX2005, p. 167
Aptiv v. Microchip

IPR2024-00646



1014194 77-Desc-en Page 1 of 5 

Patent Translate 
Powered by [PO and Google 

Notice 

This t:ansla!:01, ,s n:achine-g,,1,,,:aled it c3r.r.ot be guamnleed that it is inlel:igibie, accurate, complete, rt,liable or f:t fc,, spec:fic purp,,ses, Critical dec,sions, 

Ii: wovi(jes ,l ,ow (jropout iinear regula1or circuit,, compris,ng: a bandg;w ,'efernnce voltage circuit fc;r genernt,ng ;~ reference 

voltage: an er,m amplifier which receives negative bandgap voltage refe1·ence ci1n1it output voitage to the end: d1·iving buffe1· 

circuit, the for,vard end connected to the output of the error amplifier, the negative terrninal and the output terminais sh0:ted: 

pc;wer PMOS t:·ansistor having a source rece,ving low .. dropout line;~r regulator circu,t power supply vc;it;~ge, 1he output voltage of 

the ara,n ana the gate connected to tl1e dr,ving buffer circuit output end; feedback control circuit connected between the forward 

end and the power drain of PI\JlOS transistor error amplifier for feedback output voltage. The lm,v dropout linear regulator circuit 

is corrt,·oiled by 1wc; signai feedback coefficient feedback resistor netvmrk., enabling multi .. voltage output In addition. t,y adopt,ng 

the structure of unity gain wideband low power operational trnnsconcuctance ampiifier to achieve the driving buffer circuit to 

ensure the stable operation of high load currents and rapid response. 

Provide rnore controiiat;le output voltage lm,v dmpout linear refJulator circuit 

TECHNICAL FIELD 

The present invention relates to a lovv dropout linear regulator ci1n1it, and more pa1iicula1·ly, relates to a method of provid,ng 

multiple-output Contrnllable voitage low dropout iinear regulator circuit. 

Background technique 

Low dropout linear regulator circui1 power supply is an ,rnpc;rtmrt brnnd1 of t~Ie integr;rted circuit, and based rn, ;~ pulse widt~1 

Modulation (PWM), pulse frequency modulation (PFI\Jl) Pr,nciple of DC~DC (direct current - dirnct current) converters Compared 

to its low cost, low noise and small quiescent current and inductance 1,vithout merit. Portable Electronic products, often using low 

dmpoui: linem ;·egulato,· circuit as a pc;wer suppiy sys1em 

Figurn i shows a conventional lmv~drnpout linea1· regulator ci1·cu:t schernat,c. As sl1own, a conventional low Dropout linear 

regulator circuit inciudes a rnference voltage circuit, an errnr amplifier OTAi, power PMCS transistor, Feedback resistor 

netwo,·s:. Reference vol1age ci:·c:uit c:ornmc;niy used t,andgap reference voltage ci1'Cl1ii:, an error ampiifier OTAi Usually two 

differential operational amplifier, tl1e powe1· PMOS transisto1· cl1annel width is large, la1·ge-smali channel lengtl1 PMOS trans,sto1· 

size, but also the use of special manufacturing process of the power PMOS transistor, such as PDMOS tubes. 

Pf\/lOS sc;urce powe,· source input voltage (ie. lo,v .. drnpout linea,· reguiato1· circuit power supply voltage Vin), 1he dra,n c;utput 

voltage, output voltage througl1 the feedback rnsistor div,de1· network input of the error amplifier OTA1 the positive side, the 

reference voltage input of ttie error arnplif:er OTfo:1 negat,ve terrninal of the error amplifier OT.Ai Compare and amplifies the 

voltage acmss 1he po~;itive and negat,ve inpu1, ,Jrnj 1he output voltage to the cont:·01 gate c;f power PMOS 1rnnsistor, VVhereby 

tl1e output voitage. Tl1us, the error ampi:fier OTA'!. PMOS power tmnsistor and the feedback 1·esisto1· netwo1·k Const:tutes a 

stable feedback loop. 
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Bas0d on the fe0dback loop tlas a sufficient de1Jr0e of flair: and phase threshold, the output voitaw~ and the reference value is 

oniy Feedb,ick coefficient voltage ;~rnj the feedback resi~;tor network related. independent of 1he input voltage. Meanwhile, since 

the reference ,evel Pressure l1as a very iovv temperature drift. so if the feedback resistor network are well matched, the output 

voltage also :_ow temperatw0 drift It ,s possible to ach:ev0 a high precision, low noise and output ripple voitaw~-

However, ttle convent,onal iow dropout line,ir rngul,rtrn· ci1•c:uit tl;~~, 1he following two prot,ierns 

Fil·st, tl1e trnditional iow dropout iinea1· regulator circuit is generally on,y a fixed and exterr:a::y adjustable output voltage input 

Two types of vo:tage. Fixed output voltage of the circuit can provide an output voltage: externally adjustab:e output Voltage 

circu,t must be connected externally differen1 resistor values to get (jifferent output volt,iges, such parties s,nce the ,aw requirns 

an external resistor, not only increases tl1e cost of the application, and an external resisto1· accurncy and temperature coeff:cient 

And number s0riously affect the accuracy of the output voltage. 

Secornjly. w~1en highe,· output drive current. power Prv,os 1rnnsisto,· dirnen~;ions wi:: also increase. Thus ttle PMOS gale 

parasit:c capacitance power corresponding increase, wh,ch makes the loop first parns:tic pole (le, closest to the dominant poie 

parasitic poie) frequency reduced accordingly. On the other hand, a large driving So that the first ma:n f:ow loop pole moves to 

hi,f1er frequencies. Thus. the fi1·~,t pr,rn;~ry and the f:rs1 p;~rasitic pole Poie close, re~;u,ting in cl ~,ut,s1ant,ai decline in the loop of 

tile phase threstlo,d. so ttlat the ent,re cilni:t ,s not stable. Eye Before tile general solution ,s to use a high ESR (eauivalent 

seri0s resistance) of the load capacitance to generate a 10ft Ha:f-plane zero to elim:nate the first parns,tic po,e. However, the 

hig~1 ESR of the load capaci1ance inc,·eases the cost of the applic,rtion. And will rnduce t~1e t:·ansient perfom,ance of ttle circu,t. 

.Another solution is the er:0, an1plifier and power lncrnase between the PMOS transistm a sou,ce fo:iower buffer stage driving 

structure to iso,ate the error amplifier c,rcuit hiflh input Impedance and power PMOS transistor gate ,arge parasitic capacitance. 

However, 1he (jrive source follower buffer s1age st:rn:1ure It will produce the inpu1 ,H,d output vc;l1age ,evel shift, rnu~;ing the 

PMOS power can not be turned on or off. 

SUI\JHvlll.RY 

One aspect of the pre~;ent invention, an exernphy embodiment is Hmt at least m,ve the abc;ve prot,lerns and ! c;r disadvantages 

and at least It pi-ovides the following advantages .. Accordingly. one aspect of the present invention, an exempla1y embodiment 

can be provided to prnvide a Morn contro:iable output voltage low dropout linear regulator circuit. 

According to an aspect of the present invention, ttler0 is prov:ded a low dropout iinem rew,lator c,rcuit comprising: a bar:dgap 

The reference voltage circuit fo1· generating a refernnce voltage; an er:01· amplifier whictl receives negative bandgap refernnce 

voltage circuit to the end Output refernnce voltage; d,:ving buffer circu:t, the fo1wa,d end of the error amplifier is connected to 

the output, Elect1•ic power PMOS t:·ansistor ~1aving ,l sotll'ce ;·eceiving low dropout linear regulator circuit: ~,iwri: to the negative 

terminal and the output te1·m,na, Source voltage, output voltage of tile drnin and the gate connected to the driving buffer circuit 

output terminal: a feedback cont:0i Circuit connected between the fo,ward end and the power d,ain ot PMOS transistor er:0, 

amplifier for f0edback input Vo:tage. 

Tl1e lo·.v drnpout linear regu,ato, circuit by us,ng a feedback control ci1u1it to achieve a multi-voltage output. this In addition, by 

using the unity gain strncturn across brnadband low power operational amplifier to achieve the guide drive slow Chong c:rcuit to 

er:sur0 the stable op0ration of higtl load currents and rnp:d response. 

BRIEF DESCRIPTION 

With reference to ttle following desc1·iption of embod,ments, these and or othe1· aspects of ttle present invention and 

Advantag0s will become apparent and more readily appreciated in wtlic:h: 
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Figure i shows a conventiona! low-dmpout linear regu:ator circuit schematic diagrnm; 

Figure 2 shows an ernbodirnent accordiniJ to the principles of the present invention, low-dropout ::near refJulator ci:cuit 

embodiment of FIG; 

Figure :3 shows a unity gain knot accord:ng to :ow dropout linear regu!ator circuit of the embodiment ot the present invenfon 

ernployed Configuration of a wideband ,ow power operat:cmal transconductance mnplify:ng c,rcuit diawmn of a circuit 

irnplementation of me di-iving buffer circuit; and 

Figure 4 is a diagrnm showing low dropout linear regulator circu:t otthe embodiment ot the present invention, a feedback cont:01 

Gircu,t Circuit diawam. 

Embodiments of the invention wil, now be described in deta::, which are iiiustrated ,n the accompanying drawings. wherein the 

phase The same reference numera:s refer to like parts. Below by referring to the accompanying drawings, embodiments will be 

described to explain the present invention. 

Figure 2 sl1ows an embodiment according to the principles of the present invention, low-dropout ::near regulator circuit 

embodiment ot FtG. Referring to Figure 2, The :ow dropout linear regulator circuit :ncludes a bandgap reference voltage circuit 

201, an error amplifier OTA 1 202, Driv:ng buffer circuit OTA 2 203, PMOS t:ansistor 204 and ttle power feedback control circuit 

205. Power Pr,1,0S Tube 204 source input voltage (ie, ,ow-dropout ::near regulator circuit powe1· supply voltage Vin), a drain 

output Voltage. The feedback contrnl circu:t 205 is connected to the pos:tive term:na: of the error amplifier and output OTA1 202 

in Between the pre~;surn si(je, the bandgap rnfernnce voltage c,rcuit 201 outputs a reference voltage of 1he error ;rn,plifier OTf, 1 

202 The negative termina, ,s connected, the erm1· amplifier output OTA1 202 and the driving buffer circuit OT.A 2 203 The 

posit:ve term:nal is connected, the error buffer circuit OTA negative termina: to its output terminal shorting 2203, the d:ive slow 

Chong circuit OTA outpu1 tem,,nal 2203 is connecte(j to the gate of the prn,ver PMOS tut,e 

.At the output :ow dropout linear regulator c:rcuit is connected to an externa! :oad RL. Meanwhile, low-d:apout !ine The 

connecifon between 1he outpu1 te,·rninai of the vol1age regu,ator ci1•c:uit and the grnurnj capacitor Cl .. and t~1us at 1he outpu1 

frequency of about ·1 Main 1·eguiato1· c,rcuit / 2:rRLCL po,e so low dropout linear regulator cilni:t has sufficient phase thrnsho:d 

De1Jrees, keep the whole circuit stability. In this embodiment CL "' 1 µF. Howeve:, the present invention is not limited to This 

rnay also be u~;ed other large capacitance capaci1ors. 

Figure 3 shows a unity gain knot accord:ng to ,ow dropout linea: reguiator circuit of the ernbod,rner:t of the present invent:cin 

ernployed Configurn1ion of ,l wideb,H:€j kiw power operational tuinsconductance ampiifier to achieve a d1•iving buffer circuit 

driving buffer c:i·cuit OTA 2 203The circuit diagram in which the bias (Bias) end by a bandgap reference voltage circuit 201 

pmvide(r Refe1•ring lo FIG. 3 , Driving buffer circuit OT f, 2 203 units g;~in structure using 1,videband low power opernticrnal 
tr;-,mscc,nductance amplifier c,rcuit The way tc, achieve. Driving buffer circuit OTA 2 203 to isolate the e;·ror mnp::fier c,utput 

impedance and high Great power PMOS transistor gate parns:tic capacitance. Frorn ac cil·cu:t ana,ysis point of vie.v, the driv,ng 

buffe: circuit OTA 2Parasitic poles 203 is split into a lower frequency of the tvvo poles of a hi~iher frequency, thereby increas,ng 

the The effo1· ,Hnplifier OT f, 1 202 .. the (jriving buffer circuit OTA 2 203, PMOS transisto1· 204 and the power fee(jb,ic:k Negative 

feedback ,oop phase threshold of the unit and the control cil·cuit 205 feedback resisto1· network consisting of band gain Wide, to 

ensure stability and fast response regulator circuit. And d:,ve single-tut;e structure of the source follo,ver buffer Chong circuit, 

this kind of unity gain s1ruc'turn using wideb,ind low power operational tr;-,msconductance arnplifier driving Buffe,· ci,•cui1, no input 

and output level sl1ift, which can guarantee the normal pmver PMOS trnnsistor On and off. Parasitic pole position and structure 
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of the original strnctme in accordance with an embodiment of the present invention is defined by the follow:ng Expressed as 

follows: 

Tl1e or,ginal st,ucturn: a ,owe, frequency parasitic poles, fp °' ·1 / 2:rREAoutCpmos. 

Embodiments of the invent:on: two h:gher frequency parnsit:c node, fpi = 

2nROTA2outCprnos. 

2rrREAoutCOT.A2in and fp2 = 

Wherein, REAout to the 01•iginal struct-Fe of tile output impedance c;f the error amplifier, Cpn:os c;f the powei· PMOS Parns,tic 

gate capac:tance, ROTA2out to d:ive the output impedance ot the buffer circuit 2203 of OTA, COTA2in drive OTA 2 203 buffer 

Gircu,t input capacitance. 

OTA 2 203 (jriving t,uffer c,rcuit ou1put resistance ROTA2ou1 ~ i i grn · N, 1hernfore. fp2 :e grn · N / 2irCprno~,. where, gm i~, t~1e 

driving buffer stage circuit in!et tube (ie, powe, PMOS Tube) transconductance, (WI L; M>-'4 MP4 tme in FIG. 3 the channe: 

width and the channel Ratio of the len~ith, channel w:dth and channel length (vV ! L) MP2 MP2 in FIG tube 3 ratio. \IVhile driving 
Buffer circuit input capacitance of OTA 2 203 COTi\2in the drive circuit ,nput buffer stage tube (ie, power Pr,1,O8 transistors) of 

the channe! w:dth and channe! length :s proportional to the product of IN· L.. Thus, by adjusting to The parameters to set fp1 and 

fp2 !ocation. 

Figure 4 is a diagram showing low dropout linear regulator circu:t otthe embodiment ot the prnsent invention, a feedback cont:01 

Gircu,t 205Circuit diagram. By app!yin~i feedback control circuit, the output voltage can be achieved in a controlled low pressure 
Dropout linear regulator circuit. Feedback controi circuit is not increased static power consumption. and its occupation of the 

wafe, surface Product compared with the original circuit area is small. 

Refe,r,ng to FIG. 4, the feedback control circuit 205 by a decoding ci1u1it 2-4. the switch circuit and the feedback resistor 

network Network ofth,ee parts. Feedback resistor net\-vork comp,,sing fou, rnsistors Ri, R2. R3 and R4, a,e connected in series 

Low dropout ::near re~iulator circuit between the output and wound R1 input and !ow-dropout ::near f8fJulator circuit The output 
terminai connected to tl1e output of R·i and R2 is connected to the input terminal. The output of R2 and R3 is Input te1·m,na, 

connected to the output terminal R'.3 is connected to the input terminal ot R4, R4 :s an output termina! connected to grnund. 

Switching circuit inc!udes four switches Si, 82, S3 and S4, wh:ct1 are connected to the positive OT.Ai 202 Between the input 

terminal and the input tem,,nal of the four rnsisto,s. 2-4 Decoding circuit the tvvo ,nput signals are A and 6, its value is Q or Vin. 

2-4 Decoding circuit to decode the two input sig:ia:s 01, 02, 03 and 04 Four signals. The four signals arn controlled by the four 

switc~1es 81, 82, 83 and S4 c;f tile switch To detem,ine tile overnll ~,late of the ,oop feedb;~ck facto1· .. i:heret,y obtaining different 

output voltage values. Spec,fic output Pressure derivation formu,a as follows: 

\f\Jhen 81 is turned 011, Vreg = Vbg:: 

Wtien S2 is tu med on, 

When S3 is turned on, 

When S4 is turned on, 
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Wherein, Vreg is the output voltage, Vbgr reference vo!tage. 

When the reference voltage is i 2V, in order to obtain the output vo,tage ·1 .2V, i .5V, 1 :av and 2.SV Respectively corresponding 

feedback coefficient res:stor network design Ri: R2: R:3: R4 ratio of 15:i O: 14: 36. According to the above formula, low dropout 

linear regu!ator circuit specific output vo!taw~ control as shown in Table ·1 Shown. 

Table i 

<lmg c!ass = "EMIRef" id = "H)·J 481524-idfOOOS" !> 

Al! c:rcuits of the present invent:on are in the standard CMOS prncess, not using special technology MOS tube. 

In summary, low dropout linear regulator Gircu,t accord:ng to the present invention by using a feedback control circuit real Now 

the mult:-voltage output In addition, th:0ugl1 tl1e gate of the power output of the error amplif:er PMOS transistor Adopted by the 

un:t gain structure between brnadband low power operationa! transconductance amplifier dr:ving buffer circuit imp:emented \Nay 

to ensure the stabil:ty of hi~lh load cw-rents and rapid response 

.Although the present invention witl1 rnference to ce1iain exenw,ary embodiments of the prnsent invention is shown and 

described, but the present The skilled artisan will appreciate that, without depa1i:ng f:0m the claims and the:r equiva:ents of the 

present invent,on. The case of God and scope of the various changes in form and detail. 
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L -#1~&,&i1A1.tt& it..lEt, gft;-: 

* fjji~;if_ it..& it.,J~, ?- _±~;if_ it..&; 

~,&~kB, *~~~~~*~~$it..&it..4*tl::~~$it..&; 

~~-*it..4, *~~~~~,&~kB~*ili~~~~, ~faJ~~-tl:: 
;1,tJit1¾; 

.:0 4 PM OS /f , $.-~ t,~A¾ ~t 1~& ,& ~}~A±ti-& it.. l~ a"} it.. ~ it.. & , i,iJ ,t,&.tiJiJ tl:: 

~,ffi, -#-J1.-tMt/2l~.:J:i-l1JJJ[~-11f it..li-a"J.fiJiJtr: ;1,t; 

1~31.:J~ -$1J it.. lf~' ~ .:J:i-,,(f. i~ ,&ikk Ba~~ faJ ~ ~ p .:0 4 PM OS ~ a{J ~ t,&.-~Ja] ' 

m -t ~Jftt,J- ili it..& 0 

2, :ko;tx_;;f1J~¥- 1 ffr~at.i1~&,&f\A1.it& it..4, Jt. t, JR.1t.Jti1J it..i~~Atr: 

2-4 if-il!i it.. 4, Jt. #J + tffit A 1 i ½ 71"- Ji1J jJ o A.1~& k i\A1.:f.t& it.. 1~ a~ ~ ~ 

~J.li, -ff-*ili~~/i'-*A1i½~~~~~~~+*ili1i½; 
1R.~it..~~~, ~~+•*~~~~mB~A, ~~~*tl::it..&~~z 

M, Jt.'t, ~~~+it..mBt~~-it..m&~*A~~~~*ili~J.li, ~~ 
~ it.. m & a"J tt,J- ili ;1,t ~ -1¾ lU i~; 

Jt* it..1~, g.f-t,~+Jf-*, %Jr~~+Jf-*71"-Ji1Ji!.-t4~ i:k.,&itk&a¾iE.faJ 

~~ffl~~+it..m~-A~zM, *J1.ffl~~+Jf-*71"-M~24~~B~ffl 

~~+tt,J-ili1i ½.:Jt~1J$.--!f-im.~ ~ 0 

3, :ko;tx.;;f1J~,f.. 1 fofr~a"J1~1.liktA~A1.:ii-& it..lEt, * o/, ~[~t.t_;t ~4Jt% 

m~~~•~~~~•~.:0~~~*-!t-~kit..lEto 
4, -;ko{x.;;f1J~;J<. 1 rfr~a~1~&,&~•t1.:f.t& it.,}$-, :it @..fir: 

~~a, ~-t4~.:04 PMos ~~~t-&.;tpJ~zfaJ, m -r ;z-±1~&A-~~A1.1i 

& ~i~~__iAa,:t, 1~~1~&,&~•r1.:it& ~i~J1-:tf ~$Jja"J;f:m1.i.1~1t_o 

5, :ko;tx.;;f1J~;J<. 2 rfr~ a"J 1~& k t\A1.:i~-& it.. 4, * t , iffi.tltit-tR, 2-4 -if-J;l!i 

it..$~-ili1i½-!f-iffi.Jf-*it..4't~~~Jf-:k,~J.li,&~~~l.liit..4~~~~ 

~lt. ~ i + ~ ~ a"J tffit tl:: it.. & o 
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~lJj(4Ji.t~ 

,$-.~ S}J & Jl.-tf1l;X,JL~i~ 1t1.:fit,& l"t?.~, Jt.~1,f.J-tl!;-iff, & Jl.-#J~* ~ * 
tl-:: r½?. & al.J ""if ~t 1!illi ~ t!~A±:fit& r½?. ~o 

;ll=ll:, ~ ~lJj( 

1!i&~t~•t1.i.t& r½?.~Jit_ ~~ ~A r½?.JF~ff a'-J-/i'-~-#t:-¾ ~, ,fp£_ f-J}juf Jt 
At-ift11/ii1 ( PWM ). JpjofitYi.$-ift]*1] ( PFM) ~JJ?.a'-J DC-DC ( .n.5JiL-.n.5i.L) .$½-t~~ 

:f~ tt' 'e: *;ff 1!iA,,f..., 1l;X,µ*P ;fpit~ ~ -;JiL,J, vAllJG ~ r½?.~ a'-J1fu,*, 0 f±-1:t.4~ 1\ 
~ -f- /=- J7i:7 l:f , tg_ ~ ½1~m 1!i& ~ ~•t±:f.t& ~ J~1t :fJ ~ ~Je, a'-J ~ ~ o 

f!J 1 -F i±: 1½ ~Je, aJ.J 1!illi ~ ~ ,t±i.~-& ~ ~ a'-J ~ JJ?. f!J O 1o 00 1 rJr-F , 1½ ~Je, aJ.J 1!i 

&~f~•t1.i.~-& ~ff~~-Ai5'~;fi ~& ~ff~, ik~itk~ OTAI, JJJ.$- PMOS if, 
ffi-41~ Fll~t~o £.;it ~JL ~JF~--At*}f] w FJf£_;fi ~& ~Ji!~, ik~itk~ OTAI 

--A~;;!J r:JJ ¥,&.~~i£-1f.itk~, 5JJ .$- PMOS if ;lJ k~tJ ilt_yt;t_,. ,J, ~1:j ill *}t_a'-J k 

JZ. -j- PMOS ,if, ~;fj";f1Jjfl 4tfJf....:L t.*1Jr!.a'-J5:JJ.$- PMOS if, ~o PDMOS if-¥- o 

5:JJ.$- PMOS ,if a'-J ~t»..t#r A~& (Elf, 1!i&~~•t1.:f.t& ~lf~a'-J ~ ~ ~& 

Vin ) , )hfu :t»..##r tl-:: ~ & , t#r tl-:: ~ & ~ :i:tfi_ 11 ~ fll ~ t~~ & $ tti)- A ik ~ it k. ~ 

OTAl a'-JiE.{tiJ.AA;' ~;ft ~}L* Aik~itk~ OTAI a'-J .91 (try.AA;' ik~itk.~ OTAI 

tt~ fritk.iE. ~ r:JJ ii#, a'-J #ti)-A~ & , ** tl-:: ~& YA ~t*1J JJJ 4 PMOS ,t a'-J i!lJJ-i»--, 

J-,A..m1_ff f1H#f tl-:: ~,a o i!,,tf, il~itk.2- OTAL PMOS JJJ .$-,if ,fo »-11~ fJl ~ M~-

;,j:tj A-~i.t ;t. a'-J »-11 J~Ji!~ o 

11-»-11 J~~Jl-;ff A-GJJ a'-J :tt ~;fo;i:l€11§..J~}t_ a'-] ~2itt:J:.., tff.f tl: ~1li1nY-- l:i ~✓i 

~)E,fpfo_11~ F-il~t~{r-Jfo_1f *~4ft~ *' 1:i##f A~&JG*Q 16J Bf, lzil ;/:J~~1f-~ 

& Jl-~ t».. 1!i a'-J )~ i$, rJr YA 1-o *»-11 ~ Fll ~ t~ ~ iffii tlM-, fl~ z. t#r tl-:: ~ & ~*~ 

~~{r-J~~o~m~~~~-#~~;t_,~~;t,~~~~~tl:~llio 

~m, *~al.J~,a~~~-lli~~Jl-~~Tr:JJ+~•o 
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tB ~,a ftfi~r ~ ~ Q l!1 x.tti1- tI-:: ~& ~~Y-- ts~-t~ *-#tefiJ tl-:: ~1E.1A; Yr-¾~""if iftJ* 
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ili~&~$~~~~~~*~~m~~~m~~~~~~-ili~&. ~#jj­

it- lb T ~ ~ 1'r %~ ~ FJL , ~ 1xJf jJo T AI JfJ A~, Tf11 R1'r %~ % FJL ir!;J 4'-t It. JFP ~jk ;t_ ~ 

~l. ;f ?-~ 1J P(aJ T tifu- ili ~ lli a'-J ** Jt. o 

$~. ~-ili~~~~~*~~~. -1/J*PMOSf~~~~~S~k. 
N~TfTJ-1/J~ PMOS f a'-);tmtill~!i.. 1£.~i~SJf k, i!, 1~1fJ,T-:J$-a'-J ~-~!£.fll,*, 

( tip' JTk_ jt.il.Li..fll,e, MJ ~ !!.All.~K ) ~jji .$;tgi,EZ Ft-1~0 jj -jj- iJi:J' k a'-J 13IK #J ~ 

~JiL1~1fJ~Ji-M1 ~ - _iAll.~, t1iJ ~~ al.i~-$-;~J#J O ~*+• ~ - __ i.All.~,ip~-~± 

ill.~, -.ft ill, -!y-ftJ;f-:ff$-a'-J ;tgi{i l~Jt.k ti T !1q:-, J-ATfQ ~+ % ~$-~ 1itlt;t..r.1t o ~ 

~~M~j;-A-•Jt~m~EsRc~~•a~m)~t~~~*r!i..-+~ 
4-4-oo~.~'*)'Af F,~~-~!i..tll,~,o 18 Jl, ~ ESR a'-J 91 ~~$.Jf;IJoT &JTI~~. 
* Ri?--Ft-1~ ~ 1$- a'-J fl#~ •t± jjt O jj 1'r -# ~ ;~ jj- A. Jt,,(f. i~ ;ft. j9:. k 3 JFP -1/J-¥ 
PMOSf~~~~-~~~2~~~~#J-~~*~~~¾~k%$~~­

ili FJLJit;fP-1/J-$ PMOS f a'-J~mttllk ~± ~$-0 ,(E}l, ~ F~2tidtJa'-J~IK#)f.i_;t .M .. 

4-?--~~A;fP~tt:~llir!i..~4~~. -!f-ft-1/J¥PMOSf~*-!f-~~~±o 

£.aJJ rJ;J $. 

~£. aJJ ,r; 1f~ •t± ~ ~ 1f1J a'-J--j;- oo ,,ff. -r- _i_ j," ftJit-~ ...t. i!. i~ ~;f\=11 ~ 4'Jt. *' , * £ j," 

$t4#vA T 1/G.~, o ~ Jr.., ,-$...~ l:l}] iF1f1J•r± ~~1f1J a'-J-j;-uiJ $- -=t.fll*-# tit~]** 
p tf.tili ~&a¢JP[~t1~)E,&.~ 1r±~tlli ~Ji-o 

iJ:R~J&,-$...~ aJJ f.l~ -j;-uiJ, ~Jl1*' T -#1~&.ft~~A±lt& ~1$-, ~.t'5": ~ P*£­
* ~&~$, ?~£*~&; ~.ft~k&, $91~~#~·~£*%&%~ 
•m~£*~lli; ~~-~%4, $£t1iJ~~~.ft~k&~-ili~~~~. 

31 t1iJ ~~~~ tl:: j,i;~R-t~; -1/J ~ PMOS ff, $~ill-t¾~t1~JE.ft~\A±:f.t1E %ff$-a1 ~ 
~ ~ 1E , iwJ ;rlltt,J-- ill % & , 1t R;tmt;rll~ -1~ i 1J 13[ -iJJ j~ ;f % ff$- al.] #f.r tt: j:J6 ; ,,~_:ff Jt l 1J 

%$, ~4$-~.ft~k&~~t1iJ~~-1/J-$-PMOSf~iwJ~~~. ffl-r~** 
ill %1Eo 

r1T :i£. 1~1£ ~ t~ ,t±it& % ff~ifil. tt 1~m ffi...-tt -it ~1J 'l!. ffi-~ JJJl -r 1, % & ~~ tB O Jt 

5'r, ~ii*m tl7 ~1~Jt ~tt;ff.J a1 '.it *1~-1/J;f.f,:@..n-~-!f-itk %ff$-~J:Yl a113!K-r.}Jt.i__ 

,t % ii-, 1* i.il. -Y ~ 91 ~ % ~lit % Ji-a1 ~i ;t. 11-t ~ •t*i!YiiJ AI ,t1.. ~E'.. 0 
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im. ii r oo ~t ¼ ~t oo xt ~ ~ 1f~ :ill -fr al.i ~iii~, ,$..~ aJJ al.i ~ Jtt: ::f P; ~ Jt-1-tt -3i oo ;f P 

1fu,?., ~.ff½~ 1i ~t ji_:;ifP J?.. lb -t-J.f.Nr-, Jt. t : 
00 1 -if-" ill #~ft. aJ.i 1~J£ ,& j\,t±;r.tJ.E 'l!..~01 m. J.f. 00 ; 
oo 2 -if-" tl:: i=~.t~ ,$..~ aJJ ~~1f~ a11~Jli,&i\•t±i.tJ£ 'l!..~el.i /ffZJ.f. 00; 
00 3 fl-if-- tl:: iilt~ ,$-.~ aJJ ~~1f1J eJ.i1~llift~•t±;f,t& 'l!..~ l:f %/fJ if-{;j:_Jcf -4-tt 

:-ti;J a1 '.9t. '¥1~-1/J;f-f.i:i:: .n-*~ikk 'l!..~~.m a1-4JK iJJJ~ ;,t 'l!..Ji-a'-1 'l!..Ji-00; ::fP 

00 4 fl-if-- ill iilt~ ,$..~ aJJ ~~1f~ eJ.i1~&}J_f\•r±i.tJli 'l!..Ji-1:f eJ.i,&Jcf J~~lj 'l!.,lt~ 

al.i 'l!.. ,~ oo 0 

**~~-3iA 
JJl,tf.xt ,$..~ aJJ ~~1f~i!Ar#fu1 a'-J;}iii~, Jt--if-"1f1J~ -if-" ,ff. Wt 00 t, Jt- lf, ;t~ 

l6J al.i t;t-~ *~ t+ ~ -if-" ;tEJ l6J ~ 14 0 r oo im. ii~ mt ~t oo xt ~ ~ 1f1J :ill 1-t;riii ~ y:J-. mf * ,$-. 

%_.a}] 0 

00 2 -if-" ill t~t~ ,$..%__ aJJ ~ ~ 111J a'-J 1~1E JJ_ ~\ •t±:f.tJli 'l!.. ,~ a'-J ffi J.f. 00 0 ~ .~« 00 2, 

fft~1~&}J_j\,t±:f.tJli 'l!..lf~~.ttdj} rJJC&->!t '"t!..& 'l!..~ 201, ik,&ikk.3 OTAl 202, 

.&Ji #Jti)'f '"t!..ff$- OTA 2 203, -1/J .$ PMOS ~ 204 :;ifPJR. 1tJ~~1J 'l!..ff~ 2050 :rjJ .$ Ptv1OS 

ff 204 a'-J ~t~.Jt,t A '"t!..& ( er, 1~J.E,&t\•t±:f.t& ~i~a'-J ~ ~ ~& Vin), ~*&.tt,t 

ill ~&o JR.1t~~~1j'l!.,J~ 205 :i!Al,tf.ikftikk.3 OTAl 202 a1iEfoJ~,fPtt,ttl:: ~ 

Jli.:1,tz.fal, * riR£-)-fi ~& ~ff~ 201 al.itt,till ~;,fi ~JliEiikJiikk.3 OTAl 202 

a'-]~ {oJ~:i!A¾, iJt}l_ikk~ OTAI 202 eJ.i~'till.:i,t,fo~JK-iJJj~,'f ~*~ OTA 2 203 

a1iE{oJ~:i!..J:i-, iJt}J_j~,,t~J$-OTA 2 203 a1 ~ {oJ.:1,t1=jJt.tt,ttl::.:1.t~Jt.t:i-, ]3!K-i}JJ£_ 

,,t ~~ OTA 2 203 eJ.i ~,t tl:: ~:i!..J¾lU-1/J-$- PMOS ~ a~ 1)l)t{llo 

,tf.1~&,&i\•t±i.t& ~ff$-al.i~tl:: ~:i!.J¾~ >'['-%~~A RLo ~ af, -i±-1~J.E}J_i\ 

•t±:f.t& ~~a'-J tt,t ili ~ ~ t~zfaJ :i!..ti~ 'l!..$-3 cL, tA.m -tE-tt,t tl:: ~ ;z-±~ 4t!i 71 
1I2n:RLCL a'-J:f.t& ~Ji-at.i 1All.?.,, 1tAi1~&,&t\,t±i.tJli 'l!..J~*~ X.)1Jat.iiEi1i=-l~ 

;i_, 1*#1if1'"- ~~;t,t;t...:r..1t O ,tf.,$..~~1f1J t, cL =I µF O ~ i1r1, -$-it aJJ ;r-: r~-=t 
i1:t, ~ 91" %/fJ .$.-1~$J:-1iitt.ka"J ~~30 

00 3 fl -if-- tl:: til-t% ,$-.it l:1}] ~ ~ 1f1J a'-] 1~Jli }J_ ~ •t±~& ~ ~ l:f %/fJ .if-1±.tw -4- rt 
_;J=i;J a"J yt * 1~-1/14-t~.n-~-!f-ikk ~ *~ ~ J-96 a1 !}Ji 7f}J j~ ✓t 'l!.,lf~l}!K 7f}J j~ ✓t ~ Ji- OTA 2 

203 a'-] ~ffi-00, Jt lf, 1&I (Bias) ~ m * Fi~;,fi '"t!..& ~Ji- 20 I -t~#L ~.~« 00 
3, l5!K-i}Ji£.,'f ~ff$- OTA 2 203 %/fJ .if-1±.tf ~tt ii;J a1 E *1~-1/J;f~~J}-ley--!f-ikk ~ 

5 

Microchip EX2005, p. 177
Aptiv v. Microchip

IPR2024-00646



200710166861. 7 

~~*m.~~~~i.t$0Th2W3ffl~~~~¾~ki.t$~~-tl::f-R.~~ 
5JJ4 PMOS if a'-J1JJJJ-tJlk ~± i.t~. 1-Ai.t~a'-J ac 5}-:f)f J:.~, l}IK~~,t i.tfl-$- OTA 

2 203 ;re.-~~ 1itffiffi-4 a!.i ~ ±tJl,*, ¾~A rtJJ ~ ~ i%J ffiffi-4 al.i tJl,it, tA JrJ iw k r m 
ik¾itk~ OTAl 202, J¼IK~i_t_;ti.tff-$- OTA2 203-. -1/1¥ PMOS if 204 ti:i»-..-if 

-1~ -#,1J i.t 11$- 205 1r7 al.] R1f ~ fll ~ i~;ttJ A a'-] '.91 »-..11 .l~11$-MJ ?f~Hi". I~ Jt.~ if.{iJf ~ ~ 

:r., 1¥-i.iEti-& ~.3$-a'-J :f.t;t.,t1.ti:i•rk:i!. 11fol EI ~~/J. .lj if.if~ Jflf~~~t ¥1 t11 JJ[ -wt~ 
,t i.t11$-?fm 1;t, i!.# *m if.-1±.tt A~t -1ti al.i :r. ~1it5JJ:f£±£Jf:.~*J}tk i.tJ$-a'-J lilK-i}J 

j~ ,t i.t ~, ~ ½? ± 4WJ A t&i- tr: i.t -f-1±1J , -"A rm ijE'., ~ 1:%. i.iE.-1/l 4 PM o s if al.] JE 't 
-Jf- }g:fi:i3€:.~. ffi~~;J:tJti:iiJ---tJ¼ *it aJJ *~17~ aJ.i~t-11:J a'-J ~±tJl.~Ai".JI d7:kvr /~ 
-k. 3a- ;*'. 
;IC-\,i~~-

~;ff tt-11:J: -~~1itffeffi-4tr!i~±~,~,, fp = 1/2,rREAoutcpmos 0 

*it aJJ * ~17~: itJJ + ffeffi- 4 ~ ~ MJ ~±it.~,' fpl = l / 21rREAoutcOTA2in :fP 

fp2 = 1/2,rROTA2outcpmos 0 

Jt:. it , REAout 71 ffi ;ff it ;ti] 1' ik.ft7i9=.k ~ al.i tWJ tr: fll.tiG, c pmos 71 JjJ 2f. PMOS B1 
1JJJJ-t-&. ~ ± i.t $--' ROTA2out jJ lilK -;ti~ ,t ~ .8$- OTA 2 203 a'-J 4&i- tl: f-R.Jit,, C OTA2in 71 l}[ -;ti 
f~;ti.tJ$-OTA2 203 a'-J4WJA'-t~. 

l}[ ~ j~ ✓t i.t $ OTA 2 203 {ii.] ffa't tr: i.t f-ll 7J ROTA2out = l /gm • N , IE] .i):t, , 

fp2 = gm • N / 2nC pmos ' Jt:-1' ' gm 71 .!J[ -;ti j~ ,t ~ i.t 1$-t&i-A ff ( Up ' -1/J 4 PMOS 

if ) at~*, N = cw I L)MP4 , < W/L) MP4 71 l!J 3 1' MP4 if al.J itJ i!tJtJt.ti:iitJ i!t 
(WI L)MP2 

*Jt.z1;t, < w1L) MP2 :h l!l 3 ~ MP2 if~ )ti i!tJtJt.tPitJ ill *Jt.z1;t. mililK-i}J 

t~,t i.t$ OTA 2 203 a'-J4&i-A i.t~cOTA2in .ljl5[ ~i~,t ~ i.t1$-*&i-Aif ( Up' 1/J¥ 
PM OS if ) ~ itJ i!t '}t Jt. ~ ~t; i!t *lt. a'-] J,f~A;; w • L AJE J;t • !El .iJ:t, Pf ii! i± iftJ ~ fl 

_r_~jt~u_jl fpl :fP fp2 ~1i-_JI • 

00 4 :Jt. -F tl:: til--tJ¼~it aJJ *~1f~ a'-J1~&.ft ~•t1.:it& i.t1$-1r7 a'-J»-..1t.-J~t1J i.t.s$-

2os ~ i.t 11$-l!l • ~ :ii.EI. m R1t .-Jt 1#1J i.t ~, Pf i,:J- * JJl-# Pf .-J~t&i- tl:: i.t & a11~& 
¾ i~ •t1.;;¥.tJ-1. ~ 11i- 0 .tf hi:r at R 1t .-Jt t 1J i.t ~ ~~ ~ ~ ~ -1/14£, ifii xJt. t m at.i J..t Jt UIJ 

:fRiY~~ i.t1$-urr;;f:J;)ft1 it-t!!.Aez,J,. 

~,ER{ 00 4, _&_{i~~l1J ~Jli- 205 dJ 2-4 if-i]i i.t11$-, ff :k i.tl1i-:fo »-..11 i.t fJl. ~ 
~~_::..~~5}-JfiJAo R1Ji.tfJl/#J~~~.#-~+i.tfJl RL R2-. R3 ;fP R4, tf.!Tk.a-1¾,?± 

1~&¾t~•r1.:it& i.tJ$-~ t&i-m ~:fPJ:~Zfa] 0 Rl fi1 t&i-A~ .lj1~&..ft.t\•r1.~t& i.t.s-$­

MJ fWJ tr: jrt ?f tl .a Ji ' R 1 a'-J #tit tr: jrt ~ R2 ~ tWJ A~ ?fgJ i!A¾ 0 R2 ~ 4&i- tl:: jrt .lj R3 a'-J 
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~ AAA; ifl§l i!.-ti ' R3 a,ry ~ tB AA; 1§ R 4 a'-J ~ AAA; ifl§l i!.-t~' R 4 ~ ~ tB At i!. 1~ !U J~ 0 

:tr::k ~.i'f~~,J;;-~/i'--:tr::k SI, S2, S3 if1=1 S4, 't1fJ~JJ1Ji!.1¾~ OTAI 202 a'-]JE~ 

tff,J AAAii-f:1=1~ ,t--~ fJl~~ A~-=t..JaL 2-4 it-,i;~ ~4~ iJti/i'--tff,J A 1i ½~]1J n A i-f:1=1 

B, -:A-1.n.n OA Vino 2-4-if-»lh~fft~-!fi1Ji/i'--ttA1i½~,i;~IJ OL 02, 03 ;fP 04 

:i!._ ~ -t--1i-;- 0 rJt~ ~ -t--1i ½i@.i±jJ"-J51J-1tt1J ~ 1'--ff * s 1- s2, s3 ifP S4 a'-J :tr* 
.:Jk. ~ ~;:k:;t 1if/i'--J-T--lfi.a,ry»-1i $ it, M..rm1Jf !tl ~ r6J a,ry tj,J ili ll!.&1.fto Jl..it-tt ili ~ 

& a,ry 4fi~/~ A -j(o T: 

~ Sl ~i@.at, Vreg = Vbgr; 

*'t1, Vreg h~1""tB ~a, Vbgr 71~;,'(i~&o 
~ £;,'(i ~&;h 1.2V at, n T 1J?J1JJ§~1""i:B ~& 1.2V, 1.5V, 1.8V ifl'.7 2.5V 

~ ~1J ;tm s ~ »-1t ~ 4t, lt?.. Fll l#J f$- al.J it it it R 1 : R2: R3: R 4 al.J J::~ 1A JJ 1 s: 1 o: 

14: 360 -til-tJkfAJ:JA"-3\, 1~&fti~•t1.it& ~1F~a,ryJ1..#--t~ili ~&;jt{#1J:ko:iz 1 r)f 

A B 01 02 03 04 REG 

0 0 Vin 0 0 0 1.2V 

0 Vin 0 Vin 0 0 1.5V 

Vin 0 0 0 Vin 0 1.8V 

Vin Vin 0 0 0 Vin 2.5V 

~~~~~~~4~~#*CMOS1~T~m.*~*m#~1~~~ 

al.] MOS~ o 

§tJ:.rJt~, 1tt-tn.~~ aJJ a'-J1~&ftt~A±it& ~1~i@.tl1~m ,&_1l-1tt1J ~1?$-~ 

JJl T 3? ~ & *~ tB o it.Pr , i@. i±~ ikli it k ~ a,ry *ffiJ ti:: ~ -1/J-¥ PM OS ~ a~ iM--t&. z 
~*m~•~~~~~~~•~-1/J~~~~~&k~lfi.~m~u~~~~ 

i~, 1*iiE T ~ ~ ~~)/iL~ff$-~it;t1f'J={P·l:k:it 11faJiZ.•r±~~o 

7 

Microchip EX2005, p. 179
Aptiv v. Microchip

IPR2024-00646



200710166861. 7 

~ ~ ~t£~mt~~aJJaJ.i44-;t__-iF111J•r±~~1,~1& "iF~~¥ii£ T ~~aJl, 1° Jt_~ 

4_vU~i.Lt-.A~ El ii° J.f.fijff, ,,(f.~JJ>l ~ tb ~x..:t1J~*ll.$-~ ~ 4-h Ftt;t_ at.,J ~it aJl fr!J{t 

#~~~a'-J~~T, ~~~A~~~~*~~#~~o 
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Vin•-------------------, 

'W F* £✓-!t 1---------1 

~~ 

.&..1f~ flL 
~~ 

-1/J~PMOS 

..._ _________ REG 

.. --· ·-·-·- -·-· 
' I 

CL 

Vin-------------------------, 

201 

A 
B 

205 

002 

9 

204 
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MP3 MP1 MP2 MP4 

-o--J Out 

B ia&io-----i, 

MN3 MN4 

REG 

o1 ::::r-s1 R1 

FB 02 ::::r- S2 R2 

03 ::::r- S3 R3 

04 ::::r-54 R4 

004 
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Abstract of CN1 0i 853040 (A) 

Page I of I 

The invention belongs to the technical field of integrated circuits and specifically relates 
to a high mains rejection ratio low dropout voltage linear voltage regulator with a 
feedforv;1ard transconductance, which consists of an error amplifier, a buffer, a PMOS 
pass transistor, a feedforward transconductance, two feedback resistors and a filter 
capacitor, wherein the error amplifier is a current mirror amplifier consisting of a tail 
current source, a PMOS input differential pair and three groups of current mirrors. The 
mains voltage fluctuation influences the output mainly via two paths of the PMOS pass 
transistor and the parasitic resistor of and PMOS pass transistor. The feedforward 
transconductance transforms the perturbation of the mains voltage into 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 parasitic resistor of tt1e 
error amplifier. The influence of the mains voltage perturbation on the output can be 
eliminated by the control of the gain of the feedfon,vard transconductance so as to 
realize high mains rejection ratio. The invention can optimize the mains rejection ratio 
within a wider range of load current and does not reduce the efficiency of the low 
dropout voltage linear voltage regulator. 
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Patent Translate 
Powered by [PO and Google 

Notice 

This t:ansla!:01, ,s n:achine-g,,1,,,:aled it c3r.r.ot be guamnleed that it is inlel:igibie, accurate, complete, rt,liable or f:t fc,, spec:fic purp,,ses, Critical dec,sions, 

The present invention t,eiong~, tc, the field c;f in1egrnted circuit tedrnc,logy, in p;~r1icuiar tc, a band feedforward tu1nsco:1ductance 

high PSRR low-dmpout linea1· regulator. It consists of an enw amplifier, a buffer. PMOS transfe1· tubes, feedforward 

transconductance, two feedback resistors and fi!ter capacitors. The error am;:Mier by the tail Cl,mrnt source, PMOS input 

(jifferenti,ll pai,• and the current mirror three grouv, crn,stitute a current rnim,r ,irnplifier. Effect of supply voltage fluctuatiom, 0:1 

the output of the main transmission through tl1e parasitic resistance Pr,1,0S and PMOS transfer tubes of these w10 pathways. 

Feedforward transconductance of the power suppiy voltage disturbances into electricity disturbance, and then after the error 

,implifier pa,·asi1ic re~;is1ance 1rnn~ifer tube into the gate c;f a:1 in-phase voltage di~;turbances Th,·ough feedforwa,·d control 

transconductance gain, eliminate disturbances 011 the power supply voltage output, high power supply rejection ratio. The 

present invention can be optimized without degrading the power supply rejection low dropout linear reiJulator efficiency than in a 
·.vide1· range of load currents. 

One kind with feedforNard transconductance High PSRR Low Dropout Linear Regulator 

TECHNICAL FIELD 

The present invention belongs to the field of integrated circuit technology, in particular to a with feedfo1wa,d transconductance 

high PSRR low-dropout linear reguiator (LOO). 

B,ickground technique 

LDO power rnanagernent is the core module, analog circuits and RF circuits and ottler noise-sensitive circuitry to improve 

supplies pc,wer rrniniy. Thus, the powe,· ~,upply rejection r;rtio is one c;fH1e key pe,icm:1;H1ce pa,·ame1ers 

Currently, rnc,st con:rnercial high PSRR L.DO chip U)O casc;~de. such progrn1,,s h;~d le(j to ,ow efficiency of L.DO. ;,Jthough in 

recent years, many papers appeared high PSRR LDO solutions, but they are mostly in increasing the output of the output 

voltage noise, increasing circuit cornplexity and expense of lower ioad currents. 

Therefore, lo design a not to increase the output voltage noi~,e at t~1e cost of a simple circuit st:\ic1ure. can provide rnore ioad 

cu1-rent high power supply re;ection ratio has great appi:cation significance. 

SUMMARY 

To solve the above problems, the present invention provides a high power supply based on the feedfo1wa,d transconductance 

rejection ,·auo I..DO. Before 1he invention of the p;-oposed metiwd of rmin1aining LOO trnnscrn,ductance fed a high efficiency_ 

low noise performance, simple c,rcuit structure and make LOO get h,gh powe1· supply rejection ratio over the entire load range of 

power. 

The present invention is pmposed based on the feedforward transconductance tli1Jh PSRR LDO, by the error am;:Mier 1, buffer 

2, PMOS transfer tubes 3, feemo1wmd t,·anscondu(fance feedback re~;is1or in ~,eries 4,2 5,6-chip compem,ation via t~1e 

capacitor 7 connected to form a circuit; wherein the non-inverting input of the er:0, arnpiitier i connected to a voltage feedback 
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terminal ·1 i, an output terminal connected to a reference source Vref is inverted, the end of the errnr amplifier 8 and a 

feedfcirwa:d transconductance output terminal 4 of ttie buffer 2 connected to the input: feedforward transconductance 4 input 
termination powe1· output of tlie buffer 2 of 9 trnnsfer tubes connected PMOS gate terminal 3, the PMOS source tem,inat,on 

power transfer tubes 3, the drain terminal connected to the output of the LDO 10 : a feedback resistor in series with one end of 
the L.DO output 10. me o1her end: a c:o1,,pensation capacitor 7 te,•,nination I . .DO output 10, the other end. 

The pre~;ent inventirn, feedforw;rnj 1rnnsconductanc:e 4 wiii fluctuate on supply voltage int:; a cur,·ent fluctuations, and then by 

the error output parasitic resistance conve1ied into phase w:th the voitage fluctuation PMOS trnnsfer tubes 3 gate offset supply 
voltage fluctuation transfer tut;e sowce of output voltage irnpact. In different load cu,rnnt conditions, the desired different 

1rnn~;cornjuctance ga,n. In the pre~;ent invent,on, the feedfo,ward transconductance gain of 4 with load current can he varied to 

achieve the purpose of optimizing power supply reject:on ratio :n the whole load range. 

The present invent:on, the LDO errnr amplifier 1 through the feedback resistor 5 and 6 as the feedback voltage with a reference 

voltage Vref of comparison. and to ensure the feedh;~ck vc;l1age node ii t~Ie node 12 is equal to the reference voltage \/ref. 1 by 

the enw ampiitier MOS transistors B to 21 is connected via the circuit const:tution PMOS transistors 15 and 15 const:tute a 

diffe:ential pair, NMOS and PMOS transistors 19, 20, 13, 17, i4, 18 tube consistinfJ oftt1ree current mirror, PMOS tube 2i m,nm~ 

chip current differential p;~ir tail current offeI·. Inverting terrnin;~I of t~Ie eIwr arnplif,er 1 is att;~died to the feedback vo,tage node 

-ii, attached to the opposite end of the reference voltage Vref node ·12. Source and substrate source NMOS transisto1·s 

13,14,17,18 and the substrate is grounded, ttlen the power of the PMOS transistors rn, 20, the substrate and the source of 

PMOS transi~;tor 15 and i6 are connecte(j to elirniriate the effect of p;~rt,al lining , NMOS d,•ain terminal of the drain pipe 13, 

PMOS transistors ·15 and 15 are respectively connected vvith the diode-connected .. All pipe work ,n the saturation region. 

The present invention, the use of :ow output impedance buffer 2 of the PMOS transistor gate parasitic transfer tubes 9 '.3 po:e 

push beyond the LDO loop bandwidth, to ensure system stability. It consists of NMOS transistors 24 ~- 26, PMOS circuit '.30 via 

the p,pe 27 to the connection components. V\~:erein the PMOS trans,sto1· 23 is a source foiiower gate is connected to tile output 

of the error amplifier 1 terminal 8, the somce connected to the gate of the PMOS trnnsfer tubes '.3 9, PMOS and NMOS 

1rnn~;istors 24. 25_. 28, 29 pipe fc;;· the Pf\/lOS 1rnnsistor 23 provides parti,il on c:uI-ren1, the Pf\/lOS ;~rnj NMOS transi~;tors 24_. 25 

and tube 27 fom, a negative feedback to reduce the output impedance of the buffer, the PMOS pipe 30 is connected to a diode 

9 :s connected to the input of the buffer so that the buffer output impedance of the load current increases and decreases, Paui 

nc;t only irnp;-ove the high cur,·ent efficiency aiso allows the l.DO I.DO stat,iiity over the entire load mnge. 

The p:-esen1 invent,cH\ fee(Hrnward t:·ansc:onduct,ince 4 by the NMOS transi~;tors 3i ·- 37_. PMOS tut,e 38 to 43 ;HJ(j ,·esisto,·s 44 

and 45 via the electrical connection components. PMOS transistor 40, NMOS tube '.35 is the core of their transconductance 

values inc:ease witti increased pm,ver. Feedforward transconductance (Jain is eQliivalent PMOS trans,stor 40 and NMOS 

trr,ms,stor 35 differential transc:ondu(fance of the errnr ;~mplifier output res,stance of t~Ie product. NMOS tr;insistors 41, 42. 33, 

'.34 and PMCS transistor 40 provides bias for the PMOS trnnsistors, NMOS transistors 3i, 32 and PMOS trnnsistors 43 tme 

cw rent rnirror PMOS transfer tubes 3, ttle PMOS transconductance tube 40 with the load cun-ent chan~ies, thereby adjusting the 

feedforward t:·ansc:onduct,ince ga,n c;f 1he L.DO to rrn,nt;~in a h:gh prn..ver supply rejec1ion ,·auo c:h,wicteris1ics c;ver the errti,•e 

load range. NMOS transistors 38, '.39, 36, 37 and PMOS cmrent mirror consisting of two mirrnmd the equivalent 

transconductance error amplifier output terminal 1 of 8. So that the feed for ttle first transconductance error amplifier output 

impedance does not affect the prnpertie~,. PMOS d1annel length of pipe 38, 39 i~, grea1er H1;~n 20µrn 

The present invention, the e1-ror amplif,er from the tail current source. PMOS input differential pai1· and tile current mirm1· three 

groups constitute a current mirrnr amplifier. Effect of supp:y voltage fluctuations on the output of the main transmission through 

the parns,tk: resist,ince PMOS and PMOS transfeI· tubes of 1hese two pathways. Feedforw;rnj 1rnnsconductanc:e of 1he power 

supply voltage disturbances into electr,city disturbance, and then after the ermr amplifier parasitic resistance transfer tube into 

the gate of an in-phase voltaiJe disturbances. Through feedforward contro, transconductance flair: completely elirninate 

dishFt,ances on the c;utput vc;l1age of the power supp,y. enabling high power suppiy rejecifon ra1io. Compared to conventirniai 

high power supply rejection rntio, low dropout linear regulator circuit, the present invent:on can achieve higher power supply 

rejection ratio, po,ver supply reject:cin ratio optimization does not reduce ttie !ow-dropout linear regulator in a wider range of load 

ctment efficiency 

BRIEF DESCRIPTION 

Figure 1. ,;:,., vvith feedfo:\,lfard transconductance higl1 PSRR lmv~dropout iinea1· regulator (LOO) structure of FIG. 

Figure 2 of the present invention applied errnr amplifier circuits. 

Buffer circu:t of Figure 3 of the present invent:on appiied to achieve. 

Feedforward trnnsc:onductar:ce circuit in Figu:e 4 of the present invention designed to ach:eve. 
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Explanation of Reference: 1 :s a schematic diagram of the error amplifier 2 is a schemat:c of the buffer, 4 :s a diagram ot the 

feedforwa:d transconductance resistor 5,6,44,45, 12, 19,20,21,23,28,29, 30,38,39,40,41,42,43 for ttle PMOS transistor, 

i 3. i 4, ·17, ·13,24,25,26.3 ·1,32,33,34,35,36.37 the NMOS transistor 7 compensation capacitor 8 ·1 output of the error amp::fier, the 

output of buffer 2 to 9, i Oto LDO output terminal voltage feedback terminal 1 i, 12 of ttle node of the error amplifier 1 connected 

to ttle ,·eference voltage \/ref, 22. 45 fo1· the c:~1ip the b:as vc;l1age input termin,i, 

Beiovv in conjunction with the accompanying drawings ot the present invention is further described. 

Figure i sho·.vs the whole with feedfo1wa1·d transconductance high PSRR LDO's structure. , The e1-ror amplif:er with i in FIG. 

1,vith a feedback voltaiJe input terminal connactad to terminal 11, the output of the invarting terrn,nal ·1 of 8 w,tt1 feedforward 

transc:c;nduc:tance outpu1 terrnin;~I 4 connecte(j to 1he input buffer 2 is crn1nected refe,·ence source Vref, erro,· arnplifie1·. 

feedfoi--Na:d transconductance 4 ,nput termination power output of the buffer 2 of 9 transfe1· tubes connected PMOS gate 

terminal 3, the PMOS transfer tubas terrnination powa: source 3, a dra,n terrn,nal connected to the output of tha LDO 10, one 

end of t~1e feedback re~;istor in series l.DO output 10, the othe,· end. Con·,pensation capacitor 7 a termination I.DO output i 0, the 

other end. 

Figure 2 shows ttle error amplifier circuit i in Figure 1 implemented. ;::1G PMOS transistors 15 and i6 constitute a d:tferentia: 

pair, MJ10S and PMOS transisto:s hi, 20, 13, 17, 14,18 tube consisfa1g of three cur:ent mirror, PMOS tube 2i external current 

mirm1· pmvides differential pa,r taii current lnvert,ng te1·m,na, of the error arnplif:er ·1 is attacl1ed to the feedback voltage node i 1, 

attached to the opposite end of the reference voltage Vret node ·12. Source and substrate source NMOS transistors B, 14,17, i8 

and the sut,s1rnte is grounde(j, 1hen 1he power of the PMOS t,·ansistors 19, 20. the substr;ite and t~1e murce of PMOS t:·ansistor 

iS and Hi are connected to el,minate the effect of partial lining NMOS transistors 13. ·14, the drnin drain te:mina,, PMOS tube 

i 5, 16 ara connected to tha diode is connected . .All pipe work in the saturation ref1ior1. 

Figure 1 shows the buffer ci:cuit of FIG. 2 imp!ernentation 3. FIG. 23 is a PMOS transistor source follo,ver fJate is connected to 

tl1e output of the enw amplifie1· i te1·mina, 8, a source terminal is connected Pr,1,0S trnnsistor gate 93 of the transfertube. PMOS 

transistors 28, 29 and NMOS transistors 24 and 25 provide for the PMOS transistor 23 bias current, PMOS and NMOS 

trans,stors 24, 25 and tut;e 27 form a negative feedback to reduce the output impedance of the buffer, PMOS tube 30 is 

connecte(j to a diode 9 is connected to the ,nput of the buffer. Source ,irnj Prv,os (27 to 30) connected to the power sc;urce and 

the substrate, PMOS tube (2'.3) ot the source and substrate connected PMOS transistor (29) of the dra:n terminal, NMOS tube 

(24,25,26) of substrate is groundad. 

Figure 4 shows the Figure 1 cross feedforward circuit 4 is irnpiernen1ed. PMOS figure Casc:ode connection tubes 4 i, 42 ,ind 

diode-connected NMOS trnnsistors 33, 34, 40 fo1· the PMOS trnnsistor to provide bias voltage. NMOS transistors 3·1. 32 and 

PMOS transistors 43 tube current rnirror PMOS transfer tubes 3. NMOS transisto:s 38, 39, 36, 37 and PMOS cur:ent mirror 

cons,sting of two rnir,•o,·ed the equiv,1,ent 1rnn~;cornjuctance e;·ror arnpiifier c;utput iErninal 1 of 8. Whe,'Elin, NMOS tut,e 

3i ,2.2,'.33,35,36,37 of the source and the substrate are grounded, PMOS tube 38,39.40.42,43 the source and tl1e substrnte are 

connected to the supply, NI\JlOS source tube 34 te,minatinfJ ttle NMOS gate terrninal 33, NMOS tube substrnte is wounded 34, 

PMOS tube termin,rting source PMOS 4i of 1he drnin pipe 42. Pf\/lOS substrate connected to 1he ~,upply p,pe The NMOS and 

PMOS channe, length 36. 37 33, 39 are large, than 20;.im, all tubes are ·.vork,ng in strong inversion region. 

The present invention :s achieved with feedforward transconductance high PSRR low-d:apout linear regulator with fully 

compatible wittl standard CMOS process, the full load range power supply rejection rntio, load current, etc., app!icable to a 

va1·iety of power supply noise sensit,ve higl1~precision analog, RF cilni:ts. 

The above are only preferred embodiments of the present invention. :t should be noted that, witl1out depa1iing from the 

principles of the presant invention, ttle premiss of a number of improvemants and modifications made shall also be consida:ed 

the scope of the pre~;ent invention. 
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1. ~# w ~u ffl~~ B<J r§J Et!. ~:J:LTI ~u rt 1~lli~tt·t1:l~lli~, Jtt~tif tE r EB i~~JfJCA~ 
(1), ~t1fi~ ( 2)' PM0S 1-#mff ( 3)' lW"ffi~~ ( 4)' 2 ~ ,$ ~ l'l<J & ffi Et!. rll ( 5 ,6)' J=t Yri+1~ Et!. 
ff c 7) t:£ Et!.fi!l ii* ttJ JJX ; Jt q:i , i~ ~JJ)[A: ~ Cl ) s<J fPJ :t§ m A film ii* Et!. & & ffl film Cl 1) , & :t§ flim 
02) ii¥rl~ vref' i~~ni::k~ c 1) s"Jm 1±\!!{ffl c 8) -sITTf~~~ c 4) B<Jml±lftlm ,~f'P~ c 2) s<J 
mAftlm,Hfa ; -mTffl~~ ( 4) a{]mAilro1iEt!.1JJjL ~{'P~ ( 2) l'!{Jml±lflim ( 9) ii PM0S {tmff ( 3) B<J 
ffl}lm, PM0S 1tmffC3) ITT~tlm*Et!.iJJJLlJffiftimii LD0 l'l<Jml±lftimCl0) ;RffiEt!.rll,$~~ftlm* LD0 
ml±\ C 10 ), ~~ft!m*±-fu ;1H~ Et!.rf ( 7) ~11m1~ LD0 ml±\!!lm ( 10), ~~1fffi*±-fuo 

2. tLH!i5tJ.:fLl~* 1 M~B<Jw-mT~~~B1 r§J Et!.WHLT!mUtt1~lli~£!fl;f,gfu~, Jtt~filtEr 
Jifi~B<Jiffit~JJ)(A~ Et!.ftl Cl) EB 9 ~ MOS ff (13 ~ 21) ~£. Et!.ftiii:tittJJJX ;Jtq:i, 2 ~ PM0S ff 
(15,16) ~B.M~5tx,t,4~NM0Sff (13,17,14,18) :,fn 2~PM0Sff (19,20) ~_§_~-~B.Et!.'b1ttJL 
PM0S ff (21) tlt1*J=t>'rEt!.iJrE1,J~5tx~~{#~~tTI. ;4 ~NM0S ffC13,14,17,18) l'!{J~ftml:fOtt 
mJi±-fu, 3 T PM0S ff C 19,20,21) E!<Ji)jftim;,¥1l:r<tmi*Et!.¥Jl, 2 '1' PM0S ff C 15, 16) B"Jftm\:fOi)lfilm 
t§a [!,UFJ p~ftfffiut~m, 2 ~ PM0S ff (15, 16) $g)~fl/m5tjjlj-9 =t2z1'fii* B"J 2 '1' NM0S ff (13, 
14) Y~film:t§J!o 

3. *ffi ~J.tLl~ * 1 M~ B<J w-mTffl~~ st r§J Et!.iJJ :J:LT1 iu rt 1~lli~tt ·tiil:~lli~, Jtt~filtE -=r 
Jifr~B"J~1,P~(2)EB 3 ~ NM0S ff (24 ~ 26), 4 ~ PM0S ff (27 ~ 30)t£.EB Et!.ftlii*~B.M ;A 
q:i, PM0S '§r ( 23) ~~.fi!~p)JI~, ffit1zii*i~~JfJ[::k~ Cl) Ei1$ii't 1±\ftfffl ( 8 ), ~flimii* PM0S ~{{$ii't 
ff C 3) BSffitR (9), 2 '1' PM0S ff ( 28, 29) ,fO 2 ~ NM0S ff C 24,25) A PM0S ff (23) ~f#f!ilu:'i= 
~i,1[, PM0S ff ( 27) ,fO 3 ~ NM0S 'ff ( 24, 25, 26) ttJ JJ¼:fft& fflr?f'1~fi1'F~B"Jm 1±\ rllm, PM0S ff 
(30) =:t1zffiiffi-s~l'P~mAfilm (9) :tBii ;4 ~ PM0S ff (27 ~ 30) l'!{JiJlfilm:fni<tmi*Et!.iJJ, 
PM0S ff (23) B<JiJlfl/m:¥0Hm\ffi PM0S ff (29) B"Jlilftim, 3 ~ NM0S ff (24,25,26) l'l{_Ji)lftlm:fPHmi 
:ti±i!L 

4. *ffitJ.tLl~* 1 r1Jr~B<Jw-mTffl~~l'l1 r§J Et!.iJJ:J:LT!tU rt1~lli~t:t·t1i~lli~, Jtt~filtEr 
Jifr~B"JlW"ffl~~ C 4) EB 7 ~ NM0S ff C 31 ~ 37), 6 ~ PM0S ff C 38 ~ 43 ),flJ 2 ~ Et!.rll ( 44, 45) 
t£)=E!ftiiiffi~E.M ;Aq:i, Cascade iittl'!t 2 ~ PM0S ff (41 A2) ,flJ ~:t,&ffi!ttl'!"J 2 T NM0S ff 
(33,34), A PM0S ff (40) tlH#fffiu:'i=~lli ;2 ~ NM0S ff (31,32) :,flJ PM0S ff (43) tit1t1{mff 
PM0S ff (3) B1Et!.¥J1t ;2 T NM0S ff (36,37) ;¥0 2 '1' PM0S ff (38,39) ~B.JJ¼M~B.~1JrE1Jt,~:ft~~~ 
~~i1t1*¥u~~:nJ*~ o) l't~m 1±1 flim c 8) ;6 ~ NMos ff (3L32,33,35,36, 37 > l'!{J~fi1m-foi<t 
mil~t~±ih, 5 ~ PM0S ff (38,39A0,42,43) l'!{Ji~ftmtl0*1mii~ttEt!.~, NM0S ff (34) E!<J~ftmttt 
NM0S ff ( 33) B"Jffift/m, NM0S ff ( 34) a{]Hmitt±ih, PM0S ff ( 41) B"J~fi/mtt PM0S ff ( 42) l'!{Jtmfl/m, 
PM0S ff (41) B"JftmittEt!.iJlo 

5. *ffifx5¥Ll~* 4 M~B<Jw-mTffl~~Bf.J r§J Et!.~:J:LTl;tUtt1~lli~tttU~lli~, Jtt~filrJifi 
~ITTlW"ffl~~ ( 4) q:i, PM0S ff ( 40) ,fl] NM0S ff ( 35) Et~~~u[:,!\'~pJH Et!.iJJ Et!.lli:l:iJJorro :tft1Jo, mJ 
ffl~~l¥J~~'!x:ti:61¾ PMos ff C4o> :¥0 NMos C35) 1¥J~~z~-s~~nJA:~l'rsm1±1 ~rllRJ.J* 
;ff{ ;Jffitt PM0S ff C 43) llJ 2 T NM0S ff ( 3L32 ), lW"ffl~~B{J:l:~:61~:fft~~fJrE~itrro~{,t, 11 
ill0~~:fftft~~~~~~Et!.~:J:LTl~~ITT~tlo 

6. t~ ffi ~J.5¥Ll ~ * 4 m ~Rt* -mr ~ ~ ~ 1¥1 r§J Et!.~ 1m iu rt 1~ IE:~ tt-t1 l~ IE:~, Jt t~ fil a 
T, 2 ~ PM0S ff ( 38, 39) B"Jiigm Knr-1~/J,-y 20 µ m ;2 ~ \MOS ff ( 36, 37) B"1;12g)H Knr-1~/J,-y 
lOµmo 
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7. iftH@:t£%Ll~* 4 JifiJ£1¥JwfiJffi~~B1 ~ ~wt}LlHMrt1~lli~~·t~U~lli~, ;!tt~tiEtET 
PM0S >g C 40) ;¥□ NM0S >g C 35) B"112iJJ1! iE:Bt::f/J\T 20 µ mo 
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~*~Yi!~ 
[0001 J *'it~~ -=f'~pj(; ~IEitt*~,m:hi-x, ~ 1*~ R -frp wiw·~~~ 1'11.J ~ ~ ~ 1rJJtU t:t fl£& :!2 
~·fi;;j\Etffiff C LDO) o 

;,tt...52..+±--,l.!­
!=3 ~1-.X./l'-

[0002] [ 0002] LDO £ ~ i/4J1. tr llt!. J:=!=' B{] t~ 1t.\tltl:k:, ±~A tJJf,J, ~lEi ;fP ~1~,m ~ftitl mi~ w* Ja ®& 
~~~m~~~o ~~,~~w~~£~*•tt~~~~-o 

[ooo3J § rir, 'fr~lffiffl ~ ~rmwiu t:t Loo ZJt*J=§ Loo tlkJtlc, ~frr:1J~1~ui~i~ Loo t::z$ 
11£ r o .!i~ili:i¥*, f~-y:_c=p ililfll i"F$ mi ~~WffiUtt LDO ffl~lk:77~, 11::l.£'81fJJc1'wl:Jil1J0ffi ili 
ffi ili ~ Bs:Uit Ja ,_:l:l 1Jo ~fi!i 1[* ~ ;f P t111£ in !Jt ~ tt :1/g 1t fir- o 
[0004 J m L:J, 19:it-frr ~ L:J ii 1Jo ~~ ili ~ 1E "* % 7'J 1t Hr, ~itr m ;t~faJ -"1'1-, l:!~tR:1~ ti Jc !'I{] tn ilt 
~tit${] ~ ~ ~ t1,n ffiij tt ~ ~ t3l Jc !'I{] JNJ=§ ,ii, x. o 

~:Jl~pq~ 
[ 0005] A T m~ i;R: L ~ 1'ql .~, * 'it ~ tl ili T - frp £ r 1W ffl IE%~ ${] ~ ~ ~ JqJ ffiij tt LDO o * 'it ~ 
Ji]r m ili iw ffl~ ~ 1J}t1*~ LDO I'll.]~ t:!z $, 11£ "*%~'ti~['., ~fi!!m t~ fa'f. Ji~~ ft LDO 1±~1'-m 
~ ~fJ mm pg :r~IUt3l ~ !'ts ~~Wffiij t:t 0 

[ooo6J *:&. ~ m tf::l 1'1{]£-=riwt1ifiV~~ s{] ~ ~~~Jffiij t:t sl.J Loo, rn ~~n)(Jcff 1, ~?qlff 2, 
PMos 1tffiff 3, iwffiR~ 4,2-t-*Jt!cl'IJ.J&wr~~115,6,Jt!l~iH~~4:t- 7 r£~IE*~*t~M ;~ 
J:P, ix~nJJcff 1 !'ts fRJt§ffi Aftiffi~ti ~lli& ffifl/ffi 1 L &:t§ft/ffi~£11Er~ Vref' ix~nJ[Jcff 1 !'I{] 
~tf::\~8~1WffiR~41'1{]~tf::l~,~t1Pff21'1{]~A~ffl~;~~fflR~41'1{]~A~tt~~.~ 
1rf:lff 2 l'l{]ffi ili Yffff 9 ~ PMOS 1½ffiff 3 l'l{].fl~, PMOS 1½ffitr 3 Er~rmftiffitt ~~, ¥ffiYITff~ LDO El'Sffi 
tf::\ft/ffi 10 ; & ffl ~~fi,$ lt)c-fl/ffi* LDO ffi ili 10, :!h-ft/ffi*tif! ;fH~ ~~ 7 -:?iiffi* LDO ffi th ft/m 10, 
-jj -:?ii/Hi tit! 0 

[0001J *'fe:.~J:=!='miffiR~ 4 i~~~_t~ffil'II.J~BU9J~~nx~ttl'lf.JiBU9J, Wil1H1~~$imili ~ 
~~rn~~y,J™os~ffiff3.fl~l'l{]fRJffl~ffi~~,~m~~~ffi11:~ffiff~~l'I{]~~~~ 
ili~lli~~~o1±~fRJ~ffltlt~mffl~,mmR~m~~~o1±*:&.~+,mJfflR~4~m 
_'fuletPJ1Imt1t ~1;t~1,t, L:J~iu11:~1n t1tm:m pg 1x1,t ~~1rJJtij t:tl'l"J § l'l"J D 

[0008] *'fe:. ~ ~, ~~nJJcfl: 1 i~ LDO iffi.:ci&ffi Fflrn 5, 6 Jiff & fflBI.J Ft!&~£1'i ft!& Vref 

t:tt3l, {~HlE&1~1li~ffi11,8 11 ~£rm~& Vref 11,812 t§~o i*~hJJcfl: 1 1±1 MOS tr 13 ~ 21 
f£~1E4§.a*;t~pj(;o PMOS tr 15, 16 £].JJX,~Jtxt, NMOS ff 13, 17, 14, 18 ;fP PMOS ff 19,20 f:]_pj(; 
~£].~1;tt~, PMOS ff 21 t~1~J=,;1,~~tt7'J~-5txtm1Afi&~1;tu i*~nJJc~ l i'l{][RJ,j;§ft/ffia~ 
&tffl ~&71 ,8 11, & rt)yiAf~~£l1£~lli Vrer 11 B 120 NMOS tr 13, 14, 1 L 18 EtSilljEtirffPf't fitEti 
:!:if!, PMOS tr 19, 20, 21 l'l"J~!iiffi:fPH fitE* ~~, PMOS ff 15, 16 Bf.Jf1 fitE;fPy~ftl/U§i4 l:J 1/1f ~H1ffifft~ 
JN, PMOS ff 15, 16 EIS~ft/ffi)t:JJlj !=j =t:&ff~til'l"J NMOS ff 13, 14 )ffiffl}iffif§~u Jifr~ff-=f I {tr 
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rrHO!Ro 
[ooogJ :z1s:1sz: ~ i=p, tom ~Jrrff 2 st1t£trntr tf:I r,1un~:ij'. PMos ff 1ttrntrff 3 fflH,& g st*"=tJ,&,eJtiu 
LDO :EflE%m~~:Y'l',{~UiE~~l&.I-Eo 'BEE NMOS ff 24 ~ 26, PMOS ff 27 ~ 30 t£El3 ~Ji!!iiti 
£11..nx o Jt i=p PMOS ff 2 3 RJ~ IE~ pjJf ff, ,1,lJt tRii Mt~ ~JJJ(: A ff 1 B<J $tu t±:1 f4ffi 8, ~ film ii~ PMOS ff 14z 
tftutr 3 Bf.J,1,lJtt& 9, PMOS ff 28,29 ::flJ NMOS ff 24,25 -JJ PMOS ff 23 m1Jt1ffia:'i=~iii, PMOS tr 27 

;flJ NMOS ff 24,25,26 t~Mffc&ffir1t1!£~1rflffB<Jtftutf:\ F,lim, PMOS ff 30 =:t&ffii~-9~Jrpff 
$tu Afr/m g f§ii1rt~Jrpfftftu tfj F,limJim ~ ~1Jitj:ljcrm~1J\, e;Ef5iH~ r%1i T LDO Bf.J r%1i ~1Jit~i$X 
1rt l,DO fr~~m~m!E pgl&-5:Eo 
[0010] :zjs:1sz:~i=p, lrot!tt~~ 4 83 NMOS ff 31 ~ 37, PMOS ff 38 -~ 43 ;flJrgpJi 44,45 t£rgR! 
ii~£11.Mo PMOS ff 40, \JMOS tr 35 ¾ti,L\, '81fJB{j~~mf~pn[~~:1:IJJOrmmJJoo lrot!tt~~ 
Rf.J~'.\{fJ~fil.¾ PMOS ff 40 ;flJ NMOS ff 35 R<J~~z..~1=5~~JJJ(:jcff 1 ffitf:\ ~t~JliR<J*fxo NMOS 

ff 33,34 ;flJ PMOS ff 41,42 -JJ PMOS ff 40 mfJtfffiaH,NMOS ff 31,32 ;flJ PMOS ff 43 4!Jt1*14z~ff 
PMOS ff 3 Bf.J ~ifit, {t PMOS ff 40 BS~~ ptl[ffl~ ~ifit~{,t, ).). rm iJal~lWffl~~ Bf.J:1:1 fil, 1f LDO 

tE~:m~mm pg 1*ff 1%1i ~~:jt]JftLl l::tsf.J~ttL NMOS ff 36, 37 :,fl] PMOS tr 38, 39 £linxW3£li~tii 
m ~:ij'. ~'.\{f ~ ~ tJl: 1* f Ll ~~ JJ)(A ff 1 Bf.J $ifu t±:1 Ymf 8 0 7'J frtiw mt~~ Bf.J $ifu tf:\ rli m ~ ~ !l[n] ~ ~ JJ)( A 
ff l'I{] ~t tt, PM os ff 3 8 , 3 9 i't<J ltJ il! tf: [![~ AT 20 µ m o 

[ 0011 J * 1sz: SF} i=p , ~ ~ tJ!J_ A ff FR~ ~iii~ ' PMOS $tu A~* x1 ~ :& ~ ££1. ~ ti tJl: t2;l M ~ 1;1t m 
JJ)(Aff o ~~ ~lliY~Z9Jx1$ifutb Bf.J~!![n)3:_:~iffl,;d: PMOS 14z$ifu-g;flJ PMOS 1½$ifuff Bf.J*~~rliJKW3 
*im~ 0 1Wffl~~~~~~llisf.JttZ0~~-JJ~~Bf.JttM,W~:ct~~~A~Bf.J*~~~~ 
~-JJ~ffiff,1:flJt~Bf.J-~~ffl~llittMoim:d:W~iwffi~~Bf.Jmfra.,~~~¼ffl~~~~lli 
ttZ0Mtftutf:\Bf.J~~,Mrm~~r%1i~~:jtp~~ 0 ffl~~ttsf.Jr%1i~~:jtp~~*lli~tttt~lliff 
~Ji!%, :zjs:1sz:S)j f:fE~iU~r%1i Bf.J ~tJ,,~JPffiUl::t, fr~~Bf.Jm~~r][m!E pgf;t{,t ~tJ,,~trJJffiU 1::tli/f ~if 

1!£ 1!£ lli ~ t.Ht l~lli ff st ~1 $ o 

M1~i5iPJ:J 
[0012J oo 1 -frr-:;iw1:m~~ B1.J r%1i ~iJJHrJJtu 1::r ft££E~tt·t"U~lliff c LDo) s1.J~t2;1 oo 0 
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Abstract of CN102915061 {A} 

G05F1/56 

The invention relates to a low-voltage stabilizer for ultra-lower static current, which 
comprises an error amplification circuit, an output circuit, a voltage feedback circuit, a 
compensation circuit and a current feedback device, wherein an input end VI of the 
current feedback device is connected with the input end of the output circuit, the current 
feedback device is used for transforming voltage VI input by the output circuit into 
current 101 fed back to 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 amplification circuit is also increased, and the response 
speed of the error amplification current is increased;: and wl1en the stabilizer suffers a 
light load, the feedback current 101 of the current feedback 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 low-voltage 
stabilizer has the advantages that after adopting a dynamic current feedback device, 
the static current of the low-voltage stabilizer can be lower than 1 microampere, and 
t11e low-voltage stabilizer l1as incomparable technical advantages than ot11er traditional 
low-voltage stabilizers. 
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Notice 

This t:ansla!:01, ,s n:achine-g,,1,,,:aled it c3r.r.ot be guamnleed that it is inlel:igibie, accurate, complete, rt,liable or f:t fc,, spec:fic purp,,ses, Critical dec,sions, 

One k:nd of exi:re:r1ely low quiescent cum,nt l.DO,, including error ,irnplifier, the output circuit, a voltage feedt,ack circuit and 

compensation circuit; feedback means fu:ther compr,ses a currnnt ,nput tem·iinai V access to the means of the output currnnt 

feedback input circuit end, that is, the current feedt;ack circuit means output voltafJe V input into a current I is fed t;ack to the 

erro,, mnplifie,, circuit grnurnj terrnin;~I,, w~1en the regulator ,n he;~vy load, the fee(jback cu,rerrt I is ,ncre,ised, t~1e e1-ror amplify,ng 

circuit ground cmrnnt also increased, wh,ch ,mpmves the response speed of the erm1· amplifying circuit: regulator wl1en tl1e load 

is li1Jht, the feedback current lo1 current feedback means becomes smaiier, the error ampl:fying c,rcuit a (JfOlind terminal of the 

bias current is reduce(j, so that the ,,egulatoi"s iow quiescent ,ow current consumption ,n the state, The benef,cial effects of t~1e 

prnsent invention are: the use of dynamic currnnt feedback device of the present invention, after the proposed l.DO quiescent 

current at li~iht ioads and duriniJ sleep can be less than '1 µA, haviniJ other existing i_DO unmatched tectmolOfJical superiority, 

Very low quiescent current LDO 

The prnsent invention relates to a iow--dmpout 1·egulato1·. and more pa,ticularly to ;~ coiiec'tor circuit chip I .. DO, pa,1:k:ul;~rly, to a 

very low au,escent current i_DO. 

With the development of semiconductor integrated circuits, integrated circuit chips used in more advanced technoiogy, the chip 

circuitry required supply voitaw~ and ch:p input power voitaiJe is typically ,nconsistent, :n most cas0s the internal circuitry of the 

cl1ip reau,red supply voltage is low the chip supply voltage input, wh,ch requ,res the chip integrates a lo·.v dmpout reguiator, the 

chip input supply voitage into an internal power supply voitage requirnd for other circuits. Such low d:Opout reguiators in other 

circuits to provide power fo;· self-crn,su1,,ptirn1 ,ilso need less cur;·ent. particulmly in the sleep circuit chip. low-dropout voltage 

reguiator current consumption as low as possible. 

Art i_DC for stability at work, usually quiescent current design is relatively large, usually more than ·1 Oµ.A, so much so that the 

class quiescent current i_DOs not energy duriniJ sleep. In order to save eneriw, sorne LDO uses a control terminal to control the 

I .. DO wo1·k on and off: the chip will 1,,vork through 1he :;pen cont1·c;I terminal ,ow d,·opout regula1or: the chip wiii sleep l .. c;w Dropou1 

Regulators closed. Such control end by internai digital circuits cont:0lled by a digital circuit and power supply LDO output 

supply:ng. 'Nhen the difJital closed c,rcuit LOO, the i_DO can not fJive the dig:tal circuity, difJital clrcu,try, no po,ver can not wake 

up I .. DO, low (jropout regulator sc; in ;~ state of sleep and wake exists between ;~ self-locking mechanis:r1, how to break th,s self­

locking mechanism is a ve1~v complicated matte,, need a lot of cont:01 circuit designed for this purpose, when the control circuit 

desifJn, it rn:ght cause uns1.1cc0ssf1.1I: and !ow-dropout regulator clos0d m0mory status in di1Jital circuits are lost after the wake of 

tl1ese states and the need to rn~set 

Tl1e techn,cal problem to be solved by the invention of the present ,nvention is to avoid the sho1icomings of the pr,or a1i and to 

provide a ve;y low quiescent current low dmpout regulator, to solve the prior mt LDO sle0p or lifJht-load pow0r consumption b:g 

prot,ie:r1. 

The present inventirn, solves the technical problem is solved by the following techn,cal solution to ;~chieve, lo design a very low 

quiescent current i...DO, including e,ror amplifier, the output circuit, a voltage feedback circuit and compensation circuit: the e,ror 

amplifier circuit the difference between the ;-ef0renc0 voitaw~ V ref and the voltage fe0dback circuit feedback voltage V fb s0nt 

from an ampiifier to the input terminai of said output circuit; said feedback circuit is a voltage output circuit output voltage V out 

fed back to the errni- amplifier circuit : the compensation circuit is connected across the output te,minai of the er:0, amplifier 
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circu:t and the output circuit of the output terminal; in pa1iicular, also includes a current feedback means, the input terminal VI of 

the current feedback means connected to the output circuit :nput terrn,nal, i.e. the output of the current feedback circuit means 

input voltage VI into a cmrent I Oi is fed back to the ground tem·1,na, of the eITOr amp::fier cilni:t, \A/hen the rngulato1· is under 

heavy load, the feedback current I Oi is incrnased, then the error amplifier circuit ground currents also increased to improve the 

response speed of the eiwr amplifier circuit: when the regula1or ,s iight load~,. the cur;·ent fee(jt,ack (jevice feedb;~ck current I Oi 

becomes smaller, the eITOr amplifying circuit gmund terminal of the bias currnnt is reduced such that the LOO quiescent low 

cw rent consumption :n the state. 

Tl1e LDO also includes a buffer circuit, tl1e buffer circuit is connected in se1·ies between the ermI· amplifier c,rcuit and the output 

circuit; the buffer circuit of the error amplifier output voltage to pan and! or follow the treatment to the output :nput of the circu:t: 

1he output of s;~id cu;·rent feedback means of fee(jb,ick current I 02 delivery tc, t~1e gmund termina, of Hie buffer circuit. 

Sa:d cmrent feedback means compr:ses a voltage / current converter and a currnnt mirrnr; the voltage / current conveIier 

connected to the input of VI in the output circuit of the :nput, the output is about input voltage VI to current converter Gircu,t, 

sending to tl1e input of the voltage / cuITent converter connected to the current mirm1· I in, the current thmugh tl1e cuITent m,rror 

copy I Oi, I 02. 

Tl1e voltage I current conveIieI· vvhicl1 ,ncludes a resistor R4 and a P~type MOS fie,d effect trnnsistor Q 2, the rnsistor R 4 is 

connected ac:ass the LDO power VIN and the source of the f:e!d effect transistor Q 2 between the poles ; the gate and dra:n of 

1he fiel(j effect trnnsi~;tor Q 2 me crn,nected 1he four voit;~ge I cu;·rent switch input termina, VI ,H,d tile output terrn,nal 10 

Said current mir:ar comprises an N-type MOS tie!d-etfect transistors Q3, 04 and Q5; of the field effect transistors er.\ Q4 and 

05 is parn!!e: (JfOlind source, the transistor 03 ,s connected to the drain and the gate of the said voltage / current converter 

connected to an output terminal 10; of the field effect transistors 04, 05 image composit:on means, connected in paraiie, 

between the gate elect:ade, and then connect:ng the gate of the field-effect transistor Cf3: said rn:r:ar means to the input current 

I respectively. in propor1ion to copy and redistribute to the cur;·ent mirror output port I 01, or I and I 02. 1he current I in tile 

proportion of redistr,bution, 05 and Q3 size ratio is determined by the field-effect trans,stoI· 04. 

Ttie op•amp e,rnr ;~mplifier ground tem,irwl i via a bias current sotffce I i is g1·ournje(j, so 1/1at the t,ias current source I i flows 

grounded; the current output feedback means feedback cuITent to said current I 01 source I ·1 infiovv end. 

The op amp buffer circuit ground term,na, 2 via a t;ias current source I 2 is wounded, so that the bias current source I 2 flowing 

grounded: the output currnnt feedback means feedback currnnt I 02 to the currnnt SOLffCe I 2 of the inflow end. 

Compared witl1 the prior aIt the beneficia, effects of the present ,nvention is: A method to ach,eve dynamic current feedback 

device, real-time mon,toring of the device LDO output current, the output current is adjusted accordinfJ to the size of LDO bias 

current lo ,ictiieve both under heavy load drive capability is very strong, but also at light load or very ,ow quie~;cen1 umen1 sleep, 

very energy eff:cient: and L.DO without sleep / wake control terminal, them :s no existing self-locking technology issues LDO 

sleep I wake; because the LOO has been working, the output current persists, and therefore the state of memory in a digita! 

cil·cu:t is not ,ost Compared with othe1· ex,sting L.DO, dynamic current feedback device of the present invention. after the 

proposed L.DO quiescent current at light loads and during sleep can be less than 1 µA, having other existing L.DO is unmatched 

technologica, superiority. 

Figure 1 of tile present invention ,s a IOW••voltage ,ow d,·opout regula1or qu,escent current of the ,ogical structure of the prefer;·ed 

embodiment of tl1e schematic; 
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Figure 2 is a current feedback me,ir,s 60 c;fH1e prefe,·red embodiment an elec1rical sche:rm1ic di;~grnrn of e:r1bc;(frnen1: 

Figure 3 is a current feedback means 60 of the second electrical schematic diagram of the preferred embodiment 

imple1,,ent,1tion; 

Figure 4 is a preferred embodiment of the current feedback structure schematic logic device 60; 

Figure 5 is a schemat,c diagrnm of a circuit 61 in the case of the preferred embod,ment of the vo:tage conve1ie1·; 

FIG 6 ,s a circuit scl10rnatic of the preferred embodiment of the current mirror 62. 

DET f,ILED DESCRIPTION Here,nafter. with reference to preferred embodiments iiiustrated in the drawings of the present 

invention is ::,ustrnted fu1iher, 

See ;::igure i-2, the preferred embod:ment of the present invention, one A !ow quiescent current LDO, inc:uding errnr amplifier 

10, the output circuit 30, a vo:tage feedback Gircu,t 40 and compensation circuit 50: the error a difference arn;:Mying circuit 10 

and the reference voltage V REF voltage feedback ci1u1it 40 is sent to tl1e feedback voltage V FB output of the amplifying circuit 

30 is supplied to the :nput terminal; sa:d vo!tage feedback circuit 40 to the output circuit 30 is the output voltage V out feedback 

to the erro,· mnp::fying circu,t 1 O; and t~1e cornpensation circuit 50 i~, crn1nected ,ic:ro~,s the outpu1 term,nal of the em;r arnpl:fying 

cil·cu:t 10 and the output terminal of tl1e output c,rcuit 30; a current feedback means fu1iher cornp1·ises a buffer circuit 60 and 20, 

the buffer circu:t 20 connected in series between the er:0r amplifying circuit 10 and an output c:rcuit 30; after the buffer circuit 20 

to the ermr mnp::fie1· outpu1 voltage transl,rtion circu,t 10 and! or follrn,v the process lo 1he input c;f the ou1put ci,•c:ui1 30; t~1e sa,d 

current feedback input device 60 inputs the output VI of the access ci1-cu,t 30, the output of the current feedback means 60 of 

conveying feedback current I Oi and I 02 are respectively supplied to the error amplifying c:rcuit -10 and buffer circuit grnund 20 

end; when the regulator is in a hem,-y lowj, t~1e feedt,ack cu,·rent I 01 and I 02 is inc,·eased, t~1e e1-ror arnplifying ci1·cu,t 10 and 

buffer circuit 20 is a grnund terminal of eacl1 current aiso increases, thereby increasing the error 10 and the response speed of 

the buffer circuit 20 of the amplifier circuit: when the regulator is light loads, the current feedback device 60 feedback current I 

01 ,ind I 02 becomes ~,malier, the error amplifier gmund circuit 10 and t,uffer c,rcuit 20 end of the bi% current i~, reduced, so 

tl1at the reguiator·s low quiescent iovv current consumption in the state. 

In conjunction with F:gure 2, Figures 4 to 6, the preferred embodiment, the funcfon of each circuit component arn as follows: 

The op-amp error amplifier wound terrninal ·10 1 via a bias current source I 1 to ground, that the bias current source I 1 flows 

grounded, the injection end through a line connected to the op--amp network n3 1 to end: the bi;~~, current source I 1 1 to prov,de 

the most basic op arnp bias current to ensure that the operational amplifie1- 1 in LDO is able to operate at iigl1t load or sleep. The 

means 60 feedback current I O 1 of feedback current delivered to the inf:ow end of the current source I 1-

The buffer amplifier circuit 20 of the wound terminal 2 via a t;ias current source I 2 (JfOlind that the bias current source I 2 f:ows 
grounded, which is connected to tl1e inflow end to end operntional amplifier 2 tl1rough wire mesl1 n2 , 2 prnvides tl1e most basic 

to the op amp bias current to ensure that the operntional amplifier 2 :n LDC is able to operate at light !oad or sleep. The current 

feedback means 60 outputs the feedback current I 02 to the injection end of the current source I 2. 

An oper;rtiorml amplifier as the error amplifier, its negat,ve ,nput crn,nec:ted lo ,l reference power sotJl'ce V ref, the outpu1 voltage 

of the positive input of the feedback c,rcuit 50 through the terminal resisto1- R wire net n5 -1, R 2. 1 op amp feedback voltage V fb 

and V ref with the difference to be drawn error correction voltage arnplif:cation, and then transrnitted to the error correct:cin 

voltage op amp buffer ci1•cuit 20 2. 2 is a buffer amplifier, op arnp which an effo1· correction vo,tage output frnm the voltage 

follower, tl1e vo:tage may be necessary to follmv the translationa, movement of the voltage follower, and then through the .we 

rnesh ni to the output circuit 30, the Q output of the power transistor 1 gate. The op amp output drive capability 2 is stronger 
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than the op amp output drive dynamic capability 1, an order of magnitude or more, the output power transistor Cl gate 

capac,tance of a relative\: large, the op amp input 2 parasitic capacitance is relatively small, so transport put 2 isolation amplifier 

case dirnctly drive large capacitive loads of 1, grnatiy improving tl1e ability to respond to the high frequency amplifier i. and the 

operation a! amp!ifier 2 because of their relatively strong dr:ve capabii:ty, even if the gate drive output of the power trnns:stor Q 1 
the c;~~,e c;f the c;ipacitor is stiii be1ter than its frequency ;·esprn1se ampiifier i severnl times faste,· 

Outpu1 power trr,ms,stors Q 1 us,ng PMOS (P•type rnetal • oxide semiconductor) having a gate connected to the outpu1 of t~1e 

operationa, amp::fier 2, a source connected to power supp,y V In. a drain connected LDO output V out Voitage feedback c,rcuit 

50 by the divid:ng resistors R 1, R 2 composition, the V out voltage propmtional feedback to the positive input of U10 operntiona! 

,implifier i. Figure 2 shows, the outpu1 voltage of the op ,irnp i cfo~nges L.DO output voltage V out c;f the relat,onship is t~1e 

same, the op amp output voltage of the op amp output 2 vo!tage to 1 :s the same relafonsh:p, the output power transistors Cl 

drain voltage and the gate vo!taw~ variation 1 is an inverse relationship, so the LOO voltage feedback :oop is negative feedback, 

LOO reaHime com?ction of the output vo,tage V out . so that tl1e output voltage V out and the reference voltage V rnf 

mainta:ning a constant voltage proportional rnlationship. 

The output pm,ver trnns,stors Q ·1 size design is relative\: !arge, and thus a strong drive capability, so that regardless of the ,oad 

is heavy load (load re~;istor RL. ~,mall value) or ligh1 lo,id (,·esistance ,oad resist(ll' RI .. hge), 1he c;utput voit;~ge V out all rem;~ins 

substantially constant. the e1-ror 'Nill not be much. 

Currnnt feedback means fJO v:a line netwon, ni sampling gate voltage output power trnns:stors Cl 1 and the voltage into a 

cwrent, an output current I 02 which is connected to the amplifier g;-ound terrninal 2 tt1rrn.1fJh the w,re rnesh n2, another unit 

output cmrent I Oi connected by wire to the op amp network 113 grnund terminai ·1. When the LDO load becomes heavy. the 

output voltage V out wi!! be slightly lowernd by the vo!tage negative feedback loop so that the gate voltage of the power 

trnnsistor Cl 1 becomes low, while the output current of the power transistor Q i increases, boycott output voltage V out goes 

lmv because the gate vo,tage of the power trnnsistor Q i becomes low. the output current of the current feedback device is 

increased to imprnve the op amp bias current operationa: amplifier 1 and 2, thereby improving the operationa: amplifier i and 

1he re~;ponse spee(j of t~1e opernticrnal ampiifier 2, the response speed of the ~,ystem ;~l~,o will be increased. Conversely, when 

the LDO ,oad becomes ::ghter, the gate voltage of the power transistor Q ·1 becomes high. the output currnnt of the currnnt 

feedback device becomes smaiier, the op amp bias current operational amplifier 1 and 2 is reduced, the ent:re system quiescent 

current c:onsurnption ,s reduced in o,·der to achieve ,l low dropc;ut voltage regu,ator in heavy ki,id fast response al light ioad 

au,escent current is low. and without increasing tl1e LOO contrn, po1i. Join currnnt feedback device such LDO both ene1·gy~ 

sav:ng and efficient, is a simp:e and efficient means. 

Figure 3 resistor R 3 and capacitor C 2 constitute a stability compensation circuit 40, one end of the capacitor C voltafJe output 

V out 2. the other end of re~;is1or R 3, tile ot~1er end of the resistor R 3 is ccrnnected through a wi,•e n:esh n4 op 1 output. 

Res:stor R 3 and capacitor C 2 is in effect when the system is heavi!y :oaded compensate the op amp output pole ·1 so that the 

output of op amp output pole 1 pole for ttie first secondary pole wh::e the pole falls by the capacitor C i and a resistor nearby R 

es crn,,posed of z.ero poles ;~rnj rnros cio~,e to e;~ch o1her lo form ;~ (j:pole. interaction offset frequency (jo:rmin. Cap;~citor C 1 i~, 

the output vo:tage V out of the stable capacitance, while the main system fai:s pole output stage, resistor R es is the eauivalent 

capacitance C 1 of the series resistor and capacitor C 1 R es together constitute the output voltage stabil:1..in1J circuit . R L is the 

ki,id resistance 

See Figurn 4, the present invent:on 3 in v,ew of a current feedback device 60 to achieve a functionai block diagram. Cui-rent 

feedback means 60 consists of two pa1is means: pa1i of the apparatus of the voltage! current conveter 6i, the po1i from which 

the cuffent feedb,ick VI n:eans converts the vo,tage to t~1e c;utput current I o, and :,mother portion ofi:he cur;·ent m,r;·o;· device 62; 

tl1e input 6i of the current miffo, copying and redistribution of the cun-ent I in and are output to the po1i currnnt feedback device 

60 I 01 and I 02. 

Refer to FIG. 5, U10 invention of FIGURE 3 is a vo!taw~ / current converter 60 one specif:c embodiment of the circuit, wtiich 

cons,st of two components: the resistor R 4 and the PMOS trnnsistor Q 2. One end of resisto1· R 4 povver supply V In, the other 

end of the PMOS transistor Q 2 source electrnde, the gate and drain of PMOS trnnsistor Q 2 are connected to the vo!tage / 

ctment crn:vei·ter V I po1·t and I o. Resisto1· R 4 function acts ;~s a current limiting (jevice. t~1e drain cu,·rent in the Prv,os 

trnnsistor Q 2 is relatively small, the resistance R 4 almost does not work, can be ignored as a wirn, then drain CLIITent of the 

PMOS transistor Cl 2 by transconductance gm 2 decision, the dra:n current Id 2 "'gm 2 "Vgs 2, Vgs 2 for the PMOS transistor Cl 

2 gate.source vofage difference: drnin cwrent in 1he Pf\/lOS 1rnm,istor Q 2 is ;•eiatively large. the resistance R 4 pl;~y a negative 

feedback, limit,ng the dra,n currnnt of the PMOS trnnsistor Q 2 growth, in which case the drain CLIITent of the PMOS trnnsisto1· Q 

2 is decided by the transconductance of Gm 2, 2 of Gm formu!a: 
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GMB is 2 and the d,ain of PMOS transistor Q 2 is the trnnsconductance of the substrate 

The PMOS transistor Q 2, the drain current Id 2 c:cGrn 2 .. VfJS 2, due to the addition of 4 R, mak:ng the PMOS transistor Q 2 at 

high current~, drain current role grn 2 Dui weake,ied, lirniting me drnin current unlimi1ed incrn;~ses, ultimately limits the vc;l1age ! 

cu1-rent converter maximum output current. Output currnnt I O ee -Id 2, so the gate voltage of the PMOS trans,sto1· 0 2 becomes 

lm,v, the output current I O becomes larger: otherwise contrary. 

Refer to f"IG. 6, the present invention is a specific circuit d:agrarn of an ernbodirnent 4 in the cur:"ent mirror 62 compris:ng 

components: NMOS tube Q 3. Q 4, O 5. NMOS trans,sto1· Q 3 port to accept the current mi1Tor ,nput current I in and through the 

mirrnr means comp,:ses NMOS transistors Q 4, Q 5, respectively, consist:ng of a cmrent copy and red:sti-ibute by a certa:n 

pe:"centage to the current mi:"ror output port I 01 and I 02 current redistribution rntio is determined by the ratio of the size of the 

1\lr,1,0S trans,sto1· Q 4 and Q 5 and Q 3 in. Of which only two cases mark tlie output currnnt. in acco1·dance with the present 

invention, one or two or more output currents are possible: the figure using only a single MOS current mi,ror to produce, 

,ic:cord,ng to the present invention. designed to be e,isily cascaded rv,os the vvay to n:ake 1he current mirmr. These ,ire wi1/1in 

the scope of protect,on of this patent. 

i and 3, the preferred embod:n1ent of the present invention, two with an instance of the except:on that the low quiescent current 

LDO input VI no access t;uffer 20, current feedback device 60 the input of the ci:"cuit 30 is output, i.e., the cur:"ent feedback 

circuit 6Q sets tl1e output 30 of the input voltage VI is conve1ied into a current I Oi is fed back to the ground terminal of tl1e error 

amplifying circuit 1 Q, the regulator when the heavy ioads the feedback current I Oi increases, the e,ror amplifier circuit 1 Q 

ground current also increases, which improves the response speed of the error amplifier circuit i O: when ttle regulator ,s li1Jht 

load. the current feedback device 60 feedback current I Oi becomes smalle1·, the ground terminal of the error amplifier bias 

current circuit iO is a:so reduced, so that the rngulatm's low quiescent low current consumption in the state. 

In this example ernbodiment of Hie cw rent feedback circuit 60 of the apparatus rnay t;e employed in the instance of a program, 

current rnirror 62 is u~;ed to m;~ke a single f\/lOS current rni1-ror lo wh:d1 1he pre~;ent 1echnic;~I field of c;;•dinary skill in one 

embodiment in con;unction very obvious. not repeat them here. 
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~Q51'f<J~~*~*~,J3/Tj£~~@i:rs~ffOOB'-Jffil}~-'=5~~34*H-'=5mj£~lli/~~ff~ 
ff$iftrtl:\film T0 34* ;)i)Tj£i3rtt@s11tff Q4,Q5 t!iMiJ!1**i[, pij~_,ffi)};j%*~• *~34*Mi;tj:3] 
J;)(@s11tff Q3 l'f{j,ffi)}fR ;J3/Tj£iJ!1**ici~$t□A ~}fit Iin ·Jj-jjlj~ !::tfytj~JM*~~B-Wc~~};iils{] 
~iliftlm D IOI ,EJX / fl] I02, ~1][ Iin ~5tWG!::tvtJ EBJiJrj£j:pjJJ(@i:rs1tff Q4,Q5 -9 Q3 BSR ~ !::t{vtl 
{~;Eo 

[001 0] )3/rj£~~JJ)(:A ~fl'%JEJJ)( 1 B{]:fi:rfufi/m!:'£ EB ~{Jiloil ~J)f[t)J I 1 ti~' 4- )3/rj£fiil ~1;%~ 

I 1 it ti::\ film~ :l:i!! ; ?fr j£ ~ ti& ffi* le~ ili B{] & ffl ~ ii I 01 ~~?fr~ ~ii~ I J B<J 1J[A.ftlm o 

[ oo 11] J3/Tj£ ~ Jrp ~ Ji!ir B"J ~ $3( 2 B"J *±-ili film t£ EB ~ ffi ic ~ 1liE ~ I 2 ~ ±il! , 4- 13/T j£ fi Ji ~ tt y)j I 2 

}fit ili ft/m * :1:tl! ; m j£ ~ ti & ffi * ic $tu ti::\ B"J & ffi ~ iliE I 02 * f tj JiJT j£ ~ ti tJ! I 2 Bf.J y)f[ A.ftlm o 
[0012J IAJ:E.W:lftt*;t§ !::~~. ,:zis:RSJJ BI.Jlf ~ft*frr :~ti::\ T ~,;yrftZ9J0 ~11tt&ffi*it'.l't{J~ 
:£.W:1Jri.it*Jt:'1:a11Jgj1J!uft£~J~lgfk~B<J$iftr 1--H ~1fit, t!Hffii$iftr W1 ~it B<J:::k + ir,'/J-=i1 {t£ffi P~l~ffi 
ff as fliiH :][ ~ 1m, ~ i1J ~Jtfr :m: fft t\i:itt or. r :iJfR 29] ef'.JJ 1tHj, x. fr$?: fft $)( ElX H_ili; H~ a1mr 0 ~ii~ 1t£ , 
~ F ~ -=n e~ ; rm Ji 1t£ HsJ~;jjgJ.:t. ~ x ~ t®J~ / ~ M 81.J ~ ffiU iliffl, /f~ Hfrl:Jl lf vz:* 1t£ J.:t. IS~~~ J.:t. ~ BS 
11:ijf[j~ / PlPB<J §Hilil'ciJ~ ; EB r{E\:lliP~lg£kff~ HI 11:. :it~ ti::\ ~yJrt~ HH#, l!lrm ic/lZ#~ 
~~~~B<J~0~~~~~0-'=5~lf~~*lli~~lliffffi~,*ffi,:zis:RSJJ~tl:\B'-JZ910~~ 
& wi * icJ§ B'-J {[£ ).:k p~)jjg).:t. ~fr~ fft fi:;;,flJ IW~~ a1 BI.J fft0 ~ t?iE 1:1t 1t£ r 1 µ A, Jl.lf:E.W:lf:it'81t£ J.:t. 
~~ f,~lli :g 3c PT !::UfJ B"J tt * tt ~ o 

[0013J ~too iYl SJI oo 1 ¾,:zt;:R SJJ t&ft£Mr~ Et!tt □11t£lli ~f,~lliff z ,Jt~~JIB;fftl m~$t~ 
tz;i~~oo ; 

002¾m~~m&ffl~ff6ott~~,JIB;~-~~~oo; 
003¾m~~m&ffl*ic6ott~~~~=~~~oo; 
004¾mj£tt~~~~~~~&ffl*ic6oB<J~•~~7F~OO; 
005¾J3/Tj£{jt~~~~~~lliff~ff61B'-J~~7F~00; 
006¾mj£tt~~~~~~mm62B<J~~7F~OOo 

[0014] Jl.{t*~7JA rffi, ~i5-~tOOJiJT?FZ 1Jt~*~11Ll:r1t~w1lJj£,:zjs:JzSJJ 0 

[0015J $1#.J oo 1 ~ 2, ,:zt;:;t ~ st 11t:izt~~1!itl ~¾, ~,frft;j;2z1att0 ~1fits{]ft£lli p~f~lliff, "E1 
t15*~:n3(:::k ~~ 10, 1lfu ti::\~~ 30, ~lli& ffl ~Ji!% 40 l0tH~ ~Ji!% 50 ;Ji)Tj£i:!R~JJ3(:::k ~i! 10 

i~~~~lli vref -'=5~lli&ffi~IEi 40 ~*Bf.J&ffi~lli vfb Z&mJJx:::k~~JiJT~$witl:\ ~ft% 30 

B"J~A.fllm ;?JT~~lli&ffl~ft% 40 ¾~4$witl:\ ~ft% 30 B"J~tl:\ ~lli vout &wi~~~JJX:A:~lE% 10 

~ ; JiJrj£ t H~ ~Rt 50 ~ =ti tEJiJrj£ ~& EY::::k ~ft% 1 o B<J !mu ti::\ ft/m llJ J3/Tj£ !mu ti::\ ~Rt 30 ${] !mu ti::\ film z 
l'sJ ;if"E1tr1i~1liE&ffl~ic 60 tu~Jrp~Ji!i 20, ~~Jrp~Ri 20 $~tE?fr~i:!R~JJY::::k~Ri 10 ~u 
$wit±:\~~ 30 zrs:1 dt~1rr ~R* 20 i4m~~~JJ3(:::k ~Rl 10 $!iu t6 ag ~lli:i1!:frft$EJX; l1J1El( 
~!zt:£.§!.J§~~!mtrtl:\ ~Ji!% 30 BS!mtrAfilm ;f)T~~11tt&wi~lc 60 l'tg!ftuA.fllm V1 ~AJifi~!mtrl±I ~~ 
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30 81~Aft/m, ~ifiE&ffl~le 60 B"J~tl::\1Jffi~JE&ffl~yj[ I 01 :fD 102 7f~IJJE~Jifij£~~B)(A~ 
fti 10 ;f□~}rp~fti 20 B1tl±if1Jim ;:':1§JifiJ£l~llifftElliftftBt,~&ffi~1J[ I01 ;f□ I02 j:~A,IJ!UJifi 
j£~~JJ)(A ~fti 10 ;f□ ~}rp ~fi!! 20 ~ g ~j:-Jhflrtif B1 ~JJ[ fil~JJLZ±~A, JArm"t,l~ T i~~~JJ)(A 
~ ft! 10 t□ ~ lrr ~ ft! 20 1'11 rifri1 fV :ttlt ; :':1§ JiJr J£ ffilli ff 7'J t£ ift ftBt , ,,~ ~ 1}rr. & ffl~ le 60 as & ffl 
~iii I 01 ;f□ I 02 ~/J,, Jifij£~~JJJlA ~ft! 10 ;f□~Jrp ~IE! 20 l'l"J*iih1Jffi:Z {ffiule ~yJ[@JJi/J,, {f;fij 
mJ£*ffilliffl'l1ffl~~fW~*~m~~o 
[0016] ~il-00 2,004 ~00 6 Jifi~,fjt~~JIBI1JUq:I~~ft**~ftt:B"JJ:}Jet:5tJ£!zCTr: 

Jifi J£ ~ ~ JJ!l A ~ ftt 1 o l't9 ~JJ!l 1 l't9 *tihfl!m ~~ El3 ~fffiu Ji ~it~ T 1 * tih, ep m J£ 1~ le ~ it 
~ I 1 B'Siiitl::\1Jffi~:ttE, Jt:1.=l::Aft/m.imrl~~ n3 i1*~~JJ)( 1 B"l:l:tf!.ft/m dt:fffiule rgtt~ I 1 ~~JJ)( 1 
~mfi¥*1'11ffile~m,~~~~ltE*lli~ffilliff~ft£iftft~~~Btfil~I~omJ£ 
&ffl~t,%~le 60 ~JEF!"J&ffl~ii% TOl ~¥JiJTJ£~ii%~ Tl flStl%Afl/mo 
[ 0017] m ii~ {''fl ~ ft! 20 B"J ~ JJ)( 2 61 ti tfuft/m ~~ El3 ~fffiu H ~ }Jffj)J I 2 tttfu' E!P m ;i£ {ffiu H ~ m 
~ I 2 ittl::\ft!m*tih, JtyJ[Aft/m.imrl~~ n2 i¥*¥~JJ)( 2 ITT±ihft/m, ~~JJ)( 2 ~1f¾fi¥:zf':ITT{Jimli 
~m,~~~~2tE*lli~ffiffi~~ft£iftft~~~Btffi~T~omJ£&ffl~m~il6O~ 
tl::\l'l"J&ffi~iii I 02 ~~Jifiii~iii~ I 2 B"lttAft/mo 
[001 sJ ~JJ!l 1 A~~BSCAff, Jtift~Aft/m~$~ ~~ vref' iEffiAft/m:imrl~ ~ n5 * ~f>ll 
R1, R2 tllm B"J ~fk.& ffl ~Rt 50 B'Sffi /--Ho ~Ji'x: 1 ~~ & ffl ~fk. Vfb 1=5 Vref B"J ~mitt if IAJ fPJ JJ'ZA 
;fijtl::\~~tstiE ~lli, ~J§~~i~~tstiE ~lli 1-½ifil~k~lrr ~~ 20 B1~n!l 2o ~ti!l 2 7'J~l'Pff, Jt 
~~~l~tl::\ITT~~~iE~llifilfi~lli~~.~~Bt&ey*filfi~lli~B~~~lli~~, 
~J§.imrl~~ nl ~ti::\ ¥~ti::\ ~fi!t 30 q:i~tl::\:r}J$Effif*~ Ql B'S;ffifr~o ~)J)( 2 B"J~tl::\]J~i)Jge; 
nt::Ut3!Il, t::t~:nJ 1 l'l{J~tl::l#IRZ9JZ9Jge:JJA~-1'~_,;;_iQi~l:J-t.~t1::1:rJJ$Effif*ir QI l'l"JtJJJH&~ 
4t,t::t~A, ~isc 2 l'l{JffiAflm*":t~4t, t::t~/J,, ~~~JJ!l 2 ism~ r iEnSC 11t*¥1RiJJA~·riiftft 
!'l{J·t~n£, AA~~ T J~JJ)( 1 B'S mi~Jnn[A]@gf'.JJ, rm ~)J)( 2 IE!*~ ~i)Jge;jJ rt:$'15£, #l!P {t~Z9J 
~ ti::\ :r}J ¥@ f*ir QI □1•t~ ~4t, 0'S'fgor. rJtjJi$n[A]@fil rt:~JJ)( 1 ·l'R:~-=f"ftr 0 

[0019J ~l±\rJJ$Effif*l'f QI *ffl PMos cP :@~~ - ~1--tAm:¥-~ft), Jt•t~~:iEJJSC 2 s"Jffi 
ti::\' i;i~*~i1! VIn' i~~~fl£ffipfH~ffi:gB':J~tl::\ vouto ~lli&ffl~fi!! 50 El3%lli~Pll R1 S2 fl=t 
fi¼,)[4J. vout o"J~lli~r!::iJtl&ffl~~:n!{ 1 miE~Aftiffio El300 2 ey~Q,~JJ!l 1 m~tb~lli1tf-t.1=5 
11£ lli p~ ~~ lli ff ITT~ ti::\ v out 81 ~ lli ~ 1-t ~ IA] fPJ * * , ~JJ)( 2 B':J ~ ti::\ ~ lli ~ {t 1=5 ~ti'x: 1 ITT~ l±\ 
~EE1E{t~[P] IPJ **, rm~l±\:r}J$s1{ti'f Ql 1'111JHR~lli~{-t.1=5ffitR ~lli1E{t~& IPJ **' 
i1 i~ {!£ lli r$ li lli ff ITT ~lli & ~ :Ef Jl4t 7'J 1ft & ffi, 11£ lli r$1i lli ff Fie:~ Bt tst iE ~~ti::\ ~lli v cut, ft 
:fij$tutl::\ ~lli vout f~N1=5$~~lli vref 'tlUEB'S~llirtfJti*~ 0 

[0020J ~~~t1::1:rJJ$Effi1*i'r Ql 1'11R~Witl'l1t::tt1:;c. IE!rm~Mge::tJ1!B£, 1re1ijxitif!ftj'g 
_ffi:iftft Ciftft ~PH RL PH fil/J, )ili~t£if!ft (1ft ft ~Pll RL Pll filA)' !fu4j l±\ ~lli vout :hl]{~rr£*'f!! 
' 'CC!-¥-~~+-+---;E, 17(_::s=:-'t" ~ _A~_/\,_ 0 

[0021] ~ffif.&~~le 60 .imrl~~ nl **~tl::\:r}J$s1fti'r QI ITT$t~~lli, *~~~lli~~ 
7'J ~iii, Jt~~xmtl::\ ~yj[ I 02 .imrl~~ n2 ~m~~JJ)( 2 B"Jiihftw, !h~mtmtl::\ ~it I 01 illrl~ 
~ n3 M:tt~~:n!l 1 l'l"J:tihfllmo :'3i~f~llipfH~lliffl'l{]iftft~_ffi:tB, $tul±\ ~lli vout ~~~f~, ill 
rl~lliif! & ffl:Ef fti1t1ij:r}J ¥Effit*ir Ql B':J;ffifr ~lli~fl£, [P] BtJjJ$ fill ft if Ql B':J~ ti::\ ~it:t~A, 
tl~\Jtumtl::I ~lli vout ~{!£, [P]BtlEJ:r}J$Effit*tf Ql s{J.i,JJ};f~~ffi~{l£, ~1Jit&ffl~lel'l1mt1::1 ~iii~ 
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A,~~ T iEJJJ'.: 1 ;fOiEJJJ'.: 2 Bt{ilc~ti, /Arm~~ T iEtiJ: 1 ;fOiEJJJ'.: 2 atufPJ@i!Bt, ~,t-*~JEB{J 
UfPJJwi!BtiEJlzJ~tm TO &z, 3i~11£IEPiliIE:ffs{]:ffiJ&~$£a1' J}J$s11ttr Ql Btffilt ~IE~ 
~, ~lfiE&ffl~lcB{J~tfj ~iliE~+, i4tiEJJJ'.: 1 fOiEJJJ'.: 2 B"Jfffielc ~1fit~/J,, ~,t--~UJEl'l"J1~tf:l'I"J 
wf ~ ~ii~ /J, , JA rm ~fllt T 11£ EEJilg IE :ff fr _m fft ~ a1 U[PJ @:11& ·~, fr$£ fft ~ a1JW~ ~ it,f 1£ , 
lix ~ j:~ nn 11£ IE pfUilli:ff Bt N iM ft/m □ 0 ~ ti & ffi~lc B"J :fJn A, 1t~ f 1££[ ~;j:gif :ff eJE =p §~X., 
~~j, tE-,fipfijJ'j'L~~j~jco 

[0022] 00 3 i::p ~p]. R3 fO ~~ C2 ~JJx-#1gJE'fi~H~ ~JE:g, 40, ~~ C2 s{J-!llffltt~tf::\ ~IE 
V0 ut, :!H-ft/mB:~Pll R3 , ~Pll R3 R"J:!h-ft/mii.d~~ n4 B:iEJJY: 1 f!{]~t±:1 o ~Pll R3 ;fO ~~ C2 fl{] 

1'1= ffl ¾fr*~JE_m:ffi_ ~01~H~iEJJJ'.: 1 B"1$mi 1±1 tli,8, ft1ijiEJJJ'.: 1 ITT$mi ili t&,8 ${]$mi tf:HJi,81-J ~ 
lx~ tlz §,, IAJ a1t&,8 gfr EB ~~ cl fO ~Pli Re-s ~ fflG BJ.J ~ B ~tili:, lit§ ~ili: ITT fR,8f0~ B ~ nx; 
fl:l§tlz~, fr~Pi~l'tg{tffl 1i;f;Fltf£¥~ 0 ~~ cl 1-J~l±I ~IE vout Rt~5E ~~. IA] a1 JZ_ 1t*~}Eflg::i_:;t& 
,8gfr4fluW~J1, ~pJl Re-s 1-J ~4t- cl B"J~~j$mc~fi]., ~Pli Re--s )f0~4t- cl ~IAJ~lin\G~tuw ~II 
~g}E~~o ~p]. RL 7-JJD_~o 

[0023J iJ$-i'ij ~ 4 JtJr~, 1-J*L>t~~ ~ 3 i::p ~1Jit&ffi*lc 60 s{J-#~fJJt:r}J§~m~ 0 ~ti& 
ffl~lc 60 'E1t15Mtfl35t~lc :-tfl35t~lc1-J~lli / ~ifit~t~:ff 6LJl=i4fJA~ti&ffi~it:B"Jftlm 
D VI BJ.J~fu~j~7'J~1Jit I 0 3f:ffltrl±\~:1'J-tfl3?J\.*_'ii~;t,1t.fit 62 ;~1J1tfit 61 i4f:ffltrA~¥;1t Iin ~ 

ft1J#~%Wc#?J\.'j}1J~1--H~~111E&ffi*lc 60 ITTft/m D I 01 ,'fO 102 0 

~~ ~$-00005m~.~*L>t~003i::p~m:;~m~~:ff6os{]-#A~~~~~~ 
A, Jl=EBMTJG{'=tfJl)Jx;: ~l,IJi R4 fO PMOS tr Qzo ~l)Ji R4 BJ.J-ft/mB:~tJ,~ VIn' :jj-fr/mB: PMQS tr 
Q2 BJ.J~;t&, PMOS ~ Q2 BtffithtfO~;f&5t'j}1Jtt~lli / ~Jfit~t~:ffBI.Jft/mD Y1 ;fO I 0 0 ~p]. R4 fE3 
P~¥11t*Ji s{_J:r}J §~, fr PMOS ff Q2 l't{]}ffeiifR ~¥;1t t:~~/J\ a1, ~1311 R4 J1 ']7::fn:g{1p]=§,PT~311: ~ tt 
i4fJt,mllltr, Jlta1 PMOS ff Q2 ITTIHli~iliEEBA~~ gm2 lR:5E, ~tli~01E Id2 = gm2*Vgs2 , Vgs2 1-J 
PMOS ~ Q2 Bf.Jffl~ ~IE~ :# PMOS ~ Q2 st1i\f&~JlitttW1:a1, ~Pli R; jEQfLlfft&ffisf.J{tffl, rls! 
f!iLl PMOS tr Q2 of.JiftiH:&~1Jrf.01ti*, Jlta1 PMOS tr Q2 □11iit~ ~)Jrf. EBA~~ Gm2 i'R:JE, Gm2 IJ{_J 051: 
7'J : 

gm2 
Grm. i::::l -------

1 + (gm2+ gmb2) ;+= R+ 

gmb2 A PMOS ff Q2 Et~~;t&1=5lt~Bf.J~~ 
it PMOS ~ Q2 BSi~fR~}Jrf. Id2 = Gm2*Vgs2 , EBr R4 Bt:fJOA, fffij PMOS ~ Q2 frA~iia1 

gm2 xt¥ffitlz ~ilrf.BJ.J 1tffliBl~§.i it, r~ OUT 1il*li ~tn.3crtU~1:, iH~r!z f!iLl T ~EE I ~1Jittt=:t~:ff ff{] 
~A~l±I ~1fito ~1±1 ~01E Io=-Id2, Ji)Tla PMOS ~ Q2 ITTffit~~Bs:~11£81' ~1±1 ~ti Io ~A ;DZ. 
z!J!U&zo 
[0025J i'/f~I~ 00 6 Pfi~, 1-J *L>t ~ 00 4 c:p ~Jfitiit 62 sJ.J-;frpjl.,ft ~IE!~~7J 51:, Jt1:11:tt:n: 
14 :NMOS ~ Q3'Q4 ,Q5 0 NMOS ~ Q3 ~x~in.titBI.JftJffl D Ii11 B"J~A~ii, #ii.uEB NMOS ~ Q4 ,Q5 

rB. nx; 011it-ft* Ki~ ~ ii 5t jjlJ =&- ;E rt 1:l7u ~ ia * fl ?J'-Wc ~ ~ in. 1it st~ 1±1 ftlm □ r 01 fo r 02, ~ in. 
~%We t:t 19'tl EB NMOS tr Q4 fo Q5 1=5 Q2. 8<J R -t t:t 1Jtl tk 5E o 00 + ~ tlF ~ tfj M lEi~ 1±1 ~ )fit !'r'J 'tR m., 
fi<ffl*L>t ~, ffitb-IEi~M ~121,_t ~tn. fil¾ PT~ Bf.J d~I i::p R 1tffl T l'j'L,t- MOS *ftHt ~in.tit, 
1i<ffl*L>t~, 1~ir-J;}-&it ft\(; MOS tJ1ltJcl'tg~:i:t*fliU1t F!'.!ti'ma J3:®t:g~ r*~iLl B"11~H?m~ o 

[ 0026 J $-~ oo 1 fo 3 , * L>t ~ l'r'01Jt~ ~ h~ ¥u = 1=j ~ ¥u - Pfi ::f 1AJ £~fr r, J5Jf jj~-t1z 1i mr~ ~ 
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11it sq 11£ & ~ ~~ & cg i=p & :1Hl 1rr cg 2 o , ~~jJit & ~~Ji 60 sq trntr A.fliffl v I tt AM J2E tmtr t1::1 ~ JjI~ 3 o sq 
!muA.ft#&, ep i~ ~flit& ffi~jc 60 ~$tu 1±\ ~fl!% 30 !mtrABq ~lli V1 ~t#!:)J½ ~t1E I 01 & ffifljP,Jrj£i~ 
~ t~::k ~fl!% 10 ITT tt tihflml , 3 m J2E ~~lli cgtE~ in~ a1, i~ & ffi ~ t1E Io1 j:t ::k, IJ!IJ Jifij£ ~ ~ JJ~ ::k 
~gi 10 ttti!!.iz!msq ~t1E1fIJntz:Jw::k, ewrm~~ Ti~i~~n~::k ~it 10 ri[Pj@~li ;3JifiJ2E~~llicg 
A$£fft ~a1, i~~1Jif.&ffi~ic 60 sq&ffi ~t1E Io1 1t/J\, JiJrJ2E~~n~::k ~fl!% 10 ITT14Uihil#fz 1ffea 
Ji ~11itm;mx+, {tJ~JifiJ2E1f£~~llicgs{Jf~$r:~rM~1f£ ~1JE~~o 
[0027] *1JU l=f ~i,1E& ffi~Ji 60 ITT~* ~i%:l:)JpJ *ffl ~wu~i=p ITT7J~, J=!.JE ~t1EtJi 62 J=!. 
1iffl T -'¥1-~ MOS **Hi ~i1Et1UPAJ, ~xtxtr*ttE*®l:hiiff'Jffilit117KAfft ~~~)JH!fyti~JE 
1~~ rm JJJ m ITT, JJ:t~~·~J2E a 
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Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees) 

Microchip EX2005, p. 215
Aptiv v. Microchip

IPR2024-00646



Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

103693 

1 
Information Disclosure Statement (IDS) 

IDS_225441.pdf no 3 
Form (SB08) 

e 1f93a2ee36727d5bb434c1 cl 70c3783450 
8ee6f 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

687512 

2 Foreign Reference CN101419477A_225441.pdf no 16 
2a48ba d3 91 e Sa65 2 7a09990686 72 9e54e2 

6164a 

Warnings: 

Information: 

701642 

3 Foreign Reference CN 101853040A_225441.pdf no 14 
a68aef4c8b69eced 672a4e6988886c2a916 

4403 

Warnings: 

Information: 

1053025 

4 Foreign Reference CN 102915061 A_225441.pdf no 16 
1 edc21f6ad2f0278c8680d06826e2f7ca054 

d0a4 

Warnings: 

Information: 

6247313 

5 
Other Reference-Patent/ App/Search 

CNOA_225441.pdf no 9 
documents 

ea630a02621970e21ddfe6e00fc58d15Sf45 
ae8e 

Warnings: 

Information: 

31073 

6 Fee Worksheet (SB06) fee-info.pdf no 2 
cb4b3f499b75Safcae06224bb09f1 7e5e6a0 

6Sf5 

Warnings: 

Microchip EX2005, p. 216
Aptiv v. Microchip

IPR2024-00646



Information: 

Total Files Size (in bytes)~ 8824258 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
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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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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 
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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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 

Microchip EX2005, p. 217
Aptiv v. Microchip

IPR2024-00646



UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

14/204,0ll 03/11/2014 HuaminZhou 

86528 7590 08/11/2016 
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ART UNIT PAPER NUMBER 

2838 

NOTIFICATION DATE DELIVERY MODE 

08/11/2016 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 
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Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
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Supplemental 
Notice of Allowability 

Application No. 
14/204,011 
Examiner 
JUE ZHANG 

Applicant(s) 
ZHOU ET AL. 
Art Unit 
2838 

AIA (First Inventor to File) 
Status 

No 

-- The MAILING DA TE 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. 1:8] This communication is responsive to IDS filed on 08/04/2016. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

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

3. 1:8] The allowed claim(s) is/are 1-4 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 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

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

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D 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. D Notice of References Cited (PTO-892) 

2. 1:8] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D 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) 
20160807 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

7. D Other __ . 
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J. 101419477 A 04-29-09 CN (w/ abstract & translation) G05F 1/56 X 
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DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE 
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No corresponding Engl sh translation 
of the item R submitted with this IDS. 

T. 

EXAMINER DATE CONSIDERED 
iJue Zhang/ 08/07/2016 

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. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.Z./ 
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Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. 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 I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

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 
papers. Each additional paper, such as an assignment or formal drawing, must 
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401 Congress A venue 
Suite 1900 
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APPLICATION NO. FILING DATE 
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Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

Todd Rosson (Depositor's name) 

/Todd Rosson/ (Signature) 

September 21, 2016 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

HuaminZhou 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 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

ZHANG,JUE 2838 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 
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323-280000 

2. For printing on the patent front page, list 

(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
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registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 
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Slayden Grubert Beard PLLC 

2 ______________ _ 

3 ______________ _ 

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) 

MICROCHIP TECHNOLOGY INCORPORATED CHANDLER, ARIZONA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual Ill Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The director is hereby authorized to charge the required fee( s ), any deficiency, or credits any 
overpayment, to Deposit Account Number 50-6736 ( enclose an extra copy of this form). 

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. 

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. 

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. 

AuthorizedSignature /Andreas H. Grubert/ 

Typed or printed name Andreas H. Grube rt 
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Filer Authorized By: Eric M. Grabski 

Attorney Docket Number: 68354.225441 

Receipt Date: 21-SEP-2016 
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Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees) 
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File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 
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Post Card, as described in MPEP 503. 
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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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

The Patent Term Adjustment is 104 day(s). Any patent to issue from the above-identified application will 
include an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Microchip Technology Incorporated, Chandler, AZ 
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The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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