
UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER FILING OR 371(C) DATE 

17/537,694 11/30/2021 

23494 
TEXAS INSTRUMENTS INCORPORATED 

P O  BOX 655474, MS 3999 
DALLAS, TX 75265 

UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Xianghao Meng T100303US01 

CONFIRMATION NO. 7351 

PUBLICATION NOTICE 

11111111111111 111111111111111 11111111111111111111111 1111111111 11111 11111 1111111111 11111 111111111 111 111111 
*OC000000057739596*

Date Mailed: 06/02/2023 

Title:LIGHT-EMITTING DIODE (LED) DRIVER SYSTEM WITH SLEW-RATE CONTROL 

Publication No.US-2023-0171864-A 1 

Publication Date:06/01 /2023 

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 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, 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 https://portal.uspto.gov/pair/ 
PublicPair. Prior to publication, such status information is confidential and may only be obtained by applicant 

using the private side of PAIR. 

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

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

page 1 of 1 

EXHIBIT 1002



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. 

17/537,694 

TEXAS INSTRUMENTS INCORPORATED 

P O  BOX 655474, MS 3999 

DALLAS, TX 75265 

ISSUE DATE 

16-MAY-23

UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 

Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 

Alexandria, VA 22313-1450 

www.uspto.gov 

PATENT NO. 

11653432 

EGRANT NOTIFICATION 

Your electronic patent grant ( eGrant) is now available, which can be accessed via Patent Center 
at https://patentcenter.uspto.gov 

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more 
information, please visit https://www.uspto.gov/electronicgrants 



UNITED STATES PA TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

17/537,694 05/16/2023 

23494 7590 04/26/2023 

TEXAS INSTRUMENTS IN CORPORA TED 
P O  BOX 655474, MS 3999 
DALLAS, TX 75265 

PATENT NO. 

11653432 

UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 

Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

Tl00303US01 

CONFIRMATION NO. 

7351 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. The patent will issue electronically. The 

electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed 

on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in 

both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent, 

or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197. 

The USPTO is implementing electronic patent issuance with a transition period, during which period the 

USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of 

record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the 

USPTO's Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center 

may be reached at (800)972-6382. 

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 O 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 Patents Stakeholder Experience (OPSE), 

Stakeholder Support Division (SSD) at (571)-272-4200. 

IR103 (Rev. 10/09) 



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

Xianghao Meng, SHANGHAI, CHINA; 

Shangquan Liang, SHANGHAI, CHINA; 

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

TEXAS INSTRUMENTS IN CORPORA TED, Dallas, TX 

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. 

IR103 (Rev. 10/09) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

17/537,694 11/30/2021 

23494 7590 04/13/2023 

TEXAS INSTRUMENTS INCORPORATED 

P O  BOX 655474, MS 3999 
DALLAS, TX 75265 

FIRST NAMED INVENTOR 

Xianghao Meng 

UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 

Address: COMMISSIONER FOR PATENTS 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

T100303US01 

CONFIRMATION NO. 

7351 

EXAMINER 

VU,JIMMYT 

ART UNIT PAPER NUMBER 

2844 

NOTIFICATION DATE DELIVERY MODE 

04/13/2023 ELECTRONIC 

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

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 

following e-mail address(es): 

uspto@ti.com 

PTOL-90A (Rev. 04/07) 



Response to Rule 312 Communication 

Application No. 

17/537,694 

Examiner 

JIMMYTVU 

Applicant(s) 

Meng et al. 

Art Unit AIA (FITF) Status 

2844 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

1. �The amendment filed on 28 March 2023 under 37 CFR 1.312 has been considered, and has been:
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I N  THE UNI TED S TATES PATENT AND TRADEMARK OF F ICE 

17/537,694 7351 

Xianghao Meng 2844 

November 30, 2021 Jimmy T. Vu 

Tl00303US01 23494 

LIGHT-EMITTING DIODE (LED) DRIVER SYSTEM WITH 
SLEW-RATE CONTROL 

AMENDMENT AFTER NOTICE OF ALLOWANCE (RULE 312) 

Mail Stop Issue Fee 

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

Dear Examiner: 

VIAEF S 

DATE SENT: March 28 , 2023 

Prior to issuance of a patent for the instant application, please amend the application as 

follows: 

Amendments to the C laims begins on page 2 of this paper. 

Re marks begin on page7 of this paper. 
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Response to NOA dated: January 20, 2023 

AMENDMENTS TO THE CLAIMS 

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

1. (Original) A light-emitting diode (LED) driver system comprising: 

an error amplifier configured to compare an input voltage with a reference voltage to 

generate a control voltage; and 

an amplifier output stage configured to control an output current through a first current 

path and a shunt current through a second current path based on the control voltage, the amplifier 

output stage comprising a slew-rate controller configured to control a slew-rate of the shunt 

current, the shunt current provided through a shunt resistor in the second current path and added 

to the output current to provide a total current through an LED string. 

2. (Original) The system of claim 1, further comprising:

a first power transistor configured to conduct the output current in the first current path

based on a first transistor input voltage; and 

a second power transistor configured to conduct the shunt current in the second current 

path based on a second transistor input voltage. 

3. (Original) The system of claim 2, wherein the amplifier output stage comprises:

a first control transistor configured to conduct a first control current based on the control

voltage to generate the first transistor input voltage; and 

a second control transistor configured to conduct a second control current based on the 

control voltage to generate the second transistor input voltage. 

4. (Original) The system of claim 3, wherein the slew-rate controller is configured to 

conduct an offset current in parallel with the second control current to generate the second 

transistor input voltage, the offset current increasing at the slew-rate. 
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5. 

6. 

(Original) The system of claim 4, wherein the slew-rate controller comprises: 

a charging current generator configured to generate a charging current; 

a charging capacitor that is charged by a charging current to generate a charging voltage; 

a current mirror configured to conduct the offset current based on the charging voltage. 

(Original) The system of claim 1, wherein the amplifier output stage is configured to 

increase an amplitude of the shunt current and decrease an amplitude of the output current as the 

supply voltage increases. 

7. (Original) The system of claim 1, wherein the slew-rate controller comprises a 

charging capacitor having a capacitance that defines the slew-rate of the shunt current. 

8. (Original) The system of claim 7, further comprising a power transistor configured to 

conduct the shunt current in the second current path based on a transistor input voltage, wherein 

the charging capacitor is configured to generate a charging voltage to control an amplitude of an 

offset current via a current mirror, wherein the offset current is configured to control the 

transistor input voltage. 

9. (Original) The system of claim 8, wherein the amplifier output stage comprises a 

control transistor that is controlled by the control voltage, wherein the control transistor is 

coupled to an input of the power transistor to set an initial amplitude of the transistor input 

voltage, wherein the offset current is subtracted from the initial amplitude to control the power 

transistor based on the slew-rate. 

10. 

1. 

11. 

(Original) 

(Original) 

An integrated circuit (IC) chip comprising the LED driver system of claim 

A light-emitting diode (LED) system comprising: 

an error amplifier configured to compare an input voltage with a reference voltage to 

generate a control voltage; and 
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an amplifier output stage configured to control an output current through a first current 

path and a shunt current through a second current path based on the control voltage, the amplifier 

output stage comprising a slew-rate controller configured to control a slew-rate of the shunt 

current; 

a shunt resistor in the second current path to conduct the shunt current; and 

an LED string arranged at an output of the first current path and the second current path 

to illuminate in response to a total current comprising a sum of the output current and the shunt 

current. 

12. (Original) The system of claim 11, wherein the slew-rate controller comprises a 

charging capacitor having a capacitance that defines the slew-rate of the shunt current. 

13. (Original) The system of claim 12, further comprising a power transistor configured 

to conduct the shunt current in the second current path based on a transistor input voltage, 

wherein the charging capacitor is configured to generate a charging voltage to control an 

amplitude of an offset current via a current mirror, wherein the offset current is configured to 

control the transistor input voltage. 

14. (Original) The system of claim 13, wherein the amplifier output stage comprises a 

control transistor that is controlled by the control voltage, wherein the control transistor is 

coupled to an input of the power transistor to set an initial amplitude of the transistor input 

voltage, wherein the offset current is subtracted from the initial amplitude to control the power 

transistor based on the slew-rate. 

15. (Original) The system of claim 11, further comprising:

a first power transistor configured to conduct the output current in the first current path

based on a first transistor input voltage; and 

a second power transistor configured to conduct the shunt current in the second current 

path based on a second transistor input voltage; 

wherein the amplifier output stage comprises: 
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a first control transistor configured to conduct a first control current based on the control 

voltage to generate the first transistor input voltage; and 

a second control transistor configured to conduct a second control current based on the 

control voltage to generate the second transistor input voltage, wherein the slew-rate controller is 

configured to conduct an offset current in parallel with the second control current to generate the 

second transistor input voltage, the offset current increasing at the slew-rate. 

16. (Currently Amended) A light-emitting diode (LED) driver system comprising:

a first power transistor comprising an input and an output coupled to receive an LED

string and a shunt resistor; 

a second power transistor comprising an input and an output coupled to receive the shunt 

resistor; 

an error amplifier comprising a first input to receive an input voltage, a second input to 

receive a reference voltage, and an output to provide a control voltage; and 

an amplifier output stage comprising an input coupled to the output of the error amplifier, 

a first output coupled to the input of the first power transistor, and a second output coupled to the 

input of the second power transistor, the amplifier output stage comprising a slew-rate controller, 

the slew-rate controller comprising an output coupled to the input of the second power transistor. 

17. (Original) The system of claim 16, wherein the amplifier output stage is configured 

to control an amplitude of an output current through a first current path that includes the LED 

string and a shunt current through a second current path that includes the shunt resistor based on 

the control voltage. 

18. (Original) The system of claim 17, wherein the slew-rate controller comprises a 

charging capacitor having a capacitance that defines the slew-rate of the shunt current. 

19. (Original) The system of claim 18, further comprising a power transistor configured 

to conduct the shunt current in the second current path based on a transistor input voltage, 

wherein the charging capacitor is configured to generate a charging voltage to control an 
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amplitude of an offset current via a current mirror, wherein the offset current is configured to 

control the transistor input voltage. 

20. (Original) The system of claim 19, wherein the amplifier output stage comprises a 

control transistor that is controlled by the control voltage, wherein the control transistor is 

coupled to an input of the power transistor to set an initial amplitude of the transistor input 

voltage, wherein the offset current is subtracted from the initial amplitude to control the power 

transistor based on the slew-rate. 
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REMARKS 

Response to NOA dated: January 20, 2023 

Applicant has amended claim 16 for clarity. No new matter has been added by way 

of this Amendment. Applicant respectfully requests entry of this Amendment pursuant to 37 C.F.R. 

§ 1.312.

Authorization 

No fee is believed to be due for this submission. However, the Commissioner is hereby 

authorized to charge any fees or credit any overpayments related to this Response to Deposit 

Account No. 20-0668. 

Date: March 28, 2023 

Respectfully submitted: 

By: /Charles F. Koch/ 

Charles F. Koch 
Reg. No. 58,669 

TEXAS INSTRUMENTS INCORPORATED 
P.O. Box 655474, M/S 3999 
Dallas, Texas 75265 
Telephone: (214) 567-5251 
Facsimile: (214) 567-2228 
Email: c-koch@ti.com 
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A properly executed inventor's oath to declaration has not been received for the following inventor(s): 

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received 

an informational notice regarding deficiencies therein. 
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7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,

or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility

to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
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Notice of Allowability 

Application No. 
17/537,694 
Examiner 
JIMMYTVU 

Applicant(s) 
Meng etal. 
Art Unit 
2844 I AIA (FITF) Status 

Yes 

-- 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. 

1.0 This communication is responsive to 11/30/2021. 
DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 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. 

3.0 The allowed claim(s) is/are 1-20 . 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.

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

a) □All b) 0 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. 

5.0 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). 

6.0 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. 0 Notice of References Cited (PT0-892)
2.0 Information Disclosure Statements (PTO/SB/08),

Paper No./Mail Date . 

5. 0 Examiner's Amendment/Comment
6. 0 Examiner's Statement of Reasons for Allowance

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PT0-413), 
Paper No./Mail Date. __ . 

/JIMMY T VU/ 
Primary Examiner, Art Unit 2844 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20221231 
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The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Examiner's Comment 

This Office Action is in response to the Applicant's Communication filed on 11/30/2021. 

In virtue of the communication: 

Claims 1-20 are present in the instant application. 

Examiner's Statement of Reasons for Allowance 

Claims 1-20 are allowed. 

The primary reasons for the allowance of the claims are in the inclusion of the 

limitation(s): 

" . . .  a light-emitting diode (LED) driver system comprising: an error amplifier configured 

to compare an input voltage with a reference voltage to generate a control voltage; and an 

amplifier output stage configured to control an output current through a first current path and a 

shunt current through a second current path based on the control voltage, the amplifier output 

stage comprising a slew-rate controller configured to control a slew-rate of the shunt current, 

the shunt current provided through a shunt resistor in the second current path and added to the 

output current to provide a total current through an LED string" and combination thereof, in the 

claim(s), i.e., claim 1, (claims 2-10 are allowed as being dependent on claim 1), 

" . . .  a light-emitting diode (LED) system comprising: an error amplifier configured to 

compare an input voltage with a reference voltage to generate a control voltage; and an 
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amplifier output stage configured to control an output current through a first current path and a 

shunt current through a second current path based on the control voltage, the amplifier output 

stage comprising a slew-rate controller configured to control a slew-rate of the shunt current; a 

shunt resistor in the second current path to conduct the shunt current; and an LED string 

arranged at an output of the first current path and the second current path to illuminate in 

response to a total current comprising a sum of the output current and the shunt current" and 

combination thereof, in the claim(s), i.e., claim 11, (claims 12-15 are allowed as being dependent 

on claim 11), and 

" . . .  a light-emitting diode (LED) driver system comprising: a first power transistor 

comprising an input and an output coupled to receive an LED string and a shunt resistor; a 

second power transistor comprising an input and an output coupled to receive the shunt resistor; 

an error amplifier comprising a first input to receive an input voltage, a second input to receive 

a reference voltage, and an output to provide a control voltage; and an amplifier output stage 

comprising an input coupled to the output of the error amplifier, a first output coupled to the 

input of the first power transistor, and a second output coupled to the input of the second power 

transistor, the amplifier output stage comprising a slew-rate controller, the slew-rate controller 

comprising an output coupled to the input of the second power transistor" and combination 

thereof, in the claim(s), i.e., claim 16, (claims 17-20 are allowed as being dependent on claim 

16), which are not found in the prior art references. 

The prior art made of record and relied upon is considered pertinent to applicant's 

disclosure. The best consider with this application can be filed in Cleveland (U.S. Patent 

9,882,497 B2) and Elo (U.S. Pub. 2017/0359866 Al). 
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Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Inquiry 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JIMMY T VU whose telephone number is (571) 272-1832. The 

examiner can normally be reached on 9:00 AM - 6:00 PM. 

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

supervisor, Alexander H. Taningco can be reached on (571) 272-8048. The fax phone numbers 

for the organization where this application or proceeding is assigned are (571) 273-8300. 

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

should be directed to the receptionist whose telephone number is (571) 272-2800. 

/JIMMYTVU/ 
Primary Examiner, Art Unit 2844 
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JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2022/12/31 
09:27 PM 

2022/12/31 
09:30 PM 

2022/12/31 
09:33 PM 

2022/12/31 
09:33 PM 

2022/12/31 
09:34 PM 

2022/12/31 
09:34 PM 

2022/12/31 
09:34 PM 
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8IH05B47/10).cpc. 

L15 18 14 AND @ad<= 
"20211130" 

L16 375 ("3746918" "3832503" 
"3909670" "3958885" 
"3974637" "4082395" 
"4298869" "4329625" 
"4367464" "4388567" 
"4388589" "4420711" 
"4625152" "4647217" 
"4656398" "4687340" 
"4688154" "4705406" 
"4707141" "4727289" 
"4771274" "4780621" 
"4818072" "4845481" 
"4845745" "4877034" 
"4884133" "4887074" 
"4898175" "4930504" 
"4965561" "5007408" 
"5008595" "5024236" 
"5083063" "5128595" 
"5282121" "5294865" 
"5350977" "5353786" 
"5357170" "5371618" 
"5374876" "5634711" 
"5665100" "5807261" 
"5963333" "6026323" 
"6128525" "6139175" 
"6254264" "6468204" 
"6626824" "6646541" 
"6702734" 
6821245").pn. OR 

("7308296").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

L17 0 16 AND ((slew$3 near3 
rate) WITH control$4) 

L18 1 16 AND 
((transist$4Iswitch$3) 
WITH first WITH 
second WITH amplif$4) 

12/31/2022 10:34:09 PM 

Workspace: 7537694 - LED driver with slew-rate control 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PG PUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2022/12/31 
09:35 PM 

2022/12/31 
09:36 PM 

2022/12/31 
09:36 PM 

2022/12/31 
09:37 PM 
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L19 78 ("6304066" "6720745" 

"6847169" "7218168" 

"7308296" "7362131" 

"7733034" "7919925" 

"8045066" "8212608" 

"8362639" "8441382" 

"8618867" "871081 O" 

"8810153" "8890429" 

"8890737" "9220139" 

"9307590" "9392661" 

"9407268" "9419636" 

"9450595" "9451664" 

"9500678" "9531265" 

"9541933" "9548752" 

"9660590" "9698806" 

"9733282" "9735797" 

"9810723" "9960675" 

"9970994" "9979385" 

"10003349 I 
10048714" 

"10248150" 

"10284215" 

"20020125872" 

"20060181305" 

"20070030055" 

"20070188759" 

"20080084196" 

"20100045368" 

"20100085025" 

"20100106231" 

"20100148735" 

"20100194443" 

"20100277239" 

"20110254828" 

"20120161728" 

"20120268026" 

"20120280667" 

"20130049611" 

"20130221940" 

"20130271095" 

"2014005511 O" 

"20140070876" 

"20140152362" 

"20140266832" 

"20150069995" 

"20160066371" 

"20170030947" 

"20170033688" 

"20170070149" 

"20170127488" 

"20170237345" 

"20170272089" 

"20170316834" 

"20180248558" 

12/31/2022 10:34:09 PM 

Workspace: 7537694 - LED driver with slew-rate control 

GB, JP, KR, OA, RU, 

SU, WO); FPRS; EPO; 

JPO; DERWENT; 

IBM_TDB) 

(US-PG PUB; USPAT; 

USOCR) 

OR ON ON 2022/12/31 

09:37 PM 
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"20180259988" I 
"20180348806" I 
"20190025865" I 
"20190140632" I 
"20190208589" I 
"20200127564").pn. OR 
("11043897").urpn. 
AND (PGPB I USPT I 
USOC).dbnm. 

L20 3 19 AND ((slew$3 near3 
rate) WITH control$4) 

L21 446440 ((light$3 nears 
emit$4)ILED$1) SAME 
((transist$4Iswitch$3) 
WITH first WITH 
second) 

L22 77 21 AND (amplif$4 WITH 
(slew$3 near3 rate) 
WITH control$4) 

L23 9 22 AND 
(H0SB45/30IH0SB45/34 
IH0SB45/345IH0SB45/4 
8IH0SB47/10).cpc. 

L24 6 ("8008953" I "8884866" 
I "20080133802" I 
"20090307381" I 
"20130127924").pn. OR 
("9713218").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

L25 5899 ((light$3 nears 
emit$4)ILED$1) SAME 
((transist$4Iswitch$3) 
WITH shunt$3 WITH 
resist$4) 

12/31/2022 10:34:09 PM 

Workspace: 7537694 - LED driver with slew-rate control 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PG PUB; USPAT; 
USOCR) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2022/12/31 
09:37 PM 

2022/12/31 
09:39 PM 

2022/12/31 
09:39 PM 

2022/12/31 
09:40 PM 

2022/12/31 
09:54 PM 

2022/12/31 
09:55 PM 
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L26 167 ((light$3 nears 
emit$4)ILED$1) SAME 
((transist$4Iswitch$3) 
WITH shunt$3 WITH 
resist$4) SAME (error 
nears amplif$4) 

L27 0 ((light$3 nears 
emit$4)ILED$1) SAME 
((transist$4Iswitch$3) 
WITH shunt$3 WITH 
resist$4) SAME (error 
nears amplif$4) SAME 
(slew$3 near3 rate) 

L28 33 26 AND 
(H0SB45/30IH0SB45/34 
IH0SB45/345IH0SB45/4 
8IH0SB47/10).cpc. 

L29 33 28 AND@ad <= 
"20211130" 

L30 8 ((light$3ILED$1) AND 
((slew$3 near3 rate) 
WITH control$4)).ti. 

L31 2 26 AND (slew$3 near3 
rate) 

L32 27259 ((("TEXAS") near3 
("INSTRUMENTS") 
near3 
("INCORPORATED"))). 
AS,AANM. 

L33 68 32 AND (light$3ILED$1) 
AND ((slew$3 near3 
rate) WITH control$4) 

12/31/2022 10:34:09 PM 

Workspace: 7537694 - LED driver with slew-rate control 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(USPAT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2022/12/31 
09:56 PM 

2022/12/31 
09:56 PM 

2022/12/31 
09:56 PM 

2022/12/31 
09:57 PM 

2022/12/31 
10:00 PM 

2022/12/31 
10:02 PM 

2022/12/31 
10:03 PM 

2022/12/31 
10:04 PM 
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L34 9 33 AND 
((transist$4Iswitch$3) 
WITH first WITH 
second WITH amplif$4) 

L35 2 ((("MENG") near3 
("Xianghao")) OR 
(("LIANG") near3 
("Shangquan"))). INV. 

L36 95 ( (light$3ILED$1) AND 
((slew$3 near3 rate) 
WITH control$4)).clm. 

L37 0 ( (light$3ILED$1) AND 
((slew$3 near3 rate) 
WITH control$4) AND 
((transist$4Iswitch$3) 
WITH shunt$3 WITH 
resist$4)).clm. 

L38 0 ( (light$3ILED$1) AND 
((slew$3 near3 rate) 
WITH control$4) AND 
(shunt$3 WITH 
resist$4)).clm. 

L39 161 ((light$3ILED$1) AND 
(transist$4 WITH 
shunt$3 WITH 
resist$4)).clm. 

L40 4 ((light$3ILED$1) AND 
(transist$4 WITH 
shunt$3 WITH resist$4) 
AND (error nears 
amplif$4)).clm. 

L41 35 ("5568016" I "5991172" 
I "6594161" I "6671189" 
I "6788555" I "7902771" 
I "8023291" I "8067898" 
I "8952632" I "9035566" 
I "20030086280" I 
"2oosooo1086" I 
"2ooso122747" I 
"2ooso1 s21 s8" I 
"2ooso194952" I 
"2ooso213352" I 
"2ooso2s7647" I 
"20060018135" I 
"20060170373" I 
"20070096704" I 

12/31/2022 10:34:09 PM 

Workspace: 7537694 - LED driver with slew-rate control 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; EPO; JPO; 
DERWENT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PG PUB; USPAT; 
USOCR) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2022/12/31 
10:04 PM 

2022/12/31 
10:06 PM 

2022/12/31 
10:28 PM 

2022/12/31 
10:30 PM 

2022/12/31 
10:30 PM 

2022/12/31 
10:31 PM 

2022/12/31 
10:32 PM 

2022/12/31 
10:32 PM 
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"20070159151" 
"20080018261" 
"20080088248" 
"20080180078" 
"20080224636" 
"20090296425" 
"20100110732" 
"20100283322" 
"20100301761" 
"20100308733" 
"20100315840" 
"20110057960" 
"20110193481" 
"20120025722").pn. OR 
("9882497").urpn. AND 
(PGPB I USPT I 
USOC).dbnm. 

L42 1 41 AND (slew$3 near3 (US-PGPUB; USPAT) 
rate) 

PE2E SEARCH - Search History (Interference) 

There are no Interference searches to show. 

12/31/2022 10:34:09 PM 

Workspace: 7537694 - LED driver with slew-rate control 

OR ON ON 2022/12/31 
10:33 PM 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 

NUMBER 

FILING or 

37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D 

17/537,694 11/30/2021 2842 

23494 
TEXAS INSTRUMENTS INCORPORATED 

P O  BOX 655474, MS 3999 
DALLAS, TX 75265 

1980 

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 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

T100303US01 20 3 

CONFIRMATION NO. 7351 

FILING RECEIPT 

1 11111111 1111 1111 11111 m�mll!�l�!IWH� 1111111111111111111 1111

Date Mailed: 12/10/2021 

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes 

with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 

other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable. 

lnventor(s) 
Xianghao Meng, SHANGHAI, CHINA; 

Shangquan Liang, SHANGHAI, CHINA; 
Applicant( s) 

TEXAS INSTRUMENTS INCORPORATED, Dallas, TX 

Power of Attorney: The patent practitioners associated with Customer Number 23494 

Domestic Applications for which benefit is claimed - None. 
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for 
domestic benefit. See 37 CFR 1.76 and 1.78. 

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 Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 

appropriate. 
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If Required, Foreign Filing License Granted: 12/09/2021 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 

is US 17/537,694 

Projected Publication Date: 06/01/2023 

Non-Publication Request: No 

Early Publication Request: No 
Title 

LIGHT-EMITTING DIODE (LED) DRIVER SYSTEM WITH SLEW-RATE CONTROL 

Preliminary Class 

330 

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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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

17/537,694 11/30/2021 

23494 

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 

Xianghao Meng T100303US01 

CONFIRMATION NO. 7351 

INFORMAL NOTICE 

TEXAS INSTRUMENTS INCORPORATED 

P O  BOX 655474, MS 3999 1 11111111 1111 111111111 11]�!1]!�1!�1! �ijl!lll!I! �111 11111 11111 11111 11111111DALLAS, TX 75265 

Date Mailed: 12/10/2021 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 

further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Xianghao Meng 
Shangquan Liang 

/tle/ 

Questions about the contents of this notice and the 

requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 

(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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\!::yped or printed name Lisa L. Pringle I Date 12021-12-07
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 

with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 

collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
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Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 

process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 
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1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
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record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of

information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

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

World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
6. A record in this system of records may be disclosed, as a routine use, to another federal

agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as

part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
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purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not

be used to make determinations about individuals.
8. A record from this system of records may be disclosed, as a routine use, to the public after

either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
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CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,

or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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T100303US01 

LIGHT-EMITTING DIODE (LED) DRIVER SYSTEM WITH SLEW-RATE CONTROL 

TECHNICAL FIELD 

[0001] This description relates generally to electronic circuits, and more particularly to an LED 

driver system with slew-rate control. 

BACKGROUND 

[0002] Light-emitting diodes (LEDs) are implemented for a variety of illumination 

applications. For some illumination applications, LEDs are arranged in series as an LED string 

to provide sufficient illumination intensity, such as on vehicle indicator lights (e.g., tum signals, 

brake-lights, reverse-indicators, etc. for an automobile). Driver circuits can regulate current that 

is delivered through the LED strings to activate the LED strings for illumination. As an 

example, the driver circuit can regulate the current amplitude based on an amplitude of a supply 

voltage, such as from a battery of other dynamic voltage source. 

SUMMARY 

[0003] One example described herein includes a light-emitting diode (LED) driver system. 

The system includes an error amplifier configured to compare an input voltage with a reference 

voltage to generate a control voltage. The system further includes an amplifier output stage 

configured to control an output current through a first current path and a shunt current through a 

second current path based on the control voltage. The amplifier output stage comprises a slew­

rate controller configured to control a slew-rate of the shunt current. The shunt current can be 

provided through a shunt resistor in the second current path and being added to the output current 

to provide a total current through an LED string. 

[0004] Another example described herein includes an LED system. The system includes an 

error amplifier configured to compare an input voltage with a reference voltage to generate a 

control voltage. The system also includes an amplifier output stage configured to control an 

output current through a first current path and a shunt current through a second current path 

based on the control voltage. The amplifier output stage comprises a slew-rate controller 

configured to control a slew-rate of the shunt current. The system further includes a shunt 

resistor in the second current path and being configured to conduct the shunt current. The 

system further includes an LED string arranged at an output of the first current path and the 

1 



T100303US01 

second current path and being configured to illuminate in response to a total current comprising a 

sum of the output current and the shunt current. 

[0005] Another example described herein includes an LED driver system. The system 

includes a first power transistor comprising an input and an output coupled to receive an LED 

string and a second power transistor comprising an input and an output coupled to receive an 

LED string and a shunt resistor. The system also includes an error amplifier comprising a first 

input to receive an input voltage, a second input to receive a reference voltage, and an output to 

provide a control voltage. The system further includes an amplifier output stage comprising an 

input coupled to the output of the error amplifier, a first output coupled to the input of the first 

power transistor, and a second output coupled to the input of the second power transistor. The 

amplifier output stage includes a slew-rate controller, the slew-rate controller comprising an 

output coupled to the input of the second power transistor. 

[0006] 

[0007] 

[0008] 

[0009] 

[0010] 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an example block diagram of an LED driver system. 

FIG. 2 is an example of an LED driver circuit. 

FIG. 3 is an example diagram of graphs. 

FIG. 4 is an example of an amplifier output stage circuit. 

FIG. 5 is an example of a slew-rate controller circuit. 

DETAILED DESCRIPTION 

[0011] This description relates generally to electronic circuits, and more particularly to an LED 

driver system with slew-rate control. The LED driver system can be implemented in any of a 

variety of LED control systems to provide illumination, such as a vehicle. For example, multiple 

LED driver systems described herein can be implemented in an automobile for controlling 

indicator lights. The LED driver system includes an error amplifier that is configured compare 

an input voltage with a reference voltage, and to provide a control voltage in response to the 

comparison. As an example, the input voltage can be provided based on a supply voltage, such 

as provided from a battery. The LED driver system also includes an LED string that is coupled 

to a first current path and includes a shunt resistor that is arranged in a second current path and 

which is coupled to the first current path. 
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[0012] The LED driver system further includes an amplifier output stage that is configured to 

generate a transistor input voltage based on the control voltage. The transistor input voltage can 

be provided to control a power transistor that can conduct a portion of a total output current 

through the shunt resistor. As an example, the second current path can conduct a shunt current 

and the first current path can conduct an output current that is added to the shunt current to be 

provided through the LED string as a total current. The amplifier output stage can control the 

respective amplitudes of the output current and the shunt current based on the resistance of the 

shunt resistor and the control voltage provided by the error amplifier. As an example, the output 

current and the shunt current can have an approximately constant amplitude sum, expressed as a 

total output current, such that a greater proportion of a total output current is provided through 

the shunt resistor as the input voltage increases relative to the reference current. 

[0013] As an example, the transistor input voltage includes a first transistor input voltage and a 

second transistor input voltage that are provided to a first power transistor that conducts the 

output current and a second power transistor that conducts the shunt current, respectively. The 

first and second transistor input voltages can be generated by the amplifier output stage based on 

the control voltage being provided to first and second control transistors that can conduct 

respective first and second control currents. However, the second power transistor can also be 

controlled by a slew-rate controller that is configured to control a slew-rate of the shunt current 

through the shunt resistor. As an example, the slew-rate controller can conduct an offset current 

in parallel with the second control current to generate the second transistor input voltage. The 

offset current can be controlled based on a charging capacitor, such that the slew-rate of the 

offset current can likewise control the slew-rate of the shunt current. Accordingly, by controlling 

the slew-rate of the shunt current through the shunt resistor, transient effects and electromagnetic 

interference (EMI) can be mitigated in the LED driver system. 

[0014] FIG. 1 is an example block diagram of an LED driver system 100. The LED driver 

system 100 can be implemented in any of a variety of LED control systems to provide 

illumination, such as a vehicle. For example, multiple LED driver systems 100, as described 

herein, can be implemented in an automobile for controlling indicator lights. 

[0015] The LED driver system 100 includes an error amplifier 102, an amplifier output 

stage 104, an LED string 106, and a shunt resistor 108. As an example, the error amplifier 102 

and the amplifier output stage 104 can be fabricated in or as part of an integrated circuit (IC) 
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chip. The error amplifier 102 is configured to compare an input voltage with a reference voltage, 

and to provide a control voltage in response to the comparison. In the example of FIG. 1, the 

LED driver system 100 is demonstrated as receiving a supply voltage V SPLY, which can be a 

voltage provided from a battery. Thus, the input voltage can be based on the supply voltage 

V SPLY- The reference voltage can be an approximately constant voltage, such as generated from 

a constant current source. 

[0016] The amplifier output stage 104 can be configured to control an amplitude of an output 

current loUT in a first current path and the amplitude of a shunt current IsHNT in a second current 

path that includes the shunt resistor 108. The amplifier output stage 104 can control the 

respective amplitudes of the output current loUT and the shunt current IsHNT based on the control 

voltage provided by the error amplifier. As an example, the output current loUT and the shunt 

current IsHNT can have an approximately constant amplitude sum, expressed as a total output 

current hm that is provided through the LED string 106, such that a greater proportion of a total 

output current hm is provided through the shunt resistor as the input voltage increases relative to 

the reference voltage. Because the shunt resistor 108 can be arranged external to the IC chip that 

can accommodate the error amplifier 102 and the amplifier output stage 104, the LED driver 

system 100 can therefore provide thermal protection for the IC chip by diverting excess current 

resulting from higher amplitudes of the supply voltage V SPLY through the shunt resistor 108. 

[0017] In the example of FIG. 1, the LED driver system 100 includes power transistors 110. 

As an example, amplifier output stage 104 can generate a first transistor input voltage and a 

second transistor input voltage that are provided to a first power transistor of the power 

transistors 110 that conducts the output current loUT and a second power transistor of the power 

transistors 110 that conducts the shunt current IsHNT, respectively. The first and second transistor 

input voltages can be generated by the amplifier output stage 104 based on the control voltage 

being provided to first and second control transistors that can conduct respective first and second 

control currents. As an example, the first and second control currents generate the transistor 

input voltages of the respective first and second power transistors. In the example of FIG. 1, the 

amplifier output stage 104 also includes a slew-rate controller 112. The slew-rate controller 112 

is configured to control the slew-rate of the shunt current IsHNT through the shunt resistor 108. 

[0018] As an example, the slew-rate controller 112 can generate an offset current in parallel 

with the second control current to generate the second transistor input voltage. As an example, 
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the slew-rate controller 112 can include a charging capacitor and at least one current mirror. The 

charging capacitor can be charged by a charging current to generate a charging voltage, such that 

the charging voltage can control an amplitude of a current at a slew-rate based on the capacitance 

of the charging capacitor. The offset current can be controlled based on a charging capacitor, 

such that the slew-rate of the offset current can likewise control the slew-rate of the shunt current 

IsHNT- Accordingly, by controlling the slew-rate of the shunt current IsHNT through the shunt 

resistor, transient effects and electromagnetic interference (EMI) can be mitigated in the LED 

driver system 100. 

[0019] FIG. 2 is an example of an LED driver circuit 200. The LED driver circuit 200 can be 

the LED driver system 100 in the example of FIG. 1. Therefore, reference is to be made to the 

example of FIG. 1 in the following description of the example of FIG. 2. 

[0020] The LED driver circuit 200 includes an error amplifier 202 and an amplifier output 

stage 204. In the example of FIG. 2, the error amplifier 202 and the amplifier output stage 204 

can be fabricated in or as part of an integrated circuit (IC) chip, demonstrated at 206. In the 

example of FIG. 2, the error amplifier 202 is configured to compare an input voltage VIN with a 

reference voltage V REF, and to provide a control voltage V CTRL in response to the comparison. In 

the example of FIG. 2, the LED driver circuit 200 is demonstrated as receiving a supply voltage 

VsPLY, which can be a voltage provided from a battery. Thus, the input voltage VIN is generated 

based on the supply voltage V SPLY via an input resistor RIN. The reference voltage V REF is 

generated based on a current source 208 that conducts a reference current IREF through a 

reference resistor RREF that is coupled to the supply voltage V SPLY- Therefore, the reference 

voltage V REF can be an approximately constant voltage. 

[0021] The amplifier output stage 204 is demonstrated in the example of FIG. 2 as providing a 

first input voltage V G_0UT to an input (e.g., gate) of a first power transistor P1 and a second input 

voltage V G_SHNT to an input (e.g., gate) of a second power transistor P2. The power transistors P1 

and P2 are arranged as P-channel metal-oxide field-effect transistors (P-FETs) having a source 

coupled to the input voltage VIN. The first power transistor P1 is arranged in a first current path 

in which the output current loUT flows from the input voltage VIN, with the first current path 

being coupled to an LED string 210. The second power transistor P2 is arranged in a second 

current path in which the shunt current IsHNT flows from the input voltage VIN, with the second 

current path including a shunt resistor RsHNT- The amplifier output stage 204 therefore controls 
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an amplitude of the output current loUT in the first current path that includes the LED string 210 

and the shunt current IsHNT in the second current path that includes the shunt resistor RsHNT based 

on the control voltage V CTRL-

[0022] In the example of FIG. 2, the output current loUT and the shunt current IsHNT are 

combined to form a total output current hm that is provided through the LED string 210. As an 

example, the total output current hm can have an approximately constant amplitude sum of the 

output current loUT and the shunt current IsHNT, such that a greater proportion of a total output 

current hm is provided through the shunt resistor RsHNT as the input voltage VIN increases 

relative to the reference current VREF- Because the shunt resistor RsHNT can be arranged external 

to the IC chip that can accommodate the error amplifier 202 and the amplifier output stage 204, 

the LED driver circuit 200 can therefore provide thermal protection for the associated IC chip by 

diverting excess current resulting from higher amplitudes of the supply voltage V SPLY through 

the shunt resistor RsHNT-

[0023] FIG. 3 is an example diagram 300 of graphs. The diagram 300 includes a first graph 

302 that plots current as a function of the supply voltage V SPLY and a second graph 304 that plots 

power as a function of the supply voltage V SPLY- The current and power in the first and second 

graphs, respectively, can result from the operation of the LED driver circuit 200. Therefore, 

reference is to be made to the example of FIG. 2 in the following description of the example of 

FIG. 3. 

[0024] The first graph 302 demonstrates three plots that are the total output current hm 

through the LED string 210, the output current loUT, and the shunt current IsHNT through the 

shunt resistor RsHNT- In the example of FIG. 3, the total output current hm is demonstrated by a 

solid line, the output current loUT is demonstrated by a dashed line, and the shunt current IsHNT is 

demonstrated by a dotted line. The first graph 302 demonstrates that the sum of the amplitude of 

the output current loUT and the shunt current IsHNT is approximately equal to the amplitude of the 

total output current hm. In the example of FIG. 3, the output current loUT is approximately 

equal to the total output current hm to a supply voltage V SPLY of approximately 7 volts, at which 

time the power transistor P2 is activated (e.g., with a gate-source voltage V Gs that is greater than 

a threshold voltage) to begin conducting the shunt current IsHNT- Therefore, as the supply 

voltage V SPLY increases, the output current loUT decreases linearly, while the shunt current IsHNT 

increases linearly in an inverse manner. 
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[0025] The second graph 304 demonstrates three plots that are the total output power, as 

provided by the total output current hm through the LED string 210, the output current loUT, and 

the shunt current IsHNT through the shunt resistor RsHNT, respectively. In the example of FIG. 3, 

the power consumption of the total output current hm is demonstrated by a solid line, the power 

consumption of the output current loUT is demonstrated by a dashed line, and the power 

consumption of the shunt current IsHNT is demonstrated by a dotted line. Similar to the first 

graph 302, the second graph 304 demonstrates that the sum of the power of the output current 

loUT and the shunt current IsHNT is approximately equal to the power of the total output current 

hm. In the example of FIG. 3, the power dissipated in the IC 206 remains constant at 

amplitudes of the supply voltage V SPLY that are greater than or equal to approximately 17 volts. 

Additional power consumption greater than approximately 17 volts is provided through the shunt 

resistor RsHNT. 

[0026] As a result of the operation of the amplifier output stage 204, the LED driver 

circuit 200 can mitigate thermal dissipation within the IC 206 resulting from excessive current 

flow that is based on higher amplitudes of the supply voltage V SPLY. As demonstrated in the 

example of FIG. 3, the LED driver circuit 200 can mitigate thermal dissipation in the IC 206 by 

diverting larger portions of the total output current hm as the shunt current IsHNT through the 

shunt resistor RsHNT, and thereby dissipating heat in the shunt resistor RsHNT, as the supply 

voltage V SPLY increases. 

[0027] Referring back to the example of FIG. 2, the amplifier output stage 204 includes a slew­

rate controller 212. The slew-rate controller 212 is configured to control the slew-rate of the 

shunt current IsHNT through the shunt resistor RsHNT- As an example, the slew-rate controller 212 

can generate an off set current in parallel with the second control current to generate the second 

transistor input voltage V G_SHNT- The offset current can have a predefined slew-rate that can 

result in a more gradual decrease of the second transistor input voltage V G_SHNT, which can result 

in a more gradual increase of the amplitude of the shunt current IsHNT-

[0028] As described herein, by controlling the slew-rate of the shunt current IsHNT through the 

shunt resistor RsHNT, transient effects and EMI can be mitigated in the LED driver circuit 200. 

Particularly, with reference to the example of FIG. 3, the total current hm includes a small 

amplitude spike, demonstrated at 306, that is a transient increase resulting from the second power 

transistor P2 changing from the cutoff mode to the linear mode. The slew-rate control of the 
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second transistor input voltage V G_SHNT can mitigate the transient current amplitude spike, 

thereby settling the amplitude of the total current hm. Furthermore, controlling the slew-rate of 

the second transistor input voltage V G_SHNT, and thus the amplitude of the shunt current IsHNT, 

can reduce undesired EMI that can introduce noise in the LED driver circuit 200 and/or other 

proximal circuits. 

[0029] FIG. 4 is an example of an amplifier output stage circuit 400. The amplifier output 

stage circuit 400 can be the amplifier output stage 204 in the example of FIG. 2. Therefore, 

reference is to be made to the examples of FIGS. 2 and 3 in the following example of FIG. 4. 

[0030] The amplifier output stage circuit 400 includes a first control transistor P3 and a second 

control transistor P 4 that are each provided the control voltage V CTRL to respective inputs ( e.g., 

gates). In the example of FIG. 4, the control transistors P3 and P4 are arranged as P-FETs having 

a source coupled to the supply voltage V SPLY- In response to the control voltage V CTRL, the first 

control transistor P3 is configured to conduct a first control current lcTRLl from the supply 

voltage V SPLY through a resistor RG_OUT to generate the first transistor input voltage V G_0UT­

Similarly, in response to the control voltage V CTRL, the second control transistor P4 is configured 

to conduct a second control current lcTRL2 from the supply voltage V SPLY through a resistor 

RG_RES to generate the second transistor input voltage V G_SHNT- As described above, the first and 

second transistor input voltages V G_0UT and V G_SHNT are provided to the inputs of the respective 

first and second power transistors P1 and P2 to control the output current loUT and the shunt 

current IsHNT, respectively. 

[0031] In the example of FIG. 4, the amplifier output stage circuit 400 includes a slew-rate 

controller 402 that is demonstrated as a current source configured to conduct an offset current 

loFFSET in parallel with the second control current lcTRL2- The off set current loFFSET can have a 

predefined slew-rate, such that the offset current loFFSET can decrease the second transistor input 

voltage V G_SHNT at the slew-rate. As a result, the second power transistor P2 can more gradually 

increase the amplitude of the shunt current IsHNT after transitioning from the cutoff mode to the 

linear mode. Accordingly, transient effects of the total output current hm and undesired EMI 

can be mitigated in the LED driver circuit 200, as described herein. 

[0032] FIG. 5 is an example of a slew-rate controller circuit 500. The slew-rate controller 

circuit 500 can be the slew-rate controller 402 in the example of FIG. 4. Therefore, reference is 

to be made to the example of FIG. 4 in the following description of the example of FIG. 5. 
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[0033] The slew-rate controller circuit 500 includes a charging current source 502 that is 

configured to conduct a charging current lcHG from a high-voltage rail, demonstrated at 504. As 

an example, the charging current lcHG (e.g., less than 20 µA, such as 10 µA) can be provided in 

response to the second control current lcTRL2, such as based on the second control current lcTRL2-

The slew-rate controller circuit 500 also includes a charging capacitor CcHG that is arranged 

between the charging current source 502 and a low-voltage rail 506 (e.g., ground). The charging 

capacitor CcHG can have a capacitance value that defines the slew-rate of the offset current 

loFFSET, and thus the slew-rate of the second transistor input voltage VSHNT and the slew-rate of 

the shunt current IsHNT-

[0034] In response to activation of the charging current source 502, the charging current lcHG 

begins to charge the charging capacitor CcHG, which causes a charging voltage V CHG to increase 

at a rate that is based on the capacitance of the charging capacitor CcHG- The charging voltage 

VcHG can be provided on a charging terminal 508 that is coupled to an input (e.g., gate) of a 

transistor N1, demonstrated as an N-channel FET (N-FET). Therefore, the charging voltage 

VcHG can control the N-FET N1 to conduct a current I1 through the N-FET N1 and through a P­

FET Ps. The P-FET Ps is demonstrated in the example of FIG. 5 as diode-connected, such that 

the drain and gate of the P-FET Ps are coupled, and are likewise coupled to a gate of a P-FET P6. 

Therefore, the P-FET P6 operates as a current-mirror with respect to the N-FET N1 and the P­

FET Ps to conduct a current h. The current h likewise flows through a diode-connected N-FET 

N2. The gate and drain of the N-FET N2 is likewise coupled to a gate of an N-FET N3, such that 

the N-FET operates as a current-mirror with respect to the N-FET N2 and the P-FET P6 to 

conduct the offset current loFFSET-

[0035] Therefore, as the charging voltage V CHG gradually increases based on the capacitance 

of the charging capacitor CcHG, the currents Ii, h, and loFFSET gradually increase at the slew-rate 

defined by the capacitance of the charging capacitor CcHG- The offset current loFFSET therefore 

decreases the amplitude of the second transistor input voltage V G_SHNT across the resistor RG_RES­

As a result, the channel of the second power transistor P2 gradually increases to likewise 

gradually increase the shunt current IsHNT at the slew-rate defined by the capacitance of the 

charging capacitor CcHG- Accordingly, the slew-rate control of the shunt current IsHNT through 

the shunt resistor RsHNT can mitigate EMI and transient effects in the LED driver circuit 200. 
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[0036] In this description, the term "couple" may cover connections, communications, or 

signal paths that enable a functional relationship consistent with this description. For example, if 

device A generates a signal to control device B to perform an action, then: (a) in a first example, 

device A is directly coupled to device B; or (b) in a second example, device A is indirectly 

coupled to device B through intervening component C if intervening component C does not 

substantially alter the functional relationship between device A and device B, so device B is 

controlled by device A via the control signal generated by device A. 

[0037] Also, in this description, a device that is "configured to" perform a task or function may 

be configured (e.g., programmed and/or hardwired) at a time of manufacturing by a manufacturer 

to perform the function and/or may be configurable (or reconfigurable) by a user after 

manufacturing to perform the function and/or other additional or alternative functions. The 

configuring may be through firmware and/or software programming of the device, through a 

construction and/or layout of hardware components and interconnections of the device, or a 

combination thereof. Furthermore, a circuit or device described herein as including certain 

components may instead be configured to couple to those components to form the described 

circuitry or device. For example, a structure described as including one or more semiconductor 

elements (such as transistors), one or more passive elements (such as resistors, capacitors, and/or 

inductors), and/or one or more sources (such as voltage and/or current sources) may instead 

include only the semiconductor elements within a single physical device (e.g., a semiconductor 

wafer and/or integrated circuit (IC) package) and may be configured to couple to at least some of 

the passive elements and/or the sources to form the described structure, either at a time of 

manufacture or after a time of manufacture, such as by an end user and/or a third party. 

[0038] Modifications are possible in the described embodiments, and other embodiments are 

possible, within the scope of the claims. 
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CLAIMS 
What is claimed is: 

1. A light-emitting diode (LED) driver system comprising:

an error amplifier configured to compare an input voltage with a reference voltage to

generate a control voltage; and 

an amplifier output stage configured to control an output current through a first current 

path and a shunt current through a second current path based on the control voltage, the amplifier 

output stage comprising a slew-rate controller configured to control a slew-rate of the shunt 

current, the shunt current provided through a shunt resistor in the second current path and added 

to the output current to provide a total current through an LED string. 

2. The system of claim 1, further comprising:

a first power transistor configured to conduct the output current in the first current path

based on a first transistor input voltage; and 

a second power transistor configured to conduct the shunt current in the second current 

path based on a second transistor input voltage. 

3. The system of claim 2, wherein the amplifier output stage comprises:

a first control transistor configured to conduct a first control current based on the control

voltage to generate the first transistor input voltage; and 

a second control transistor configured to conduct a second control current based on the 

control voltage to generate the second transistor input voltage. 

4. The system of claim 3, wherein the slew-rate controller is configured to conduct an offset

current in parallel with the second control current to generate the second transistor input voltage, 

the offset current increasing at the slew-rate. 
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5. The system of claim 4, wherein the slew-rate controller comprises:

a charging current generator configured to generate a charging current;

a charging capacitor that is charged by a charging current to generate a charging voltage;

a current mirror configured to conduct the off set current based on the charging voltage.

6. The system of claim 1, wherein the amplifier output stage is configured to increase an

amplitude of the shunt current and decrease an amplitude of the output current as the supply 

voltage increases. 

7. The system of claim 1, wherein the slew-rate controller comprises a charging capacitor

having a capacitance that defines the slew-rate of the shunt current. 

8. The system of claim 7, further comprising a power transistor configured to conduct the

shunt current in the second current path based on a transistor input voltage, wherein the charging 

capacitor is configured to generate a charging voltage to control an amplitude of an offset current 

via a current mirror, wherein the offset current is configured to control the transistor input 

voltage. 

9. The system of claim 8, wherein the amplifier output stage comprises a control transistor

that is controlled by the control voltage, wherein the control transistor is coupled to an input of 

the power transistor to set an initial amplitude of the transistor input voltage, wherein the offset 

current is subtracted from the initial amplitude to control the power transistor based on the slew­

rate. 

10. An integrated circuit (IC) chip comprising the LED driver system of claim 1.

11. A light-emitting diode (LED) system comprising:

an error amplifier configured to compare an input voltage with a reference voltage to

generate a control voltage; and 

an amplifier output stage configured to control an output current through a first current 

path and a shunt current through a second current path based on the control voltage, the amplifier 
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output stage comprising a slew-rate controller configured to control a slew-rate of the shunt 

current; 

a shunt resistor in the second current path to conduct the shunt current; and 

an LED string arranged at an output of the first current path and the second current path 

to illuminate in response to a total current comprising a sum of the output current and the shunt 

current. 

12. The system of claim 11, wherein the slew-rate controller comprises a charging capacitor

having a capacitance that defines the slew-rate of the shunt current. 

13. The system of claim 12, further comprising a power transistor configured to conduct the

shunt current in the second current path based on a transistor input voltage, wherein the charging 

capacitor is configured to generate a charging voltage to control an amplitude of an offset current 

via a current mirror, wherein the offset current is configured to control the transistor input 

voltage. 

14. The system of claim 13, wherein the amplifier output stage comprises a control transistor

that is controlled by the control voltage, wherein the control transistor is coupled to an input of 

the power transistor to set an initial amplitude of the transistor input voltage, wherein the offset 

current is subtracted from the initial amplitude to control the power transistor based on the slew­

rate. 

15. The system of claim 11, further comprising:

a first power transistor configured to conduct the output current in the first current path

based on a first transistor input voltage; and 

a second power transistor configured to conduct the shunt current in the second current 

path based on a second transistor input voltage; 

wherein the amplifier output stage comprises: 

a first control transistor configured to conduct a first control current based on the control 

voltage to generate the first transistor input voltage; and 

13 



T100303US01 

a second control transistor configured to conduct a second control current based on the 

control voltage to generate the second transistor input voltage, wherein the slew-rate controller is 

configured to conduct an off set current in parallel with the second control current to generate the 

second transistor input voltage, the offset current increasing at the slew-rate. 

16. A light-emitting diode (LED) driver system comprising:

a first power transistor comprising an input and an output coupled to receive an LED

string and a shunt resistor; 

a second power transistor comprising an input and an output coupled to receive the shunt 

resistor; 

an error amplifier comprising a first input to receive an input voltage, a second input to 

receive a reference voltage, and an output to provide a control voltage; and 

an amplifier output stage comprising an input coupled to the output of the error amplifier, 

a first output coupled to the input of the first power transistor, and a second output coupled to the 

input of the second power transistor, the amplifier output stage comprising a slew-rate controller, 

the slew-rate controller comprising an output coupled to the input of the second power transistor. 

17. The system of claim 16, wherein the amplifier output stage is configured to control an

amplitude of an output current through a first current path that includes the LED string and a 

shunt current through a second current path that includes the shunt resistor based on the control 

voltage. 

18. The system of claim 17, wherein the slew-rate controller comprises a charging capacitor

having a capacitance that defines the slew-rate of the shunt current. 

19. The system of claim 18, further comprising a power transistor configured to conduct the

shunt current in the second current path based on a transistor input voltage, wherein the charging 

capacitor is configured to generate a charging voltage to control an amplitude of an offset current 

via a current mirror, wherein the offset current is configured to control the transistor input 

voltage. 

14 
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20. The system of claim 19, wherein the amplifier output stage comprises a control transistor

that is controlled by the control voltage, wherein the control transistor is coupled to an input of 

the power transistor to set an initial amplitude of the transistor input voltage, wherein the offset 

current is subtracted from the initial amplitude to control the power transistor based on the slew­

rate. 

15 
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ABSTRACT OF THE DISCLOSURE 

One example described herein includes a light-emitting diode (LED) driver system. The 

system includes an error amplifier configured to compare an input voltage with a reference 

voltage to generate a control voltage. The system further includes an amplifier output stage 

configured to control an output current through a first current path and a shunt current through a 

second current path based on the control voltage. The amplifier output stage comprises a slew­

rate controller configured to control a slew-rate of the shunt current. The shunt current can be 

provided through a shunt resistor in the second current path and added to the output current to 

provide a total current through an LED string. 

16 
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s[J Drawing(s} (35 U.S.C. 113j [Total Sheets 3 (lf applicable) 

6. inventor's Oath or Declaration f rota! Pages l nD Information Disdosure Statement 
(including substitute stoterr1ents under 37 CFR :l.64 and assignments (PTOiSB/08 or PT0-1449) 
serving as an oarh or dt:ciorarion under 37 CFR 1.63(e)) 

LJ Copies of citations attached 
a.o Newly executed (originai or copy) 14.□ Preliminary Amendment 
b.o A copy from a prior application (37 CFR 1.63(d)) '15, □ Return Receipt Postcard 

,.GJ Application Data Sheet * See note belrn,v. (lVlPEP § 503) (Should he specifically itemized) 
See 37 CFR 1.76 (PTO/_1\1/\/14 or equivalent) 16_ □ Certified Copy of Priority Document(s) 

8. CD-ROM or CD-R (ij joreign priority is claimed) 
in duplicate, !arge table, or Computer Program (Appendix} p □ Nonpublication Request 

LJ Landscape Table on CD Under .35 U.S.C. 122(b){2l(B)(i), Applicant must attach form f'TO/SB/35 

9. Nucleotide and/or Amino Acid Sequence Submission or equivalent. 

(if opp/icahle., items o, --- c. ore required) 18. □ Other: 

a.O Computer Readable Form (CRF) 

b.o Specification Sequence Listing on: 

i. [] CD ROM or CD-R (2 copies); or 

ii.D Pape,· 

c.O Statements verifying identity of above copies-----

*Note: (1) Benefit c!airns under 37 CFR l ,78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS). 
(2) For app!ications filed under 35 U.S.C. 111, the application niust contain an ADS specifying the app!icant if the appiicant is an 

assignee> per·son to whom the inventor is under an ob!igation to assign, or petson who otherwise shows sufficient ptoprietarv 
interest in the matter. See 37 CFR 1.46(b). 

19. CORRESPONDENCE ADDRESS

0 The address associated with Customer Number: 23494 OR □ Correspondence address be!ow 

Name 

A ddress 

City I State I I Zip Code 

Country I Telephone I I Emai! 

Signature /Christopher p Harris/ Date 2021-11-30 
Name 

Christopher P. Harris 
Registrntion No. 

43,660 (Print/Type) (Attorney/Agent) 

This co!lectlon of infon'i':ation is required bv 37 CFR L5.3(b). The information !s required to obtain or reta!n a benefit bv the pub:ic which ls to flle {and by the US PTO 
to process) an application. Confldemianty is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estirnared to take 12 minutes to complete, 
induding gathering, preparing, and submitting the completed application form to the USPTO. Tirr!e VJi!I Vd.ry depending upon the individual Cd.Se. Any cornmems on 
the amount of time you require to complete this forr;• and/or suggestions for redudng this burden, should be ser.t to the Chief lnformatior. Officer, U.S. Pater.t and 
Trademark Office, U.S. Departrnent of Commerce, P.O. Box 1450. /1lexandr1a, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THiS ,\DDRESS. SEND 

lO: Commissioner for Patents, P,O. E!ox 1450, Alexandria, VA 2231:!-1450, 
if you need assistance in completing the form, coil .1-800-PTO-919.9 rmd select option 2. 
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U.S. Patent and Trademark Office; U.S DEPAHTMENT OF COIV11V1EHCE 
Under the Pat'erwork Reduction Act of 1995 no 0ersons are reGu!red to resoond to a coliect!on of information unless it di��0!a·,s a valid 0!'✓1B control number 

□ 

□ 

FEE TRANSMITTAL 

Appiicant asserts smaii entity status. See 37 CFR 1.27. 

Appiicant certifies micro entity status. See 37 CFR 1.29. 
Form PTO/SB/lSA or B or equov;.=dent must eother be endosed or have 
been subrnitted prev!ous!y. 

rmAL AMOUNT OF PAYMENT I ($) 1,gso.00 
METHOD OF PAYMENT (check all that appiy) 

Complete if known 
Application Number 

Filing Date herewith 
First Named Inventor Xianghao Meng 
Examiner Name 

Art Unit 

Practitioner Docket No. T100303US01

D Check [i] Credit Card D Money Order D None D Other (piease identify): ___________________ _ 

[i] Deposit Account Deposit ,.'\ccount Number: _2_0-_0•_3s_e _ _ _ _ _ _ _ _  Deposit /-\cccunt Name: Texas :r.s!mments :r.ca,pa,ated 

For the above-identified deposit account, the Direr.tor is hereby authorized to (check all that appiy): 

D Charge fee(s) indicated below [J Charge fee(s) indicated below, except for the filing fee 

li'J Charge any additional fee(s) or underpayment of fee(s) [i] Credit any overpayment of fee(s) 
under 37 CFR 1.16 and 1.17 

WARNING: Information on this form may become public. Credit card information should not be ineiuded on this form. Prov;de credit card 
information and authorization on PTO-2038. 
FEE CALCULATION 

1. BASIC f!UNG, SEARCH, AND EXAMINATION FEES (U � undiscotmted fee; S � small entity fee; M � micro entity fee)

Fil.ING FEES SEARCH FEES EXAMINATION FEES 
Ai;mlication T)i'.Qe JJjfil tifil MJfil !Ufil tifil MJfil !Ufil tifil Mi$) Fees Paid ($) 
Utility 320 160* 80 700 350 175 800 400 200 1 820.00 
Design 220 110 55 160 80 40 640 320 160 
Plant 220 110 ss 440 220 110 660 330 165 

Reissue 320 160 80 700 350 175 2_.320 1
,.
150 580 

Provisional 300 150 75 0 0 0 0 0 0 
,,._ The $160 small entity status fl!lng fee for a utl!itv applkation is further reduced to $80 for a sr,ia!! entitv status app!kam who flies the appi:catlon via EFS-\.Veb. 
2. EXCESS CLAIM FEES 

Fee Description 
Each claim over 20 {including Reissues) 
Each independent dairn over 3 {induding Reissues) 
Multiple dependent ciaims 
Total Claim; Extra Claims 
'.20 -2.0 or HP" __ _ __ x 
HP cc highest number of totai ciaims paid for, if greater than 20. 

� 

lndep. Claims Extra Claims Efil:Jfil 
-3 orHP= 

_ _ _ __ )( 

HP= highest number of independent claims paid for, if greater than 3. 

3. APPUCATION SIZE FEE 

Undiscmmted fee ($l 
100 
480 
860 
Fee Paid i.fil 

Fee Paid {$1 

Small Entity fee{$) 
50 
240 
430 

Micro Entit)i'. Fee (Si 
25 

120 
215 

Multiple Dependent Claims 
Fee {$l fee Paid ($l 

If the specification and drawings exceed 100 sheets of paper (exciuding eiectronicaliy fiied sequence or co,nputer listings under 37 CFR l. 52(e)), 
the application size fee due is $420 ($210 for smaii entity) ($105 for 1niuo entity) for each additionai 50 sheets or fraction thereof. See 35 U.S.C 
41(a)(1)(G) and 37 CFR 1.16(s). 
Total Sheets Extra Sheets Number of each additional 50 or fraction thereof � fee Paid!$) 

_ _ _ __ - 100" __ _ __ / 50 cc __ _ __ (roundup to a whole number) x 
4. OTHER FEE(S)

Non-English specification, $140 fee ($70 for small entity) ($35 for micro entity)

Non-electronic filing fee under 37 CHI 1.16(t) for a utility application, $400 fee ($200 small or micro entity)

Fees Paid ($) 

Other (e.g., iate fl!]ng surcharge): _s_o_rc_!K1_1g_e_-_1a_te_fi_i:o1_g_o_[1t_1v_de_,o_:a_r[1 _tic_,11 _________________ _ _ _ _  _

rSUBMITTED BY 

Signature /Christopher P Harris/ 

"'Name (Print/Type) Christopher P. Harris 

Telephone 216.621.2234 

Date2021-11-30 

This coliect!on of inforr,iation is required bv 37 CFE 1.1.36. The information 1�� required to obtaln or retain a benefit by the publk whk:h !s to fl!e (and by the lJSPTO to 
process) an application. Confldemlantv !5 gcverred by 35 U.S.C. 122 L10d 37 CFR 1.14. This conection is estimated to take 30 minutes to complete, including 
g2ithering, preparing, and submitting the comple1:ed 2i:,:,plkat!on forrn 1:0 1:he USPTO. Time wrn varv depending upon the irdividual case. Anv cornrnent� on the 
arnoum of time vou require to complete this form and/or suggestiors for reducing this burden, should be sent to the Chief infcrrnation Offker, U.S. Patent and 
Trademark Office, U.S. Departrcent of Commerce., P.O. Bex 1450, /1lexandr1a, VA 22313- 1450. DO NOT SEND FEES OR COMPLETED FORMS TO THiS ,\DDRESS. SEND 
TO: Comm,ssioner tor Patents, P,O. Box 1450, Alexandria, VA 22313-1450, 

if you need assi,:;tance in completing the form, r:aif .1-800-PT0-9199 and seiect option 2. 
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