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Michael K. Friedland, Esq. (State Bar No. 157,217) 
Michael.Friedland@knobbe.com 
Michelle E. Armond, Esq. (State Bar No. 227,439) 
Michelle.Armond@knobbe.com 
Brian C. Claassen (State Bar No. 253,627) 
Brian.Claassen@knobbe.com 
Samantha Y. Hsu, Esq. (State Bar No. 285,853) 
Samantha.Hsu@knobbe.com 
KNOBBE, MARTENS, OLSON & BEAR, LLP 
2040 Main Street, Fourteenth Floor 
Irvine, CA  92614 
Telephone: (949) 760-0404 
Facsimile: (949) 760-9502 
 
Attorneys for Plaintiff Skyworks Solutions, Inc. 
 
 
 

IN THE UNITED STATES DISTRICT COURT 
 

FOR THE NORTHERN DISTRICT OF CALIFORNIA 
 

 
 
SKYWORKS SOLUTIONS, INC.,  
 
  Plaintiff, 
 
 v. 
 
KINETIC TECHNOLOGIES, KINETIC 
TECHNOLOGIES COMPANY LIMITED 
(WUXI, CHINA), KINETIC TECHNOLOGIES 
HOLDINGS LIMITED, KINETIC 
TECHNOLOGIES HK LIMITED, KINETIC 
TECHNOLOGIES COMPANY LIMITED 
(SHANGHAI, CHINA), 
 
  Defendants. 

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Civil Action No.  
 
 
COMPLAINT FOR PATENT 
INFRINGEMENT; DEMAND FOR 
JURY TRIAL 
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 Plaintiff Skyworks Solutions, Inc. (“Skyworks”) brings this Complaint for Patent 

Infringement against Kinetic Technologies, Kinetic Technologies Company Limited (Wuxi, 

China), Kinetic Technologies Holdings Limited, Kinetic Technologies HK Limited, and 

Kinetic Technologies Company Limited (Shanghai, China) (collectively, “the Defendants”) 

and alleges as follows: 

I.  NATURE OF THE ACTION 

1. This is an action for patent infringement arising under the Patent Laws of the 

United States, 35 U.S.C. § 100 et seq.   

II.  INTRADISTRICT ASSIGNMENT 

2. This action is an intellectual property action subject to district-wide 

assignment pursuant to Local Civil Rules 3-2(c) and 3-5(b). 

III.  PARTIES 

3. Plaintiff Skyworks Solutions, Inc. is a Delaware corporation with its principal 

place of business at 20 Sylvan Road, Woburn, Massachusetts 01801.  Skyworks maintains 

extensive facilities in California and this Judicial District, including facilities for 

semiconductor design, manufacturing, sales, marketing, support, operations, quality, and 

supply chain operations in Santa Clara, Milpitas, Newbury Park, and Irvine, California. 

4. Upon information and belief, Defendant Kinetic Technologies (“Kinetic 

Cayman”) is a Cayman Islands company with its principal address at Maples Corporate 

Services Limited, P.O. Box 309, Ugland House, South Church Street, Cayman Islands. 

5. Upon information and belief, Defendant Kinetic Technologies Company 

Limited (Wuxi, China) (“Kinetic Wuxi”) is a Chinese company with its principal place of 

business at Room 803, Building B, 100 Dicui Road, Liyuan Development Zone Wuxi, 

Jiangsu, 214072, China. 

6. Upon information and belief, Defendant Kinetic Technologies Holdings 

Limited (“Kinetic BVI”) is a British Virgin Islands company with its principal address at 

Offshore Incorporations Limited, P.O. Box 957, Offshore Incorporations Centre, Road Town, 

Tortola, British Virgin Islands. 
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7. Upon information and belief, Defendant Kinetic Technologies HK Limted 

(“Kinetic HK”) is a Hong Kong company with its principal place of business at 12/F, 

Ruttonjee House, 11 Duddell St., Central, Hong Kong, China. 

8. Upon information and belief, Defendant Kinetic Technologies Company 

Limited (Wuxi, China) (“Kinetic Shanghai”) is a Chinese company with its principal place of 

business at Zhangjiang High Tech Park, Room B101, 500 Bibo Road, Pudong District, 

Shanghai, 201203, China. 

IV.  JURISDICTION 

9. This Court has jurisdiction over this patent infringement action under 28 

U.S.C. §§ 1331 and 1338(a).   

10. Personal jurisdiction over the Defendants comports with the United States 

Constitution and California Code of Civil Procedure §410.10 because the Defendants and 

their alter egos have committed and continue to commit willful acts of direct or indirect 

patent infringement directed at and having an effect in California as alleged in this 

Complaint.  The Defendants are also subject to general jurisdiction because they, by and 

through their alter egos, maintain offices and conduct a substantial amount of business in this 

District.  In the alternative, personal jurisdiction over the Defendants comports with the 

United States Constitution and the requirements of Fed. R. Civ. P. 4(k)(2) because this claim 

arises under federal law and the Defendants and their alter egos have committed and continue 

to commit willful acts of direct or indirect patent infringement directed at and having an 

effect in California and the United States at large.   

11. Venue is proper in this Judicial District pursuant to 28 U.S.C. § 1391(b) and 

(c) and § 1400(b).  Upon information and belief, the Defendants and their alter egos have 

committed acts of infringement in this Judicial District. 

V.  FACTS 

A. Skyworks, AATI, and the Patents-in-Suit 

12. Skyworks is an innovator of high performance analog semiconductors.  

Leveraging its core technologies, Skyworks supports wireless networking, smartphone and 
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tablet applications.  Skyworks’ product portfolio includes, among other products, amplifiers, 

lighting and display solutions, mixers, modulators, power dividers and combiners, power 

management devices, and switches. 

13. Skyworks has a large and diversified patent portfolio of hundreds of patents 

covering its innovative and proprietary technologies. 

14. On April 5, 2011, the United States Patent and Trademark Office duly and 

lawfully issued U.S. Patent No. 7,921,320, entitled “Single Wire Serial Interface” (“the ’320 

Patent”).  A true and correct copy of the ’320 Patent is attached hereto as Exhibit 1. 

15. On September 17, 2013, the United States Patent and Trademark Office duly 

and lawfully issued U.S. Patent No. 8,539,275, entitled “Single Wire Serial Interface” (“the 

’275 Patent”).  A true and correct copy of the ’275 Patent is attached hereto as Exhibit 2. 

16. The ’320 Patent was initially assigned from the employee inventors thereof to 

Advanced Analogic Technologies, Inc. (“AATI”).  In 2012, Skyworks acquired AATI. 

17. The ’275 Patent is assigned to Skyworks Solutions, Inc. 

18. Skyworks is the owner by assignment of all right, title, and interest in the ’320 

and ’275 Patents. 

B. The Kinetic Alter Egos 

19. The Defendants have made and/or make, use, import, research, develop, offer 

for sale, and have sold and/or sell semiconductor products for the consumer, computing, and 

communications markets, including certain LED driver products for use in devices, such as 

wireless communication devices, and provide detailed design specifications regarding the 

fabrication, manufacture, test and assembly, implementation, use, and performance of such 

LED driver products. 

20. The Defendants and their related entities consist of numerous shell entities 

under common ownership and control:  

a. Kinetic Cayman, a Cayman Islands holding company, which purports 

to be the parent company to all of the other Defendants, with directors 

Kin Shum, Jan Nilsson, and Jingyuan;  
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b. Kinetic Technologies, Inc., a California corporation located in 

Sunnyvale, California (“Kinetic USA”), which purports to be a wholly-

owned subsidiary of Kinetic Cayman, with director Kin Shum and 

employee Jan Nilsson;  

c. Kinetic Wuxi, a Chinese company located in Wuxi, China, which 

purports to be a wholly-owned subsidiary of Kinetic Cayman, with 

director Kin Shum;  

d. Kinetic BVI, a British Virgin Islands holding company, which purports 

to be a wholly-owned subsidiary of Kinetic Cayman, with director Kin 

Shum;  

e. Kinetic HK, a Hong Kong company, which purports to be a wholly-

owned subsidiary of Kinetic BVI, with director Kin Shum; and  

f. Kinetic Shanghai, a Chinese company located in Shanghai, China, 

which purports to be a wholly-owned subsidiary of Kinetic HK, with 

director Kin Shum.   

21. Kinetic Cayman and its subsidiaries, represent and hold themselves out as a 

single entity, “Kinetic Technologies.”  All of the Defendants operate as a single organization 

with the same management team.  Their employees conduct business for multiple Kinetic 

entities.   

22. The Defendants are alter egos of one another. 

23. Kinetic Cayman, by its directors, controls all of the Defendants’ activities, 

including the activities of its purported subsidiaries.  Directors Kin Shum and Jan Nilsson 

control all of the Defendants’ activities. 

24. Upon information and belief, the Defendants and their alter egos routinely and 

informally transfer funds among the various shell entities and comingle corporate funds and 

assets.   

25. Upon information and belief, the Defendants and their alter egos are under-

capitalized. 
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26. Upon information and belief, the Defendants and their alter egos have acted 

and continue to act in conspiracy to obscure the Defendants’ liability for patent infringement 

and operate in the U.S. as judgment-proof entities.   

27. Upon information and belief, there exists, and at all times herein alleged, there 

existed, a unity of interest in ownership between and among the Defendants such that any 

individuality and separateness between and among the Defendants’ entities has ceased, or 

never existed in the first instance, and the individual Defendants are the alter egos of and 

agents of each other and exert control over each other.  Adherence to the fiction of the 

separate existence of the Defendants as entities distinct from each other will permit an abuse 

of the corporate privilege and would sanction fraud and promote injustice.  

28. Upon information and belief, the Defendants and their alter egos have acted 

and continue to conduct one or more of the following acts: comingle corporate funds and 

assets; fail to maintain adequate corporate records of the separate entities; overlap directors 

and officers in responsible supervision and management roles; have identical equitable 

ownership in the Defendants; use the same office or business location; employ the same 

employees; use Kinetic entities as a mere shell, instrumentality or conduit for a single 

venture; disregard legal formalities; use the corporate entity to procure services and products 

for another entity; and use different Kinetic entities to transfer existing liability to other 

Defendants.   

C. The Defendants’ Contacts With The U.S. 

29. Upon information and belief, Kin Shum and Jan Nilsson work in the 

Defendants’ headquarters in Sunnyvale, California and direct all of the Defendants’ activities 

from Sunnyvale, California. 

30. Upon information and belief, Defendants solicit customers to contact Kinetic 

HK for samples and pricing for worldwide sales of the Defendants’ products. 

31. Upon information and belief, the Defendants have conducted sales meetings in 

the U.S.  

/ / / 
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32. Upon information and belief, Defendants sell products through local sales 

offices in Sunnyvale, California; Shanghai, China; Zhonghe City, Taiwan; and Seongnam-si, 

Korea. 

33. Upon information and belief, Kinetic HK has attempted to raise capital with 

AGC Partners, an investment bank in the U.S. 

34. Upon information and belief, Kinetic HK has systematically engaged in 

fundraising in the U.S., funneling the resulting money through a U.S. bank located in 

Sunnyvale, California, and using those funds to capitalize its international operations. 

35. Upon information and belief, Kinetic HK uses a business address in 

Sunnyvale, California, for its banking activities in the U.S. 

36. Upon information and belief, on behalf of the Kinetic entities, Jan Nilsson was 

a speaker at AGC’s 10th Annual West Coast Technology Growth Conference held in San 

Francisco on February 25, 2014.  

D. Knowledge Of The Patents-in-Suit 

37. On March 20, 2013, Skyworks filed a complaint alleging that Kinetic HK 

infringed the ’320 Patent, entitled Skyworks Solutions, Inc. v. Kinetic HK Techs., Inc., Case 

No. 1:13-cv-10655-GAO in the District of Massachusetts (“the Massachusetts Action”). 

38. On September 17, 2013, the same day the ’275 Patent issued, Skyworks filed a 

motion to amend its complaint in the Massachusetts Action to additionally allege that Kinetic 

HK infringed the ’275 Patent. 

39. The Defendants had full knowledge of the ’320 and ’275 Patents from at least 

the date of the Massachusetts Action. 

40. In addition, before founding the Kinetic entities, Shum was an employee and 

director of AATI.  Shum was employed by AATI from 2003 until 2006.  His last position at 

AATI was Director of Strategic Marketing.  During the term of his employment with AATI, 

his responsibilities included project management for new products in the power management 

market, including LED driver products, defining new products, setting up new product 

approval processes, implementing product concepts, and implementing project schedules. 
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41. During his employment at AATI, Shum was named as an inventor on a patent 

application titled “USB Battery Charger” filed by AATI, subsequently published as U.S. 

Patent Application Publication No. 2006/0033474. 

42. Before his involvement with the Defendants, Nilsson was an employee and 

vice president of AATI.  Nilsson was employed by AATI from 2001 until 2006.  His last 

position at AATI was Vice President of Marketing and Business Development. 

43. During his employment at AATI, Nilsson was named as an inventor of the 

’320 Patent.  Nilsson is also named as an inventor on the ’275 Patent. 

44. Nilsson, a director of Kinetic Cayman and an employee of Kinetic USA, 

subjectively believed there was a high probability that the ’320 Patent existed but took 

deliberate steps to avoid confirming the fact.  Nilsson had full knowledge of the ’320 Patent 

before 2012, or was at least willfully blind to its existence. 

45. Upon information and belief, the Defendants, Shum, and Nilsson were aware 

that AATI filed patent applications covering its products. 

46. Upon information and belief, the Defendants, Shum, and Nilsson were aware 

that AATI developed, made, and sold LED driver products. 

47. The Defendants, Shum, and Nilsson knew of the ’320 and ’275 Patents before 

the filing of the present action. 

E. The Defendants’ Deliberate Infringement 

48. Upon information and belief, the Defendants and their alter egos have made 

and/or make, use, import, research, develop, offer for sale, and have sold and/or sell LED 

driver chips, including the KTD101, KTD102, KTD104, KTD105, KTD106, KTD108, 

KTD109, KTD112, KTD113, KTD116, KTD117, KTD118, KTD120, KTD121, KTD122, 

KTD123, KTD124, KTD134, KTD158, KTD202, KTD203, KTD204, KTD205, KTD206, 

KTD207, KTD208, KTD209, KTD253, KTD258, KTD258B, KTD259, KTD260, KTD262, 

KTD263, KTD265, KTD267, KTD268, KTD289, KTD301, KTD302, KTD304, KTD308, 

KTD312, and KTD318 (the “Accused Products”).  Devices incorporating one or more of the 

Accused Products are imported and sold throughout the U.S. 
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49. Upon information and belief, the Defendants and their alter egos provide 

customers with datasheets providing technical details about how to use the Accused Products, 

as well as technical support for the Accused Products. 

50. Upon information and belief, the Defendants and their alter egos conduct testing 

of the Accused Products at their headquarters in Sunnyvale, California. 

FIRST CLAIM FOR RELIEF – INFRINGEMENT 

OF U.S. PATENT NO. 7,921,320 

51. Skyworks re-alleges and incorporates by reference the allegations contained in 

Paragraphs 1 through 50 above as though fully set forth herein. 

52. Upon information and belief, the Defendants, their alter egos, and/or those 

acting in concert with the Defendants, have made, used, offered to sell, sold, and/or imported 

into the United States and this Judicial District, and placed into the stream of commerce, LED 

driver products, including but not limited to the Accused Products, and/or wireless 

communication devices, including Samsung devices, that incorporate the Accused Products, 

that infringe at least one claim of the ’320 Patent in violation of 35 U.S.C. § 271.  

53. Upon information and belief, the Defendants, their alter egos, and/or those 

acting in concert with the Defendants, with actual knowledge of the ’320 Patent, including 

before the filing of this action, contribute to the infringement of the ’320 Patent, by having 

their direct and indirect customers sell, offer for sale, use, and import into the United States 

and this Judicial District, and placing into the stream of commerce, LED driver products, 

including but not limited to the Accused Products, and/or wireless communication devices, 

including Samsung devices, that incorporate the Accused Products, with full knowledge that 

such products infringe the ’320 Patent. 

54. Upon information and belief, the Defendants’ Accused Products are especially 

made or adapted for infringing the ’320 Patent, and have no substantially non-infringing uses. 

55. Upon information and belief, the Defendants, their alter egos, and/or those 

acting in concert with the Defendants, with actual knowledge of the ’320 Patent, including 

before the filing of this action, intentionally induce infringement of the ’320 Patent, by having 
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their direct and indirect customers sell, offer for sale, use, and import into the United States 

and this Judicial District, and placing into the stream of commerce, LED driver products, 

including but not limited to the Accused Products, and/or wireless communication devices, 

including Samsung devices, that incorporate such products, with knowledge that such 

products infringe the ’320 Patent. 

56. Upon information and belief, the Defendants sell their Accused Products to 

customers, with the knowledge and intent that their customers would infringe the ’320 Patent.   

57. The Defendants had actual notice of the ’320 Patent since at least March 20, 

2013, before the filing of this action, and acted despite an objectively high likelihood that 

their actions constituted infringement of a valid patent. 

58. Upon information and belief, the Defendants’ infringement of the ’320 Patent 

is willful, deliberate, and intentional by continuing their acts of infringement with knowledge 

of the ’320 Patent and thus acting in reckless disregard of Skyworks’ patent rights. 

59. As a consequence of the Defendants’ infringement of the ’320 Patent, 

Skyworks has suffered and will continue to suffer harm and injury, including monetary 

damages in an amount to be determined at trial. 

60. Upon information and belief, unless enjoined, the Defendants, and/or others 

acting on behalf of the Defendants, will continue their infringing acts, thereby causing 

irreparable harm to Skyworks for which there is no adequate remedy at law.   

SECOND CLAIM FOR RELIEF – INFRINGEMENT 

OF U.S. PATENT NO. 8,539,275 

61. Skyworks re-alleges and incorporates by reference the allegations contained in 

Paragraphs 1 through 60 above as though fully set forth herein. 

62. Upon information and belief, the Defendants, their alter egos, and/or those 

acting in concert with the Defendants, have made, used, offered to sell, sold, and/or imported 

into the United States and this Judicial District, and placed into the stream of commerce, LED 

driver products, including but not limited to the Accused Products, and/or wireless  

/ / / 
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communication devices, including Samsung devices, that incorporate the Accused Products, 

that infringe at least one claim of the ’275 Patent in violation of 35 U.S.C. § 271.  

63. Upon information and belief, the Defendants, their alter egos, and/or those 

acting in concert with the Defendants, with actual knowledge of the ’275 Patent, including 

before the filing of this action, contribute to the infringement of the ’275 Patent, by having 

their direct and indirect customers sell, offer for sale, use, and import into the United States 

and this Judicial District, and placing into the stream of commerce, LED driver products, 

including but not limited to the Accused Products and/or wireless communication devices, 

including Samsung devices, that incorporate the Accused Products, with full knowledge that 

such products infringe the ’275 Patent. 

64. Upon information and belief, the Defendants’ Accused Products are especially 

made or adapted for infringing the ’275 Patent, and have no substantially non-infringing uses.   

65. Upon information and belief, the Defendants and their alter egos, and/or those 

acting in concert with the Defendants, with actual knowledge of the ’275 Patent, including 

before the filing of this action, intentionally induce infringement of the ’275 Patent, by having 

their direct and indirect customers sell, offer for sale, use, and import into the United States 

and this Judicial District, and placing into the stream of commerce, LED driver products, 

including but not limited to the Accused Products, and/or wireless communication devices, 

including Samsung devices, that incorporate such products, with knowledge that such 

products infringe the ’275 Patent. 

66. Upon information and belief, the Defendants sell their Accused Products to 

customers, with the knowledge and intent that their customers would infringe the ’275 Patent. 

67. The Defendants had actual notice of the ’275 Patent since at least September 

17, 2013, before the filing of this action, and acted despite an objectively high likelihood that 

their actions constituted infringement of a valid patent. 

68. Upon information and belief, the Defendants’ infringement of the ’275 Patent 

is willful, deliberate, and intentional by continuing their acts of infringement with knowledge 

of the ’275 Patent and thus acting in reckless disregard of Skyworks’ patent rights. 
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69. As a consequence of the Defendants’ infringement of the ’275 Patent, 

Skyworks has suffered and will continue to suffer harm and injury, including monetary 

damages in an amount to be determined at trial. 

70. Upon information and belief, unless enjoined, the Defendants, and/or others 

acting on behalf of the Defendants, will continue their infringing acts, thereby causing 

irreparable harm to Skyworks for which there is no adequate remedy at law. 

DEMAND FOR JUDGMENT 

WHEREFORE, Skyworks prays for entry of judgment that: 

A. The Defendants are liable for infringement, contributory infringement, and 

inducing infringement of the ’320 and ’275 Patents under 35 U.S.C. § 271; 

B. The Defendants, and each of their alter egos, affiliates, subsidiaries, officers, 

agents, servants, employees, representatives, successors and assigns, and all other persons in 

active concert or participation with the Defendants, shall be preliminarily and permanently 

enjoined from further infringing, contributing to others’ infringement, and inducing others to 

infringe the ’320 and ’275 Patents under 35 U.S.C. § 283; 

C. The Defendants shall pay damages to Skyworks resulting from infringement of 

the ’320 and ’275 Patents pursuant to 35 U.S.C. § 284; 

D. The Defendants’ continuing infringement of the ’320 and ’275 Patents was 

and is willful, justifying a trebling of the award of damages under 35 U.S.C. § 284, or such 

other enhancement of the award of damages that the Court deems appropriate; 

E. This action be determined to be an exceptional case and Skyworks be awarded 

their attorneys’ fees, costs, and expenses under 35 U.S.C. § 285; 

F. Skyworks be entitled to pre-judgment and post-judgment interest and costs 

against the Defendants, in accordance with 35 U.S.C. § 284; and 

G. Skyworks be awarded such other and further relief as the Court may deem just 

and proper. 

/ / / 

/ / / 
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Respectfully submitted, 
 

KNOBBE, MARTENS, OLSON & BEAR, LLP 
 

 
Dated: March 2, 2015  By: /s/ Michelle E. Armond  

Michael K. Friedland, Esq. 
Michael.Friedland@knobbe.com 
Michelle E. Armond, Esq. 
Michelle.Armond@knobbe.com  
Brian C. Claassen, Esq. 
Brian.Claassen@knobbe.com 
Samantha Y. Hsu, Esq.  
Samantha.hsu@knobbe.com 
KNOBBE, MARTENS, OLSON & BEAR, LLP 
2040 Main Street, Fourteenth Floor 
Irvine, CA 92614 
Telephone: (949) 760-0404 
Facsimile: (949) 760-9502 
 
Attorneys for Plaintiff Skyworks Solutions, Inc. 
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JURY DEMAND 

Pursuant to Fed. R. Civ. P. 38(b), Plaintiff Skyworks Solutions, Inc. demands a trial 

by jury of all issues raised by this Complaint that are triable by jury. 
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SINGLE WIRE SERIAL INTERFACE referred to as the EN/SET pin. The sensing circuit determines
whether or not the voltage at the EN/SET pin is high, low, or

RELATED APPLICATIONS toggling.
When the voltage at the EN/SET pin is toggling the counter

This application is a continuation ofApplication Ser. No. 5 is enabled. This causes the counter to count the rising edge of

10/144,333 filed May 13, 2002, now U.S. Pat. No. 7, 127,631, each clock pulse sent to the EN/SET pin. Holding the voltage
which claims the benefit of a U.S. Provisional Patent Appli- at the EN/SET pin high causes the counter to stop counting
cation Ser. No. 60/368,474 entitled "Single Wire Serial Inter- and maintain its value. Holding the voltage at the EN/SET pin
face: filed Mar. 28, 2002, which are incorporated in this low for more than a preset timeout period causes the counter

10document by reference. to reset to zero.

The ROM contains a total of2" words ofm bits. Each m-bit
TECHNICAL FIELD OF THE INVENTION word corresponds to one control state for the IC. The output of

the counter is an address within the ROM selecting a particu-
The present invention relates generally to control inter- lar m-bit word and control state. For simple functions, the

faces for integrated circuits and other devices. More particu-
15

counter can be only a few bits, in which case the counter

larly, the present invention includes a single wire serial inter- outputs can be directly decoded in logic without the complex-
face that may be used to control power ICs and other devices. ity of a ROM.

Another aspect of the present invention is an LED current
BACKGROUND OF THE INVENTION

20 source IC incorporating the single wire serial interface. The
LED current source includes at least one current output and

In power IC applications, an interface generally serves to
one EN/SET input. For a representative implementation, the

manage functions such as power level, or on and off switch- ROM includes a total of thirty-two (32) words. Each word
ing. In the load switch power IC case, the IC either delivers corresponds to an output level for the one or more current
power to a subsystem or not depending on the state of the 25 outputs. The output levels -a-re preferably configured as a

on/off pin. In a more complex power supply controller, the logarithmic scale, yielding two decades of output levels and
regulated output voltage is set by a more complex interface LED luminosity.
such as an integrated 5-pin digital to analog interface. When Another aspect ofthe present invention is a load switch IC

many subsystems exist within the same system, an even more incorporating the single wire serial interface. The load switch

complex interface, such as the SMBUS interface may be 30 includes one EN/SET input and n outputs where n is greater
implemented. than one. For the case ofthe load switch, the bits in the counter

The complex power IC can easily afford a multi-pin control may be used to directly control the state of the individual

interface, since it is already in a large package, and has suf- outputs (i.e., each bit determines the state ofa corresponding
ficient functional density. The stand-alone power manage- output). This allows the ROM to be omitted from the load

ment function cannot normally offer a complex control inter- 35 switch IC, simplifying its design. The bits in the counter yield
face due to die size or package size constraints. Still there are

a total of 2" different output configurations (i.e., all possible
cases where this type of control is desirable. For instance, it configurations).

Another aspect ofthe present invention is a current limited
may be desirable to vary a current limit over different load

load switch IC incorporating the single wire serial interface.scenarios. However, few pins are available for control of the

simple load switch because most of the pins are used by the
40 The current limited load switch includes one or more outputs

and one EN/SET input. Eachword in the ROM corresponds to
power function, and there is no board space or budget for a

a different current limit for the outputs.larger package. Some functionality can be added by means of Other aspects and advantages ofthe present invention will
an analog interface, but since most applications are controlled become apparent from the following descriptions and accom-

by a microprocessor, a digital interface is easiest to imple- s panying drawings.
ment and most cost effective. A serial interface is efficient, but
common simple serial interfaces such as 3-wire or 2-wire BRIEF DESCRIPTION OF THE DRAWINGS

require too many pins. Complex serial interfaces such as

SMBUS are generally too complex and expensive to merit For a more complete understanding of the present inven-

implementation for the stand-alone power management func- 50 tion and for further features and advantages, reference is now

tion. made to the following description taken in conjunction with
For these reasons and others, there is a need for an interface the accompanying drawings, in which:

that may be used to control stand-alone power and other IC FIG. 1 is a timing diagram illustrating the use ofthe single
types. Ideally, this interface would be able to accommodate a wire protocol according to one aspect of the present inven-
wide variety of control needs and be scaleable to many levels 55 tion.
of complexity. Minimal pin use is also desirable, with the FIG. 2 is a block diagram showing an ICusing a single wire
ideal being use of a single pin that may optionally be shared serial interface according to one aspect of the present inven-
with another function. tion.

FIG. 3 is a timing diagram illustrating the use ofthe single
SUMMARY OF THE INVENTION 60 wire serial interface of the IC of FIG. 2.

FIG. 4 is a diagram showing a sensing circuit appropriate
An aspect of the present invention provides a single wire for use in the IC of FIG. 2.

serial interface that may be used to control stand-alone power FIG. 5 is a block diagram showing an IC using a latched
ICs and other devices. For this aspect, an IC is configured to implementation of single wire serial interface according to

include a sensing circuit, a counter, and a ROM or similar 65 one aspect of the present invention.
decoder. The sensing circuit monitors the voltage present at FIG. 6 is a timing diagram illustrating the use ofthe single
one of the IC pins. Typically, this will be the on/offpin and is wire serial interface of the IC of FIG. 5.
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3 4
FIG. 7 is a diagram showing a latch driver circuit appro- high, constantly low, or toggling. Based on this determina-

priate for use in the IC of FIG. 2. tion, sensing circuit 210 produces two signals: a Clock signal
and an Enable signal. The Clock and Enable signals control

DETAILED DESCRIPTION OF THE PREFERRED the operation of a counter 212 having n bits. Counter 212
EMBODIMENTS 5 counts the rising transitions of the Clock signal whenever

sensing circuit 210 asserts the Enable signal. Counter 212
The preferred embodiments of the present invention and resets whenever the Enable signal is not asserted.

their advantages are best understood by referring to FIGS. 1 The relationship between the EN/SET signal and the Clock
through 7 ofthe drawings. Like numerals are used for like and and Enable signals is shown in more detail in the timing
corresponding parts of the various drawings. io diagram ofFIG. 3. As shown in that figure, a rising transition

Single Wire Serial Protocol ofthe EN/SET signal causes sensing circuit 210 to assert the
An aspect of the present invention provides a single wire Enable signal. Sensing circuit 210 holds the Enable signal

serial protocol that may be used to control ICs and other high until the EN/SET signal transitions to a logical low state

compatible devices. To use the single wire serial protocol, a and remains in the low state until the predetermined timeout
device must support a series of different operational states or 15 period has elapsed. The Enable signal acts to gate the Clock
modes. For one example, a stand-alone power IC might be signal. As long as the Enable signal remains high, sensing
configured to support a range of different output levels. Typi- circuit 210 forwards the EN/SET signal as the Clock signal.
cally, these output levels would progress in even increments Counter 212 receives both the Clock and Enable signal. The
from a no-power or off condition to a full power condition. first rising transition of the EN/SET signal raises the Enable
Each different output level would define a particular opera- 20 signal and causes the EN/SET signal to be forwarded as the
tional state. The single wire serial protocol allows the opera- Clock signal. Counter 212 responds by increasing its value to

tional states of compatible devices to be dynamically con- one. Subsequent rising transitions causes Counter 212 to

trolled. Thus, for the stand-alone power IC example, the increment its value to two, three and so on. Counter 212 resets

single wire serial protocol would be used to select different to zero when sensing circuit 210 transitions the Enable signal
operational states and associated output power levels. 25 to a low value.

Devices that support the single wire serial protocol are The n output bits ofcounter 212 control a ROM 214. ROM

configured to receive an EN/SET signal. As shown by the 214 has a total of 2" words, each having m bits. Each m-bit

timing diagram ofFIG. 1, the EN/SET signal may be charac- word corresponds to one control state for IC 200. The n-bit
terized as having three different waveforms. The first ofthese output of counter 212 selects a particular m-bit word within
is a toggling waveform where the EN/SET signal is composed 30 ROM 214. The selected control state and Enable signal are

ofa series ofclock pulses. The second waveform is where the passed to core portion 208. Core portion 208 is configured to

EN/SET signal is asserted to have a constant high value. The adjust its operation to match the selected control state.

third waveform is where the EN/SET signal is asserted to Sensing Circuit
have a constant low value. FIG. 4 shows a representative implementation for sensing

The toggling waveform causes compatible devices to 35 circuit 210. As shown in that figure, sensing circuit 210 pro-
select particular operational states. The total number ofclock duces the Enable and Clock signals by timing the logic low

pulses (or rising edges) determines the particular operational period ofthe EN/SET signal. As long as the timeout period is
state that will be selected (i.e., four clock pulses selects the not exceeded, the Enable signal will remain high, and the
fourth operational state and so on. Additional clock pulses EN/SET signal will feed through logic gate AND1 to become
that exceed the number of operational states supported by a 40 the Clock signal. In the described implementation, the timer

compatible device will generally cause the count to rollover consists of capacitor Cl and current source Il. Transistors
and start again with the first operational state. MN2 and MN3 mirror current source Il. This linearly dis-

The constant high waveform causes compatible devices to charges capacitor Cl when the EN/SET signal is a logical
maintain their previously selected operational states. As low, and transistor MP1 is off. If the EN/SET signal remains
shown in FIG. 1, the current operational state may be contin- 45 in a logic low state long enough, capacitor Cl will discharge
ued for an arbitrary duration in this way. to a voltage that is less than the threshold of transistor MN1

The constant low waveform causes compatible devices to and turn MN1 off When MN1 is off, R1 pulls node "2" to the

power off (or otherwise adopt a predefined configuration) threshold ofSchmit trigger ST1 and the Enable signal goes to

after a pre-defined timeout period has elapsed. The timeout a logic low state. As long as the EN/SET signal remains low

period allows compatible devices to distinguish between the so for a period less than the timeout period, the Enable signal
constant low waveform and the shorter low portions of the will remain in a logic high state. The timeout period is domi-

toggling waveform. For a typical implementation, the timeout nated by the power supply voltage, the threshold oftransistor
value is 400 ns with the EN/SET signal having a frequency in MN1 (V), the value ofcapacitor Cl, and the magnitude of
the range of 1 Mhz to 10 kHz. Higher and lower frequencies current source Il, given by:
are also possible. 55

Single Wire Serial Interface T1meout=C*(Vcc— V,l)//1

To use the single wire serial protocol, compatible devices Typical values of C1=10 pF, Vcc=5 v, V=1 v and Il
must provide a single wire serial interface. For the purposes of =0.1 nA yield a timeout period of400 ns. Sensing circuit 210

illustration, FIG. 2 shows a block diagram ofan IC (generally can respond to a 400 ns signal of the EN/SET signal. As a

designated 200) configured to provide this interface. IC 200 60 result, it is able to differentiate between the EN/SET signal as

includes one or more inputs 202 and one or more outputs 204. Clock and EN/SET signal as Enable. A typical application
IC 200 also includes an EN/SET input 206 and a core portion can be designed around a range of EN/SET frequencies
208. Core portion 208 is intended to be generally representa- between 1 Mhz to 10 kHz, or slower ifdesired.
tive of the circuits that function to create outputs 204 using Latched Single Wire Serial Interface

inputs 202EN/SET input 206 is connected to a sensing circuit 65 Devices that implement thejust described single wire serial
210. Sensing circuit 210 monitors the EN/SET signal at interface select a new control state each time a rising edge of
EN/SET input 206 and determines ifthat voltage is constantly a clock pulse is received. One result is that compatible devices
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5 6
progressively select each control state in sequence until the to replace ROM 214 with a decoder. This allows the outputs of
desired control state is reached. So, selecting the eighth con- counter 212 to be directly decoded in logic without the corn-

trol state rneans that cornpatible devices will progressively plexity of a ROM.
select control states one through seven before finally selecting LED Driver
the eighth (desired) control state. For sorne devices this 5 The white LED has becorne the backlight source of choice
behavior is acceptable or even desirable. This can be true, for for srnall displays, used in products such as cell phones that

exarnple where the device is a current source where progres- typically use a lithiurn ion battery for power. The white LED

sively increasing output can be benign or even useful. In other is an excellent light source. However, it requires frorn 3.6 to

cases, selection of interrnediate control states rnay have 4.1 volts of forward bias voltage to conduct current and ernit
unwanted side effects. This could be true for the case of the 10 light. Since the lithiurn ion battery runs between 4.1 and 2.9

rnultiple load switch that is described below, volts, a regulated boosted voltage rnust be generated to power
FIG. 5 shows a block diagrarn of an IC (generally desig- the LED. Four LED's are typically used in a display; either in

nated 500) that uses an irnplernentation of the single wire a serial or a parallel arrangernent.
serial interface that elirninates interrnediate control states. IC

15
The lowest cost solution is to drive the four LED's in

500 includes the rnajority of cornponents previously parallel with a charge purnp. The higher cost solution is to

described for FIG. 2 and IC 200. In this case, the output of drive the four LED's in series with a DC/DC boost converter

counter 212 is passed through a latch 502 before reaching capable ofboosting the lithiurn ionbattery up to four tirnes the
ROM 214. Latch 502 is controlled by a Latch signal generated forward voltage of the LEDs (e.g. 4x4.1=16.4 volts). The

by a latch driver circuit 504. 20 DC/DC boost converter is higher cost due to the cost and size
The relationship between the EN/SET, Clock, Enable and ofthe required inductor, but since the LED is really a current

Latch signals is shown in FIG. 6. As shown, the Latch signal rnode device, the perforrnance is better because all of the
remains low until the EN/SET signal has been maintained in LED's in series will be biased with the sarne current and share
a high state for a duration that exceeds a predeterrnined latch the sarne lurninosity.
tirneout period. Holding the EN/SET signal high for longer 25 The charge purnp solution is attractive because srnall low

than the latch tirneout period causes latch driver 504 to assert cost capacitors can be used to develop a voltage ofup to 1.5 or

the Latch signal. This, in turn causes latch 502 to forward the 2 tirnes the battery voltage. The disadvantage to the charge
accumulated value of counter 212 to ROM 214. The result is purnp solution is that the resulting voltage rnust be sensed as

a current for brightness control of the LED. A single voltagethat counter 212 is prevented frorn forwarding interrnediate
30 can drive rnultiple LED's, however only one LED is used ascontrol states until the EN/SET signal has been asserted high the current reference. This is achieved by adding a current

after the train of clock pulses has been cornpleted.
Latch Driver Circuit setting and sensing resistor in series with it. The additional

LED's have a rnatching resistor in series, but unless their
FIG. 7 shows a representative irnplernentation for latch forward voltages rnatch that of the reference LED, they will

driver 504. As shown in that figure, latch driver 504 produces 35 have substantially different currents and, as such, brightnessthe Latch signal by tirning the logic high period of the levels. A better solution would have parallel current outputsEN/SET signal. As long as the EN/SET signal is high for less for driving the LED with a current. In this manner, all LED's
than the latch tirneout period, the Latch signal rernains low. In would have the sarne bias current and lurninosity. The parallelthe described irnplernentation, the tirner consists of capacitor outputs however, require rnore pins and a larger package that
Cl and current source Il. Transistors MN2 and MN3 mirror

40 is a significant disadvantage.
current source Il. This linearly discharges capacitor Cl when Another issue is brightness control. Brightness control can
the EN/SET signal is a logical high, and transistor MP1 is off be perforrned by setting a reference current and leaving it
If the EN/SET signal rernains in a logic high state long constant, or by applying sorne control rneans to the DC/DC
enough, capacitor Cl will discharge to a voltage that is less

converter to obtain a different output voltage or current. One
than the threshold oftransistor MN1 and turn MN1 off When

45 way to control the brightness ofan LED is to sirnply turn it on
MN1 is off, R1 pulls node "2" to the threshold of Schmit and off at a higher frequency than the hurnan eye can detect,
trigger ST1 and the Latch signal goes to a logic high state. As and pulse width rnodulate (PWM) the on-tirne. An easier
long as the EN/SET signal rernains high for a period less than

systern solution would be an interface whereby a current
the latch tirneout period, the Latch signal will rernain in a control is input to the DC/DC converter to control the outputlogic low state. The latch tirneout period is dorninated by the

so current. This can be accornplished either by a control voltage
power supply voltage, the threshold of transistor MN1

or a digital interface. A sirnple solution is a digital interface,
(V„), the value of capacitor Cl, and the rnagnitude of but to have enough resolution, or a large enough range, rnany
current source Il, given by: bits of control are required. This leads again to higher unde-

sirable pin count.
Latch Timeout=C*(Vcc— V,l)//1 55 Since the hurnan eye senses brightness logarithmically, a

Typical values of C1=10 pF, Vcc=5 v, V„,,,N1=1 v and Il useful digital control would result in a logarithmic brightness
=0.1 [A yield a latch tirneout period of 400 [is. Latch driver scale. A logarithmic scale that adequately covers two decades
504 can respond to a 400 ns signal of the EN/SET signal. As of lurninosity requires at least 5-bits or 32 levels.
a result, it is able to differentiate between the EN/SET signal An aspect ofthe present invention provides an LED driver
as Clock and EN/SET signal as Latch. A typical application 60 that effectively rneets all of these requirernents. The LED
can be designed around a range of EN/SET frequencies driver is preferably configured as a 12-pin device with four
between 1 Mhz to 10 kHz; or slower ifdesired. LED current source outputs. The LED driver also includes an

Decoder EN/SET input that supports the single wire serial protocol
ROM 214 provides a mapping between the EN/SET signal described above. The EN/SET input functions as the on/off

and associated control states for IC 200. In some cases, there 65 control as well as the brightness control. Internally, the LED

rnay be relatively few control states. In other cases, the rnap- driver includes a five-bit counter and a thirty-two word ROM.

ping rnay be defined functionally. In these cases, it is possible The control states included in the ROM are configured to
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provide logarithmically increasing levels of luminosity. The circuit to a corresponding rn-bit word, each rn-bit word cor-

counter and ROM are scaleable to any nurnber of levels responding to one of the control states for the device.

beyond or below 32. 3. A power integrated circuit as recited in clairn 1, wherein

Multiple Load Switch the second circuit provides for rnapping the accurnulated
Another aspect of the present invention is a load switch IC 5 count into a corresponding one ofa plurality ofrnore than two

incorporating the interface described in the preceding para- control states for the device.
graphs. For an eight-pin package, the load switch includes 4. A power integrated circuit as recited in clairn 1, wherein
one EN/SET input, five outputs, a power input and a ground the second circuit further cornprises a read only rnernory
input. For the case of the load switch, the bits in the counter (ROM), the ROM including one word for each control state of

rnay be used to directly control the state of the individual 10 the device, each word addressable by a corresponding one of

outputs (i.e., each bit deterrnines the state of a corresponding the count values.
output). This allows the ROM to be ornitted frorn the load 5. A power integrated circuit as recited in clairn 1, wherein
switch IC, sirnplifying its design. The bits in the counter yield the second circuit further cornprises an array of logic ele-
a total of 25 or thirty-two different output configurations (i.e., rnents configured to directly rnap each of the count values to

all possible configurations). Ifthe load switches are very slow 15 a corresponding control state for the device.
to respond, the single wire serial interface can be operated at 6. A power integrated circuit as recited in clairn 1, wherein
a rnuch higher frequency than the switches can respond and the interface rnaintains the count ofclock pulses for at least as

the outputs will be well behaved. In the case where the long as the received signal rernains high.
switches are fast, an addition rnust be rnade whereby the value 7. A power integrated circuit as recited in clairn 1, wherein
clocked into the single wire serial interface is not latched until 20 the interface rnaintains the control state corresponding to the
the clocking has stopped. accurnulated count for as long as the received signal rernains
Current Lirnited Load Switch with Configurable Current high.
Lirnit 8. A power integrated circuit as recited in clairn 1, wherein:

Another aspect of the present invention is a current lirnited the third circuit generates an enable signal, the enable
load switch IC incorporating the interface described in the 25 signal being asserted in response to a first clock pulse of

preceding paragraphs. The current lirnited load switch the received signal, and being de-asserted in response to

includes one or rnore outputs and one EN/SET input. Each the received signal being low for a period that exceeds
word in the ROM corresponds to a different current lirnit for the predeterrnined tirneout value;
the one or rnore outputs. The current lirnited load switch is the first circuit accurnulates the count while the enable
disabled a predeterrnined period after the EN/SET transitions 30 signal is asserted, and rnaintains the accurnulated count

to the low state. for as long as the enable signal rernains asserted after the

Although particular ernbodirnents of the present invention count has been accurnulated; and
have been shown and described, it will be apparent to those the first circuit resets the count to zero when the enable
skilled in the art that changes and rnodifications rnay be rnade signal is de-asserted.
without departing frorn the present invention in its broader 35 9. A power integrated circuit as recited in clairn 1, wherein

aspects, and therefore, the appended claims are to encompass the integrated circuit includes a rnulti-pin package, and
within their scope all such changes and rnodifications that fall wherein the single input cornprises a single pin.
within the true scope of the present invention. 10. A power integrated circuit as recited in clairn 1, wherein

What is clairned is: the power integrated circuit device is an LED current source

1. A power integrated circuit device having at least one 40 integrated circuit, wherein the at least one output provides an

input and at least one output, cornprising: LED current source output, and wherein each of the control
a core circuit producing at least one output frorn the power states corresponds to one ofa plurality ofLED current source

integrated circuit; and an interface for controlling the output levels.
core circuit, the interface including, 11. A power integrated circuit as recited in clairn 1, wherein

a first circuit for receiving a signal via a single input of the 45 the power integrated circuit device cornprises a plurality of

integrated circuit, the first circuit for accurnulating a load switch outputs, and wherein each of the control states

count of clock pulses encoded in the received signal, corresponds to a different cornbination ofoffand on states for
a second circuit for rnapping the count of encoded clock the load switch outputs.

pulses into a corresponding one of a plurality of control 12. A power integrated circuit as recited in clairn 1, wherein
states for the core circuit; so the power integrated circuit device cornprises a series of

a third circuit for resetting the count of encoded clock current lirnited load switch outputs, and wherein each ofthe

pulses to zero in response to the received signal being control states corresponds to a current lirnit for the lirnited
low for a period that exceeds a predeterrnined tirneout load switch outputs.
value, the predeterrnined tirneout value being longer 13. A power integrated circuit device having at least one

than a width of one of the encoded clock pulses; 55 input and at least one output, comprising:
a fourth circuit including a latch operative to receive the a core circuit producing at least one output frorn the power

accurnulated count frorn the first circuit; and integrated circuit; and an interface for controlling the
a fifth circuit responsive to the received signal, the fifth core circuit, the interface including,

circuit producing a latch signal that is asserted in a first circuit for receiving a signal via a single input ofthe

response to the received signal being rnaintained high 60 integrated circuit, the first circuit for accurnulating a

for a period that exceeds a predeterrnined latch tirneout count of clock pulses encoded in the received signal;
value; and wherein the latch is responsive to the latch a second circuit for rnapping the count of encoded clock

signal, and operative to forward the accurnulated count pulses into a corresponding one of a plurality of control
to the second circuit in response to the latch signal being states for the core circuit;
asserted. 65 a third circuit for resetting the count of encoded clock

2. A power integrated circuit as recited in clairn 1, wherein pulses to zero in response to the received signal being
the second circuit rnaps an n-bit count value output by the first low for a period that exceeds a predeterrnined tirneout
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value, the predetermined timeout value being longer 25. A power integrated circuit having at least one input and
than a width of one of the encoded clock pulses; at least one output, comprising:

the first circuit outputs progressively increasing count val- a core circuit operative to provide at least one output from

ues during the accumulating of the count of clock pulses the power integrated circuit; and an interface for con-

encoded in the received signal; and 5 trolling the core circuit, the interface including;
the second circuit is responsive to the count values, and a first circuit for receiving a signal via a single input ofthe

ioperative to progressively map each of the count values ntegrated circuit, the first circuit for accumulating a

count of clock pulses encoded in a received signal, the
output during the accumulating to a corresponding one

received signal having a first level and a second level, theof a plurality of intermediate control states.
10 encoded clockpulses including a transition fromthe first

14. A power integrated circuit as recited in claim 13,
level to the second level and a transition from the second

wherein the second circuit further comprises a read only level to the first level;
memory (ROM), the ROM including one word for each con-

a second circuit for mapping the count of encoded clock
trol state of the device, each word addressable by a corre- pulses into a corresponding one of a plurality of control
sponding one of the count values.

15 states for the core circuit;
15. A power integrated circuit as recited in claim 13, a third circuit for resetting the count of encoded clock

wherein the second circuit further comprises an array of logic pulses to zero in response to the received signal being at
elements configured to directly map each ofthe count values the first level for a period that exceeds a predetermined
to a corresponding control state for the device, timeout value after a transition from the second level to

16. A power integrated circuit as recited in claim 13, 20 the first level, the predetermined timeout value being
wherein the interface maintains the count of clock pulses for longer than a width of one of the encoded clock pulses;
at least as long as the received signal remains high. a fourth circuit including a latch operative to receive the

17. A power integrated circuit as recited in claim 13, accumulated count from the first circuit; and
wherein the interface maintains the control state correspond- a fifth circuit responsive to the received signal, the fifth

ing to the accumulated count for as long as the received signal 25 circuit producing a latch signal that is asserted in
remains high. response to the received signal being maintained at the

18. A power integrated circuit as recited in claim 13, second level for a period that exceeds a predetermined
wherein: latch timeout value; and wherein the latch is responsive

the third circuit generates an enable signal, the enable to the latch signal, and operative to forward the accumu-

signal being asserted in response to a first clock pulse of 30 lated count to the second circuit in response to the latch
the received signal, and being de-asserted in response to signal being asserted.
the received signal being low for a period that exceeds 26. A power integrated circuit as recited in claim 25,
the predetermined timeout value; wherein the second circuit further comprises a read only

the first circuit accumulates the count while the enable memory (ROM), the ROM including one word for each con-

signal is asserted, and maintains the accumulated count 35 trol state of the device, each word addressable by a corre-

for as long as the enable signal remains asserted after the sponding one ofthe count values.
count has been accumulated; and 27. A power integrated circuit as recited in claim 25,

the first circuit resets the count to zero when the enable wherein the second circuit further comprises an array of logic
signal is de-asserted. elements configured to directly map each ofthe count values

19. An interface for controlling a device as recited in claim 40 to a corresponding control state for the device.
13, wherein the second circuit provides for mapping each of 28. A power integrated circuit as recited in claim 25,
the count values into a corresponding one of a plurality of wherein the interface maintains the count of clock pulses for
more than two intermediate control states for the device, at least as long as the received signal remains at the second

20. A power integrated circuit as recited in claim 13, level.
wherein the second circuit maps an n-bit count value output 45 29. A power integrated circuit as recited in claim 25,
by the first circuit to a corresponding m-bit word, each m-bit wherein the interface maintains the control state correspond-
word corresponding to one of the plurality of intermediate ing to the accumulated count for at least as long as the
control states for the device, received signal remains at the second level following the

21. A power integrated circuit as recited in claim 13, accumulating ofthe count.

wherein the integrated circuit includes a multi-pin package, so 30. A power integrated circuit as recited in claim 25,
and wherein the single input comprises a single pin. wherein:

22. A power integrated circuit as recited in claim 13, the third circuit generates an enable signal, the enable
wherein the power integrated circuit device is an LED current signal being asserted in response to a first clock pulse of
source integrated circuit, wherein the at least one output pro- the received signal, and being de-asserted in response to

vides an LED current source output, and wherein each of the 55 the received signal being at the first level for a period that
control states corresponds to one ofa plurality ofLED current exceeds the predetermined timeout value; the first circuit
source output levels, accumulates the count while the enable signal is

23. A power integrated circuit as recited in claim 13, asserted, and maintains the accumulated count for at

wherein the power integrated circuit device comprises a plu- least as long as the enable signal remains asserted;
rality of load switch outputs, and wherein each of the control 60 and the first circuit resets the count to zero when the enable
states corresponds to a different combination of off and on signal is de-asserted.
states for the load switch outputs. 31. A power integrated circuit as recited in claim 25,

24. A power integrated circuit as recited in claim 13, wherein the second circuit maps an n-bit count value output
wherein the power integrated circuit device comprises a by the first circuit to a corresponding m-bit word, each m-bit
series of current limited load switch outputs, and wherein 65 word corresponding to one of the control states.

each ofthe control states corresponds to a current limit for the 32. A power integrated circuit as recited in claim 25,
limited load switch outputs. wherein the second circuit provides formapping the accumu-
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lated count into a corresponding one of a plurality of more 38. A power integrated circuit as recited in claim 37,
than two control states for the device, wherein the second circuit maps each ofthe count values into

33. A power integrated circuit as recited in claim 25, a corresponding one ofa plurality of more than two interme-
wherein the integrated circuit includes a multi-pin package, diate control states for the device.
and wherein the single input comprises a single pin. 5 39. A power integrated circuit as recited in claim 37,

34. A power integrated circuit as recited in claim 25, wherein the first circuit outputs n-bit count values, and the
wherein the power integrated circuit device is an LED current second circuit maps each ofthe n-bit count values to a corre-

source integrated circuit, wherein the at least one output pro- sponding m-bit word, each m-bit word corresponding to one

vides an LED current source output, and wherein each of the of the intermediate control states.

control states corresponds to one ofa plurality ofLED current 10 40. A power integrated circuit as recited in claim 37,
source output levels, wherein the second circuit further comprises a read only

35. A power integrated circuit as recited in claim 25, memory (ROM), the ROM including one word for each con-

wherein the power integrated circuit device comprises a plu- trol state of the device, each word addressable by a corre-

rality of load switch outputs, and wherein each of the control sponding one ofthe count values.
states corresponds to a different combination of off and on 15 41. A power integrated circuit as recited in claim 37,
states for the load switch outputs. wherein the second circuit further comprises an array of logic

36. A power integrated circuit as recited in claim 25, elements configured to directly map each ofthe count values
wherein the power integrated circuit device comprises a to a corresponding control state for the device.
series of current limited load switch outputs, and wherein 42. A power integrated circuit as recited in claim 37,
each of the control states corresponds to a current limit for at 20 wherein the interface maintains the count of clock pulses for
least one of the limited load switch outputs. at least as long as the received signal remains at the second

37. A power integrated circuit having at least one input and level.
at least one output, comprising: 43. A power integrated circuit as recited in claim 37,

a core circuit operative to provide at least one output from wherein the interface maintains the control state correspond-
the power integrated circuit; and an interface for con- 25 ing to the accumulated count for at least as long as the

trolling the core circuit, the interface including; received signal remains at the second level following the
a first circuit for receiving a signal via a single input of the accumulating ofthe count.

integrated circuit, the first circuit for accumulating a 44. A power integrated circuit as recited in claim 37,
count of clock pulses encoded in a received signal, the wherein the integrated circuit includes a multi-pin package,
received signal having a first level and a second level, the 30 and wherein the single input comprises a single pin.
encoded clock pulses including a transition from the first 45. A power integrated circuit as recited in claim 37,
level to the second level and a transition from the second wherein the power integrated circuit device is an LED current

level to the first level; source integrated circuit, wherein the at least one output pro-
a second circuit for mapping the count of encoded clock vides an LED current source output, and wherein each ofthe

pulses into a corresponding one of a plurality of control 35 control states corresponds to one ofa plurality ofLED current

states for the core circuit; source output levels.
a third circuit for resetting the count of encoded clock 46. A power integrated circuit as recited in claim 37,

pulses to zero in response to the received signal being at wherein the power integrated circuit device comprises a plu-
the first level for a period that exceeds a predetermined rality of load switch outputs, and wherein each ofthe control
timeout value after a transition from the second level to 40 states corresponds to a different combination of off and on

the first level, the predetermined timeout value being states for the load switch outputs.
longer than a width of one of the encoded clock pulses; 47. A power integrated circuit as recited in claim 37,

the first circuit outputs progressively increasing count val- wherein the power integrated circuit device comprises a

ues during the accumulating of the count of clock pulses series of current limited load switch outputs, and wherein
encoded in the received signal; and 45 each of the control states corresponds to a current limit for at

the second circuit is responsive to the count values, and least one of the limited load switch outputs.
operative to progressively map each of the count values

output during the accumulating to a corresponding one

of a plurality of intermediate control states.
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SINGLE WIRE SERIAL INTERFACE referred to as the EN/SET pin. The sensing circuit determines
whether or not the voltage at the EN/SET pin is high, low, or

RELATED APPLICATIONS toggling.
When the voltage at the EN/SET pin is toggling the counter

This application is a continuation of U.S. patent applica- 5 is enabled. This causes the counter to count the rising edge of
tion Ser. No. 11/582, 927 filed on Oct. 17, 2006, a continuation each clock pulse sent to the EN/SET pin. Holding the voltage
of U.S. patent application Ser. No. 10/144,333 filed on May at the EN/SET pin high causes the counter to stop counting
13, 2002 (U.S. Pat. No. 7, 127,631 issued on Oct. 24, 2006), and maintain its value. Holding the voltage at the EN/SET pin
and U.S. Provisional Application 60/1368,474 filed on Mar. low for more than a preset timeout period causes the counter

1028, 2002. to reset to zero.

The ROM contains a total of2" words ofm bits. Each m-bit
TECHNICAL FIELD OF THE INVENTION word corresponds to one control state for the IC. The output of

the counter is an address within the ROM selecting a particu-
The present invention relates generally to control inter- lar m-bit word and control state. For simple functions, the

15
faces for integrated circuits and other devices. More particu- counter can be only a few bits, in which case the counter

larly, the present invention includes a single wire serial inter- outputs can be directly decoded in logic without the complex-
face that may be used to control power ICs and other devices. ity of a ROM.

Another aspect of the present invention is an LED current
BACKGROUND OF THE INVENTION

20 source IC incorporating the single wire serial interface. The
LED current source includes at least one current output and

In power IC applications, an interface generally serves to
one EN/SET input. For a representative implementation, the

manage functions such as power level, or on and off switch- ROM includes a total of thirty-two (32) words. Each word
ing. In the load switch power IC case, the IC either delivers corresponds to an output level for the one or more current
power to a subsystem or not depending on the state of the 25 outputs. The output levels are preferably configured as a

on/off pin. In a more complex power supply controller, the logarithmic scale, yielding two decades of output levels and
regulated output voltage is set by a more complex interface LED luminosity.
such as an integrated 5-pin digital to analog interface. When Another aspect ofthe present invention is a load switch IC

many subsystems exist within the same system, an even more incorporating the single wire serial interface. The load switch

complex interface, such as the SMBUS interface may be 30 includes one EN/SET input and n outputs where n is greater
implemented. than one. For the case ofthe load switch, the bits in the counter

The complex power IC can easily afford a multi-pin control may be used to directly control the state of the individual

interface, since it is already in a large package, and has suf- outputs (i.e., each bit determines the state ofa corresponding
ficient functional density. The stand-alone power manage- output). This allows the ROM to be omitted from the load

ment function cannot normally offer a complex control inter- 35 switch IC, simplifying its design. The bits in the counter yield
face due to die size or package size constraints. Still there are

a total of 2" different output configurations (i.e., all possible
cases where this type of control is desirable. For instance, it configurations).

Another aspect ofthe present invention is a current limited
may be desirable to vary a current limit over different load

load switch IC incorporating the single wire serial interface.scenarios. However, few pins are available for control of the

simple load switch because most of the pins are used by the
40 The current limited load switch includes one or more outputs

and one EN/SET input. Eachword in the ROM corresponds to
power function, and there is no board space or budget for a

a different current limit for the outputs.larger package. Some functionality can be added by means of Other aspects and advantages ofthe present invention will
an analog interface, but since most applications are controlled become apparent from the following descriptions and accom-

by a microprocessor, a digital interface is easiest to imple- s panying drawings.
ment and most cost effective. A serial interface is efficient, but
common simple serial interfaces such as 3-wire or 2-wire BRIEF DESCRIPTION OF THE DRAWINGS

require too many pins. Complex serial interfaces such as

SMBUS are generally too complex and expensive to merit For a more complete understanding of the present inven-

implementation for the stand-alone power management func- 50 tion and for further features and advantages, reference is now

tion. made to the following description taken in conjunction with
For these reasons and others, there is a need for an interface the accompanying drawings, in which:

that may be used to control stand-alone power and other IC FIG. 1 is a timing diagram illustrating the use ofthe single
types. Ideally, this interface would be able to accommodate a wire protocol according to one aspect of the present inven-
wide variety of control needs and be scaleable to many levels 55 tion.
of complexity. Minimal pin use is also desirable, with the FIG. 2 is a block diagram showing an ICusing a single wire
ideal being use of a single pin that may optionally be shared serial interface according to one aspect of the present inven-
with another function. tion.

FIG. 3 is a timing diagram illustrating the use ofthe single
SUMMARY OF THE INVENTION 60 wire serial interface of the IC of FIG. 2.

FIG. 4 is a diagram showing a sensing circuit appropriate
An aspect of the present invention provides a single wire for use in the IC of FIG. 2.

serial interface that may be used to control stand-alone power FIG. 5 is a block diagram showing an IC using a latched
ICs and other devices. For this aspect, an IC is configured to implementation of single wire serial interface according to

include a sensing circuit, a counter, and a ROM or similar 65 one aspect of the present invention.
decoder. The sensing circuit monitors the voltage present at FIG. 6 is a timing diagram illustrating the use ofthe single
one of the IC pins. Typically, this will be the on/offpin and is wire serial interface of the IC of FIG. 5.
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FIG. 7 is a diagram showing a latch driver circuit appro- high, constantly low, or toggling. Based on this determina-

priate for use in the IC of FIG. 2. tion, sensing circuit 210 produces two signals: a Clock signal
and an Enable signal. The Clock and Enable signals control

DETAILED DESCRIPTION OF THE PREFERRED the operation of a counter 212 having n bits. Counter 212
EMBODIMENTS 5 counts the rising transitions of the Clock signal whenever

sensing circuit 210 asserts the Enable signal. Counter 212
The preferred embodiments of the present invention and resets whenever the Enable signal is not asserted.

their advantages are best understood by referring to FIGS. 1 The relationship between the EN/SET signal and the Clock
through 7 ofthe drawings. Like numerals are used for like and and Enable signals is shown in more detail in the timing
corresponding parts of the various drawings. io diagram ofFIG. 3. As shown in that figure, a rising transition

Single Wire Serial Protocol ofthe EN/SET signal causes sensing circuit 210 to assert the
An aspect of the present invention provides a single wire Enable signal. Sensing circuit 210 holds the Enable signal

serial protocol that may be used to control ICs and other high until the EN/SET signal transitions to a logical low state

compatible devices. To use the single wire serial protocol, a and remains in the low state until the predetermined timeout
device must support a series of different operational states or 15 period has elapsed. The Enable signal acts to gate the Clock
modes. For one example, a stand-alone power IC might be signal. As long as the Enable signal remains high, sensing
configured to support a range of different output levels. Typi- circuit 210 forwards the EN/SET signal as the Clock signal.
cally, these output levels would progress in even increments Counter 212 receives both the Clock and Enable signal. The
from a no-power or off condition to a full power condition. first rising transition of the EN/SET signal raises the Enable
Each different output level would define a particular opera- 20 signal and causes the EN/SET signal to be forwarded as the
tional state. The single wire serial protocol allows the opera- Clock signal. Counter 212 responds by increasing its value to

tional states of compatible devices to be dynamically con- one. Subsequent rising transitions causes Counter 212 to

trolled. Thus, for the stand-alone power IC example, the increment its value to two, three and so on. Counter 212 resets

single wire serial protocol would be used to select different to zero when sensing circuit 210 transitions the Enable signal
operational states and associated output power levels. 25 to a low value.

Devices that support the single wire serial protocol are The n output bits ofcounter 212 control a ROM 214. ROM

configured to receive an EN/SET signal. As shown by the 214 has a total of 2" words, each having m bits. Each m-bit

timing diagram ofFIG. 1, the EN/SET signal may be charac- word corresponds to one control state for IC 200. The n-bit
terized as having three different waveforms. The first ofthese output of counter 212 selects a particular m-bit word within
is a toggling waveform where the EN/SET signal is composed 30 ROM 214. The selected control state and Enable signal are

ofa series ofclock pulses. The second waveform is where the passed to core portion 208. Core portion 208 is configured to

EN/SET signal is asserted to have a constant high value. The adjust its operation to match the selected control state.

third waveform is where the EN/SET signal is asserted to Sensing Circuit
have a constant low value. FIG. 4 shows a representative implementation for sensing

The toggling waveform causes compatible devices to 35 circuit 210. As shown in that figure, sensing circuit 210 pro-
select particular operational states. The total number ofclock duces the Enable and Clock signals by timing the logic low

pulses (or rising edges) determines the particular operational period ofthe EN/SET signal. As long as the timeout period is
state that will be selected (i.e., four clock pulses selects the not exceeded, the Enable signal will remain high, and the
fourth operational state and so on). Additional clock pulses EN/SET signal will, feed through logic gateAND1 to become
that exceed the number of operational states supported by a 40 the Clock signal. In the described implementation, the timer

compatible device will generally cause the count to rollover consists of capacitor Cl and current source Il. Transistors
and start again with the first operational state. MN2 and MN3 mirror current source Il. This linearly dis-

The constant high waveform causes compatible devices to charges capacitor Cl when the EN/SET signal is a logical
maintain their previously selected operational states. As low, and transistor MP1 is off. If the EN/SET signal remains
shown in FIG. 1, the current operational state may be contin- 45 in a logic low state long enough, capacitor Cl will discharge
ued for an arbitrary duration in this way. to a voltage that is less than the threshold of transistor MN1

The constant low waveform causes compatible devices to and turn MN1 off When MN1 is off, R1 pulls node "2" to the

power off (or otherwise adopt a predefined configuration) threshold ofSchmit trigger ST1 and the Enable signal goes to

after a pre-defined timeout period has elapsed. The timeout a logic low state. As long as the EN/SET signal remains low

period allows compatible devices to distinguish between the so for a period less than the timeout period, the Enable signal
constant low waveform and the shorter low portions of the will remain in a logic high state. The timeout period is domi-

toggling waveform. For a typical implementation, the timeout nated by the power supply voltage, the threshold oftransistor
value is 400 ns with the EN/SET signal having a frequency in MN1 (V„), the value of capacitor Cl, and the magnitude
the range of 1 Mhz to 10 kHz. Higher and lower frequencies of current source Il, given by:
are also possible. 55

Single Wire Serial Interface T1meout=C*(Vcc— V,l)//1

To use the single wire serial protocol, compatible devices Typical values ofC1=10 pF, Vcc=5v, V„,,,Nl=lv and 11=0.1
must provide a single wire serial interface. For the purposes of nA yield a timeout period of 400 ns. Sensing circuit 210 can

illustration, FIG. 2 shows a block diagram ofan IC (generally respond to a 400 ns signal of the EN/SET signal. As a result,
designated 200) configured to provide this interface. IC 200 60 it is able to differentiate between the EN/SET signal as Clock
includes one or more inputs 202 and one or more outputs 204. and EN/SET signal as Enable. A typical application can be
IC 200 also includes an EN/SET input 206 and a core portion designed around a range of EN/SET frequencies between 1
208. Core portion 208 is intended to be generally representa- Mhz to 10 kHz, or slower ifdesired.
tive of the circuits that function to create outputs 204 using Latched Single Wire Serial Interface

inputs 202 EN/SET input 206 is connected to a sensing circuit 65 Devices that implement thejust described single wire serial
210. Sensing circuit 210 monitors the EN/SET signal at interface select a new control state each time a rising edge of
EN/SET input 206 and determines ifthat voltage is constantly a clock pulse is received. One result is that compatible devices

Exhibit 2 Page 9 of 12



Case3:15-cv-00947 Document1-2 Filed03/02/15 Page11 of 13

US 8, 539,275 B2

5 6
progressively select each control state in sequence until the to replace ROM 214 with a decoder. This allows the outputs of
desired control state is reached. So, selecting the eighth con- counter 212 to be directly decoded in logic without the corn-

trol state rneans that cornpatible devices will progressively plexity of a ROM.
select control states one through seven before finally selecting LED Driver
the eighth (desired) control state. For sorne devices this 5 The white LED has becorne the backlight source of choice
behavior is acceptable or even desirable. This can be true, for for srnall displays used in products such as cell phones that

exarnple where the device is a current source where progres- typically use a lithiurn ion battery for power. The white LED

sively increasing output can be benign or even useful. In other is an excellent light source. However, it requires frorn 3.6 to

cases, selection of interrnediate control states rnay have 4.1 volts of forward bias voltage to conduct current and ernit
unwanted side effects. This could be true for the case of the 10 light. Since the lithiurn ion battery runs between 4.1 and 2.9

rnultiple load switch that is described below, volts, a regulated boosted voltage rnust be generated to power
FIG. 5 shows a block diagrarn of an IC (generally desig- the LED. Four LED's are typically used in a display; either in

nated 500) that uses an irnplernentation of the single wire a serial or a parallel arrangernent.
serial interface that elirninates interrnediate control states. IC

15
The lowest cost solution is to drive the four. LED's in

500 includes the rnajority of cornponents previously parallel with a charge purnp. The higher cost solution is to

described for FIG. 2 and IC 200. In this case, the output of drive the four LED's in series with a DC/DC boost converter

counter 212 is passed through a latch 502 before reaching capable ofboosting the lithiurn ionbattery up to four tirnes the
ROM 214. Latch 502 is controlled by a Latch signal generated forward voltage of the LEDs (e.g. 4x4.1=16.4 volts). The

by a latch driver circuit 504. 20 DC/DC boost converter is higher cost due to the cost and size
The relationship between the EN/SET, Clock, Enable and ofthe required inductor, but since the LED is really a current

Latch signals is shown in FIG. 6. As shown, the Latch signal rnode device, the perforrnance is better because all of the
remains low until the EN/SET signal has been maintained in LED's in series will be biased with the sarne current and share
a high state for a duration that exceeds a predeterrnined latch the sarne lurninosity.
tirneout period. Holding the EN/SET signal high for longer 25 The charge purnp solution is attractive because srnall low

than the latch tirneout period causes latch driver 504 to assert cost capacitors can be used to develop a voltage ofup to 1.5 or

the Latch signal. This, in turn causes latch 502 to forward the 2 tirnes the battery voltage. The disadvantage to the charge
accumulated value of counter 212 to ROM 214. The result is purnp solution is that the resulting voltage rnust be sensed as

a current for brightness control of the LED. A single voltagethat counter 212 is prevented frorn forwarding interrnediate
30 can drive rnultiple LED's, however only one LED is used ascontrol states until the EN/SET signal has been asserted high the current reference. This is achieved by adding a current

after the train of clock pulses has been cornpleted.
Latch Driver Circuit setting and sensing resistor in series with it. The additional

LED's have a rnatching resistor in series, but unless their
FIG. 7 shows a representative irnplernentation for latch forward voltages rnatch that of the reference LED, they will

driver 504. As shown in that figure, latch driver 504 produces 35 have substantially different currents and, as such, brightnessthe Latch signal by tirning the logic high period of the levels. A better solution would have parallel current outputsEN/SET signal. As long as the EN/SET signal is high for less for driving the LED with a current. In this manner, all LED's
than the latch tirneout period, the Latch signal rernains low. In would have the sarne bias current and lurninosity. The parallelthe described irnplernentation, the tirner consists of capacitor outputs however, require rnore pins and a larger package that
Cl and current source Il. Transistors MN2 and MN3 mirror

40 is a significant disadvantage.
current source Il. This linearly discharges capacitor Cl when Another issue is brightness control. Brightness control can
the EN/SET signal is a logical high, and transistor MP1 is off. be perforrned by setting a reference current and leaving it
If the EN/SET signal rernains in a logic high state long constant, or by applying sorne control rneans to the DC/DC
enough, capacitor Cl will discharge to a voltage that is less

converter to obtain a different output voltage or current. One
than the threshold oftransistor MN1 and turn MN1 off When

45 way to control the brightness ofan LED is to sirnply turn it on
MN1 is off, R1 pulls node "2" to the threshold of Schmit and off at a higher frequency than the hurnan eye can detect,
trigger ST1 and the Latch signal goes to a logic high state. As and pulse width rnodulate (PWM) the on-tirne. An easier
long as the EN/SET signal rernains high for a period less than

systern solution would be an interface whereby a current
the latch tirneout period, the Latch signal will rernain in a control is input to the DC/DC converter to control the outputlogic low state. The latch tirneout period is dorninated by the

so current. This can be accornplished either by a control voltage
power supply voltage, the threshold of transistor MN1

or a digital interface. A sirnple solution is a digital interface,
(V„), the value of capacitor Cl, and the rnagnitude of but to have enough resolution, or a large enough range, rnany
current source Il, given by: bits of control are required. This leads again to higher unde-

sirable pin count.
Latch Timeout=C*(Vcc— V,l)//1 55 Since the hurnan eye senses brightness logarithmically, a

Typical values ofC1=10 pF, Vcc=5v, V„,,,Nl=lv and 11=0.1 useful digital control would result in a logarithmic brightness
1,IA yield a latch tirneout period of400 [is. Latch driver 504 can scale. A logarithmic scale that adequately covers two decades

respond to a 400 ns signal of the EN/SET signal. As a result, of lurninosity requires at least 5-bits or 32 levels.
it is able to differentiate between the EN/SET signal as Clock An aspect ofthe present invention provides an LED driver
and EN/SET signal as Latch. A typical application can be 60 that effectively rneets all of these requirernents. The LED

designed around a range of EN/SET frequencies between 1 driver is preferably configured as a 12-pin device with four
Mhz to 10 kHz, or slower if desired. LED current source outputs. The LED driver also includes an

Decoder EN/SET input that supports the single wire serial protocol
ROM 214 provides a mapping between the EN/SET signal described above. The EN/SET input functions as the on/off

and associated control states for IC 200. In some cases, there 65 control as well as the brightness control. Internally, the LED

rnay be relatively few control states. In other cases, the rnap- driver includes a five-bit counter and a thirty-two word ROM.

ping rnay be defined functionally. In these cases, it is possible The control states included in the ROM are configured to
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provide logarithmically increasing levels of luminosity. The an output pin in communicationwith the LED driver circuit
counter and ROM are scaleable to any number of levels and configured to output the boosted-output for the plu-
beyond or below 32. rality of LEDs.

Multiple Load Switch 5. The driver of claim 4 wherein at least some of the

Another aspect of the present invention is a load switch IC 5 plurality of LEDs are connected electrically parallel to each

incorporating the interface described in the preceding para- other.

graphs. For an eight-pin package, the load switch includes 6. The driver of claim 5 wherein the boosted-output
includes a drive current that is provided to the plurality of

one EN/SET input, five outputs, a power input and a ground
input. For the case of the load switch, the bits in the counter LEDs.

10 7. The driver of claim 4 wherein the LED driver circuit is
may be used to directly control the state of the individual

outputs (i.e., each bit determines the state of a corresponding
further configured to reset the count value to zero in response
to a received signal being low for a period that exceeds a

output). This allows the ROM to be omitted from the load
predetermined timeout value, the predetermined timeout

switch IC, simplifying its design. The bits in the counter yield value being longer than a width of one of the clock pulses.
a total of 25 or thirty-two different output configurations (i.e., 15 8. The driver ofclaim 4 wherein the count value includes at
all possible configurations). Ifthe load switches are very slow least five bits.
to respond, the single wire serial interface can be operated at 9. The driver ofclaim 4 wherein the second circuit includes
a much higher frequency than the switches can respond and a read only memory (ROM).
the outputs will be well behaved. In the case where the 10. The driver ofclaim 9 wherein the ROM is configured to
switches are fast, an addition must be made whereby the value 20 store words corresponding to luminosity of the plurality of
clocked into the single wire serial interface is not latched until LEDs.
the clocking has stopped. 11. The driver ofclaim 10 wherein the words correspond to
Current Limited Load Switch with Configurable Current logarithmically increasing levels of luminosity of the plural-
Limit ity of LEDs.

Another aspect of the present invention is a current limited 25 12. The driver of claim 4 wherein the pulses are clock
load switch IC incorporating the interface described in the pulses encoded in a received signal.
preceding paragraphs. The current limited load switch 13. The driver of claim 4 wherein the control state corre-

includes one or more outputs and one EN/SET input. Each sponds to luminosity of the plurality of LEDs.
word in the ROM corresponds to a different current limit for 14. The driver of claim 4 wherein the boost converter
the one or more outputs. The current limited load switch is 30 includes a DC/DC boost converter.
disabled a predetermined period after the EN/SET transitions 15. The driver of claim 14 wherein the plurality of LEDs
to the low state. are connected in series.

Although particular embodiments of the present invention 16. The driver of claim 15 wherein the power received at
have been shown and described, it will be apparent to those the input pin includes an input voltage having a value in a

skilled in the art that changes and modifications may be made 35 range between 2.9 and 4.1 volts.
without departing from the present invention in its broader 17. The driver ofclaim 16 wherein the DC/DC boost con-

aspects, and therefore, the appended claims are to encompass verter is configured so that the boosted-output includes a

within their scope all such changes and modifications that fall boosted voltage having a value that is at least four times the
within the true scope of the present invention, input voltage value.

40 18. The driver ofclaim 4 wherein the driver is implemented
What is claimed is: on a single semiconductor die.
1. A backlight driver, comprising: 19. The driver of claim 4 wherein the brightness of the
a first circuit for generating a count value by counting clock plurality of LEDs includes at least 32 levels.

pulses, a second circuit for generating a control state for 20. A method for driving a backlight circuit, the method
a light source in response to the count value, a third 45 comprising:
circuit for generating a drive voltage for the light source receiving power from a power source;
in response to the control state, and a fourth circuit for generating a count value by counting pulses;
resetting the count value to zero in response to a received generating a control state in response to the count value;
signal being low for a period that exceeds a predeter- generating a boosted-output of the received power in
mined timeout value, the predetermined timeout value so response to the control state; and

being longer than a width of one of the clock pulses. providing the boosted-output to a plurality oflight emitting
2. The driver ofclaim 1 wherein the second circuit includes diodes (LEDs) ofthe backlight circuit to thereby control

a read only memory (ROM). brightness ofthe plurality of LEDs.
3. The driver ofclaim 1 wherein the count value includes at 21. The method of claim 20 further comprising resetting

least five bits. 55 the count value to a reset-value in response a received signal
4. A backlight driver, comprising: being low for a period that exceeds a predetermined timeout
an input pin configured to be able to receive power from a value, the predetermined timeout value being longer than a

power source; width of one of the pulses.
a light emitting diode (LED) driver circuit in communica- 22. The method ofclaim 21 wherein the reset-value is zero.

tion with the input pin and configured to drive a plurality 60 23. The method of claim 20 wherein the pulses include
of LEDs, the LED driver circuit including a first circuit clock pulses encoded in a received signal.
configured to generate a count value by counting clock 24. The method of claim 20 wherein the control state cor-

pulses, a second circuit configured to generate a control responds to a luminosity of the plurality of LEDs.
state in response to the count value, and a boost converter 25. The method of claim 20 wherein the received power
configured to generate a boosted-output in response to 65 includes an input voltage.
the control state, the boosted-output configured to con- 26. The method ofclaim 25 wherein the input voltage is in
trol brightness of the plurality of LEDs; and a range between 2.9 and 4.1 volts.
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27. The method of claim 25 wherein the boosted-output

includes a DC/DC boosted-output.
28. The method of claim 27 wherein the DC/DC boosted-

output has a value that is at least four times the input voltage.
29. The method of claim 27 wherein the DC/DC boosted- 5

output has a value selected to power the plurality ofLEDs that
are connected in series.
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