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Inventor( s) 

Appln. No. 

Filed 

For 

Tao JIANG et al. 

15/483,368 

April 10, 2017 

LED TUBE LAMP 

Group Art Unit: 2844 

Examiner: Anh Q. TRAN 

Confirmation No.: 4470 

AMENDMENT AFTER NOTICE OF ALLOWANCE UNDER 37 C.F.R. §1.312 

United States Patent and Trademark Office 
Customer Service Window, Mail Stop Issue Fee 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

Sir: 

OK TO ENTER: /A.Q.T/ 

03/05/2018 

In response to the Examiner's Notice of Allowability dated November 17, 2017 and the 

Corrected Notice of Allowability dated January 17, 2018, please amend the above-identified 

application as follows. 

A listing of the claims begins on page 2. 

Remarks begin on page 1 1. 

If extensions of time are necessary to prevent abandonment of this application, then such 

extensions of time are hereby petitioned under 37 C.F.R. § 1.136(a), and any fees required thereof 

(including fees for net addition of claims) are hereby authorized to be charged to our Deposit 

Account No. 50-2478. 
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Appln. No.: 15/483,368 Docket No. 6246-40007US8 

AMENDMENTS TO THE CLAIMS 

Please AMEND claims 41 and 42 as follows. 

Please ADD claims 53-72 as follows. 

A copy of all pending claims and a status of the claims are provided below. 

1. (Previously presented) An LED tube lamp, comprising: 

a glass tube covered by a heat shrink sleeve and having two end portions; 

a plurality of LED light sources; 

two end caps respectively sleeving the two end portions of the glass tube; 

a power supply in one of the end caps or separately in both of the end caps; and 

an LED light strip on an inner surface of the glass tube forming a freely extending end 

portion at one end along a longitudinal direction of the glass tube, the freely extending end 

portion directly soldered to the power supply, the plurality of LED light sources being on the 

LED light strip; 

wherein each of the end caps comprises: 

an end wall; and 

two pins on the end wall. 

2. (Previously presented) The LED tube lamp according to claim 1, further comprising at 

least two openings on the end wall symmetric to each other with respect to a plane passing 

through the middle of a line connecting the two pins and perpendicular to the line connecting the 

two pins. 

3. (Previously presented) The LED tube lamp according to claim 2, wherein the at least two 

openings are on a surface of the end wall on which the two pins are disposed. 

4. (Previously presented) The LED tube lamp according to claim 3, wherein the at least two 

openings are separately in a shape of an arc. 

5. (Previously presented) The LED tube lamp according to claim 4, wherein the at least two 

openings are in a shape of arcs with different sizes. 

6246-40007US8 2 
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Appln. No.: 15/483,368 Docket No. 6246-40007US8 

6. (Previously presented) The LED tube lamp according to claim 5, wherein the sizes of the 

arcs of the at least two openings gradually vary. 

7. (Original) The LED tube lamp according to claim 6, wherein the heat shrink sleeve is 

substantially transparent with respect to the wavelength of light from the LED light sources. 

8. (Previously presented) The LED tube lamp according to claim 1, wherein the number of 

the at least two openings is six in two sets, and the three openings in one set are in a shape of 

three arcs with gradually varying sizes. 

9. (Original) The LED tube lamp according to claim 1, wherein at least a part of the 

openings are arranged along an arc and spaced apart from each other. 

10. (Canceled) 

11. (Previously presented) An LED tube lamp, comprising: 

a glass tube comprising an inner surface and an outer surface, at least part of the inner 

surface of the glass tube has a rough surface, the glass tube having two end portions; 

a plurality of LED light sources; 

two end caps respectively sleeving the two end portions of the glass tube; 

a power supply in one of the end caps or separately in both of the end caps; and 

an LED light strip on the inner surface of the glass tube forming a freely extending end 

portion at one end along a longitudinal direction of the glass tube, the freely extending end 

portion directly soldered to the power supply, the plurality of LED light sources being on the 

LED light strip. 

12. (Original) The LED tube lamp according to claim 11, wherein the roughness of the rough 

surface is substantially from 0.1 to 40 µm. 

6246-40007US 8 3 

Page 16 of 249



Appln. No.: 15/483,368 Docket No. 6246-40007US8 

13. (Previously presented) The LED tube lamp according to claim 11, wherein each of the 

end caps comprises a plurality of openings thereon, and the two sets of the plurality of openings 

are symmetric to each other with respect to a virtual central axis of the end cap. 

14. (Previously presented) The LED tube lamp according to claim 13, wherein the plurality 

of openings dissipate heat resulted from the power supply. 

15. (Canceled) 

16. (Original) The LED tube lamp according to claim 11, wherein the plurality of openings 

are separately in a shape of an arc. 

17. (Original) The LED tube lamp according to claim 16, wherein the number of the plurality 

of openings is three, and the three openings are in a shape of three arcs with gradually varying 

sizes. 

18. (Original) The LED tube lamp according to claim 11, wherein the plurality of openings 

are separately in a shape of a circle. 

19. (Original) The LED tube lamp according to claim 18, wherein the number of the plurality 

of openings is three, and the three openings are arranged in a shape of an arc. 

20. (Previously presented) The LED tube lamp according to claim 13, wherein at least a part 

of the openings are arranged along an arc and spaced apart from each other. 

21. (Canceled) 

22. (Previously presented) An LED tube lamp, comprising: 

a glass tube having two end portions; 

a plurality of LED light sources; 
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two end caps respectively sleeving the two end portions of the glass tube, each of the end 

caps comprising two pins and a plurality of openings, the two pins being on a surface of the end 

cap, the plurality of openings being on the surface of the end cap and divided into two sets, and 

the two sets of the openings being symmetric to each other with respect to a plane passing 

through the two pins; 

a power supply disposed in at least one of the end caps; and 

an LED light strip on an inner surface of the glass tube forming a freely extending end 

portion at one end along a longitudinal direction of the glass tube, the freely extending end 

portion directly soldered to the power supply, the plurality of LED light sources being on the 

LED light strip. 

23. (Previously presented) The LED tube lamp according to claim 22, wherein the power 

supply comprises a current-limiting element, and the plurality of openings dissipate heat resulted 

from the power supply. 

24. (Previously presented) The LED tube lamp according to claim 23, wherein the plurality 

of openings are separately in a shape of an arc. 

25. (Original) The LED tube lamp according to claim 23, wherein the surface of the end cap 

is vertical to the length direction of the glass tube. 

26. (Previously presented) The LED tube lamp according to claim 24, wherein the plurality 

of openings are in a shape of arcs with different sizes. 

27. (Previously presented) The LED tube lamp according to claim 26, wherein the sizes of 

the arcs of the plurality of openings gradually vary. 

28. (Previously presented) The LED tube lamp according to claim 23, wherein the plurality 

of openings are separately in a shape of a circle. 

6246-40007US8 5 
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29. (Previously presented) The LED tube lamp according to claim 28, wherein the number of 

the plurality of openings is three, and the three openings are arranged in a shape of an arc. 

30. (Previously presented) The LED tube lamp according to claim 23, wherein the plurality 

of openings are a combination in a shape of an arc and a circle. 

31. (Original) The LED tube lamp according to claim 23, wherein at least a part of the 

openings are arranged along an arc and spaced apart from each other. 

32. (Canceled) 

33. (Previously presented) An LED tube lamp, comprising: 

a glass tube; 

a plurality of LED light sources; 

two end caps respectively at two opposite ends of the glass tube; 

a power supply in one of the end caps or separately in both of the end caps; and 

an LED light strip on an inner surface of the glass tube forming a freely extending end 

portion at one end along a longitudinal direction of the glass tube, the freely extending end 

portion directly soldered to the power supply, the plurality of LED light sources being on the 

LED light strip; 

wherein each of the end caps comprises: 

an end wall; 

two pins on the end wall; and 

at least two openings on the end wall symmetric to each other with respect to a 

plane passing through the middle of a line connecting the two pins and perpendicular 

to the line connecting the two pins. 

34. (Previously presented) The LED tube lamp according to claim 33, wherein the at least 

two openings are separately in a shape of an arc. 
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3 5. (Previously presented) The LED tube lamp according to claim 1, wherein the LED light 

strip is a bendable circuit sheet. 

36. (Previously presented) The LED tube lamp according to claim 1, wherein the end cap 

comprises a metal part. 

3 7. (Previously presented) The LED tube lamp according to claim 11, wherein the LED light 

strip is a bendable circuit sheet. 

38. (Previously presented) The LED tube lamp according to claim 11, wherein the end cap 

comprises a metal part. 

39. (Previously presented) The LED tube lamp according to claim 22, wherein the LED light 

strip is a bendable circuit sheet. 

40. (Previously presented) The LED tube lamp according to claim 22, wherein the end cap 

comprises a metal part. 

41. ( Currently Amended) The LED tube lamp according to claim [[22]] 3 3, wherein the LED 

light strip is a bendable circuit sheet. 

42. (Currently Amended) The LED tube lamp according to claim [[22]] 33, wherein the end 

cap comprises a metal part. 

43. (Previously presented) The LED tube lamp according to claim 23, wherein the current-

limiting element comprises a resistor, a capacitor, an inductor, or any combination thereof. 

44. (Previously presented) The LED tube lamp according to claim 23, wherein the current-

limiting element is configured for reducing EMI ( electromagnetic interference). 
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45. (Previously presented) The LED tube lamp according to claim 23, wherein the current-

limiting element is an element of, or constitutes, a terminal adapter circuit. 

46. (Previously presented) The LED tube lamp according to claim 22, wherein the power 

supply comprises a rectifying circuit and a filtering circuit disposed in at least one of the end 

caps, and the plurality of openings are for dissipating heat from the power supply. 

47. (Previously presented) The LED tube lamp according to claim 22, wherein the power 

supply comprises a fuse connected to one of the two pins of one of the end caps, and the plurality 

of openings are for dissipating heat from the power supply. 

48. (Previously presented) The LED tube lamp according to claim 33, wherein the power 

supply comprises a current-limiting element disposed in at least one of the end caps, and the at 

least two openings are for dissipating heat from the power supply. 

49. (Previously presented) The LED tube lamp according to claim 48, wherein the current-

limiting element comprises a resistor, a capacitor, an inductor, or any combination thereof. 

50. (Previously presented) The LED tube lamp according to claim 48, wherein the current-

limiting element is configured for reducing EMI. 

51. (Previously presented) The LED tube lamp according to claim 33, wherein the power 

supply comprises a rectifying circuit and a filtering circuit disposed in at least one of the end 

caps, and the at least two openings are for dissipating heat from the power supply. 

52. (Previously presented) The LED tube lamp according to claim 33, wherein the power 

supply comprises a fuse connected to one of the two pins of one of the end caps, and the at least 

two openings are for dissipating heat from the power supply. 

53. (New) The LED tube lamp according to claim 22, wherein the power supply further 

comprises a circuit board with two second bond pads. 
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54. (New) The LED tube lamp according to claim 53, wherein each of the second bond pads 

comprises a through-hole. 

55. (New) The LED tube lamp according to claim 54, wherein the circuit board comprises an 

electrically insulating hole formed and disposed between the two second bond pads. 

56. (New) The LED tube lamp according to claim 22, wherein the power supply further 

comprises a circuit board with an electrically insulating hole. 

57. (New) The LED tube lamp according to claim 56, wherein the electrically insulating hole 

is formed and disposed near the edge of the circuit board. 

58. (New) The LED tube lamp according to claim 22, wherein the light bar comprises two 

first bond pads at a first end. 

59. (New) The LED tube lamp according to claim 58, wherein each of the first bond pads 

comprises a notch at an edge of the LED light bar. 

60. (New) The LED tube lamp according to claim 59, wherein at least one of the first bond 

pads is formed with a solder ball above the notch after soldering is completed, and a diameter of 

the solder ball is larger than a diameter of the notch. 

61. (New) The LED tube lamp according to claim 22, wherein the power supply further 

comprises a circuit board with a different width from the width of the light bar. 

62. (New) The LED tube lamp according to claim 22, wherein the power supply comprises a 

printed circuit board and the light bar comprises a bendable circuit sheet. 

63. (New) The LED tube lamp according to claim 33, wherein the power supply further 

comprises a circuit board with two second bond pads. 
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64. (New) The LED tube lamp according to claim 63, wherein each of the second bond pads 

comprises a through-hole. 

65. (New) The LED tube lamp according to claim 64, wherein the circuit board comprises an 

electrically insulating hole formed and disposed between the two second bond pads. 

66. (New) The LED tube lamp according to claim 33, wherein the power supply further 

comprises a circuit board with an electrically insulating hole. 

67. (New) The LED tube lamp according to claim 66, wherein the electrically insulating hole 

is formed and disposed near the edge of the circuit board. 

68. (New) The LED tube lamp according to claim 33, wherein the light bar comprises two 

first bond pads at a first end. 

69. (New) The LED tube lamp according to claim 68, wherein each of the first bond pads 

comprises a notch at an edge of the LED light bar. 

70. (New) The LED tube lamp according to claim 69, wherein at least one of the first bond 

pads is formed with a solder ball above the notch after soldering is completed, and a diameter of 

the solder ball is larger than a diameter of the notch. 

71. (New) The LED tube lamp according to claim 33, wherein the power supply further 

comprises a circuit board with a different width from the width of the light bar. 

72. (New) The LED tube lamp according to claim 33, wherein the power supply comprises a 

printed circuit board and the light bar comprises a bendable circuit sheet. 
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REMARKS 

Upon entry of this amendment, claims 1-9, 11-20, 22-31 and 33-72 will be pending in the 

application. By this Amendment, claims 41 and 42 are amended to con-ect their dependencies 

and claims 53-72 are added to further define the allowed subject matter. No new matter is added. 

Concerning the requirements ofMPEP §714.16, the above amendments are needed to 

obtain further protection. Further, the above amendments do not require additional search or 

examination since the amendments are only for dependent claims, depending from already 

allowed subject matter. In addition, the amendments are patentable since the amendments are 

only for dependent claims, which depend from already allowed subject matter. Additionally, the 

amendments were not presented earlier because Applicant focused on arguing that the original 

claim 34 and previously claim 52 were allowable, with Applicant not knowing which claims are 

allowable. Hence, Applicant did not present the current amendments earlier. Upon receipt of the 

Notice of Allowance (NOA), Applicant reviewed the allowed subject matter and determined that 

Applicant could obtain more complete protection based on the allowed subject matter indicated 

in the NOA. Accordingly, Applicant submits that the requirements of MPEP §714.16 are 

satisfied. 

Applicant respectfully requests entry of the present amendment under the provisions of 

37 C.F.R. §1.312. Specifically, 37 C.F.R. §1.312 permits entry of an amendment before payment 

of the Issue Fee and on the recommendation of the Primary Examiner, approved by the Director. 

Accordingly, entry of this amendment for the reasons discussed below is respectfully requested. 

Roberts Mlotkowski Safran Cole & Calderon PC 
P.O. Box 10064 
McLean, VA 22102 
Phone: 703. 584.8023 
Fax: 703.848.2981 
Email: acalderon@rmsc2.com 
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Registration No. 38,093 
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U.S. Patent and Trademark Office 
Commissioner for Patents 
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Roberts, Mlotkowski, Safran, Cole & Calderon PC 
P.O. Box 10064 
McLean, VA 22102 
Phone: 703.677.3011 
Fax: 703.848.2981 
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~,--CJ\.\,,~ 
Andrew M. Calderon 
Reg. No. 38,093 
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provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant 
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the 
patent. Any request for reconsideration of the patent term adjustment determination ( or reinstatement of patent term 
adjustment) should follow the process outlined in 37 CPR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 
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Application No. ~pplicant(s) 

Notice Requiring Inventor's Oath or 
15/483,368 rrAOJIANG 

Declaration Examiner ~rt Unit 
TRAN,ANHQ Q844 

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design 
Application (PTOL-37D). 

An inventor's oath or declaration in compliance with 37 CPR 1.63 or 1.64 executed by or with respect to each 
inventor has not yet been submitted. 

An oath or declaration in compliance with 37 CPR 1.63, or a substitute statement in compliance with 37 CPR 
1.64, executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or 
substitute statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is 
paid. See 35 U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application. 

A properly executed inventor's oath to declaration has not been received for the following inventor(s): 

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received 
an informational notice regarding deficiencies therein. 

The following deficiencies are noted: 

INFORMAL ACTION PROBLEMS 
• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 

LI-QIN LI. 
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and 
Fee(s) Due, PTOL-85, is mailed. 

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200. 

U.S. Patent and Trademark Office 
PTO-2306 (01-13) Notice Requiring Inventor's Oath or Declaration 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the 0MB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

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

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

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

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

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

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

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

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

Application No. 
15/483,368 
Examiner 
ANH TRAN 

Applicant(s) 
JIANG ET AL. 
Art Unit 
2844 

AIA (First Inventor to File) 
Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. 1:8] This communication is responsive to 10/06/17. 

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

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

3. 1:8] The allowed claim(s) is/are 1-9, 11-14, 16-20, 22-31, 33-52. As a result of the allowed claim(s), you may be eligible to benefit from the 
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4. 1:8] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) 1:8] All b) D Some *c) D None of the: 

1. 1:8] Certified copies of the priority documents have been received. 

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

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

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

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

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

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

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

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

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 
20171111 

5. D Examiner's Amendment/Comment 

6. 1:8] Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

Notice of Allowability Part of Paper No./Mail Date 
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Application/Control Number: 15/483,368 

Art Unit: 2844 

Page 2 

1. The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

DETAILED ACTION 

Allowable Subject Matter 

2. Claims 1-9, 11-14, 16-20, 22-31, 33-52 are allowed. 

3. The following is an examiner's statement of reasons for allowance: with respect 

to claims 1, 11, 22, and 33, in addition to other limitations in the claims, the prior art of 

record fails to teach, disclose or render obvious the applicant's invention as claimed, 

particularly the feature describing: an LED light strip on an inner surface of the glass 

tube forming a freely extending end portion at one end along a longitudinal direction of 

the glass tube, the freely extending end portion directly soldered to the power supply, 

the plurality of LED sources being on the LED light strip. 

Any comments considered necessary by applicant must be submitted no later 

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

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ANH TRAN whose telephone number is (571 )272-1813. 

The examiner can normally be reached on M-Th (8:00-6:30). 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 
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Application/Control Number: 15/483,368 

Art Unit: 2844 

Page 3 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

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

supervisor, Alexander Taningco can be reached on 571-272-2048. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

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

/ANH TRAN/ 
Primary Examiner, Art Unit 2844 
11 /11 /17 
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Application/Control No. 

Index of Claims 15483368 

Examiner 

ANH TRAN 

✓ Rejected Cancelled N 

-- Allowed Restricted 

□ Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 06/29/2017 11/11/2017 

1 1 ✓ = 

2 2 ✓ = 

3 3 ✓ = 

4 4 ✓ = 

5 5 ✓ = 

6 6 ✓ = 

7 7 ✓ = 

8 8 ✓ = 

9 9 ✓ = 

10 ✓ 

10 11 ✓ = 

11 12 ✓ = 

12 13 ✓ = 

13 14 ✓ = 

15 ✓ 

14 16 ✓ = 

15 17 ✓ = 

16 18 ✓ = 

17 19 ✓ = 

18 20 ✓ = 

21 ✓ 

19 22 ✓ = 

20 23 ✓ = 

21 24 ✓ = 

22 25 ✓ = 

23 26 ✓ = 

24 27 ✓ = 

25 28 ✓ = 

26 29 ✓ = 

27 30 ✓ = 

28 31 ✓ = 

32 ✓ 

29 33 ✓ = 

30 34 ✓ = 

31 35 = 

32 36 = 

U.S. Patent and Trademark Office 

Applicant(s)/Patent Under 
Reexamination 

JIANG ET AL. 

Art Unit 

2844 

Non-Elected A Appeal 

Interference 0 Objected 

□ CPA □ T.D. □ R.1.47 

DATE 

Part of Paper No. : 20171111 
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Application/Control No. 

Index of Claims 15483368 

Examiner 

ANH TRAN 

✓ Rejected Cancelled N 

= Allowed Restricted 

□ Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 06/29/2017 11/11/2017 

33 37 = 

34 38 = 

35 39 = 

36 40 = 

37 41 = 

38 42 = 

39 43 = 

40 44 = 

41 45 = 

42 46 = 

43 47 = 

44 48 = 

45 49 = 

46 50 = 

47 51 = 

48 52 = 

U.S. Patent and Trademark Office 

Applicant(s)/Patent Under 
Reexamination 

JIANG ET AL. 

Art Unit 

2844 

Non-Elected A Appeal 

Interference 0 Objected 

□ CPA □ T.D. □ R.1.47 

DATE 

Part of Paper No. : 20171111 
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I i I USPAT; i i l 14:38 i 

I I l~~~,I I I ! 
i , i DERWENT·, , ' , 

--------1 -----------------j -------------------------------------------------------------------------------------------1 I_BM_ TDB--'j ------------------------j -------------------! -------------------------j ~ ,------,,,----------------,,-----,,-----,,----.,-------,1 

S23 16 S22 AND ((end-cap or (end$2 adj1 cap)) U&PGPUB; OR ON !2016/11/17! 
SAME ((air or heat$2 or vent$3 or USPAT; l 14:39 : 
thermal$4 or temperature or cool$4) USOCR· l i 
WITH (open$3 or hole or outlet))) ~;J~; I I 
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ll II II IWs~~~~T;I[ II II I ',-----, ................................................................................................................ , ........ - .......................................................... , .......................... . 
i S24 i 2364 i S19 and 362/$.ccls. i U&PGPUB;: OR i ON i 2016/11/17! 
I i i iusPAT· i i !14-42 i 

I I I l~~~,I I 1 · i 
, i , i DERWENT·, , ' , 

!~I ................. J ........................................................................................... I 1_BM_ TDs .. 'j ........................ J ................... ! ......................... J 
i S25 20 : S24 AND ((end-cap or (end$2 adj1 cap)) I U&PGPUB;: OR I,,,,,,,,,,,,,,_ ON !, 2140~_462/11/171, I : SA.ME ((air or heat$2 or vent$3 or I USPAT; : 
I : thermal$4 or temperature or cool$4) I USOCR; : l i 

I I WlTH (open$3 or hole or outlet))) I ~+,I I I 
t ......... _l_llBM_TDB_i_,_,_I 
1826 3189 :S19and (362/$.ccls. or315/$.ccls.) IU&PGPUB;:OR :ON j2016/11/17: 
i i i USPAT · i i i 14 '44 i 

I I 1~~R; I I I . I 
! : ! EPO; JPO; : : j : 
i i i DERWENT·! i i i 

!~ ---------------· J --------------------------------------------------------------------------------------------I 1_BM_ TDB--' J ------------------------j ·----------------- ! -----------------------· J 
I S27 I 29 : S26 AND ((end-cap or (end$2 adj1 cap)) I U&PGPUB;: OR : ON j 2016/11/17: 
I I : SA.ME ((air or heat$2 or vent$3 or I USPAT; : : i 14:45 : 
I I : thermal$4 or temperature or cool$4) I USOCR; : : ! : 
I I : WITH (open$3 or hole or outlet))) I FPRS; : : j : 
I I : I EPO; JPO; : : ! : 
, i , i DERWENT·, , ' , 

!~I ------------------: -------------------------------------------------------------------------------------------I 1_BM_ TDB--'_: -------------------------: ------------------- ! --------------------------: 

i S28 5 : S27 AND ((end-cap or (end$2 adj1 cap)) I U&PGPUB;: OR I,,,,,,,,,,,,,,_ ON !, 2140~_466/11/171, I : SA.ME (hous$3 or tub$3 or cas$3 or pipe I USPAT; : 
I : or len$3 or glass$3) SAME ((thermal$3 I USOCR; : l i 
I : or heat$3 or melt$3) WI TH ( seal$4 or I FPRS; : l i 1 I adhesive or bond$3 or gl u$3))) I 6~:;Jf; I I I 
t ......... _l_llBM_TDB_i_,_,_I 

1,829 1 : S27 AND ((end-cap or (end$2 adj1 cap)) I U&PGPUB;: OR !,',,,,,,,,,,,,, ON !,, 2140~_467/11/17!, : SAME ((thermal$3 or heat$3 or melt$3) I USPAT; : 

I I ~I=))( seal$4 or adhesive or bond$3 or I ~:;Jf I I i 

!. ................ j ......................................................................................... 11. BM TDB , j ) ............. I ........................ I 

i S30 I 17 : S26 AND ((end-cap or (end$2 adj1 cap)) I U&PGPUB;: OR I,,,,,,,,,,,,,,_ ON !, 2140~_468/11/171, I i : SAME (hous$3 or tub$3 or cas$3 or pipe I USPAT; : 
I I : or len$3 or glass$3) SAME ((thermal$3 I USOCR; : i i 
I I : or heat$3 or melt$3) WI TH ( seal$4 or I FPRS; : l i 1 1 I adhesive or bond$3 or glu$3))) I EFO; JFO; I I I 
111 ,~~~~T;L I I I 

1S31 !6 :S26AND((end-capor(end$2adj1 cap)) !U&PGPUB;:OR l,,,,,,,,,,,,,,,ON !,_2140~_469/11/171, i i : SAME ((thermal$3 or heat$3 or melt$3) I USPAT; : 

I I I ~I=) i seal$4 or adhesive or bond$3 or I ~:;J+ I I i 

11 .................. 1 J 1.BM_TDB:1 ........................ • ................... , .......................... ' 

l[~~--IE:l ~g1~:::_g~:--~-~--:~-~-~~~-~:-~~-----~~-----------------I ~~p~-~-~'. lr=J~ ~~~~~-~--~-~-~-~I 
1111 ii ii :I 
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ElFJIS24' AND,&32 """"""""""""""""""""""""""""""'"I ~~p~UB; l[OR"""""""'" IE] ~~~;~-~--~-~-~-~I 
,-----, ' ' ' ' ' &34 i 19 i &33 AND ((end-cap or (end$2 adj1 cap)) i U&PGPUB;: ON i 2016/11/17! 

I : SA.ME ((air or heat$2 or vent$3 or I USPAT; : ! 14:52 : 
I : thermal$4 or temperature or cool$4) I USOCR; : j : 
I : WITH (open$3 or hole or outlet))) I FPRS; : j : 
I : I EPO; JPO; : ! : 
i , i DERWENT·, ' , 
I : I I BM TDB , : ! : 

~' nnnnnnnnn: nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn~·' ~ - n ~: nnnnnnnnn~' nnnnnn~: 

&35 5 : &33 AND ((end-cap or (end$2 adj1 cap)) I U&PGPUB;: OR !,',,,,,,,,,,,,, ON I 2016/11/17! : SA.ME ((thermal$3 or heat$3 or melt$3) I USPAT; : l 14:54 : 

~I= J' seal$4 or adhesive or bond$3 or I ~~~; I I,,,_ 1,,, 

I DERWENT;: 
I IBM TDB i , 

l~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' - ~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~• 

S36 38 : S19 AND ((end-cap or (end$2 adj 1 cap)) I U&PGPUB;: OR !,',,,,,,,,,,,,_ ON ! 2016/11/17j · SA.ME ((thermal$3 or heat$3 or melt$3 I USPAT; : i 15:12 : 
or hot or hot-melt$3) NEAR3 (seal$4 or I USOCR; : i : 

adhesive or bond$3 or glu$3))) I :~~;JPO· I 1,,,_ 1,,, 

I DERWENT·! 
I IBM TDB ': i 

~ ................ , ............................................................................................ ' ........ - ............ , ........................ , .................. ' ........................ , 

&37 I S19 AND ( (melt$3 or hot or hot-melt$3) I U&PGPUB;: ON j 2016/11/17: 
I NEAR3 (seal$4 or adhesive or bond$3 or I USPAT; : i 15:21 : 
I glu$3)) I USOCR; : ! : 
I I FPRS; : ! : 
I I EPO; JPO; : I : 
i i DERWENT; i i i 
I I I BM TDB i I i ~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·' ~ - ~~~~: ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~: 

&38 45 :(315/$.ccls.or362/$.ccls.)AND((end- !U&PGPUB;:OR !,',,,,,,,,,,,,,ON !2016/11/18! : cap or (end$2 adj1 cap)) SAME ((light or I USPAT; : l 17:06 : 
: ambien$3 or color) NEAR2 (sensor or I USOCR; : l i 

detector))) I :~~;JPO· I 1,,,_ 1,,,_ 
I DERWENT;! 
I IBM TDB i , 

l~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' - ~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~• 

&39 0 i((LED.u/c.or(lightadjemittingadj !U&PGPUB;\OR 2016/11/18\ 
: diode) or (light-emitting adj diode)) I USPAT; : 
! NEAR3 (tub$4 or straight or pipe or I USOCR; : 
: cyclind$5 or retrofit$4 or replac$4) I FPRS; : 
: NEAR3 (lamp or bulb)) AND ((end-cap or I EPO; JPO; : 
: (end$2 adj1 cap)) WITH ((air or heat$2 I DERWENT;: 
: or vent$3 or thermal$4 or temperature) I I BM TDB : 
: NEAR2 (open$3 or hole or outlet)) SA.ME I - : 
· sensor) I : 

-.~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~~~~~· 

S40 0 i((LED.u/c.or(lightadjemittingadj iU&PGPUB·iOR 2016/11/18: 
: diode) or (light-emitting adj diode)) I USPAT; '! 
j NEAR3 (tub$4 or straight or pipe or I USOCR; : 
: cyclind$5 or retrofit$4 or replac$4) I FPRS; : 
: NEAR3 (lamp or bulb)) AND ((end-cap or I EPO; JPO; : 
: (end$2 adj1 cap)) SA.ME ((air or heat$2 I DERWENT;: 
: or vent$3 or thermal$4 or temperature) I I BM TDB : 
· NEAR3 (open$3 or hole or outlet)) SA.ME I - ' 
sensor) I 

~""""""""'"' """"""""""""""""""""""""""""""""""""""'"""""""""""""'""""""""""""'' 

S41 33 ((LED.u/c. or (light adj emitting adj U&PGPUB; OR ON l 2016/11/18: 
diode) or (light-emitting adj diode)) USPAT; j 21 :48 i 
NEAR3 (tub$4 or straight or pipe or USOCR; j : 
cyclind$5 or retrofit$4 or replac$4) FPRS; j : 
NEAR3 (lamp or bulb)) AND ((end-cap or EPO; JPO; j : 
(end$2 adj1 cap)) SA.ME sensor) DERWENT; j : 

~ : 
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I I[ 1l l[IBM_TDB H H H 1 ,...........; """"""""" """""""""""""""""""""""""""""""""""""""""""""" . "" """""""""""" """"""""" """"""""""""" 

S42 !13 :("20090200950" I "20100045191" I !U&PGPUB;!OR !,',,,,,,,,,,,,,OFF !2016/11/18! i : "20100083073" I "20100220046" I I USPAT· i l 23:08 i 
I : "20100308737" I "20100327757" I I USOCR i ; ' 
I i "20110170283" I "20110175536" I I j l i 

I I ;;l\\\\~:;~:J~~~~1~f ~1 ~~07676" I I I ! 
i-----''''''''''''''''''' ' ' ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

S43 82 :((LED.u/c.or(lightadjemittingadj IU&PGPUB;:OR !2016/11/19! 
: diode) or (light-emitting adj diode)) i USPAT· i l 10:08 : 
: NEAR3 (tub$4 or straight or pipe or I USOCR; ! 
cyclind$5 or retrofit$4 or replac$4) I FPRS; : 
NEAR3 (lamp or bulb)) AND ((end-cap or I EPO; JPO; : 
((end$2 or edge) adj1 (cap or cover$2 orl DERWENT;: 
hous$3)) or edge-cap) SAME (air-hole or 11 BM_TDB : 
( ( air or heat$2 or vent$3 or thermal$4 or I : 
temperature) NEAR5 (open$3 or hole or I : 

~ ----------------·-- out let __ or _space)) __ or. air-open$3) )__ ________________ ! . ...J -------------------------- ----------------·--; ------------------------·--
S44 S43 AND ((end-cap or ((end$2 or edge) I U&PGPUB;: ON l 2016/11/19: 

adj1 (cap or cover$2 or hous$3)) or I USPAT; : 
edge-cap) SAME (air-hole or ((air or I USOCR; : 
heat$2 or vent$3 or thermal$4 or I FPRS; : 
temperature) NEAR5 (open$3 or hole or I EPO; JPO; : 
outlet or space)) or air-open$3) SA.ME I DERWENT;: 
((light or ambien$3 or photo or 11 BM_ TDB : 
$2Iumin$4) NEAR2 (detect$3 or I : 
sens$3))) I : 

~ .......................................................................... F'===· .. '-',·, ;====~•==~,===~! 
S45 S43 AND ((end-cap or ((end$2 or edge) I U&PGPUB;: ON l 2016/11/19: 

adj1 (cap or cover$2 or hous$3)) or I USPAT; : 
edge-cap) SAME (air-hole or ((air or I USOCR; : 
heat$2 or vent$3 or thermal$4 or I FPRS; : 
temperature) NEAR5 (open$3 or hole or I EPO; JPO; : 
outlet or space)) or air-open$3) SAME I DERWENT;: 
((light or ambien$3 or photo or 11 BM_ TDB : 
$2Iumin$4) WITH (detect$3 or I : 
sens$3))) I : 

~ """""""""""""""""""""""""""""""""""" ;====="'-',", ;====~;.==~,===~! 
S46 S43 AND ((end-cap or ((end$2 or edge) I U&PGPUB;: ON j 2016/11/19: 

adj1 (cap or cover$2 or hous$3)) or I USPAT; : j 10:14 : 
edge-cap) SAME ((light or ambien$3 or I USOCR; : j : 
photo or $2Iumin$4) WITH (detect$3 or I FPRS; : I : 
sens$3))) I EPO; JPO; : I : 

I DERWENT· i i i 
I I BM TDB , : ! : 

~ ............................................................................................. '. - .. · ................... ' ............... · 
S47 I 6 : U&20080278943-$.DI D. OR U& I U&PGPUB;! OR : OFF l 2016/11/19! 

I i 20100246186-$.DI D. OR U& I USPAT; i i ! 10:27 i 
I i 20100309647-$.DI D. I USOCR; i i j i 

.......... 1 ............... 1 ............................................................................................. l~;J+ .. ! ................. 1 ................... 1 .............. ! .----, 

S48 i 4 : U&20060164841-$. DID. OR U& I U&PGPUB;: OR !,',,,,,,,,,_ OFF l 2016/ 11 / 19! 
i :,',,,,,,_ 8016456-$.DI D. i USPAT· i l 10:28 i I I USOCR· : i : 

I IFPRS , I I I 
I l6~W~+I ; ~: ................................................................................................................. ' .· ............................................. ' ........................... . 

S49 20 U&5134553-$.DID. ORU&6536924- U&PGPUB; OR OFF l2016/11/19! 
$.DID. OR U&7670032-$.DI D. OR U& USPAT; l 10:29 : 
7862198-$.DI D. OR U&8057061-$.DI D. USOCR; ! : 
OR U&8061867-$.DI D. OR U&6221717- FPRS; l i 
$.DID. OR U&20050201088-$.DI D. OR EPO; JPO; l i 
U&20070189015-$.DI D. OR U& DERWENT l i 

~ l 
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L.....IL............. 1l2001024 7856-$. DI .D·............................................IL .................... 1L ..................... J! ................. !L..................... J 
□o !□07: ("20040032220" I "5463280" I I U&PGPUB;i□R rFF i2016/11/19; I i "5811942" I "6580228" I "6608453" I I USPAT; i i j 11 :03 i 

I i "6828733" I "6936968").PN. OR I USOCR i i ! i 
I: ("7067992") .URPN ................................................ J ......................... j ........................ : ................. ) . .. ........... i 

UL 11S50and. sensor··························································I ~~T:'ID□ ;~1;;111191 ,-----; ' 
S52 I 15 : (("20130050998") or ("20140009923") or! U&PGPUB;: OR : OFF I 2016/11/20\ 

I :("20160081147")or("20150176770")or!USPAT; : : j12:39 : 
I : ("20140226320") or ("20100253226") or I USOCR : : j : 
I : ("20080290814") or ("20110038146") or I : : j : 
I : ("20150285479") or ("20150028751 ") or I : : j : 
I : ("20140346972") or ("20140268748") or I : : I : 
I : ("20130051008") or ("20130021809") or I : : I : 
I i ("20120195032")).PN. I i i l i 
~ .................. , ............................................................................................. , ......................... , ........................ , .................. .- .......................... , 
S53 I 17 : (("20130050998") or ("20140009923") or! U&PGPUB;: OR : OFF j 2016/11/20: 

I !("20160081147")or("20150176770")or!USPAT; : : !12:47 : 
I : ("20140226320") or ("20100253226") or I USOCR : : ! : 
I : ("20080290814") or ("20110038146") or I : : j : 
I : ("20150285479") or ("20150028751 ") or I : : j : 
I : ("20140346972") or ("20140268748") or I : : j : 
I : ("20130051008") or ("20130021809") or I : : I : 
I : ("20120195032") or ("20100253226") or I : : I : 
I : ("5536998") or ("8288949") or I : : j : 

........ J .................. i (" 201_ 60081_ 14 7")) . PN ........................................... J ......................... i ........................ i .................. .l .......................... i 
□41□: (("20110149548") or I U&PGPUB;:□R i[OFF 12016/11/21, 

I : ("20130170196")).PN. I USPAT; : : I 18:31 : 

II ............................................................................................. 1 USOCR ........ : ........................ : ................... ! ............. : 
sss· (LED.u/c. or (light adj emitting adj diode)! U&PGPUB;: ON 12016/11/21 i 

or (light-emitting adj diode)) NEAR3 I USPAT; : · 
(tub$4 or straight or pipe or cyclind$5 or I USOCR; : 
retrofit$4 or replac$4) NEAR3 (lamp or I FPRS; : 
bulb) AND ((end-cap or (end adj1 cap)) I EPO; JPO; : 
SAME (PCB.u/c. or (circuit adj1 board) or! DERWENT;: 
(print-circuit adj1 board)) SAME (heat- I I BM TDB i 
sink$3 or ((heat$3 or temperature or I - : 
thermal$3) adj 1 (sink$3 or dissipat$4)) I : 
or heat-dissipat$4)) I : 

'ss6· (LED.u/ C. or (light adJ .. ~;itt·;~·; .. ~dj ... d.i~d~)·I U&PGPUB;: OR 12016/11/25! 
or (light-emitting adj diode)) NEAR3 I USPAT; : l 16:34 i 
(tub$4 or straight or pipe or cyclind$5 or I USOCR; : i : 
retrofit$4 or replac$4) NEAR3 (lamp or I FPRS; : l i 
bulb) AND ((end-cap or (end$2 adj1 I EPO; JPO; : 1,,,,,, I,,,,,_ 

cap)) SAME ((air or heat$2 or vent$3 or I DERWENT;: 
thermal$4 or temperature or cool$4 or I I BM TDB : 
pressur$3) WI TH ( open$3 or hole or I - : ; 
outlet))) I : I 

~ ........................................................................ , .. , ........................ , ................... , .......................... , .. . 
S57 ("1830084" I "20050070172" I I U&PGPUB;: OFF l 2016/11/25! 

"20100277918" I "20110194278" I I USPAT; i j 17:39 i 
"2716226" I "4728835" I "5009614" I I USOCR i l i 
"6283612" I "6531810" I "7354001" I I : I : 
"7484980" I "7490957" I "8167452" I I : I : 
"8220956" I "8220976").PN. OR I i ! i 
("8827486").URPN. I : I : 

:~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~ 

~ 27010 ((end-cap or (end$2 adj1 cap)) SA.ME U&PGPUB; OR ON j 2016/11/25: 
((air or heat$2 or vent$3 or thermal$4 or USPAT; I 18:13 : 
temperature or cool$4 or pressur$3) USOCR; j : 
WITH (open$3 or hole or outlet))) FPRS; j : 

EPO; JPO; I : 
DERWENT; ! : 
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II I[ :l 111 BM_ TDB :l :l H : '~ ................ '. ............................................................................................ , ........................ '. ........................ '. ................... , ........................ '. 
I S59 I 1034 : S58 AND (LED.u/c. or (light adj emitting I U&PGPUB;j OR : ON j 2016/11/25\ 
I I : adj diode) or (light-emitting adj diode)) I USPAT; : : j 18: 14 : 

I I I l~~~,I I I ! 
, i , i DERWENT·, , ' , !~ I ................ J ............................................................................................. 11 _BM_ TDB .. '_: ....................... ..! ................... ! ........................ ..! 
i S60 123 : S59 AND ((LED.u/c. or (light adj emitting I U&PGPUB;: OR i,,,',,,,,,,,,,, ON !, 21o8 ~_167/11/25i, I : adj diode) or (light-emitting adj diode)) I USPAT; : 
I : NEAR3 (tub$4 or straight or pipe or I USOCR; : l i 

I ! cyd i nd$5 or retrofit$4 or replac$4)) I ~'+, ! I I 
I. . ................. ! JI.BM_TDB ... i ........................ ' , .......................... ' 

lffij 33 1~9AND315/$~1s 1~:r Im 1~~
1
;6

11125
1 

!, ___________ ,_11.BM_TDB_i_,_;_, 

I ffi2 I 155 I ~9 ~D 36~$ eds I ~~~r I rn I ~~1~ 111251 

I I , 1~:.~~T;L , 11 

11:3!□ 1'.~~~~~~~m1:;:0:(::7:112:::)orl ~~~:'!□□ ~~1;~05/1:! 
\i----- ' ' ' ' ' 

I S64 11 !,',,,,,,,,,,,,,_ ((LED.u/c. ADJ1 tube) AND sleeve) .elm. i U&PGPUB; i OR i ON i 2017/06/28! I I USPAT; i i l 17:13 i 
I I USOCR; : : I : 
, i FPRS· , , , , 

I I EPO; ,JPO; : : I : 
i i DERWENT·' , i , 

L ........................... ' .......................................................................................... ...11.BM_TDB . .': ........................ : ................. J .......................... : 
1865 96 i ((LED.u/c. or (light adj emitting adj i U&PGPUB·i OR !,',,,,,,,,,,,,_ ON l 2017/06/28! i : diode) or (light-emitting adj diode)) I USPAT; 'I l 17:51 i 
I : NEAR3 (tub$4 or straight or pipe or I USOCR; : i : 
I : cyclind$5 or retrofit$4 or replac$4 or I FPRS; : l i 

I ,~~:r1r1~~~t~:~t£!~(=Eorl~E~+,1 , I i 
I : ventilat$3 or outlet or hole))) I : : j : .~ ................................................................................................................ , ...................................................................... , .......................... . 
I S66 I 138 : ((LED.u/c. or (light adj emitting adj I U&PGPUB;: OR : ON j 2017/06/28: 
i I : diode) or (light-emitting adj diode)) I USPAT; : : i 18:34 : 
I I : NEAR3 (tub$4 or straight or pipe or I USOCR; : : ! : 
I I : cyclind$5 or retrofit$4 or replac$4 or I FPRS; : : j : 
I I : fluorescen$3)) AND ((end-cap or (end I EPO; JPO; : : j : 
I I : adj 1 ( cap or holder or cover$2))) SA.ME I DERWENT;: : j : 
I I : ( (heat or air or pressure or vent or 11 BM_ TDB : : j : 
I I : ventilat$4 or radiat$4 or cool$3) NEAR2 I : : j : 
I I : (outlet or hole or opening))) I : : I : r ID: (("20150176770") or ("20100220469") or! U&PGPUB;:□R rFF 12017/06/28! 
I I : ("20100253226") or ("20100135015") or I USPAT; : : j 21 :38 : 
I I : ("20130050998") or ("20080290814") or I USOCR : : j : 

1 .......... 1 ................... 1 ~::~~~~~~~~~.:~::\)~~- ........................................... 1 ......................... 1 ......................... 1 ................... 1 .......................... 1 
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S68 I 111 : ((LED.u/c. or (light adj emitting adj I U&PGPUB;: OR ! 2017/07/03: 
: diode) or (light-emitting adj diode)) I USPAT; : i 13:29 : 
: NEAR3 (tub$4 or straight or pipe or I USOCR; : i : 
: cyclind$5 or retrofit$4 or replac$4)) AND I FPRS; : l i 
: ( ( end-cap or ( end$2 NEAR1 ( cap or I EPO; JPO; : l i 
: cover$3))) SAME ((air or heat$2 or I DERWENT;: 1,,,,,,, I,,,,,,_ 
: vent$3 or thermal$4 or temperature or I I BM_ TDB : 
: pressure) NEAR2 (open$3 or hole or I : 

___________________ : out I et_ or_ exhaust $3)) )__ ________________________________________ J _________________________ '. -------------------------- ___________________ , ---------------------------

LJ□ ( ====-1 ~~TJL1t_1 ;~16~ :1 
EJ[Jl("8827486").PN.""""""""""""""""""""""""""""I ~~~---------l~EJ ~~~;~07/041 ,....-,.---~,--------------- ' 
S75 I 22 : (" 1830084" I "20050070172" I I U&PGPUB;: OR : OFF j 2017/ 07/ 04\ 

I i "20100277918" I "20110194278" I I USPAT; i i j 10:53 i 
I i "2716226" I "4728835" I "5009614" I I USOCR i i j i 
I :"6283612"1"6531810"1"7354001"1 I : : I : 
I : "7484980" I "7490957" I "8167452" I I : : I : 
I i "8220956" I "8220976").PN. OR I i i ! i 

________I _______________ j C§_§~?-~.§~'.~L~!3~:________________________________________________I _______________________ j _______________________ ] _________________ I _______________________ j 

□76 ID: ("5138245" I "5904415" I I U&PGPUB;i□R ![OFF 12017/07/M I i "7097508").PN. OR ("7484980").URPN. I USPAT; i i ! 11 :01 i 
I: """""""""""""""""""""""""""""""""""""""""""""...! USOCR """": """""""""""": """"""""'j . . . """""'": 

0
77 !□9: ("20100295468" I "4393323" I I U&PGPUB; :□R rFF i 2017/07/04! I i "6078136" I "6472823" I "7114830" I I USPAT; i i l 11 :04 i 

I i "7267461" I "7611260" I "7810953" I I USOCR i i ! i 
I i "7976185" I "8047674").PN. OR I i i ! i 
I: (" 8220956"). URPN.""""""""""""""""""""""""J """"""""""""_: """"""""""""_: """""""""J """"""J 
□78 I□: (("20120212951") or ("9671072") or I U&PGPUB;:□R ilOFF i2017/07/05l 

I i ("20100277918")).PN. I USPAT; i i j 10:37 i 
I: """""""""""""""""""""""""""""""""""""""""""""'" I USOCR """"j """"""""""""_: """""""'" j """"""_: 

UL If ("20070242466").~ .............................................. I ~5C'IDLJ ;~,:~07/::I 
......-- ' ' ' ' ' 

S80 210 !,',,,,,,,,,,,,,_ chen-chien-yuan.in. i U&PGPUB;i OR i OFF i 2017/07/05! I USPAT; i i l 10:43 i 
I USOCR· i i i : 
I FPRS· , : : I : 
I EPO; ,JPO; : : I : 
I DERWENT;: : I : 

--........ , .................. , .......................................................................................... J I BM_ TDB , .. : ........................ : ................. J .......................... : 
S81 28 i S80 AND (LED.u/c. or (light adj emitting I U&PGPUB; i OR :,',,,,,,,,,,,,, ON 2017/07/05: 

: adj diode) or (light-emitting adj diode)) I USPAT; : 10:44 :,',,,,,,,,_ : I USOCR; : 
: I FPRS; : 
i i EPO· JPO· i 
: I DERWENT-: 
: I I BM TDB , i i 

:~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~ - ~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~' ~ ~~~~~~~~~~~~~: 
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LJ□ 1'.~~~~~~l~~1~:;: ◊:c::130::099:::)or ~~T:'IDU ;~,;~071::I 
884 5 ((LED.u/c. or (light adj emitting adj U&PGPUB; OR ON l 2017/09/27! 

diode) or (light-emitting adj diode)) USPAT; l 12:42 i 
NEAR3 (tub$4 or straight or pipe or USOCR; I j 
cyclind$5 or retrofit$4 or replac$4)) AND FPRS; I : 
( ( end-cap or ( end$2 NEAR1 ( cap or EPO; JPO; I : 
cover$3))) SA.ME ((air or heat$2 or DERWENT; l : 
vent$3 or thermal$4 or temperature or I BM_ TDB ! : 
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i pressure) NEAR2 (open$3 or hole or I i 

I outlet or exhaust$3)) SAME (adhes$4 or I I, 

i bond$4 or glu$3 or weld$3)) I , 
i-----""""""""'" '" "" '"""""""""""""'"""""""""""""""""""""""""""""""""""'"""""""""""""'" 

S85 126 : ((LED.u/c. or (light adj emitting adj I U&PGPUB;i OR l 2017/09/27! 
: diode) or (light-emitting adj diode)) I USPAT· i l 12:47 i 
NEAR3 (tub$4 or straight or pipe or I USOCR; j i ' 
cyclind$5 or retrofit$4 or replac$4)) AND I FPRS; : ! l 

~~~:~$~))) o~~~d~!i~~~:a\~r o~r I 6~W~+; I 1,,,,,, 1,,,,,_ 

vent$3 or thermal$4 or temperature or 11 BM_ TDB : 
pressure) NEAR2 (open$3 or hole or I : 
outlet or exhaust$3))) I : i 

~""""""""'" '"" '""""""""""""""""""""""' """""""""""""""""""""""'"""""""""""""'" 

S86 9 : S85 AND ((heat$3 or melt$3 or I U&PGPUB;: OR : ON j 2017/09/27: 
: thermal$3 or temperature or mud or I USPAT; : : j 12:55 : 
: powder) NEAR1 (adhes$4 or bond$4 or I USOCR; : : j : 
: glu$3 or weld$3)) I FPRS; : : I : 
: I EPO; JPO; : : ! : 
: I DERWENT;: : I : 
i I I BM TDB i i I i 

"""""'' """""""""' """"""""""""""""""""""""""""""""""""""""""""""'' """" - ............ ,' """"""""""""' """""""""'' """""""""""""' 
S88 32 :(end-capor(end$2adj1 (cap$3or iU&PGPUB·iOR 2017/11/11: 

: cover$3)) or end-cover$3) SAME I USPAT; 'I 
j ((hous$3 or tub$3 or cas$3 or pipe) I USOCR; : 
: NEAR3 (len$3 or glass$3)) SAME I FPRS; : 
: ((LED.u/c. or (light adj1 diode) or (light- I EPO; JPO; : 
: emitting adj diode)) WITH (PCB.u/c. or I DERWENT;: 
: ((print$3 or circuit) ADJ1 (board or I I BM TDB 
: card)) or carrier or strip)) SA.ME solder$3 I -
: SA.ME (power adj 1 (supply or circuit or I 
· unit or module or source)) I 

"""""'' """""""""'' " ' ' ' """"""""""""""""" """""""""""""' """"""""""""'' 

S89 111 :(end-capor(end$2adj1 (cap$3or iU&PGPUB·iOR 2017/11/11! 
: cover$3)) or end-cover$3) SAME I USPAT; 'I 
: ((hous$3 or tub$3 or cas$3 or pipe) I USOCR; : 
: NEAR3 (len$3 or glass$3)) SAME I FPRS; i, 
: ((LED.u/c. or (light adj1 diode) or (light- I EPO; JPO; 
: emitting adj diode)) WITH (PCB.u/c. or I DERWENT;: 
: ((print$3 or circuit) ADJ1 (board or I I BM TDB 
: card)) or carrier or strip)) SA.ME (power I -
' ' adj1 (supply or circuit or unit or module i 
or source)) I 

l~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~• ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~• 

S90 S89 AND ((LED.u/c. or (light adj1 diode) I U&PGPUB;: ON l2017/11/11\ 
or (light-emitting adj diode)) SAME I USPAT; : 
(PCB.u/c. or ((print$3 or circuit) ADJ1 I USOCR; : 
(board or card)) or carrier or strip or bar) I FPRS; : 
SA.ME solder$3 SA.ME ( converter or I EPO; JPO; : 
((power or volt$3 or current or energy or! DERWENT;! 
electric$4) adj 1 (supply or circuit or unit I I BM_ TDB : 
or module or source)) or buck or boost I : 
or_buck-boost_or_rectific$5_or_rectif$4)t_J _ .. : 

EAST Search History (Interference} 

!WWISearch. Query······································································· IFJ g;~~:~,. IFais] ~:;~P .......... 1 
! S69 I 98 \ (315/$.ccls. or 362/$.ccls.) AND (LED.u/c. or : U& : OR : ON j 2017/07/03\ 
I I ! (light adj emitting adj diode) or (light-emitting : PGPUB;: : j 14:53 : 
I I ! adj diode)) AND ((end-cap or (end$2 NEAR1 : USPAT : : j : 
I I ! (cap or cover$3))) SA.ME ((air or heat$2 or : : : I : 
I I ! vent$3 or thermal$4 or temperature or : : : j : 
I I i pressure) NEAR2 (open$3 or hole or outlet or : : : j : 
I ........ J .......... J exhaust$3))) .............................................................................. .! ................. : ........................ : ................. J .......................... : 
IIS70II60 ll((LED.u/c. or (light adj emitting adj diode) or IIu& ilOR ilON II2017/07/03j 
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i ! (light-emitting adj diode)) NEAR3 (tub$4 or i PGPUB;: l 15: 15 

I I ~:p~~;41; :~ ((.%~~~$;r'(~~~~~f~~~; I USPAT I I,,_ 

I I~~:$~ i~~~~~~~/$~o~~e~~~~~t~~ea~~2 or I I 
I ! pressure) NEAR2 (open$3 or hole or outlet or : : : i : 
I ! exhaust$3))) i : : ! : 

(s11--120 !("1830084" I "20050070172" I "20100277918" iu& ioR ioFF j2017/07/03i 
I I \ I "20110194278" I "2716226" I "4728835" I i PGPUB;i i \ 18:18 i 
I I ! "5009614" I "6283612" I "6531810" I i USPAT i i ! i 
I I ! "7354001" I "7484980" I "7490957" I : : : ! : 
I I ! "8167452" I "8220956" I "8220976").PN. OR : i i ! : 
I I \("8827486").URPN. : : : i : 

r72 r i ("20080158870" "20100008085" "6078136" i LI& :DR rFF i 2017/07/os: 
I I ! I "6472823" I "6612717" I "7387403" I : PGPUB;: i ! 18:22 i 
I I !"7611260"1"7658509").PN.OR :USPAT: : ! : 
i i i ("8047674") URPN , i i i i i ~~~~~~~~~~ ~ ~~~~~~~~~~~~~ . . ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~] ~~'. ~~~~~~~~~~~~~~~~~~~~~~~~~'. ~~~~~~~~~~~~~~~~~~~] ~~~~~~~~~~~~~~~~~~~~~~~~~~'. 

I S87 1 i ((LED.u/c. or (light adj emitting adj diode) or : U& : OR : ON ! 2017/09/27\ 
(light-emitting adj diode)) NEAR3 (tub$4 or : PGPUB;: : ! 13:22 : 
straight or pipe or cyclind$5 or retrofit$4 or : USPAT : : ! : 
replac$4)) AND ((end-cap or (end$2 NEAR1 : : : i : 
(cap or cover$3))) SA.ME ((air or heat$2 or : j j ! j 
vent$3 or thermal$4 or temperature or : : : ! : 
pressure) NEAR2 (open$3 or hole or outlet or : : : ! : 
exhaust$3)) SA.ME ( adhes$4 or bond$4 or : : : ! : 
glu$3. or. weld$3) )__ ________________________________________________________________ j ________________ _: ________________________ _: --------------·-- j ________________________ . .! 

189T 35 i(end-capor(end$2adj1 (cap$3orcover$3)) or:U& :OR :ON !2017/11/11: 
end-cover$3) SAME ( (hous$3 or tub$3 or cas$3: PGPUB;: : ! 11 :36 : 
or pipe) NEAR3 (len$3 or glass$3)) SAME : USPAT : : ! : 
(LED.u/c. or (light adj1 diode) or (light-emitting: : : i : 
adj diode)) SAME (PCB.u/c. or ((print$3 or : j j ! j 
circuit) ADJ1 (board or card)) or carrier or strip : : : ! : 
or bar) SA.ME solder$3 SAME ( converter or : : : ! : 
( (power or volt$3 or current or energy or : : : ! : 
electric$4) adj1 (supply or circuit or unit or : : : ! : 
module or source)) or buck or boost or buck- : : : ! : 

boost. or__rectific$5 .. or .. rectif$4l.._ ...................................... : .............. ...! ...................... ...! ................... i ....................... ...! 

11/11/2017 1 :25:51 PM 
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CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

~ any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Andrew M. Calderon/ Date (YYYY-MM-DD) 2017-11-16 

Name/Print Andrew M. Calderon Registration Number ~8,093 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Appl. No. 15/483,368 Docket No. 6246-40007US8 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor( s) 

Appln. No. 

Filed 

For 

Tao .TIAN G et al. 

15/483,368 

April 10, 2017 

LED TUBE LAMP 

Group Art Unit: 2844 

Examiner: Anh Q. TRAN 

Confirmation No.: 4470 

AMENDMENT UNDER 37 C.F.R. §1.111 

U.S. Patent and Trademark Office 
Customer Service Window, Mail Stop AMENDMENT 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

In response to the Office Action dated July 7, 2017, please amend the above-identified 

application as follows. 

A notice of a substitute specification is on page 2. 

A notice of new drawings is on page 3. 

Amendments to the claims begin on page 4. 

Remarks begin on page 12. 

If extensions of time are necessary to prevent abandonment of this application, then such 

extensions of time are hereby petitioned under 37 C.F.R. §l.136(a), and any fees required 

therefor (including fees for net addition of claims) are hereby authorized to be charged to 

Deposit Account No. 50-2478. 
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SUBSTITUTE SPECIFICATION 

Please SUBSTITUTE the specification with the attached substitute specification. 

The Support for the amendments made in the substitute specification can be found in one 

of parent applications of the subject application, U.S. Application No. 14/865,387, filed on 

2015/9/25, which was incorporated by reference at the time the subject application was filed. 

Specifically, Figs. 49-52 and their corresponding descriptions of the parent application 

paragraphs [0445]-[0492] of publication version of the parent application, or the last paragraph 

of page 94 to the third paragraph of page 108 of the original filed specification of the parent 

application) are incorporated into the substitute specification with appropriate renumbering. Figs. 

49-52 are renumbered into Fig. 17-20 in order, respectively. The corresponding descriptions are 

inse1ied after original paragraph [0048] and become paragraphs [0049] - [0098]. The original 

paragraphs [0049] - [0050] are changed to [0099] - [0 I 00]. The original paragraph [0022] is 

amended accordingly. No new matter is introduced. Attached herewith are a "Marked-Up" copy 

and a "Clean" copy of a substitute specification. Entry of the amendments to the specification is 

respectfully requested. 
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NEW DRAWINGS 

Please ADD the new sheets of the drawings as attached. 

The Support for the new drawings can be found in one of parent applications of the 

subject application, U.S. Application no. 14/865,387 filed on 2015/9/25, which was incorporated 

by reference at the time the subject application was filed. Specifically, Figs. 49-52 and their 

corresponding descriptions of the parent application (paragraph [0445-492] of publication 

version of the parent application. Figs. 49-52 are renumbered into Fig. 17-20 in order, 

respectively. No new matter is introduced. Entry of the new drawings is respectfully requested. 
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AMENDMENT TO CLAIMS 

Please AMEND claims 1-6, 8, 11, 13, 20, 22-24, 26-30 and 33 as follows. 

Please CANCEL claims 10, 15, 21 and 32 without prejudice or disclaimer. 

Please ADD claims 35-52 as follows. 

A copy of all pending claims (including status identifiers) is provided below. 

1. (Currently amended) An LED tube lamp, comprising: 

a glass tube covered by a heat shrink sleeve and having two end portions; a plurality of 

LED light sources; 

two end caps respectively s-l-ee¥e sleeving the two end portions of the glass tube, the glass 

tube and the end cap are secured by a hot melt adhesive; 

a power supply in one of the end caps or separately in both of the end caps; and 

an LED light strip on an inner surface of the glass tube forming a freely extending end 

portion at one end along a longitudinal direction of the glass tube, the freely extending end 

portion directly soldered to the power supply, the plurality of LED light sources being on the 

LED light strip; 

wherein each of the end caps comprises: 

an electrically insulating tube end wall; and 

two conductive pins on the electrically insulating tube end wallt-and 

at least two heat dissipating openings on the electrically insulating tube 

symmetric to each other 1.vith respect to a plane passing through the middle of a 

line connecting the two conductive pins and perpendicular to the line connecting the two 

conductive pins. 

2. (Currently amended) The LED tube lamp according to claim 1, wherein the hot melt 

adhesive is, respectively, disposed on the outer surface of the end portions, and the shape of the 

disposed hot melt adhesive is substantially a circle from the side vie1t1t' of the glass tube further 

comprising at least two openings on the end wall symmetric to each other with respect to a plane 

passing through the middle of a line connecting the two pins and perpendicular to the line 

connecting the two pins. 
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3. (Currently amended) The LED tube lamp according to claim 2, wherein the at least two 

heat dissipating openings are on a surface of the electrically insulating tube end wall on which 

the two conductive pins are disposed. 

4. (Currently amended) The LED tube lamp according to claim 3, wherein the at least two 

heat dissipating openings are separately in a shape of an arc. 

5. (CmTently amended) The LED tube lamp according to claim 4, wherein the at least two 

heat dissipating openings are in a shape of arcs with different sizes. 

6. (Currently amended) The LED tube lamp according to claim 5, wherein the sizes of the 

arcs of the at least two heat dissipating openings gradually vary. 

7. (Original) The LED tube lamp according to claim 6, wherein the heat shrink sleeve is 

substantially transparent with respect to the wavelength of light from the LED light sources. 

8. (Currently amended) The LED tube lamp according to claim 1, wherein the number of 

the at least two heat dissipating openings is six in two sets, and the three heat dissipating 

openings in one set are in a shape of three arcs with gradually varying sizes. 

9. (Original) The LED tube lamp according to claim 1, wherein at least a part of the 

openings are arranged along an arc and spaced apart from each other. 

10. (Canceled) 

11. (Currently amended) An LED tube lamp, comprising: 

a glass tube comprising an inner surface and an outer surface, at least part of the inner 

surface of the glass tube has a rough surface, the glass tube having two end portions; 

a plurality of LED light sources; 

two end caps respectively slee¥e sleeving the two end portions of the glass tube; 

a power supply in one of the end caps or separately in both of the end caps; and 
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an LED light strip on the inner surface of the glass tube forming a freely extending end 

portion at one end along a longitudinal direction of the glass tube, the freely extending end 

portion directly soldered to the power supply, the plurality of LED light sources being on the 

LED light stri1r, 

wherein each of the end caps comprises a plurality of openings thereon, and the tvv10 sets 

of the plurality of openings are symmetric to each other with respect to a virtual central mds of 

the end cap. 

12. (Original) The LED tube lamp according to claim 11, wherein the roughness of the rough 

surface is substantially from 0.1 to 40 µm. 

13. (Currently amended) The LED tube lamp according to claim 12, further comprising a hot 

melt adhesive, 1.vherein the end cap is adhered to one end of the glass tube via the hot melt 

adhesive 11, wherein each of the end caps comprises a plurality of openings thereon, and the two 

sets of the plurality of openings are symmetric to each other with respect to a virtual central axis 

of the end cap. 

14. (Original) The LED tube lamp according to claim 13, wherein the plurality of openings 

dissipate heat resulted from the power supply. 

15. (Canceled) 

16. (Original) The LED tube lamp according to claim 11, wherein the plurality of openings 

are separately in a shape of an arc. 

17. (Original) The LED tube lamp according to claim 16, wherein the number of the plurality 

of openings is three, and the three openings are in a shape of three arcs with gradually varying 

sizes. 

18. (Original) The LED tube lamp according to claim 11, wherein the plurality of openings 

are separately in a shape of a circle. 
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19. (Original) The LED tube lamp according to claim 18, wherein the number of the plurality 

of openings is three, and the three openings are arranged in a shape of an arc. 

20. (Currently amended) The LED tube lamp according to claim [[12]] U, wherein at least a 

part of the openings are arranged along an arc and spaced apart from each other. 

21. (Canceled) 

22. (Currently amended) An LED tube lamp, comprising: 

a glass tube having two end portions; 

a plurality of LED light sources; 

two end caps respectively 5-lee-ve sleeving the two end portions of the glass tube, the glass 

tube and the end cap being secured by a hot melt adhesive, each of the end caps comprising two 

conductive pins and a plurality of heat dissipating openings, the two conductive pins being on a 

surface of the end cap, the plurality of heat dissipating openings being on the surface of the end 

cap and divided into two sets, and the two sets of the heat dissipating openings being symmetric 

to each other with respect to a plane passing through the two conductive pins; 

a power supply disposed in at least one of the end caps: and 

an LED light strip on an inner surface of the glass tube forming a freely extending end 

portion at one end along a longitudinal direction of the glass tube, the freely extending end 

portion directly soldered to the power supply, the plurality of LED light sources being on the 

LED light strip. 

23. (Currently amended) The LED tube lamp according to claim 22, further comprising a 

power supply in one of the end caps or separately in both of the end caps, wherein the power 

supply comprises a current-limiting element, and the plurality of heat dissipating openings 

dissipate heat resulted from the power supply. 

24. (Currently amended) The LED tube lamp according to claim 23, wherein the plurality of 

heat dissipating openings are separately in a shape of an arc. 
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25. (Original) The LED tube lamp according to claim 23, wherein the surface of the end cap 

is vertical to the length direction of the glass tube. 

26. (CmTently amended) The LED tube lamp according to claim 24, wherein the plurality of 

heat dissipating openings are in a shape of arcs with different sizes. 

27. (Currently amended) The LED tube lamp according to claim 26, wherein the sizes of the 

arcs of the plurality of heat dissipating openings gradually vary. 

28. (Currently amended) The LED tube lamp according to claim 23, wherein the plurality of 

heat dissipating openings are separately in a shape of a circle. 

29. (Currently amended) The LED tube lamp according to claim 28, wherein the number of 

the plurality of heat dissipating openings is three, and the three heat dissipating openings are 

arranged in a shape of an arc. 

30. (Currently amended) The LED tube lamp according to claim 23, wherein the plurality of 

heat dissipating openings are a combination in a shape of an arc and a circle. 

31. (Original) The LED tube lamp according to claim 23, wherein at least a part of the 

openings are arranged along an arc and spaced apart from each other. 

32. (Canceled) 

33. (Currently amended) An LED tube lamp, comprising: 

a glass tube covered by a heat shrink sleeve; 

a plurality of LED light sources; 

two end caps respectively at two opposite ends of the glass tube, the glass tube and the 

end cap are secured by a hot melt adhesive; 

a power supply in one of the end caps or separately in both of the end caps; and 
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an LED light strip on an inner surface of the glass tube forming a freely extending end 

portion at one end along a longitudinal direction of the glass tube, the freely extending end 

portion directly soldered to the power supply, the plurality of LED light sources being on the 

LED light strip; 

wherein each of the end caps comprises: 

an electrically insulating tube end wall; 

two conductive pins on the electrically insulating tube end wall; and 

at least two heat dissipating openings on the electrically insulating tube end wall 

symmetric to each other with respect to a plane passing through the middle of a line 

connecting the two conductive pins and perpendicular to the line connecting the two 

conductive pins. 

34. (Currently amended) The LED tube lamp according to claim 33, wherein the hot melt 

adhesive is, respectively, disposed on the outer surface of the glass tube, the shape of the 

disposed hot melt adhesive is substantially a circle from the side viev,r of the glass tube, and the 

at least two heat dissipating openings are separately in a shape of an arc. 

35. (New) The LED tube lamp according to claim 1, wherein the LED light strip is a 

bendable circuit sheet. 

36. (New) The LED tube lamp according to claim 1, wherein the end cap comprises a metal 

part. 

37. (New) The LED tube lamp according to claim 11, wherein the LED light strip is a 

bendable circuit sheet. 

38. (New) The LED tube lamp according to claim 11, wherein the end cap comprises a metal 

part. 

39. (New) The LED tube lamp according to claim 22, wherein the LED light strip is a 

bendable circuit sheet. 
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40. (New) The LED tube lamp according to claim 22, wherein the end cap comprises a metal 

part. 

41. (New) The LED tube lamp according to claim 22, wherein the LED light strip is a 

bendable circuit sheet. 

42. (New) The LED tube lamp according to claim 22, wherein the end cap comprises a metal 

part. 

43. (New) The LED tube lamp according to claim 23, wherein the current-limiting element 

comprises a resistor, a capacitor, an inductor, or any combination thereof. 

44. (New) The LED tube lamp according to claim 23, wherein the current-limiting element is 

configured for reducing EMI ( electromagnetic interference). 

45. (New) The LED tube lamp according to claim 23, wherein the current-limiting element is 

an element of, or constitutes, a terminal adapter circuit. 

46. (New) The LED tube lamp according to claim 22, wherein the power supply comprises a 

rectifying circuit and a filtering circuit disposed in at least one of the end caps, and the plurality 

of openings are for dissipating heat from the power supply. 

47. (New) The LED tube lamp according to claim 22, wherein the power supply comprises a 

fuse connected to one of the two pins of one of the end caps, and the plurality of openings are for 

dissipating heat from the power supply. 

48. (New) The LED tube lamp according to claim 33, wherein the power supply comprises a 

current-limiting element disposed in at least one of the end caps, and the at least two openings 

are for dissipating heat from the power supply. 
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49. (New) The LED tube lamp according to claim 48, wherein the current-limiting element 

comprises a resistor, a capacitor, an inductor, or any combination thereof. 

50. (New) The LED tube lamp according to claim 48, wherein the current-limiting element is 

configured for reducing EMI. 

51. (New) The LED tube lamp according to claim 33, wherein the power supply comprises a 

rectifying circuit and a filtering circuit disposed in at least one of the end caps, and the at least 

two openings are for dissipating heat from the power supply. 

52. (New) The LED tube lamp according to claim 33, wherein the power supply comprises a 

fuse connected to one of the two pins of one of the end caps, and the at least two openings are for 

dissipating heat from the power supply. 
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REMARKS 

Upon entry of this Amendment, claims 1-9, 11-20, 22-31 and 33-52 will be pending in 

the application. By this Amendment, claims 1-6, 8, 11, 13, 20, 22-24, 26-30 and 33 are amended 

and claims 35-52 are added for the Examiner's consideration. Claims 10, 15, 21 and 32 are 

canceled without prejudice or disclaimer. The above amendments do not add new matter to the 

application and are fully supported by the specification. For example, support for the amendment 

is provided in at least Applicant's FIGS. Figs. 1, 2, 5-7 and 16 and their corresponding 

descriptions in the subject application of the originally filed disclosure. Reconsideration of the 

rejected claims in view of the above amendments and the following remarks is respectfully 

requested. 

Amendments to the Claims 

Applicant has amended claims and canceled claims to facilitate expeditious prosecution 

of the application. Applicant is not conceding that the subject matter encompassed by the claims 

prior to this Amendment is unpatentable over the art cited by the Examiner. Applicant 

respectfully reserves the right to pursue claims in one or more continuing applications, including 

claims capturing the subject matter encompassed by claims prior to this Amendment and 

additional claims. 

The amendments to each of claims 1, 11, 22 and 3 3 further recite "forming a freely 

extending end portion at one end along a longitudinal direction of the glass tube, the freely 

extending end portion directly soldered to the power supply." Support for the amendments can 

be found in paragraph [0038] of the subject application, duplicated below: 

[0038] In one embodiment, as shown in FIG. 5, two opposite, short 
edges of the bendable circuit sheet 205 may be formed as two 
freely extending end portions 210, and two parts of a power supply 
400 are respectively disposed in the two end caps 300. The two 
freely extending end portions 210 respectively extends outside the 
glass tube 100 through two opposite ends of the glass tube 100 
along the axial direction of the glass tube 100, such that can 
respectively extend into the two end caps 300 and be respectively 
electrically connected to the two parts of a power supply 400 
directly. 
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The other amendments to each of claims 1, 11, 22 and 33 are deletion of certain features. 

Amendments to claims 3-6, 8, 23-24, 26-30 and 34 are deletion of certain features. No new 

matter is introduced. 

The replacement of "electrically insulating tube" with "end wall" in claims 1 and 33 is 

supported by FIGS. 1-2, 5-6 and 16. No new matter is introduced. The support for "the LED 

light strip is a bendable circuit sheet" recited in new claims 35, 37, 39, and 41 can be found in 

FIG. 7 and its corresponding descriptions of the subject application. No new matter is 

introduced. 

The support for "the end cap comprises a metal part" recited new claims 36, 38, 40 and 

42 can be found in paragraph [0047] duplicated below. No new matter is introduced. 

[004 7] Referring to Figs. 16, in one embodiment, each end cap 3 
includes an electrically insulating tube 302, a thermal conductive 
member 303 sleeving over the electrically insulating tube 302, and 
two hollow conductive pins 301 disposed on the electrically 
insulating tube 302. The thermal conductive member 303 can be a 
metal ring that is tubular in shape. According to Fig. 15 and 16, the 
openings 304 on the electrically insulating tube symmetric to each 
other with respect to a vertical central plane passing through the 
middle of a line connecting the two conductive pins 301 and the 
vertical central plane is perpendicular to the line connecting the 
two conductive pins 301. The openings 304 are on a surface of the 
electrically insulating tube 302 on which the two conductive pins 
301 are disposed. (Emphasis added, paragraph [0047] of the 
subject application) 

The support for new claims 43-52 can be found in new paragraphs [0049]-[0098] which 

are incorporated by reference. No new matter is introduced. 

Accordingly, Entry of the amendments is respectfully requested. 

35 U.S.C. §103 Rejections 

Claims 1-10 and 22-34 are rejected under 35 U.S.C. §103 for being unpatentable over 

U.S. Publication No. 2016/0081147 to Guang ("Guang") in view of U.S. Publication No. 

2015/0176770 to Wilcox, et al. ("Wilcox"), in view of U.S. Publication No. 2008/0290814 to 

Leong, et al. ("Leong") and further in view of U.S. Publication No. 2011/0038146 to Chen 

("Chen"). Claims 11 and 12 are rejected under 35 U.S.C. § 103 for being unpatentable over 

Guang in view of Wilcox and further in view of Leong. Claims 13-21 are rejected under 35 
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U.S.C. § 103 for being unpatentable over Guang in view of Wilcox in view of Leong and further 

in view of Chen. These rejections are respectfully traversed. 

To establish a prima facie case of obviousness, all claim limitations must be taught or 

suggested by the prior art. See, In re Royka, 490 F.2d 981,985, 180 USPQ 580,583 (CCPA 

1974); see also, In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991).1 If the prior art 

reference(s) do not teach or suggest all of the claim limitations, Office personnel must explain 

why the differences between the prior art and the claimed invention would have been obvious to 

one of ordinary skill in the art (MPEP 2141 ). Applicants submit that no proper combination of 

the applied art teaches or suggests each and every feature of the claimed invention. 

Rejection of Claims 1-10 and 22-34 under Guang in view of Wilcox in view of Leong 

and further in view of Chen 

Independent Claim 1 

Claim 1 recites: 

An LED tube lamp, comprising: 
a glass tube covered by a heat shrink sleeve and having two 

end portions; a plurality of LED light sources; 
two end caps respectively sleeving the two end portions of 

the glass tube; 
a power supply in one of the end caps or separately in both 

of the end caps; and 
an LED light strip on an inner surface of the glass tube 

forming a freely extending end portion at one end along a 
longitudinal direction of the glass tube, the freely extending end 
portion directly soldered to the power supply, the plurality of LED 
light sources being on the LED light strip; 

wherein each of the end caps comprises: 
an end wall; and 
two conductive pins on the end wall. 

Notwithstanding the Examiner's rejection, Applicant's claimed invention recites features 

not met by the combination of Guang, Wilcox, Leong and Chen. Specifically, Applicant's 

independent claim 1 recites the feature of "forming a freely extending end portion at one end 

along a longitudinal direction of the glass tube, the freely extending end portion directly soldered 

1 While the KSR court rejected a rigid application of the teaching, suggestion, or motivation ('TSM") test in an obviousness inquiry, the 
[Supreme] Court acknowledged the importance of identifying "a reason that would have prompted a person ofordinary skill in the relevant field 
to combine the elements in the way the claimed new invention does" in an obviousness determination. Takeda Chemical Industries, Ltd. v. 
Alphapharm Pty., ltd., 492 F.3d 1350, 1356-1357 (Fed. Cir. 2007) (quoting KSR International Co. v. Teleflex Inc., 127 S.Ct. 1727, 1731 (2007)). 
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to the power supply." This feature is not met by the combination of Guang, Wilcox, Leong and 

Chen. 

For at least this reason, the combination of Guang, Wilcox, Leong and Chen does not 

meet the features of the claimed invention. Accordingly, Applicant respectfully requests that the 

rejection of independent claim 1 under § 103 be withdrawn. 

Dependent Claims 2-10 

Claims 2-10 depend from independent claim 1 and are distinguishable from the 

combination of Guang, Wilcox, Leong and Chen by virtue of their dependencies from claim 1. 

Accordingly, Applicant respectfully requests that the rejection of claims 2-10 under § 103 be 

withdrawn for at least this reason. 

Independent Claim 22 

Claim 22 recites: 

An LED tube lamp, comprising: 
a glass tube having two end portions; 
a plurality of LED light sources; 
two end caps respectively sleeving the two end portions of 

the glass tube, each of the end caps comprising two pins and a 
plurality of openings, the two pins being on a surface of the end 
cap, the plurality of openings being on the surface of the end cap 
and divided into two sets, and the two sets of the openings being 
symmetric to each other with respect to a plane passing through the 
two pins; 

a power supply disposed in at least one of the end caps; and 
an LED light strip on an inner surface of the glass tube 

forming a freely extending end portion at one end along a 
longitudinal direction of the glass tube, the freely extending end 
portion directly soldered to the power supply, the plurality of LED 
light sources being on the LED light strip. 

Notwithstanding the Examiner's rejection, Applicant's claimed invention recites features 

not met by the combination of Guang, Wilcox, Leong and Chen. Specifically, Applicant's 

independent claim 22 recites the feature of "forming a freely extending end portion at one end 

along a longitudinal direction of the glass tube, the freely extending end portion directly soldered 

to the power supply." This feature is not met by the combination of Guang, Wilcox, Leong and 

Chen. 
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For at least this reason, the combination of Guang, Wilcox, Leong and Chen does not 

meet the features of the claimed invention. Accordingly, Applicant respectfully requests that the 

rejection of independent claim 22 under § 103 be withdrawn. 

Dependent Claims 23-32 

Claims 23-32 depend from independent claim 22 and are distinguishable from the 

combination of Guang, Wilcox, Leong and Chen by virtue of their dependencies from claim 22. 

Accordingly, Applicant respectfully requests that the rejection of claims 23-32 under § 103 be 

withdrawn for at least this reason. 

Independent Claim 33 

Claim 33 recites: 

An LED tube lamp, comprising: 
a glass tube; 
a plurality of LED light sources; 
two end caps respectively at two opposite ends of the glass 

tube; 
a power supply in one of the end caps or separately in both 

of the end caps; and 
an LED light strip on an inner surface of the glass tube 

forming a freely extending end portion at one end along a 
longitudinal direction of the glass tube, the freely extending end 
portion directly soldered to the power supply, the plurality of LED 
light sources being on the LED light strip; 

wherein each of the end caps comprises: 
an end wall; 
two pins on the end wall; and 
at least two openings on the end wall symmetric to 

each other with respect to a plane passing through the 
middle of a line connecting the two pins and perpendicular 
to the line connecting the two pins. 

Notwithstanding the Examiner's rejection, Applicant's claimed invention recites features 

not met by the combination of Guang, Wilcox, Leong and Chen. Specifically, Applicant's 

independent claim 33 recites the feature of "forming a freely extending end portion at one end 

along a longitudinal direction of the glass tube, the freely extending end portion directly soldered 

to the power supply." This feature is not met by the combination of Guang, Wilcox, Leong and 

Chen. 
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For at least this reason, the combination of Guang, Wilcox, Leong and Chen does not 

meet the features of the claimed invention. Accordingly, Applicant respectfully requests that the 

rejection of independent claim 33 under § 103 be withdrawn. 

Dependent Claim 34 

Claim 34 depends from independent claim 33 and is distinguishable from the 

combination of Guang, Wilcox, Leong and Chen by virtue of its dependency from claim 33. 

Accordingly, Applicant respectfully requests that the rejection of claim 34 under § 103 be 

withdrawn for at least this reason. 

Leong 

Rejection of Claims 11 and 12 under Guang in view of Wilcox and further in view of 

Independent Claim 11 

Claim 11 recites: 

An LED tube lamp, comprising: 
a glass tube comprising an inner surface and an outer 

surface, at least part of the inner surface of the glass tube has a 
rough surface, the glass tube having two end portions; 

a plurality of LED light sources; 
two end caps respectively sleeving the two end portions of 

the glass tube; 
a power supply in one of the end caps or separately in both 

of the end caps; and 
an LED light strip on the inner surface of the glass tube 

forming a freely extending end portion at one end along a 
longitudinal direction of the glass tube, the freely extending end 
portion directly soldered to the power supply, the plurality of LED 
light sources being on the LED light strip. 

Notwithstanding the Examiner's rejection, Applicant's claimed invention recites features 

not met by the combination of Guang, Wilcox and Leong. Specifically, Applicant's independent 

claim 11 recites the feature of "forming a freely extending end portion at one end along a 

longitudinal direction of the glass tube, the freely extending end portion directly soldered to the 

power supply." This feature is not met by the combination of Guang, Wilcox, Leong and Chen. 
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For at least this reason, the combination of Guang, Wilcox and Leong does not meet the 

features of the claimed invention. Accordingly, Applicant respectfully requests that the rejection 

of independent claim 11 under § 103 be withdrawn. 

Dependent Claim 12 

Claim 12 recites: 

The LED tube lamp according to claim 11, wherein the roughness 
of the rough surface is substantially from 0.1 to 40 µm. 

In the rejection on page 8 of the Office Action, the Examiner asserts: 

Claim 12, Guang, Wilcox, and Leong fails to disclose wherein the 
roughness of the rough surface is substantially from 0.1 to 40 pm. 
It would have been obvious to one having ordinary skill in the art 
at the time the effective filing date of the invention was made to 
provide a roughness of the rough surface substantially from 0.1 to 
40 pm, since it has been held that where the general conditions of a 
claim are disclosed in the prior art, discovering the optimum or 
workable ranges involves only routine skill in the art. 

Claim 12 recites "the roughness of the rough surface is substantially from 0.1 to 40 µm." 

The Examiner considers that this feature is routine optimization. The Applicant respectfully 

disagrees. 

In accordance with In re: Stepan Company (Appeal no. 2016-1811) decided on August 

25, 2017 by Court of Appeal Federal Circuit, it rules "[A]an obviousness determination requires 

finding both "that a skilled artisan would have been motivated to combine the teachings of the 

prior art ... and that the skilled artisan would have had a reasonable expectation of success in 

doing so." Intelligent Bio-Sys., Inc. v. Illumina Cambridge Ltd., 821 F.3d 1359, 1367-68 (Fed. 

Cir. 2016))," "whether a rejection is based on combining disclosures from multiple references, 

combining multiple embodiments from a single reference, or selecting from large lists of 

elements in a single reference, there must be a motivation to make the combination and a 

reasonable expectation that such a combination would be successful, otherwise a skilled artisan 

would not arrive at the claimed combination," and "to have a reasonable expectation of success, 

one must be motivated to do more than merely to vary all parameters or try each of numerous 

possible choices until one possibly arrived at a successful result." (Emphasis added) 
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In claim 12, there is no motivation to combine Guang, Wilcox, and Leong, nor any 

reasonable expectation of success. Therefore, claim 12 is not obvious over Guang in view of 

Wilcox, and Leong. 

Additionally, claim 12 depends from independent claim 11 and is distinguishable from 

the combination of Guang, Wilcox and Leong by virtue of its dependency from claim 11. 

Accordingly, Applicant respectfully requests that the rejection of claim 12 under § 103 be 

withdrawn for at least this reason. 

For all these reasons, the combination of Guang, Wilcox and Leong does not meet the 

features of the claimed invention. Accordingly, Applicant respectfully requests that the rejection 

of claim 12 under § 103 be withdrawn. 

Newly Added Claims 35-52 

Claims 35-52 are newly added claims. Claims 35-52 are dependent claims, with claims 

3 5 and 3 6 depending from distinguishable independent claim 1, claims 3 7 and 3 8 depending 

from distinguishable independent claim 11, claims 39-47 depending from distinguishable 

independent claim 22 and claims 48-52 depending from distinguishable independent claim 33. 

By virtue of their dependencies, claims 35-52 are also distinguishable, and hence are allowable. 

Claims 35-52 also include allowable subject matter in their own merits. 
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CONCLUSION 

In view of the foregoing amendments and remarks, Applicant submits that all of the 

claims are in condition for allowance. The Examiner is respectfully requested to pass the above 

application to issue. Further, any amendments to the claims which have been made in this 

response and which have not been specifically noted to overcome a rejection based upon the 

prior art, should be considered to have been made for a purpose unrelated to patentability, and no 

estoppel should be deemed to attach thereto. The Examiner is invited to contact the undersigned 

at the telephone number listed below, if needed. Applicant hereby makes a written conditional 

petition for extension of time, if required. Please charge any deficiencies in fees and credit any 

overpayment of fees to Attorney's Deposit Account No. 50-2478. 

Roberts Mlotkowski Safran Cole & Calderon PC 
P.O. Box 10064 
McLean, VA 22102 
Phone: 703.584.8023 
Fax: 703.848.2981 
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Respectfully submitted, 
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Registration No. 71,402 

Andrew M. Calderon 
Registration No. 38,093 
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LED TUBE LAMP 

Cross-Reference to Related Applications 

MARKED-UP VERSION 

This application is continuation application of U.S. application no. 15/211,717 filed 

on July 15, 2016 which is a continuation-in-part application claiming benefits of U.S. 

5 Application no. 14/865,387 filed on 2015/9/25, U.S. Application no. 15/056,121 filed 

on 2016/2/29, and U.S. Application no. 15/168,962 filed on 2016/5/31, the disclosures 

of which are incorporated herein in their entirety by reference. 

Technical Field 

[0001] The instant disclosure relates to illumination devices, and, more particularly, 

10 to an LED tube lamp and components thereof comprising the LED light sources, a 

tube, electronic components, and end caps. 

Related Art 

[0002] LED lighting technology is rapidly developing to replace traditional 

incandescent and fluorescent lightings. LED tube lamps are mercury-free in 

15 comparison with fluorescent tube lamps that need to be filled with inert air and 

mercury. Thus, it is not surprising that LED tube lamps are becoming a highly desired 

illumination option among different available lighting systems used in homes and 

workplaces, which used to be dominated by traditional lighting options such as 

compact fluorescent light bulbs (CFLs) and fluorescent tube lamps. Benefits of LED 

20 tube lamps include improved durability and longevity and far less energy 

consumption; therefore, when taking into account all factors, they would typically be 

considered as a cost effective lighting option. 

[0003] The basic structure of the traditional LED tube lamps include a tube, two 

end caps at two ends of the tube, a substrate inside the tube, LEDs on the substrate, 

25 and a power supply inside the end caps. The substrate disposed inside the tube and 
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having LEDs mounted on is rigid and straight printed circuit board, which makes the 

tube remain a straight appearance even it is partially ruptured or broken. As a result, 

user cannot easily aware that the tube is damaged and might be exposed to a 

dangerous situation. 

5 [0004] In addition, the rigid substrate of the traditional LED tube lamp is typically 

electrically connected with the end caps by way of wire bonding, in which the wires 

may be easily damaged and even broken due to any move during manufacturing, 

transportation, and usage of the LED tube lamp and therefore may disable the LED 

tube lamp. 

10 [0005] As the development of LED chips, electro-optical conversion efficiency 

becomes higher and heat generated from the conversion becomes less. Accordingly, 

apparatuses utilizing LED chips seldom use ventilating holes to dissipating the heat. 

[0006] Further, the tube and the end caps of the traditional LED tube lamp are 

often secured together by tight fit, making the reliability cannot be further improved. 

15 SUMMARY 

[0007] To address the above issue, the instant disclosure provides embodiments of 

an LED tube lamp. 

[0008] According to an embodiment, an LED tube lamp includes a glass tube 

having two end portions, a plurality of LED light sources, two end caps respectively 

20 sleeve the two end portions of the glass tube, a power supply in one of the end caps or 

separately in both of the end caps, and an LED light strip on an inner surface of the 

glass tube. The glass tube is covered by a heat shrink sleeve. The glass tube and the 

end cap are secured by a hot melt adhesive. The plurality of LED light sources is on 

the LED light strip. Each of the end caps comprises an electrically insulating tube, 

25 two conductive pins on the electrically insulating tube; and at least two 
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heat-dissipating openings on the electrically insulating tube symmetric to each other 

with respect to a plane passing through the middle of a line connecting the two 

conductive pins and perpendicular to the line connecting the two conductive pins. 

[0009] According to an embodiment, the hot melt adhesive is, respectively, 

5 disposed on the outer surf ace of the end portions and the shape of the disposed hot 

melt adhesive is substantially a circle from the side view of the glass tube. 

[0010] According to an embodiment, the at least two heat-dissipating openings are 

on a surface of the electrically insulating tube on which the two conductive pins are 

disposed. 

10 [0011] According to an embodiment, the at least two heat-dissipating openings are 

separately in a shape of an arc. 

[0012] According to an embodiment, the at least two heat-dissipating openings are 

in a shape of arcs with different sizes. 

[0013] According to an embodiment, the sizes of the arcs of the at least two 

15 heat-dissipating openings gradually vary. 

[0014] According to an embodiment, the heat shrink sleeve is substantially 

transparent with respect to the wavelength of light from the LED light sources. 

[0015] According to an embodiment, at least a part of the openings are arranged 

along an arc and spaced apart from each other. 

20 [0016] According to an embodiment, the heat and pressure inside the end cap 

increase during the heating and solidification of the hot melt adhesive, and are then 

released through at least one opening on the end cap. 

[0017] According to an embodiment, an LED tube lamp includes a glass tube 

having an inner surface and an outer surface, a plurality of LED light sources, two end 

25 caps respectively at two opposite ends of the glass tube, a power supply in one of the 
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end caps or separately in both of the end caps, and an LED light strip on the inner 

surface of the glass tube. The plurality of LED light sources is on the LED light strip. 

Each of the end caps comprises a plurality of openings formed thereon. The plurality 

of openings dissipating heat resulted from the power supply are divided into two sets. 

5 The two sets of the plurality of openings are symmetric to each other with respect to a 

virtual central axis of the end cap. At least part of the inner surface of the glass tube is 

formed with a rough surface. 

[0018] According to an embodiment, the LED tube lamp comprises a hot melt 

adhesive. The end cap is adhered to one end of the glass tube via the hot melt 

10 adhesive. 

[0019] According to another embodiment, the plurality of openings dissipate heat 

resulted from the power supply. 

[0020] According to another embodiment, the hot melt adhesive is heated to be 

expansive and flowing during a process of having the glass tube and the end cap 

15 adhered. The plurality of openings dissipate heat to have the hot melt adhesive cooled 

and solidified. 

[0021] According to another embodiment, an LED tube lamp includes a glass tube, 

a plurality of LED light sources, two end caps respectively at two opposite ends of the 

glass tube, a power supply in one of the end caps or separately in both of the end caps, 

20 and an LED light strip in the glass tube. The plurality of LED light sources is on the 

LED light strip. Each of the end caps comprises two conductive pins and a plurality of 

heat-dissipating openings. The two conductive pins are on a surface of the end cap. 

The plurality of heat-dissipating openings is on the surface of the end cap and divided 

into two sets. The two sets of the heat-dissipating openings are symmetric to each 

25 other with respect to a plane passing through the two conductive pins. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 illustrates a perspective view of an LED tube lamp according to an 

embodiment of the instant disclosure; 

FIG. 2 illustrates an exploded view of an LED tube lamp according to an 

5 embodiment of the instant disclosure; 

10 

15 

FIG. 3 illustrates a part of cross section of FIG. 2 along line A-A'; 

FIG. 4 illustrates a part of cross section of FIG. 2 along line B-B'; 

FIG. 5 illustrates an exploded view of an LED tube lamp including two parts 

of a power supply according to an embodiment of the instant disclosure; 

FIG. 6 illustrates an exploded view of an LED tube lamp including a heat 

shrink sleeve according to an embodiment of the instant disclosure; 

FIG. 7 illustrates a partial view of a bendable circuit sheet of an LED light 

strip and a power supply apart from each other according to an embodiment of the 

instant disclosure; 

FIG. 8 illustrates a partial view of the bendable circuit sheet of the LED 

light strip and the power supply soldered to each other according to an embodiment of 

the instant disclosure; 

FIGS. 9 to 11 illustrate a soldering process of the bendable circuit sheet of 

the LED light strip and the power supply according to an embodiment of the instant 

20 disclosure; 

FIGS. 12 and 13 illustrate a bendable circuit sheet of an LED light strip and 

a power supply electrically connected to each other by a pair of jack/plug connectors 

according to an embodiment of the instant disclosure; 

FIG. 14 is a perspective view schematically illustrating an LED tube lamp 

25 according to an embodiment of the instant disclosure; 
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FIG. 15 an exemplary exploded view schematically illustrating the LED 

tube lamp shown in Fig. 14; JJ_andjJ. 

FIG. 16 is a perspective view schematically illustrating front and top of an 

end cap of the LED tube lamp according to one embodiment of the instant 

5 disclosure_~LL-11 

an LJ:~I) tube 1arn D accord.Ing to snrne er11bod.ir11ents of tl1e nresent 1 nvention; 

10 L_.I?lJ Ja_n1n to soJn_e 

en1hndLn1ents nf tl1e present irrvention: 

an_t.f::r) _ tube )arn.p JJccordlng_ to __ sorn"~- "~JTtbodln1ents_ ot _th.e_pres"~nt_in.vention~ ___ 

15 e.n1bodi nH:nts _of_ (he _present_in,?ention_: ___ 

F1(i 1813 1s a schen1atic dia~~rarn of a re:ctif\ing c1rcu1t accorGH1}t to so_n1e 

e_n1b(}diu1ents (}f tl1e nresent i11vention: ___ _ 

20 

F-1(3. __ 1_8f) __ is __ a __ sct~e.ntJtic _ dlr:_gran1 __ of __ a __ n.:-c l1tv1 n~t. circuit_ accordin.g_ to __ son1e 

ernbodirnc.rtts of the nresent inventlon: 

of circuit to 

25 sorne en1bod.Ln1ents of tl1e present iirvention: 
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19I3 of H adanter circuit accordir.u?~ to 

ternunaJ 
' ,. . 

adauter c1rcu.1t 

5 

sorn_e_ e.tJibodl.nu::nts __ of_tt~e present_in,.,ention_: ___ 

20_/\ 1s a h1ock. of a filterint· 

ernbodirn_"~nts of the nresent ]n\,..entlon: 

10 e_n1b(}diu1ents (}f tl1e nresent i11vention: ___ _ 

F-1(3. ___ 20J)_js __ a ___ schernr~~tic __ dlr~~gra.tJi __ ot __ a __ )J_tterin~.: __ un.lt ___ accordinr!. ___ to __ sonH; 

ernbodirnc.rtts of the nresent invention: and. 

15 

DETAILED DESCRIPTION 

[0023] The instant disclosure provides an LED tube lamp to solve the 

20 abovementioned problems. The instant disclosure will now be described more fully 

hereinafter with reference to the accompanying drawings, in which exemplary 

embodiments of the disclosure are shown. This disclosure may, however, be embodied 

in many different forms and should not be construed as limitation to the embodiments 

set forth herein. Rather, these embodiments are provided so that this disclosure will be 

25 thorough and complete, and will fully convey the scope of the disclosure to those 
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skilled in the art. Like reference numerals refer to like elements throughout. 

[0024] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the disclosure. As used herein, 

the singular forms "a", "an" and "the" are intended to include the plural forms as well, 

5 unless the context clearly indicates otherwise. It will be further understood that the 

terms "comprises" and/or "comprising," or "includes" and/or "including" or "has" 

and/or "having" when used herein, specify the presence of stated features, regions, 

integers, steps, operations, elements, and/or components, but do not preclude the 

presence or addition of one or more other features, regions, integers, steps, operations, 

10 elements, components, and/or groups thereof. 

[0025] It will be understood that the term "and/or" includes any and all 

combinations of one or more of the associated listed items. It will also be understood 

that, although the terms first, second, third etc. may be used herein to describe various 

elements, components, regions, parts and/or sections, these elements, components, 

15 regions, parts and/or sections should not be limited by these terms. These terms are 

only used to distinguish one element, component, region, part or section from another 

element, component, region, part or section. Thus, a first element, component, region, 

part or section discussed below could be termed a second element, component, region, 

part or section without departing from the teachings of the present disclosure. 

20 [0026] The following description with reference to the accompanying drawings is 

provided to explain the exemplary embodiments of the disclosure. Note that in the 

case of no conflict, the embodiments of the present disclosure and the features of the 

embodiments may be arbitrarily combined with each other. 

[0027] Referring to FIG 1, FIG 2, and FIG 3, the instant disclosure provides an 

25 embodiment of an LED tube lamp 50 including a glass tube 100, an LED light strip 
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200, two end caps 300, and a power supply 400. The glass tube 100 includes an inner 

surface 100a and an outer surface 100b. The LED light strip 200 is disposed inside the 

glass tube 100 and has a bendable circuit sheet 205 mounted on the inner surface 100a 

of the glass tube 100. The two end caps 300, which can have the same size or have 

5 different sizes, are respectively disposed on two ends of the glass tube 100 and 

secured with the glass tube 100 by a hot melt adhesive. The hot melt adhesive may be 

disposed around the surrounding surfaces between the glass tube 100 and the end caps 

300, respectively. In this embodiment, the end caps 300 sleeve, respectively, two end 

portions of the glass tube 100 and the hot melt adhesive may be surroundingly 

10 disposed on the outer surface of the end portions of the glass tube 100. Accordingly, 

the shape of the disposed hot melt adhesive is substantially a circle from the side view 

of the glass tube 100 (like the view of FIG. 4 ). The heat generated during the heating 

process of the hot melt adhesive will be in a shape of a circle. The degree of vacuum 

of the glass tube 100 is below 0.001 Pa- 1 Pa, and reduce the problem of internal 

15 damp. After heating up the hot melt adhesive, and upon expansion due to heat 

absorption, the hot melt adhesive flows, and then solidifies upon cooling, thereby 

bonding together the end cap 300 to the glass tube 100 (not shown). The volume of 

the hot melt adhesive may expand to about 1.3 times the original size when heated 

from room temperature (e.g., between about 15 and 30 degrees Celsius) to about 200 

20 to 250 degrees Celsius. The end cap 300 and the end of the glass tube 100 could be 

secured by using the hot melt adhesive and therefore qualified in a torque test of about 

1.5 to about 5 newton-meters (Nt-m) and/or in a bending test of about 5 to about 10 

newton-meters (Nt-m). During the heating and solidification of the hot melt adhesive, 

the heat and pressure inside the end cap increase and are then released through at least 

25 one opening on the end cap 300. After the hot melt adhesive hardens, the end cap 300 
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can be firmly fixed to the glass tube 100. Under the circumstances, the end cap 300 

and the glass tube 100 is hard to disassemble unless the hardened hot melt adhesive 

returns to liquid state by certain process. The design of the LED tube lamp 50 is to 

take into account both the convenience regarding the assembling process of the LED 

5 tube lamp 50 and the robustness regarding the assembled LED tube lamp 50. Several 

LED light sources 202 are disposed on the bendable circuit sheet 205 of the LED light 

strip 200, and the power supply 400 is disposed in one of the end caps 300. The LED 

light sources 202 and the power supply 400 can be electrically connected to each 

other directly via the bendable circuit sheet 205 of the LED light strip 200. Middle 

10 part of the bendable circuit sheet 205 can be mounted on the inner surface 100a of the 

glass tube 100. Instead, at least one of the two opposite, short edges of the bendable 

circuit sheet 205 is not mounted on the inner surface 100a of the glass tube 100 and 

may be formed as a freely extending end portion 210. The freely extending end 

portions 210 extends outside the glass tube 100 through one of two opposite ends of 

15 the glass tube 100 along the axial direction of the glass tube 100. The freely extending 

end portion 210 can extend into the end caps 300 and can be electrically connected to 

the power supply 400 directly. The power supply 400 may be in the form of a single 

integrated unit (e.g., with all components of the power supply 400 are within a body) 

disposed in an end cap 300 at one end of the glass tube 100. Alternatively, the power 

20 supply 400 may be in form of two separate parts (e.g., with the components of the 

power supply 400 are separated into two pieces) respectively disposed in two end 

caps 300. The power supply may supply or provide power from external signal(s), 

such as from an AC power line or from a ballast, to an LED module and the LED light 

sources. Each of the end caps 300 includes a pair of hollow conductive pins 310 

25 utilized for being connected to an outer electrical power source. When the LED tube 
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lamp 50 is installed to a lamp base, the hollow conductive pins 310 are plugged into 

corresponding conductive sockets of the lamp base such that the LED tube lamp 50 

can be electrically connected to the lamp base. 

[0028] In one embodiment, the LED light strip 200 comprises a bendable circuit 

5 sheet 205 which includes a wiring layer and a dielectric layer that are in a stacked 

arrangement, wherein the wiring layer and the dielectric layer have same area or the 

wiring layer has a bit less area (not shown) than the dielectric layer. The LED light 

source 202 is disposed on a surface of the wiring layer away from the dielectric layer. 

In other words, the dielectric layer is disposed on the wiring layer away from the LED 

10 light sources 202. The wiring layer is electrically connected to the power supply 400 

to carry direct current (DC) signals. Meanwhile, an adhesive sheet is disposed on a 

surface of the dielectric layer away from the wiring layer to bond and to fix the 

dielectric layer to the inner circumferential surface of the glass tube 100. The wiring 

layer can be a metal layer serving as a power supply layer, or can be bonding wires 

15 such as copper wire. In an alternative embodiment, the LED light strip 200 further 

includes a circuit protection layer (not shown) cover each outer surface of the wiring 

layer and the dielectric layer. In another alternative embodiment, the dielectric layer 

can be omitted, in which the wiring layer is directly bonded to the inner 

circumferential surface of the glass tube 100. The circuit protection layer can be an 

20 ink material, possessing functions as solder resist and optical reflectance. 

Alternatively, the bendable circuit sheet 205 is a one-layered structure which is 

consist of one wiring layer only, and then the surf ace of the wiring layer is covered 

with a circuit protection layer of ink material as mentioned above, wherein an opening 

is configured over the circuit protection layer to electrically connect the LED light 

25 source 202 with the wiring layer. Whether the wiring layer has a one-layered, or 
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two-layered structure, the circuit protective layer can be adopted. The circuit 

protection layer can be disposed on the side/surface of the LED light strip 200, such 

as the same surface of the wiring layer which has the LED light source 202 disposed 

thereon. 

5 [0029] It should be noted that, in the present embodiment, the bendable circuit 

sheet 205 is a one-layered structure made of just one layer of the wiring layer, or a 

two-layered structure (made of one layer of the wiring layer and one layer of the 

dielectric layer), and thus would be more bendable or flexible to curl than the 

conventional three-layered flexible substrate. As a result, the bendable circuit sheet 

10 205 (the LED light strip 200) of the present embodiment can be installed in a glass 

tube 100 that is of a customized shape or non-linear shape, and the bendable circuit 

sheet 205 can be mounted touching the sidewall of the glass tube 100. The bendable 

circuit sheet 205 mounted closely to the inner surf ace of the tube wall is one preferred 

configuration, and the fewer number of layers thereof, the better the heat dissipation 

15 effect, and the lower the material cost. Of course, the bendable circuit sheet 205 is not 

limited to being a one-layered or two-layered structure only; in other embodiments, 

the bendable circuit sheet 205 can include multiple layers of the wiring layers and 

multiple layers of the dielectric layers, in which the dielectric layers and the wiring 

layers are sequentially stacked in a staggered manner, respectively, to be disposed on 

20 the surface of the one wiring layer that is opposite from the surface of the one wiring 

layer which has the LED light source 202 disposed thereon. 

[0030] In one embodiment, the LED light strip 200 includes a bendable circuit 

sheet 205 having in sequence a first wiring layer, a dielectric layer, and a second 

wiring layer (not shown). The thickness of the second wiring layer is greater than that 

25 of the first wiring layer, and/or the projected length of the LED light strip 200 is 
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greater than that of the glass tube 100. The end region of the light strip 200 extending 

beyond the end portion of the glass tube 100 without disposition of the LED light 

source 202 is formed with two separate through holes to respectively electrically 

communicate the first wiring layer and the second wiring layer (not shown). The 

5 through holes are not communicated to each other to avoid short. 

[0031] In this way, the greater thickness of the second wiring layer allows the 

second wiring layer to support the first wiring layer and the dielectric layer, and 

meanwhile allow the LED light strip 200 to be mounted onto the inner circumferential 

surface without being liable to shift or deform, and thus the yield rate of product can 

10 be improved. In addition, the first wiring layer and the second wiring layer are in 

electrical communication such that the circuit layout of the first wiring layer can be 

extended downward to the second wiring layer to reach the circuit layout of the entire 

LED light strip 200. In some circumstances, the first wiring layer connects the anode 

and the second wiring layer connects the cathode. Moreover, since the land for the 

15 circuit layout becomes two-layered, the area of each single layer and therefore the 

width of the LED light strip 200 can be reduced such that more LED light strips 200 

can be put on a production line to increase productivity. Furthermore, the first wiring 

layer and the second wiring layer of the end region of the LED light strip 200 that 

extends beyond the end portion of the tube 100 without disposition of the LED light 

20 source 202 can be used to accomplish the circuit layout of a power supply 400 so that 

the power supply 400 can be directly disposed on the bendable circuit sheet 205 of the 

LED light strip 200. 

[0032] In another embodiment, the projected length of the bendable circuit sheet 

205 as the LED light strip 200 in a longitudinal projection is larger than the length of 

25 the glass tube 100. The LED light source 202 is disposed on the uppermost layer of 
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the wiring layers, and is electrically connected to the power supply 400 through the 

(uppermost) wiring layer. Furthermore, the inner peripheral surface of the glass tube 

100 or the outer circumferential surface thereof is covered with an adhesive film (not 

shown), for the sake of isolating the inner content from outside content of the glass 

5 tube 100 after the glass tube 100 has been ruptured. The present embodiment has the 

adhesive film coated on the inner peripheral surface of the glass tube 100 (not shown). 

[0033] Moreover, in some embodiments, the projected length of the bendable 

circuit sheet is greater than the length of the glass tube 100 (not including the length 

of the two end caps 300 respectively connected to two ends of the glass tube 100), or 

10 at least greater than a central portion of the glass tube 100 between two transition 

regions (e.g., where the circumference of the tube narrows) on either end. In one 

embodiment, the longitudinally projected length of the bendable circuit sheet as the 

LED light strip 200 is larger than the length of the glass tube 100. 

[0034] As shown in FIG. 3, the glass tube 100 includes a main body region 102, 

15 two rear end regions 101, and two two-arc-shaped transition regions 103 narrowed 

down or tapering smoothly and continuously from the main body region to the rear 

end regions connecting the main body region 102 and the rear end regions 101. In 

other words, in the transition regions 103, the glass tube 100 narrows, or tapers to 

have a smaller diameter when moving along the length of the glass tube 100 from the 

20 main body region 102 to the rear end regions 101. The tapering/narrowing may 

occur in a continuous, smooth manner (e.g., to be a smooth curve without any linear 

angles). By avoiding angles, in particular any acute angles, the glass tube 100 is less 

likely to break or crack under pressure. Furthermore, the transition region 103 is 

formed by two curves at both ends, wherein one curve is toward inside of the glass 

25 tube 100 and the other curve is toward outside of the glass tube 100. For example, 
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one curve closer to the main body region 102 is convex from the perspective of an 

inside of the glass tube 100 and one curve closer to the rear end region 101 is concave 

from the perspective of an inside of the glass tube 100. The transition region 103 of 

the glass tube 100 in one embodiment includes only smooth curves, and does not 

5 include any angled surface portions. The outer diameter of the rear end region 101 is 

smaller than that of the main body region 102. Therefore, a height difference between 

the rear end region 101 and the main body region 102 is formed to avoid adhesives 

applied on the rear end region 101 being overflowed onto the main body region 102, 

and thereby saves manpower for removing the overflowed adhesive and increases 

10 productivity. 

[0035] In one embodiment, at least part of the inner surface 100a of the glass tube 

100 has a rough surface and the roughness of the inner surface 100a is higher than that 

of the outer surface 100b, such that the light from the LED light sources 202 can be 

uniformly spread when transmitting through the glass tube 100. Since LED light 

15 sources 202 consists of several point light sources (LED dies), each LED light source 

202 casts a cone of light, which results in non-uniformity of light output intensity. 

With the rough surf ace, the light from LED light sources 202 will be diffused before 

transmitting through the glass tube 100 and the uniformity of light output is improved 

thereby. In one embodiment, the roughness of the inner surface 100a may be 

20 substantially from 0.1 to 40 µm, the light from LED light sources 202 will be well 

diffused before entirely transmitting through the glass tube 100 and the uniformity of 

light output is substantially improved. However, in some embodiments, the inner 

surface 100a of the glass tube 100 does not have the roughness surface. 

[0036] In one embodiment, as shown in FIG. 4, the rough surface may be formed 

25 with a light scattering region 130. Since LED light sources 202 consists of several 
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point light sources (LED dies), each LED light source 202 casts a cone of light, which 

results in non-uniformity of light output intensity. With the light scattering region 130, 

the light from LED light sources 202 will be scattered before entirely transmitting 

through the glass tube 100 and the uniformity of light output is substantially 

5 improved. 

[0037] In one embodiment, as shown in FIG. 4, the glass tube 100 may further 

include a reflective film 120 disposed on a part of the inner surface 100a of the glass 

tube 100. In some embodiments, the reflective film 120 may be positioned on two 

sides of the LED light strip 200. As shown in FIG. 4, part of light 209 from LED light 

10 sources 202 are reflected by the reflective films 120 such that the light 209 from the 

LED light sources 202 can be centralized to a determined direction. And, in some 

embodiment, a ratio of a length of the reflective film 120 disposed on the inner 

surface 100a of the glass tube 100 extending along the circumferential direction of the 

glass tube 100 to a circumferential length of the glass tube 100 may be about 0.3 to 

15 0.5, which means about 30% to 50% of the inner surface area may be covered by the 

reflective film 120. The reflective film 120 may be made of PET with some refractive 

materials such as strontium phosphate or barium sulfate or any combination thereof, 

with a thickness between about 140 µm and about 350 µm or between about 150 µm 

and about 220 µm for a more preferred effect in some embodiments. In some 

20 embodiments, only the part of the inner surface 100a which is not covered by the 

reflective film 120 is formed with the light scattering region 130 as shown in FIG. 4. 

In other words, the reflective film 120 is disposed on a part of the inner surface 100a 

of the glass tube 100 which is not formed with the rough surface or the light scattering 

region 130. 

25 [0038] In one embodiment, as shown in FIG. 5, two opposite, short edges of the 
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bendable circuit sheet 205 may be formed as two freely extending end portions 210, 

and two parts of a power supply 400 are respectively disposed in the two end caps 300. 

The two freely extending end portions 210 respectively extends outside the glass tube 

100 through two opposite ends of the glass tube 100 along the axial direction of the 

5 glass tube 100, such that can respectively extend into the two end caps 300 and be 

respectively electrically connected to the two parts of a power supply 400 directly. 

[0039] Referring to FIG. 6, the LED tube lamp 50 may have a heat shrink sleeve 

190 covering on the outer surface 100b of the glass tube 100. In some embodiments, 

the heat shrink sleeve 190 may have a thickness ranging between 20 µm and 200 µm 

10 and is substantially transparent with respect to the wavelength of light from the LED 

light sources 202. In some embodiments, the heat shrink sleeve 190 may be made of 

PFA (perfluoroalkoxy) or PTFE (polytetrafluoroethylene). The heat shrink sleeve 190 

may be slightly larger than the glass tube 100, and may be shrunk and tightly cover 

the outer surface 100b of the glass tube 100 while being heated to an appropriate 

15 temperature (ex, 260°C for PFA and PTFE). 

[0040] Referring to FIG. 7 to FIG. 11, FIG. 7 and FIG. 8 are respectively partial 

views of the bendable circuit sheet 205 of the LED light strip 200 and the printed 

circuit board 420 of the power supply 400 apart from and soldered to each other. FIG. 

9 to FIG. 11 illustrate a soldering process of the bendable circuit sheet 205 of the LED 

20 light strip 200 and the printed circuit board 420 of the power supply 400. In the 

embodiment, the bendable circuit sheet 205 of the LED light strip 200 and the freely 

extending end portions 210 have the same structure. In some embodiments, the power 

supply 400 includes at least one electronic component 430 disposed on one side of the 

printed circuit board 420, and the freely extending end portion 210 is electrically 

25 connected to the printed circuit board 420 directly through the other side which has no 
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electronic component 430 disposed thereon. The freely extending end portions 210 

are the portions of two opposite ends of the bendable circuit sheet 205 of the LED 

light strip 200 and are utilized for being connected to the printed circuit board 420 of 

the power supply 400. The LED light strip 200 and the power supply 400 can be 

5 electrically connected to each other by soldering. Two opposite ends of the bendable 

circuit sheet 205 of the LED light strip 200 are utilized for being respectively soldered 

directly to the printed circuit board 420 of the two parts of a power supply 400. In 

other embodiments, only one end of the bendable circuit sheet 205 of the LED light 

strip 200 is soldered directly to the printed circuit board 420 of the power supply 400. 

10 The bendable circuit sheet 205 of the LED light strip 200 includes a circuit layer 200a 

and a circuit protecting layer 200c over a side of the circuit layer 200a. Moreover, the 

bendable circuit sheet 205 of the LED light strip 200 includes two opposite surfaces 

which are a first surface 2001 and a second surface 2002. The first surface 2001 is the 

one on the circuit layer 200a and away from the circuit protecting layer 200c. The 

15 second surface 2002 is the other one on the circuit protecting layer 200c and away 

from the circuit layer 200a. Several LED light sources 202 are disposed on the first 

surface 2001 and are electrically connected to circuits of the circuit layer 200a. The 

circuit protecting layer 200c has less electrical and thermal conductivity but being 

beneficial to protect the circuits. The first surface 2001 of the bendable circuit sheet 

20 205 of the LED light strip 200 includes soldering pads "b". Soldering material "g" can 

be placed on the soldering pads "b". In the embodiment, the LED light strip 200 

further includes a notch "f'. The notch "f' is disposed on an edge of the end of the 

bendable circuit sheet 205 of the LED light strip 200 soldered directly to the printed 

circuit board 420 of the power supply 400. The printed circuit board 420 includes a 

25 power circuit layer 420a and soldering pads "a". Moreover, the printed circuit board 
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420 includes two opposite surfaces which are a first surface 421 and a second surface 

422. The second surface 422 is the one on the power circuit layer 420a. The soldering 

pads "a" are respectively disposed on the first surface 421 and the second surface 422. 

The soldering pads "a" on the first surface 421 are corresponding to those on the 

5 second surface 422. Soldering material "g" can be placed on the soldering pad "a". In 

the embodiment, considering the stability of soldering and the optimization of 

automatic process, the bendable circuit sheet 205 of LED light strip 200 is disposed 

below the printed circuit board 420 (the direction is referred to FIG. 9). That is to say, 

the first surface 2001 of the bendable circuit sheet 205 of the LED light strip 200 is 

10 connected to the second surface 422 of the printed circuit board 420 of the power 

supply 400. 

[0041] As shown in FIG. 10 and FIG. 11, in the soldering process of the bendable 

circuit sheet 205 of the LED light strip 200 and the printed circuit board 420 of the 

power supply 400, the circuit protecting layer 200c of the bendable circuit sheet 205 

15 of the LED light strip 200 is placed on a supporting table 52 (i.e., the second surface 

2002 of the bendable circuit sheet 205 of the LED light strip 200 contacts the 

supporting table 52) in advance. The soldering pads "a" on the second surface 422 of 

the printed circuit board 420 of the power supply 400 directly sufficiently contact the 

soldering pads "b" on the first surface 2001 of the bendable circuit sheet 205 of the 

20 LED light strip 200. A thermo-compression heating head 51 presses on a portion 

where the bendable circuit sheet 205 of the LED light strip 200 and the printed circuit 

board 420 of the power supply 400 are soldered to each other. When soldering, the 

soldering pads "b" on the first surface 2001 of the bendable circuit sheet 205 of the 

LED light strip 200 contact the soldering pads "a" on the second surface 422 of the 

25 printed circuit board 420 of the power supply 400, and the soldering pads "a" on the 
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first surface 421 of the printed circuit board 420 of the power supply 400 contact the 

thermo-compression heating head 51. Under the circumstances, the heat from the 

soldering thermo-compression heating head 51 can directly transmit through the 

soldering pads "a" on the first surface 421 of the printed circuit board 420 of the 

5 power supply 400 and the soldering pads "a" on the second surface 422 of the printed 

circuit board 420 of the power supply 400 to the soldering pads "b" on the first 

surface 2001 of the bendable circuit sheet 205 of the LED light strip 200. The 

transmission of the heat between the thermo-compression heating head 51 and the 

soldering pads "a" and b is not likely to be affected by the circuit protecting layer 

10 200c which has relatively less thermal conductivity, and, consequently, the efficiency 

and stability regarding the connections and soldering process of the soldering pads "a" 

and "b" of the printed circuit board 420 of the power supply 400 and the bendable 

circuit sheet 205 of the LED light strip 200 can be improved. As shown in FIG. 10, the 

printed circuit board 420 of the power supply 400 and the bendable circuit sheet 205 

15 of the LED light strip 200 are firmly connected to each other by the soldering material 

"g". Components between the virtual line Mand the virtual line N of FIG. 10 from top 

to bottom are the soldering pads "a" on the first surface 421 of printed circuit board 

420, the printed circuit board 420, the power circuit layer 420a, the soldering pads "a" 

on the second surface 422 of printed circuit board 420, the soldering pads "b" on the 

20 first surface 2001 of the bendable circuit sheet 205 of the LED light strip 200, the 

circuit layer 200a of the bendable circuit sheet 205 of the LED light strip 200, and the 

circuit protecting layer 200c of the bendable circuit sheet 205 of the LED light strip 

200. The connection of the printed circuit board 420 of the power supply 400 and the 

bendable circuit sheet 205 of LED light strip 200 are firm and stable. 

25 [0042] In other embodiments, an additional circuit protecting layer can be disposed 
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over the first surface 2001 of the circuit layer 200a. In other words, the circuit layer 

200a is sandwiched between two circuit protecting layers, and therefore the first 

surface 2001 of the circuit layer 200a can be protected by the circuit protecting layer. 

A part of the circuit layer 200a (the part having the soldering pads "b") is exposed for 

5 being connected to the soldering pads "a" of the printed circuit board 420 of the 

power supply 400. Under the circumstances, a part of the bottom of the LED light 

source 202 contacts the circuit protecting layer on the first surface 2001 of the circuit 

layer 200a, and the other part of the bottom of the LED light source 202 contacts the 

circuit layer 200a. 

10 [0043] In addition, according to the embodiment shown in FIG. 7 to FIG. 11, the 

printed circuit board 420 of the power supply 400 further includes through holes "h" 

passing through the soldering pads "a". In an automatic soldering process, when the 

thermo-compression heating head 51 automatically presses the printed circuit board 

420 of the power supply 400, the soldering material "g" on the soldering pads "a" can 

15 be pushed into the through holes "h" by the thermo-compression heating head 51 

accordingly, which fits the needs of automatic process. 

[0044] Referring to FIG. 12 and FIG. 13, in some embodiments, the bendable 

circuit sheet 205 of the LED light strip 200 and the printed circuit board 420 of the 

power supply 400 are electrically connected to each other by a pair of jack/plug 

20 connectors rather than by soldering. As shown in FIG. 12, the freely extending end 

portion 210 of the bendable circuit sheet 205 of the LED light strip 200 has a first 

electric connector 2300, and the printed circuit board 420 of the power supply 400 has 

a second electric connector 4300 which is capable of being connected with the first 

connector 2300. Since the LED light strip 200 and the power supply 400 are 

25 electrically connected to each other by a pair of jack/plug connectors rather than by 
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soldering, the end cap 300 and the power supply 400 can be replaceable. 

[0045] Referring to Figs. 14 and 15, an LED tube lamp of one embodiment of the 

present invention includes a glass tube 1, an LED light strip 2 disposed inside the 

glass tube 1, and two end caps 3 respectively disposed at two ends of the glass tube 1. 

5 [0046] Referring to Figs. 15 and 16, in one embodiment, the end cap 3 may have 

openings 304 to dissipate heat generated by the power supply modules inside the end 

cap 3 so as to prevent a high temperature condition inside the end cap 3 that might 

reduce reliability. In some embodiments, the openings 304 are in a shape of an arc; 

especially in a shape of three arcs with different size. In one embodiment, the 

10 openings 304 are in a shape of three arcs with gradually varying size. The openings 

304 on the end cap 3 can be in any one of the above-mentioned shape or any 

combination thereof. At least a part of the openings are arranged along an arc and 

spaced apart from each other. 

[0047] Referring to Figs. 16, in one embodiment, each end cap 3 includes an 

15 electrically insulating tube 302, a thermal conductive member 303 sleeving over the 

electrically insulating tube 302, and two hollow conductive pins 301 disposed on the 

electrically insulating tube 302. The thermal conductive member 303 can be a metal 

ring that is tubular in shape. According to Fig. 15 and 16, the openings 304 on the 

electrically insulating tube symmetric to each other with respect to a vertical central 

20 plane passing through the middle of a line connecting the two conductive pins 301 

and the vertical central plane is perpendicular to the line connecting the two 

conductive pins 301. The openings 304 are on a surface of the electrically insulating 

tube 302 on which the two conductive pins 301 are disposed. 

J0CH8j The openings 304 symmetrically disposed on the electrically insulating tube 

25 302 is capable of efficiently dissipating heat generated during the heating and 
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solidification of the hot melt adhesive. Specifically, during heating and solidification 

of the hot melt adhesive, the hot melt adhesive circularly surrounding the end portions 

of the glass tube 100 will be heated and generates heat which is circularly surrounding 

the glass tube 100. Since the holes 304 are symmetrically arranged on the electrically 

5 insulating tube 302, the heat could be efficiently dissipated through the opening 304 

which is the closest to the heat-generating sources (hot melt adhesive). In addition, the 

holes 304 may be used to dissipate heat generated by power supply 400 during the use 

of the LED tube lamp 50. In one embodiment, the components of the power supply 

400 may be arranged symmetrically in one of the end caps, separately in both of the 

10 end caps, or in the glass tube 100 in accordance with the symmetrical arrangement of 

the holes 304. Accordingly, the heat generated from the components of the power 

supply can be dissipated through the hole 301 which is the closest to the component. 

20 be aJ1 :\(.~ DO\:verhne 'V-..1itb a '/Olta~;_e rating. fnr exarnph: .. 1-n 100--277 '/01ts i1nd a 
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etc_. 
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o_f tl-1e nresent 
,, ,• 
LnVCTlLlOn. 

drlv_Ln~~ n1ndu1e 530~ and D. filterinrt c1rcu1t 540. l:Ze:ctlf\ing circult 510 1s cnun1ed to 

D1ns anct 502 ' a.no tben rect1fv nn externaJ dri vinri· concbJcted bv 

pov..,·er __ suppJy _ rnoduJe _of_ (he_ I.,f~~l) __ .!a.tJip_ rna\/ __ incJude __ tV•/O __ rectii\,..irH!. __ clrcuits __ 510 __ rn1d 

54{} coJ1.fir!ure-d to outr-1ut a rectified sipn:-t1 nt outnut terrn1na1s 511 and 512. r~i~ter111i1 

25 to output D. fUtered tecn11naJs 52l and 
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' a.no 

J00591 

10 e_n1b:.Jchrnent and otl1er ernbodirnents t1ereu1 rnav also be .. ,. 

G11Vlfl~1 

J00601 scl1ernatic of a circuit 

15 recel ,/eti __ slgrtJ1 .. __ I)lode· __ 61_ l ___ has ___ an ___ anode __ connected __ to __ ou(put __ te·rrnina l __ 5_12, __ and __ a 

cathode. co.n.nc.cteci to r-11 n 50) _. f)lod.e 612 l-1as an anod.e connectc.d to outnut te11}11 na.! 

512 .. ' ano a catl1ode . ' connecreo to n1n 613 an anode connected to nin 

connect.eel to nin 501 ~ and a catl1ode connected tf) tnJ.tnut terrninaI 51-~ .. 

20 

input __ tbxou/~~h .. pin ___ 50 l_~ __ diode __ 614:i _and __ output __ ter1Jilna.!___51_ l ___ in __ sequence~ ... r~~n.d __ 1ater 

25 diode: 613, and nutnut terrninDJ .511 1n se:ouence~ anG later outDut tbxou~~h outnut 
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5 rectified sirrnal. 

15 belv-/een ___ pins ___ 501 ___ and ___ 502~ ___ tbe __ positive __ pole __ of __ tt~e __ re·ctifled __ sig_na.! ___ produced ___ bv 

HJ063l ·rhe:refore~ rectifvinrt c1rcu1t 6 lO 1 n tl1is e:rnbodl rnent can outDut or nroduce a 

pn)ner re5=~ard1ess an 

J0064l 

ernbodirn_"~nt __ of _(he_ present __ invention, __ 1<.e·fe~rring ___ to __ f~1(J. __ _1_8f3). __ rectit\•hu~~-- circuit __ 7 l 0 

;nc.!udes rect1_fying diodes 71 

Sl$~-naL l)Jod"~ ··711 nas an anode connected to pin. 502~ and a catbode conn.ected to 

25 outDut h:.rrninal 5 l 1 .. I)iode 7 l:2 hD.s an anode conrH:.ctt.::..i tn outnut ter_nu naJ 511 ~ and a 
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catlH)de connect.eel to inn 501. ()innut terrnina1 512 _nt:1..,_,.. be t)nlitted or i:rounded 

J00651 

5 H)066l 

ele·ctricrJ_ pot~~ntla] __ r~~t pin __ 50 l __ is __ ltigber_ thrn1_ (hat __ at_pin_ 502,_ so_diodes _7.11 __ and_ 'l 12 _ru\~ 

rectifv1ns!· circuit 710 JlOt 

e1ectrica1 notential at Din 50 l 1s Jo\:ver tt~an that at Din .'.~(f\ so diodes 711 and 712 ar{·. 

10 to be innut 

.512 .. n ~1round terrninaL or another e.nd of the. 1-.I~l) tuhe .!a.n1p not direct1v connected to 

15 f 006.l] ________ Fl(J~ ___ 18(~ __ ls __ a __ schern_atlc __ diag:ran} __ of __ r~~ __ rectit\•ln;;;_~ ___ circult __ accorG1ng __ to __ an 

In this e_n1bod1 rnent, 

20 output ter1J1lnal {)-!?., and a cathode: connected to a half.,;;,..-a,ve noGe 819. t)iode g_12 ha_s 

and a cathode connected. to nutout 

lernlin.a1_ 5_11 .. __ ··re~rn1ina] __ adaJ)ler_circuit __ 5,4 l __ is __ col,lpled_ to_ t~alf-,v•/f~~ve __ node _81_9_ and_ pins 

tn re-e:erveci at rn.n ancl/or n_ln 

25 rectLfvln~s c1rcu1t 810 ano,:.Js of tV·./O innut ter_nutu1Ls {connected to p1ns 501 and 502,~ 
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and t\Vf) (}Utnrit terr_ninals S 11 and S 12. 

Next. in certain t.rnbodi rnents. rectifvi nJt circuit 810 oDerates as rono~:\,,s. 

J00691 be 

innut throu~~h rnn 501 
. . . 

~:u.1.apter cLrcutt nod.e 8 l 9. d.iode 

5 ~ 12~ and outnut tern1i.na1 51] 1n sequence ... anci ;ater nut.put throui~-h another e . .nd or 

10 

voJtai:e/cu.rrent reri·ulation " , ot nrotectH)n~ 

etc .. __ 1)escri11tions_of these·_functions_ are _presenteti_be1oYAi. ___ _ 

15 Jnterchr~~nged ___ i n ___ position __ {as ___ sho~:vn ___ Jn ___ f•1CJ. ___ 1_8J) .l~ ... v ... ·itbont ___ a1tering __ tl-.~e __ function __ of 

811 has aJ1 anode connecreG to n1 n 502 and diod.e 8 l2 nas a cathode cnnnected to n1 n 

of diode 811 anei an nrH)Cie of dit)de are . ' connecreo tf) 

slgrtJ1 __ ntJy _ be __ input _ through. __ ano(her_ end __ or __ circuit __ of _(he_ T..,f~~l) __ tube __ 1ru11p~ __ and __ 1ate·r 

node 501 1n sequence. f)urin.rt r~ received 
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and outuu.t ' nooe and ~ater 

J00721 It 1s \Vf)rth rH.)tirH2- tbat terrninaI adanter circuit 541 in er_nbodir_nents sbovvn in 

to __ hrJ_f-~,,.ave _ node __ S 19. __ lf_ te-rrnina l __ r:.dapter _circuit __ 5,41 __ of _f,'ICJ. __ 18f) __ is __ ornitted, __ output 

tern1inals 51] and. 512 Vii~1 be couo]ed. to l1alf-v..,,,a,,..e node 819. 

10 504, for condu.ctini2- in~;tend of nins 501 and 502. 

coJnbinatinns of recdfvir.u2· circuits 5 l O nnct 540 v./i_tb refe.rence to I~ICiS. 17(: nnei 

i ,-"! r~' 
)_., .... _,, 

15 rectlfving_circuit_ 6 ! 0__1_n __ F-'1(3. __ 1_8l\ .. ___ 

J0076l 

e.ach con1nrise an·--/ one of tl1e rectifviru?~ circuits in I~ICiS. l 8/\.--f}, anct terrninal adanter 

ctrcu1t 541 in Fif(J"S .. 18(~--f) n1av he on1itted \Vithout aJterin}t tl1e rectification function 

nee.ded 1n an 1-.FOTJ tube 510 a11d 540 eac11 corno11se a 

circuits __ 5 l O __ ru1d __ 5,40~ __ and __ Jaler __ ouiJ1Ut __ frorn ___ tbe __ ott~er _ rectify] n~g_ circuit __ 51_0 __ or __ 540 .. _ 

25 
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adanter circu.it 5.4-1 

J0077l 

circult __ 6,41 __ corn.prises __ a_ capacitor_ 6~·~t2 __ lta\,..irH!. __ an __ end_ conne·cled_ to __ pi ns_ 501 __ and __ 502~ 

and anothc.r end. connected. to ha1f-v.n.rve node 8 'I 9 .. (:a nnc:itnr 642 has an enu1 vale.nt 

i~gnal decreases~ iii1d dt.creases tht. frt.tiuenC'./ ii1creases. canacitor 64•2 1n 

terntlnDJ aGD.Dter cLrcun 6f~-1 1s cnnnected 1n series to an L .. E~f) unit Bl the I .FiJ) tube 

Iarnp .. produ.cinJz an equivalent 1_n1pedance nt . ' teru11na1 adanter circuit 641 to nerfor1n n 

current/vo1taj::~e _1irnitin~~~- function_ on __ tb'-~_ T__,f~~l)_ nnit_ the·rebv_pre,/e·ntinr!._ darnar!.ing __ of the 

furttter enhance. v·o1tai{e/cutient re.pulation. 

J00781 

noeie 819 .. and <.trH)ther e.nd connected t.f) 01n 503. {~'.anacitor 646 bas an encl C(H1nect.ed 

node 819 rnav be a c:nrnn1nn ' nooe he.t,,veeJ1 645 and. 646 .. i\nd 

capacltor ___ 6,::;.2 __ acting __ as __ a __ current __ reg:u1atlng ___ capr~~citor __ is ___ col,lp1ed __ to ___ th.e ___ co111n}on. 

' nooe n1ns 501 and a structure .. set·ies-•connected. 

25 
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D1n 504,. canacitors.-

betvvee.n e.(Juivalent . ' ser1e.s.-connecreo cnnacitors, the 

5 

J0079l F1(i 19I3 1s a scner11aHc dii),J.tran1 of the terrninDJ adanter c1rcu1t accordi DJt to 

c1rcu1t 741 c·o111Dnses CiIDacitors 7•t3 and (~aDacitor 743 l1as an end connecte:d to 

_p1J1 ' ano anotl1er end connected to ' nooe 819 .. {~'.auacitor 744 has an encl 

conn.ect"~d_ to_pin __ 502~_ and_ anoth.er _end __ connecteti_to _hr~~lf-\va ,/e·_node·_ 819. __ (~ornpared_to 

rnav other~ ditler frorn on 

' a.no 

J0080l Si111i1arl\\ ter_n1i na l adanh:.r circuit 7 ,41 n1av further corn nrise a capacitor 74.5 

antl/:.Jr a canacitor '746., resnectiveI'/ connecte.d to nins 503 anct 504 .. ·-rbus .. eacb (}l n1ns 

20 501 and 502 D.tH.1. each nf D.lns 503 and 5{}4 _n1D.v be: connt.cted Bl ser1es to a canac-itnr. 

to acttie,ve the functions of vo]ta~~e di·vision and other r-1rotections_. 

an ernbodirnent of the. nresent in vc.rtLion. I{efe·.rrint· to Ft(}. 19(~, terrnina1 acianter 
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. ' connecreo 1H betv .. /een n1n 50:2, and nocte In such a 
. •, 

c1rc;..nt 

structure~ Lf arrv one of canacltnrs 8•t2. 843~ and 8•t4 is shorted~ theTe 1s sti11 at h:.ast 

one •, 
cauac1r.or otbe.r t\VO cnuacitors) bet\veen nLn 501 819 

5 

J00821 

ancUor a caDD.citor g,46. resnecti,velv connt.cted to nins 503 and 504. llu.1s~ e:ach of nins 

. . 
0U:1e:r Drotectlons .. 

J00831 

circu1t 94 l co1nnrise.s fuses 947 and. 948_. I~Pse 947 has an c.rtd connected. to ni.n 501 ~ 

~}:l8 .. vvnen the. current tbn.)lJPJ1 eacl1 of n1ns 501 anct 50:2 exceeds a current ratlru?~ of a 

20 

circuits 5 'IO and 810 cnun1c.d to Dins 501 and .502 and shfn,-./H and exn]ained above cnn 

cond.ucti ve r-11 ns 503 and 504 and conductl·ve nLns 501 and. 502 arc. interc:ban~~ed in 

position. 

25 C~a.nacita.nce values of the caDiIC1tors _n1 tht. ernbodirnents of the teTrninal 
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adanter circr~itB slH)\,VH ancl described above are. in sorne e.Jn_bodiJn_ents in theranfse for 

5 c:aoac:1tors~ one canac:itance value chosen .fro1n of 

canac:itance cr1osen trnrn fot exa111n1e of 

l .5 lO 3.0 nF\ and \vbich.1s U1 sorne en1bodin1ents about 2.2 nF ... 

J0086l 

iUustratin~~ 1ts connectlon \\,,_ltl1 nther cnn1DorH .. ~:nts. vvitl1out intendinrt filterirH: c-Lrcu1t 

5:2.0 to include rectifvin5=: c1rcu1t 510. to 
. •, 

c1rc;..nt 

o_f .. a rectified. circuit 

anct DH1 50l. rectLfvin~:- circuit 510 and rnn .:~O'), re:ctif\ing c1rcu1t 540 aJ1Cl n_n1 503. or 

recdfvir.u?~ circuit 540 and rnn 504-. I~'1Iterinrl unit 524 1s for fLlte1ir.u2- of a soecific 

20 tre(lU{·.nc\:_. 1 n on~h:.r tn filter out a spe:ciflc frequencv co1J1ponent of an externaJ Gnv_nH~~ 

rectit\•ln;;;_~ __ clrcult __ 51O_andpin __ 501_. __ F-.i1terln~;;_~- circuit_ 520 __ n1ay __ furtber_ co.tJiprise __ ru1othe-r 
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nctua1 circurnstance.s (}.f their uses., d(}tted H1 

5 schc.rnatic of tfte 

outnut te-rrnina l 521 and ru10U:H .. ~T end coup.!ed lo outnut terrnin.a_l 512 anrl a fLlteriru~-

J00881 

cornnr;ses n ni fUtet circuit 1nc.!uG1.n~~ a c:ar-1acitor 725~ an 1nd.uctor 726~ and a c:ar-1acitor 

15 72.l . ___ /\.s ___ is __ \ve11 ___ -knov•/H~ ___ r:. _ _11i __ fUter __ circuit __ Jool(s __ 1ik·_e __ the __ s~vrnboJ __ n~ __ Jn ___ its __ sbape· __ or 

structure_. c~:nnacitor 725 l-1as an enci connected to outout terrninal 511 ano counled. to 

outnut terr_nina1 th_ro1.utb inductor 7'?6 .. and bas aJH}tber enct connect.eel to f)lJtnut 

ter_nunaJs 5 l:2 D.tH.1. -~2'). tnductnr 726 is couD1ed bet;.:veen outnut tern1inaJs 511 and 52 l. 

c:anacitor 727 has an end C(}lH1ected to f)lJtnut ter.nuna.: 521 and coun1ecl to outnut 

[0089 l_ _______ /\s __ se-en_ berv~.,t~-en __ ouiJ)lH._ lernlina1s __ 51_l __ and __ 512 Jn1d_outpnt_ te-rrnina ls __ 521_Ju1d 

filte-ri nt· un1 t co111nareo to 623 addit1onnn v nas 

25 filterinrt. 'I'tterefnre~ filterirH: unit '7:::.:3 Bl this er11bod.ir11ent co111nareG tn filteriru: unit 
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J00901 Inductance valu.es of 11H.1uctor '7')6 1n tbe ernbodirnent clescribed a;Jtrve are 

ct1ost.n Bl so11H:. ernbodirnents 1n the: rarH:e of about 10 nJ-I to about 10 rnJ-I. /\nd 

about 

J00911 

lo __ fi1ler __ out _ 1ov,J-freq_uenc\.r __ cornponeT.:.ts __ of __ tb"~-- ex.ternrJ __ dri virtg ___ signa1. __ 1ndnctor __ 82S 

has an c.r.td cotroled tn nin 501 and anothc.r end c:onnlc.d to rectl_fying nutout tetrninal 

15 51_1,_ and_ is __ confi~~~ured __ to _1ov•i.,pass_ fl1t"~r_ an_ exlernaJ_ dri""/i_n
4
~~--signa1_ input_r~~t pi n __ 501, __ so 

tl1e C(Hn_binatl(}H or cnnacitor 825 and 1neiuctor 828 \\ror_t(s to nresent l1iitb irnne.dance 

to at one or rnore snt.cific 
.. . 
treq uenc1e:s. tht. 

uaraHel-·C(Hlnected cnnacitor and n1Ciuctor \.\.rttrk t(} oresent ~1 nea_k eouivaient 

20 

J0092l 

indlJCtr:_nce· __ \?a lue __ of __ i nductor _ 828:i __ r: __ cent"~r __ fre·qlJ"~ncy _ f __ on __ tb'-~ __ higb--i.tJipedanc"~--br~~n.d 

,,-.,,,f1ere- L. de-notes inductance of induc:tot 828 

and of cr~nacitor •' rreuuencv lS in 
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tor D. snecLl1c center freuut.ncv. as Dt{Yvided bv lJndervvriters L.aboratorit.s (tJL ... L 

J00931 

coup1ed bet\V{·.en n1 n i1nd fUtering_ output tern1LnaJ 511. res1stor 829 

exarn.ple·. ___ r"~sistor ___ 829 ___ .n-tJy ___ be ___ conJ,1ed ___ betv-/een ___ pi n ____ 501 ____ and ___ para]1e·1.-connected 

tJ:1e L~C~ c1 rcu1r c-0111Drisin~~ CHDD.citor 825 and inductor 828~ tn be:th:.r iidant fUterin~~ unit 

\Vitl1 cUfferent tactor re~Jlnren1ents .. Since 

resistor_ 829_is __ an __ optiona1_ corn.ponent_ lt_is_ depicted _ _jn_JJ_dotted)J n"~- in_ T~I(i _201), ___ 

H)094l 

I3esicles the fi1terhul circu.its 

20 en1hndLn1ents, trD.ditional lo\v--nass or hand-pass filters can he use:d as the fUtering_ unit 

in U1e .fi1teriJlk~ circuit in the nre-sent in,,..eJ1tlo11. 

[0096 l_ _______ F-1(3. ___ 20.E ___ is ___ a ___ schern_atic ___ di_aj::~I}u11 ___ of __ the· __ filtering __ unil ___ r~~ccordLnj::~ __ lo ___ r~u1_ 
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tJ.J_,,Ull 610 ancl/or other c,11,,utl~.- In fi 1 teri11rl 
.. 

un1r o·;., 
--· .'.---· an 

lJ\::II-reducirH~~ canac1tor couDled bet\~/t.en D1n 501 and tht. anode of rt.ctifvinr! diod.e 

613 .. ' ano rnn 502 and the anode of rectifvini2- diode 614, to reduce the 

5 501 anci 502. 'T'he- I?l\::If.-redncinrr c:ar-1acitor o_f fUterint· unit 925 1s a1so couo]ed. 

first filteriru: node conne:ct1 nJ:· an anode and a catl1ode res necti·vt.1 v of t\V{) diodes 613 

612 o_f the. fr~ur rec:tifvink~ diodc.s 611, 612 .. 613 .. and 61:4. _/\nd tl1e r:~i1l--reduc1nt1 

J00971 ' a.no cauacitor 1n ' eacn 

and 504.1 ' a.no an..,.,.. diode in f)f each canacitor in 1~·1 (JS .. 

rectifier ___ circuit ___ lnc1nding: ... t\vo ___ rectit\•lng ____ diod"~s ____ and ___ baving ____ a ___ _lta lf-v-/a\-'e ___ node· 
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betvveen tl1e l1alf.-,:,J;:rve node and at h:.ast one of tl1e third pin i1nd tt~e fourth pin. 

F-1(3. __ 20.E _ rna;1 __ also __ act __ as __ capacltor __ 825 __in ___ fUterinj::~ _ unit __ 824 , __ so __ ~t~at __ in._ co11tbinatlon 

vvitl-1 inductor 828 tl1e canncitnr 825 ner1orn1s the functions of re-duci.n~~ E~1.:JI nnd 

10 canacitor 825 of f1Iteriru?~ unit 824 _nt:1..,_,.. be coun1ed betvvee.n the first fi1terin5=~ rH)de and 

circuit con:101ise~; a ha1f.-v./ave rectifier circrtit canncitor 825 of fUterinri· unit 824 111H'/ 

one of tl1e ·first n1 n and. the second oin. 

15 }O\c\,}i}ff.(\).\~?L..If any terms in this application conflict with terms used in any 

application(s) from which this application claims priority, or terms incorporated by 

reference into this application or the application(s) from which this application claims 

priority, a construction based on the terms as used or defined in this application 

should be applied. 

20 j{,(6(:ij{()£LD?LWhile the instant disclosure related to an LED tube lamp has been 

described by way of example and in terms of the preferred embodiments, it is to be 

understood that the instant disclosure needs not be limited to the disclosed 

embodiments. For anyone skilled in the art, various modifications and improvements 

within the spirit of the instant disclosure are covered under the scope of the instant 

25 disclosure. The covered scope of the instant disclosure is based on the appended 
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claims. 
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ABSTRACT 

An LED tube lamp includes a glass tube, a plurality of LED light sources, two 

end caps respectively sleeving two end portions of the glass tube, a power supply in 

5 one of the end caps or separately in both of the end caps, and an LED light strip in the 

glass tube. The plurality of LED light sources is on the LED light strip. Each of the 

end caps comprises a plurality of openings formed thereon. The plurality of openings 

dissipating heat resulted from the power supply are divided into two sets. The two sets 

of the plurality of openings are symmetric to each other with respect to a virtual 

10 central axis of the end cap. 
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LED TUBE LAMP 

Cross-Reference to Related Applications 

CLEAN VERSION 

This application is continuation application of U.S. application no. 15/211,717 filed 

on July 15, 2016 which is a continuation-in-part application claiming benefits of U.S. 

5 Application no. 14/865,387 filed on 2015/9/25, U.S. Application no. 15/056,121 filed 

on 2016/2/29, and U.S. Application no. 15/168,962 filed on 2016/5/31, the disclosures 

of which are incorporated herein in their entirety by reference. 

Technical Field 

[0001] The instant disclosure relates to illumination devices, and, more particularly, 

10 to an LED tube lamp and components thereof comprising the LED light sources, a 

tube, electronic components, and end caps. 

Related Art 

[0002] LED lighting technology is rapidly developing to replace traditional 

incandescent and fluorescent lightings. LED tube lamps are mercury-free in 

15 comparison with fluorescent tube lamps that need to be filled with inert air and 

mercury. Thus, it is not surprising that LED tube lamps are becoming a highly desired 

illumination option among different available lighting systems used in homes and 

workplaces, which used to be dominated by traditional lighting options such as 

compact fluorescent light bulbs (CFLs) and fluorescent tube lamps. Benefits of LED 

20 tube lamps include improved durability and longevity and far less energy 

consumption; therefore, when taking into account all factors, they would typically be 

considered as a cost effective lighting option. 

[0003] The basic structure of the traditional LED tube lamps include a tube, two 

end caps at two ends of the tube, a substrate inside the tube, LEDs on the substrate, 

25 and a power supply inside the end caps. The substrate disposed inside the tube and 

1/41 

Page 127 of 249



Docket No. 6246-40007US8 SUBSTITUTE SPECIFICATION CLEAN VERSION 

having LEDs mounted on is rigid and straight printed circuit board, which makes the 

tube remain a straight appearance even it is partially ruptured or broken. As a result, 

user cannot easily aware that the tube is damaged and might be exposed to a 

dangerous situation. 

5 [0004] In addition, the rigid substrate of the traditional LED tube lamp is typically 

electrically connected with the end caps by way of wire bonding, in which the wires 

may be easily damaged and even broken due to any move during manufacturing, 

transportation, and usage of the LED tube lamp and therefore may disable the LED 

tube lamp. 

10 [0005] As the development of LED chips, electro-optical conversion efficiency 

becomes higher and heat generated from the conversion becomes less. Accordingly, 

apparatuses utilizing LED chips seldom use ventilating holes to dissipating the heat. 

[0006] Further, the tube and the end caps of the traditional LED tube lamp are 

often secured together by tight fit, making the reliability cannot be further improved. 

15 SUMMARY 

[0007] To address the above issue, the instant disclosure provides embodiments of 

an LED tube lamp. 

[0008] According to an embodiment, an LED tube lamp includes a glass tube 

having two end portions, a plurality of LED light sources, two end caps respectively 

20 sleeve the two end portions of the glass tube, a power supply in one of the end caps or 

separately in both of the end caps, and an LED light strip on an inner surface of the 

glass tube. The glass tube is covered by a heat shrink sleeve. The glass tube and the 

end cap are secured by a hot melt adhesive. The plurality of LED light sources is on 

the LED light strip. Each of the end caps comprises an electrically insulating tube, 

25 two conductive pins on the electrically insulating tube; and at least two 
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heat-dissipating openings on the electrically insulating tube symmetric to each other 

with respect to a plane passing through the middle of a line connecting the two 

conductive pins and perpendicular to the line connecting the two conductive pins. 

[0009] According to an embodiment, the hot melt adhesive is, respectively, 

5 disposed on the outer surf ace of the end portions and the shape of the disposed hot 

melt adhesive is substantially a circle from the side view of the glass tube. 

[0010] According to an embodiment, the at least two heat-dissipating openings are 

on a surface of the electrically insulating tube on which the two conductive pins are 

disposed. 

10 [0011] According to an embodiment, the at least two heat-dissipating openings are 

separately in a shape of an arc. 

[0012] According to an embodiment, the at least two heat-dissipating openings are 

in a shape of arcs with different sizes. 

[0013] According to an embodiment, the sizes of the arcs of the at least two 

15 heat-dissipating openings gradually vary. 

[0014] According to an embodiment, the heat shrink sleeve is substantially 

transparent with respect to the wavelength of light from the LED light sources. 

[0015] According to an embodiment, at least a part of the openings are arranged 

along an arc and spaced apart from each other. 

20 [0016] According to an embodiment, the heat and pressure inside the end cap 

increase during the heating and solidification of the hot melt adhesive, and are then 

released through at least one opening on the end cap. 

[0017] According to an embodiment, an LED tube lamp includes a glass tube 

having an inner surface and an outer surface, a plurality of LED light sources, two end 

25 caps respectively at two opposite ends of the glass tube, a power supply in one of the 
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end caps or separately in both of the end caps, and an LED light strip on the inner 

surface of the glass tube. The plurality of LED light sources is on the LED light strip. 

Each of the end caps comprises a plurality of openings formed thereon. The plurality 

of openings dissipating heat resulted from the power supply are divided into two sets. 

5 The two sets of the plurality of openings are symmetric to each other with respect to a 

virtual central axis of the end cap. At least part of the inner surface of the glass tube is 

formed with a rough surface. 

[0018] According to an embodiment, the LED tube lamp comprises a hot melt 

adhesive. The end cap is adhered to one end of the glass tube via the hot melt 

10 adhesive. 

[0019] According to another embodiment, the plurality of openings dissipate heat 

resulted from the power supply. 

[0020] According to another embodiment, the hot melt adhesive is heated to be 

expansive and flowing during a process of having the glass tube and the end cap 

15 adhered. The plurality of openings dissipate heat to have the hot melt adhesive cooled 

and solidified. 

[0021] According to another embodiment, an LED tube lamp includes a glass tube, 

a plurality of LED light sources, two end caps respectively at two opposite ends of the 

glass tube, a power supply in one of the end caps or separately in both of the end caps, 

20 and an LED light strip in the glass tube. The plurality of LED light sources is on the 

LED light strip. Each of the end caps comprises two conductive pins and a plurality of 

heat-dissipating openings. The two conductive pins are on a surface of the end cap. 

The plurality of heat-dissipating openings is on the surface of the end cap and divided 

into two sets. The two sets of the heat-dissipating openings are symmetric to each 

25 other with respect to a plane passing through the two conductive pins. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 illustrates a perspective view of an LED tube lamp according to an 

embodiment of the instant disclosure; 

FIG. 2 illustrates an exploded view of an LED tube lamp according to an 

5 embodiment of the instant disclosure; 

10 

15 

FIG. 3 illustrates a part of cross section of FIG. 2 along line A-A'; 

FIG. 4 illustrates a part of cross section of FIG. 2 along line B-B'; 

FIG. 5 illustrates an exploded view of an LED tube lamp including two parts 

of a power supply according to an embodiment of the instant disclosure; 

FIG. 6 illustrates an exploded view of an LED tube lamp including a heat 

shrink sleeve according to an embodiment of the instant disclosure; 

FIG. 7 illustrates a partial view of a bendable circuit sheet of an LED light 

strip and a power supply apart from each other according to an embodiment of the 

instant disclosure; 

FIG. 8 illustrates a partial view of the bendable circuit sheet of the LED 

light strip and the power supply soldered to each other according to an embodiment of 

the instant disclosure; 

FIGS. 9 to 11 illustrate a soldering process of the bendable circuit sheet of 

the LED light strip and the power supply according to an embodiment of the instant 

20 disclosure; 

FIGS. 12 and 13 illustrate a bendable circuit sheet of an LED light strip and 

a power supply electrically connected to each other by a pair of jack/plug connectors 

according to an embodiment of the instant disclosure; 

FIG. 14 is a perspective view schematically illustrating an LED tube lamp 

25 according to an embodiment of the instant disclosure; 
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FIG. 15 an exemplary exploded view schematically illustrating the LED 

tube lamp shown in Fig. 14; [[and]] 

FIG. 16 is a perspective view schematically illustrating front and top of an 

end cap of the LED tube lamp according to one embodiment of the instant 

5 disclosure;[[.]] 

10 

FIG. 17 A is a block diagram of an exemplary power supply module 400 in 

an LED tube lamp according to some embodiments of the present invention; 

FIG. 17B is a block diagram of an exemplary power supply module 400 in 

an LED tube lamp according to some embodiments of the present invention; 

FIG. 17C is a block diagram of an exemplary LED lamp according to some 

embodiments of the present invention; 

FIG. 17D is a block diagram of an exemplary power supply module 400 in 

an LED tube lamp according to some embodiments of the present invention; 

FIG. 17E is a block diagram of an LED lamp according to some 

15 embodiments of the present invention; 

20 

FIG. 18A is a schematic diagram of a rectifying circuit according to some 

embodiments of the present invention; 

FIG. 18B is a schematic diagram of a rectifying circuit according to some 

embodiments of the present invention; 

FIG. 18C is a schematic diagram of a rectifying circuit according to some 

embodiments of the present invention; 

FIG. 18D is a schematic diagram of a rectifying circuit according to some 

embodiments of the present invention; 

FIG. 19A is a schematic diagram of a terminal adapter circuit according to 

25 some embodiments of the present invention; 
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FIG. 19B is a schematic diagram of a terminal adapter circuit according to 

some embodiments of the present invention; 

FIG. 19C is a schematic diagram of a terminal adapter circuit according to 

some embodiments of the present invention; 

FIG. 19D is a schematic diagram of a terminal adapter circuit according to 

some embodiments of the present invention; 

FIG. 20A is a block diagram of a filtering circuit according to some 

embodiments of the present invention; 

FIG. 20B is a schematic diagram of a filtering unit according to some 

10 embodiments of the present invention; 

15 

FIG. 20C is a schematic diagram of a filtering unit according to some 

embodiments of the present invention; 

FIG. 20D is a schematic diagram of a filtering unit according to some 

embodiments of the present invention; and 

FIG. 20E is a schematic diagram of a filtering unit according to some 

embodiments of the present invention. 

DETAILED DESCRIPTION 

[0023] The instant disclosure provides an LED tube lamp to solve the 

20 abovementioned problems. The instant disclosure will now be described more fully 

hereinafter with reference to the accompanying drawings, in which exemplary 

embodiments of the disclosure are shown. This disclosure may, however, be embodied 

in many different forms and should not be construed as limitation to the embodiments 

set forth herein. Rather, these embodiments are provided so that this disclosure will be 

25 thorough and complete, and will fully convey the scope of the disclosure to those 

7/41 

Page 133 of 249



Docket No. 6246-40007US8 SUBSTITUTE SPECIFICATION CLEAN VERSION 

skilled in the art. Like reference numerals refer to like elements throughout. 

[0024] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the disclosure. As used herein, 

the singular forms "a", "an" and "the" are intended to include the plural forms as well, 

5 unless the context clearly indicates otherwise. It will be further understood that the 

terms "comprises" and/or "comprising," or "includes" and/or "including" or "has" 

and/or "having" when used herein, specify the presence of stated features, regions, 

integers, steps, operations, elements, and/or components, but do not preclude the 

presence or addition of one or more other features, regions, integers, steps, operations, 

10 elements, components, and/or groups thereof. 

[0025] It will be understood that the term "and/or" includes any and all 

combinations of one or more of the associated listed items. It will also be understood 

that, although the terms first, second, third etc. may be used herein to describe various 

elements, components, regions, parts and/or sections, these elements, components, 

15 regions, parts and/or sections should not be limited by these terms. These terms are 

only used to distinguish one element, component, region, part or section from another 

element, component, region, part or section. Thus, a first element, component, region, 

part or section discussed below could be termed a second element, component, region, 

part or section without departing from the teachings of the present disclosure. 

20 [0026] The following description with reference to the accompanying drawings is 

provided to explain the exemplary embodiments of the disclosure. Note that in the 

case of no conflict, the embodiments of the present disclosure and the features of the 

embodiments may be arbitrarily combined with each other. 

[0027] Referring to FIG 1, FIG 2, and FIG 3, the instant disclosure provides an 

25 embodiment of an LED tube lamp 50 including a glass tube 100, an LED light strip 
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200, two end caps 300, and a power supply 400. The glass tube 100 includes an inner 

surface 100a and an outer surface 100b. The LED light strip 200 is disposed inside the 

glass tube 100 and has a bendable circuit sheet 205 mounted on the inner surface 100a 

of the glass tube 100. The two end caps 300, which can have the same size or have 

5 different sizes, are respectively disposed on two ends of the glass tube 100 and 

secured with the glass tube 100 by a hot melt adhesive. The hot melt adhesive may be 

disposed around the surrounding surfaces between the glass tube 100 and the end caps 

300, respectively. In this embodiment, the end caps 300 sleeve, respectively, two end 

portions of the glass tube 100 and the hot melt adhesive may be surroundingly 

10 disposed on the outer surface of the end portions of the glass tube 100. Accordingly, 

the shape of the disposed hot melt adhesive is substantially a circle from the side view 

of the glass tube 100 (like the view of FIG. 4 ). The heat generated during the heating 

process of the hot melt adhesive will be in a shape of a circle. The degree of vacuum 

of the glass tube 100 is below 0.001 Pa- 1 Pa, and reduce the problem of internal 

15 damp. After heating up the hot melt adhesive, and upon expansion due to heat 

absorption, the hot melt adhesive flows, and then solidifies upon cooling, thereby 

bonding together the end cap 300 to the glass tube 100 (not shown). The volume of 

the hot melt adhesive may expand to about 1.3 times the original size when heated 

from room temperature (e.g., between about 15 and 30 degrees Celsius) to about 200 

20 to 250 degrees Celsius. The end cap 300 and the end of the glass tube 100 could be 

secured by using the hot melt adhesive and therefore qualified in a torque test of about 

1.5 to about 5 newton-meters (Nt-m) and/or in a bending test of about 5 to about 10 

newton-meters (Nt-m). During the heating and solidification of the hot melt adhesive, 

the heat and pressure inside the end cap increase and are then released through at least 

25 one opening on the end cap 300. After the hot melt adhesive hardens, the end cap 300 
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can be firmly fixed to the glass tube 100. Under the circumstances, the end cap 300 

and the glass tube 100 is hard to disassemble unless the hardened hot melt adhesive 

returns to liquid state by certain process. The design of the LED tube lamp 50 is to 

take into account both the convenience regarding the assembling process of the LED 

5 tube lamp 50 and the robustness regarding the assembled LED tube lamp 50. Several 

LED light sources 202 are disposed on the bendable circuit sheet 205 of the LED light 

strip 200, and the power supply 400 is disposed in one of the end caps 300. The LED 

light sources 202 and the power supply 400 can be electrically connected to each 

other directly via the bendable circuit sheet 205 of the LED light strip 200. Middle 

10 part of the bendable circuit sheet 205 can be mounted on the inner surface 100a of the 

glass tube 100. Instead, at least one of the two opposite, short edges of the bendable 

circuit sheet 205 is not mounted on the inner surface 100a of the glass tube 100 and 

may be formed as a freely extending end portion 210. The freely extending end 

portions 210 extends outside the glass tube 100 through one of two opposite ends of 

15 the glass tube 100 along the axial direction of the glass tube 100. The freely extending 

end portion 210 can extend into the end caps 300 and can be electrically connected to 

the power supply 400 directly. The power supply 400 may be in the form of a single 

integrated unit (e.g., with all components of the power supply 400 are within a body) 

disposed in an end cap 300 at one end of the glass tube 100. Alternatively, the power 

20 supply 400 may be in form of two separate parts (e.g., with the components of the 

power supply 400 are separated into two pieces) respectively disposed in two end 

caps 300. The power supply may supply or provide power from external signal(s), 

such as from an AC power line or from a ballast, to an LED module and the LED light 

sources. Each of the end caps 300 includes a pair of hollow conductive pins 310 

25 utilized for being connected to an outer electrical power source. When the LED tube 
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lamp 50 is installed to a lamp base, the hollow conductive pins 310 are plugged into 

corresponding conductive sockets of the lamp base such that the LED tube lamp 50 

can be electrically connected to the lamp base. 

[0028] In one embodiment, the LED light strip 200 comprises a bendable circuit 

5 sheet 205 which includes a wiring layer and a dielectric layer that are in a stacked 

arrangement, wherein the wiring layer and the dielectric layer have same area or the 

wiring layer has a bit less area (not shown) than the dielectric layer. The LED light 

source 202 is disposed on a surface of the wiring layer away from the dielectric layer. 

In other words, the dielectric layer is disposed on the wiring layer away from the LED 

10 light sources 202. The wiring layer is electrically connected to the power supply 400 

to carry direct current (DC) signals. Meanwhile, an adhesive sheet is disposed on a 

surface of the dielectric layer away from the wiring layer to bond and to fix the 

dielectric layer to the inner circumferential surface of the glass tube 100. The wiring 

layer can be a metal layer serving as a power supply layer, or can be bonding wires 

15 such as copper wire. In an alternative embodiment, the LED light strip 200 further 

includes a circuit protection layer (not shown) cover each outer surface of the wiring 

layer and the dielectric layer. In another alternative embodiment, the dielectric layer 

can be omitted, in which the wiring layer is directly bonded to the inner 

circumferential surface of the glass tube 100. The circuit protection layer can be an 

20 ink material, possessing functions as solder resist and optical reflectance. 

Alternatively, the bendable circuit sheet 205 is a one-layered structure which is 

consist of one wiring layer only, and then the surf ace of the wiring layer is covered 

with a circuit protection layer of ink material as mentioned above, wherein an opening 

is configured over the circuit protection layer to electrically connect the LED light 

25 source 202 with the wiring layer. Whether the wiring layer has a one-layered, or 
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two-layered structure, the circuit protective layer can be adopted. The circuit 

protection layer can be disposed on the side/surface of the LED light strip 200, such 

as the same surface of the wiring layer which has the LED light source 202 disposed 

thereon. 

5 [0029] It should be noted that, in the present embodiment, the bendable circuit 

sheet 205 is a one-layered structure made of just one layer of the wiring layer, or a 

two-layered structure (made of one layer of the wiring layer and one layer of the 

dielectric layer), and thus would be more bendable or flexible to curl than the 

conventional three-layered flexible substrate. As a result, the bendable circuit sheet 

10 205 (the LED light strip 200) of the present embodiment can be installed in a glass 

tube 100 that is of a customized shape or non-linear shape, and the bendable circuit 

sheet 205 can be mounted touching the sidewall of the glass tube 100. The bendable 

circuit sheet 205 mounted closely to the inner surf ace of the tube wall is one preferred 

configuration, and the fewer number of layers thereof, the better the heat dissipation 

15 effect, and the lower the material cost. Of course, the bendable circuit sheet 205 is not 

limited to being a one-layered or two-layered structure only; in other embodiments, 

the bendable circuit sheet 205 can include multiple layers of the wiring layers and 

multiple layers of the dielectric layers, in which the dielectric layers and the wiring 

layers are sequentially stacked in a staggered manner, respectively, to be disposed on 

20 the surface of the one wiring layer that is opposite from the surface of the one wiring 

layer which has the LED light source 202 disposed thereon. 

[0030] In one embodiment, the LED light strip 200 includes a bendable circuit 

sheet 205 having in sequence a first wiring layer, a dielectric layer, and a second 

wiring layer (not shown). The thickness of the second wiring layer is greater than that 

25 of the first wiring layer, and/or the projected length of the LED light strip 200 is 
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greater than that of the glass tube 100. The end region of the light strip 200 extending 

beyond the end portion of the glass tube 100 without disposition of the LED light 

source 202 is formed with two separate through holes to respectively electrically 

communicate the first wiring layer and the second wiring layer (not shown). The 

5 through holes are not communicated to each other to avoid short. 

[0031] In this way, the greater thickness of the second wiring layer allows the 

second wiring layer to support the first wiring layer and the dielectric layer, and 

meanwhile allow the LED light strip 200 to be mounted onto the inner circumferential 

surface without being liable to shift or deform, and thus the yield rate of product can 

10 be improved. In addition, the first wiring layer and the second wiring layer are in 

electrical communication such that the circuit layout of the first wiring layer can be 

extended downward to the second wiring layer to reach the circuit layout of the entire 

LED light strip 200. In some circumstances, the first wiring layer connects the anode 

and the second wiring layer connects the cathode. Moreover, since the land for the 

15 circuit layout becomes two-layered, the area of each single layer and therefore the 

width of the LED light strip 200 can be reduced such that more LED light strips 200 

can be put on a production line to increase productivity. Furthermore, the first wiring 

layer and the second wiring layer of the end region of the LED light strip 200 that 

extends beyond the end portion of the tube 100 without disposition of the LED light 

20 source 202 can be used to accomplish the circuit layout of a power supply 400 so that 

the power supply 400 can be directly disposed on the bendable circuit sheet 205 of the 

LED light strip 200. 

[0032] In another embodiment, the projected length of the bendable circuit sheet 

205 as the LED light strip 200 in a longitudinal projection is larger than the length of 

25 the glass tube 100. The LED light source 202 is disposed on the uppermost layer of 
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the wiring layers, and is electrically connected to the power supply 400 through the 

(uppermost) wiring layer. Furthermore, the inner peripheral surface of the glass tube 

100 or the outer circumferential surface thereof is covered with an adhesive film (not 

shown), for the sake of isolating the inner content from outside content of the glass 

5 tube 100 after the glass tube 100 has been ruptured. The present embodiment has the 

adhesive film coated on the inner peripheral surface of the glass tube 100 (not shown). 

[0033] Moreover, in some embodiments, the projected length of the bendable 

circuit sheet is greater than the length of the glass tube 100 (not including the length 

of the two end caps 300 respectively connected to two ends of the glass tube 100), or 

10 at least greater than a central portion of the glass tube 100 between two transition 

regions (e.g., where the circumference of the tube narrows) on either end. In one 

embodiment, the longitudinally projected length of the bendable circuit sheet as the 

LED light strip 200 is larger than the length of the glass tube 100. 

[0034] As shown in FIG. 3, the glass tube 100 includes a main body region 102, 

15 two rear end regions 101, and two two-arc-shaped transition regions 103 narrowed 

down or tapering smoothly and continuously from the main body region to the rear 

end regions connecting the main body region 102 and the rear end regions 101. In 

other words, in the transition regions 103, the glass tube 100 narrows, or tapers to 

have a smaller diameter when moving along the length of the glass tube 100 from the 

20 main body region 102 to the rear end regions 101. The tapering/narrowing may 

occur in a continuous, smooth manner (e.g., to be a smooth curve without any linear 

angles). By avoiding angles, in particular any acute angles, the glass tube 100 is less 

likely to break or crack under pressure. Furthermore, the transition region 103 is 

formed by two curves at both ends, wherein one curve is toward inside of the glass 

25 tube 100 and the other curve is toward outside of the glass tube 100. For example, 
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one curve closer to the main body region 102 is convex from the perspective of an 

inside of the glass tube 100 and one curve closer to the rear end region 101 is concave 

from the perspective of an inside of the glass tube 100. The transition region 103 of 

the glass tube 100 in one embodiment includes only smooth curves, and does not 

5 include any angled surface portions. The outer diameter of the rear end region 101 is 

smaller than that of the main body region 102. Therefore, a height difference between 

the rear end region 101 and the main body region 102 is formed to avoid adhesives 

applied on the rear end region 101 being overflowed onto the main body region 102, 

and thereby saves manpower for removing the overflowed adhesive and increases 

10 productivity. 

[0035] In one embodiment, at least part of the inner surface 100a of the glass tube 

100 has a rough surface and the roughness of the inner surface 100a is higher than that 

of the outer surface 100b, such that the light from the LED light sources 202 can be 

uniformly spread when transmitting through the glass tube 100. Since LED light 

15 sources 202 consists of several point light sources (LED dies), each LED light source 

202 casts a cone of light, which results in non-uniformity of light output intensity. 

With the rough surf ace, the light from LED light sources 202 will be diffused before 

transmitting through the glass tube 100 and the uniformity of light output is improved 

thereby. In one embodiment, the roughness of the inner surface 100a may be 

20 substantially from 0.1 to 40 µm, the light from LED light sources 202 will be well 

diffused before entirely transmitting through the glass tube 100 and the uniformity of 

light output is substantially improved. However, in some embodiments, the inner 

surface 100a of the glass tube 100 does not have the roughness surface. 

[0036] In one embodiment, as shown in FIG. 4, the rough surface may be formed 

25 with a light scattering region 130. Since LED light sources 202 consists of several 
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point light sources (LED dies), each LED light source 202 casts a cone of light, which 

results in non-uniformity of light output intensity. With the light scattering region 130, 

the light from LED light sources 202 will be scattered before entirely transmitting 

through the glass tube 100 and the uniformity of light output is substantially 

5 improved. 

[0037] In one embodiment, as shown in FIG. 4, the glass tube 100 may further 

include a reflective film 120 disposed on a part of the inner surface 100a of the glass 

tube 100. In some embodiments, the reflective film 120 may be positioned on two 

sides of the LED light strip 200. As shown in FIG. 4, part of light 209 from LED light 

10 sources 202 are reflected by the reflective films 120 such that the light 209 from the 

LED light sources 202 can be centralized to a determined direction. And, in some 

embodiment, a ratio of a length of the reflective film 120 disposed on the inner 

surface 100a of the glass tube 100 extending along the circumferential direction of the 

glass tube 100 to a circumferential length of the glass tube 100 may be about 0.3 to 

15 0.5, which means about 30% to 50% of the inner surface area may be covered by the 

reflective film 120. The reflective film 120 may be made of PET with some refractive 

materials such as strontium phosphate or barium sulfate or any combination thereof, 

with a thickness between about 140 µm and about 350 µm or between about 150 µm 

and about 220 µm for a more preferred effect in some embodiments. In some 

20 embodiments, only the part of the inner surface 100a which is not covered by the 

reflective film 120 is formed with the light scattering region 130 as shown in FIG. 4. 

In other words, the reflective film 120 is disposed on a part of the inner surface 100a 

of the glass tube 100 which is not formed with the rough surface or the light scattering 

region 130. 

25 [0038] In one embodiment, as shown in FIG. 5, two opposite, short edges of the 
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bendable circuit sheet 205 may be formed as two freely extending end portions 210, 

and two parts of a power supply 400 are respectively disposed in the two end caps 300. 

The two freely extending end portions 210 respectively extends outside the glass tube 

100 through two opposite ends of the glass tube 100 along the axial direction of the 

5 glass tube 100, such that can respectively extend into the two end caps 300 and be 

respectively electrically connected to the two parts of a power supply 400 directly. 

[0039] Referring to FIG. 6, the LED tube lamp 50 may have a heat shrink sleeve 

190 covering on the outer surface 100b of the glass tube 100. In some embodiments, 

the heat shrink sleeve 190 may have a thickness ranging between 20 µm and 200 µm 

10 and is substantially transparent with respect to the wavelength of light from the LED 

light sources 202. In some embodiments, the heat shrink sleeve 190 may be made of 

PFA (perfluoroalkoxy) or PTFE (polytetrafluoroethylene). The heat shrink sleeve 190 

may be slightly larger than the glass tube 100, and may be shrunk and tightly cover 

the outer surface 100b of the glass tube 100 while being heated to an appropriate 

15 temperature (ex, 260°C for PFA and PTFE). 

[0040] Referring to FIG. 7 to FIG. 11, FIG. 7 and FIG. 8 are respectively partial 

views of the bendable circuit sheet 205 of the LED light strip 200 and the printed 

circuit board 420 of the power supply 400 apart from and soldered to each other. FIG. 

9 to FIG. 11 illustrate a soldering process of the bendable circuit sheet 205 of the LED 

20 light strip 200 and the printed circuit board 420 of the power supply 400. In the 

embodiment, the bendable circuit sheet 205 of the LED light strip 200 and the freely 

extending end portions 210 have the same structure. In some embodiments, the power 

supply 400 includes at least one electronic component 430 disposed on one side of the 

printed circuit board 420, and the freely extending end portion 210 is electrically 

25 connected to the printed circuit board 420 directly through the other side which has no 
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electronic component 430 disposed thereon. The freely extending end portions 210 

are the portions of two opposite ends of the bendable circuit sheet 205 of the LED 

light strip 200 and are utilized for being connected to the printed circuit board 420 of 

the power supply 400. The LED light strip 200 and the power supply 400 can be 

5 electrically connected to each other by soldering. Two opposite ends of the bendable 

circuit sheet 205 of the LED light strip 200 are utilized for being respectively soldered 

directly to the printed circuit board 420 of the two parts of a power supply 400. In 

other embodiments, only one end of the bendable circuit sheet 205 of the LED light 

strip 200 is soldered directly to the printed circuit board 420 of the power supply 400. 

10 The bendable circuit sheet 205 of the LED light strip 200 includes a circuit layer 200a 

and a circuit protecting layer 200c over a side of the circuit layer 200a. Moreover, the 

bendable circuit sheet 205 of the LED light strip 200 includes two opposite surfaces 

which are a first surface 2001 and a second surface 2002. The first surface 2001 is the 

one on the circuit layer 200a and away from the circuit protecting layer 200c. The 

15 second surface 2002 is the other one on the circuit protecting layer 200c and away 

from the circuit layer 200a. Several LED light sources 202 are disposed on the first 

surface 2001 and are electrically connected to circuits of the circuit layer 200a. The 

circuit protecting layer 200c has less electrical and thermal conductivity but being 

beneficial to protect the circuits. The first surface 2001 of the bendable circuit sheet 

20 205 of the LED light strip 200 includes soldering pads "b". Soldering material "g" can 

be placed on the soldering pads "b". In the embodiment, the LED light strip 200 

further includes a notch "f'. The notch "f' is disposed on an edge of the end of the 

bendable circuit sheet 205 of the LED light strip 200 soldered directly to the printed 

circuit board 420 of the power supply 400. The printed circuit board 420 includes a 

25 power circuit layer 420a and soldering pads "a". Moreover, the printed circuit board 
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420 includes two opposite surfaces which are a first surface 421 and a second surface 

422. The second surface 422 is the one on the power circuit layer 420a. The soldering 

pads "a" are respectively disposed on the first surface 421 and the second surface 422. 

The soldering pads "a" on the first surface 421 are corresponding to those on the 

5 second surface 422. Soldering material "g" can be placed on the soldering pad "a". In 

the embodiment, considering the stability of soldering and the optimization of 

automatic process, the bendable circuit sheet 205 of LED light strip 200 is disposed 

below the printed circuit board 420 (the direction is referred to FIG. 9). That is to say, 

the first surface 2001 of the bendable circuit sheet 205 of the LED light strip 200 is 

10 connected to the second surface 422 of the printed circuit board 420 of the power 

supply 400. 

[0041] As shown in FIG. 10 and FIG. 11, in the soldering process of the bendable 

circuit sheet 205 of the LED light strip 200 and the printed circuit board 420 of the 

power supply 400, the circuit protecting layer 200c of the bendable circuit sheet 205 

15 of the LED light strip 200 is placed on a supporting table 52 (i.e., the second surface 

2002 of the bendable circuit sheet 205 of the LED light strip 200 contacts the 

supporting table 52) in advance. The soldering pads "a" on the second surface 422 of 

the printed circuit board 420 of the power supply 400 directly sufficiently contact the 

soldering pads "b" on the first surface 2001 of the bendable circuit sheet 205 of the 

20 LED light strip 200. A thermo-compression heating head 51 presses on a portion 

where the bendable circuit sheet 205 of the LED light strip 200 and the printed circuit 

board 420 of the power supply 400 are soldered to each other. When soldering, the 

soldering pads "b" on the first surface 2001 of the bendable circuit sheet 205 of the 

LED light strip 200 contact the soldering pads "a" on the second surface 422 of the 

25 printed circuit board 420 of the power supply 400, and the soldering pads "a" on the 
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first surface 421 of the printed circuit board 420 of the power supply 400 contact the 

thermo-compression heating head 51. Under the circumstances, the heat from the 

soldering thermo-compression heating head 51 can directly transmit through the 

soldering pads "a" on the first surface 421 of the printed circuit board 420 of the 

5 power supply 400 and the soldering pads "a" on the second surface 422 of the printed 

circuit board 420 of the power supply 400 to the soldering pads "b" on the first 

surface 2001 of the bendable circuit sheet 205 of the LED light strip 200. The 

transmission of the heat between the thermo-compression heating head 51 and the 

soldering pads "a" and b is not likely to be affected by the circuit protecting layer 

10 200c which has relatively less thermal conductivity, and, consequently, the efficiency 

and stability regarding the connections and soldering process of the soldering pads "a" 

and "b" of the printed circuit board 420 of the power supply 400 and the bendable 

circuit sheet 205 of the LED light strip 200 can be improved. As shown in FIG. 10, the 

printed circuit board 420 of the power supply 400 and the bendable circuit sheet 205 

15 of the LED light strip 200 are firmly connected to each other by the soldering material 

"g". Components between the virtual line Mand the virtual line N of FIG. 10 from top 

to bottom are the soldering pads "a" on the first surface 421 of printed circuit board 

420, the printed circuit board 420, the power circuit layer 420a, the soldering pads "a" 

on the second surface 422 of printed circuit board 420, the soldering pads "b" on the 

20 first surface 2001 of the bendable circuit sheet 205 of the LED light strip 200, the 

circuit layer 200a of the bendable circuit sheet 205 of the LED light strip 200, and the 

circuit protecting layer 200c of the bendable circuit sheet 205 of the LED light strip 

200. The connection of the printed circuit board 420 of the power supply 400 and the 

bendable circuit sheet 205 of LED light strip 200 are firm and stable. 

25 [0042] In other embodiments, an additional circuit protecting layer can be disposed 
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over the first surface 2001 of the circuit layer 200a. In other words, the circuit layer 

200a is sandwiched between two circuit protecting layers, and therefore the first 

surface 2001 of the circuit layer 200a can be protected by the circuit protecting layer. 

A part of the circuit layer 200a (the part having the soldering pads "b") is exposed for 

5 being connected to the soldering pads "a" of the printed circuit board 420 of the 

power supply 400. Under the circumstances, a part of the bottom of the LED light 

source 202 contacts the circuit protecting layer on the first surface 2001 of the circuit 

layer 200a, and the other part of the bottom of the LED light source 202 contacts the 

circuit layer 200a. 

10 [0043] In addition, according to the embodiment shown in FIG. 7 to FIG. 11, the 

printed circuit board 420 of the power supply 400 further includes through holes "h" 

passing through the soldering pads "a". In an automatic soldering process, when the 

thermo-compression heating head 51 automatically presses the printed circuit board 

420 of the power supply 400, the soldering material "g" on the soldering pads "a" can 

15 be pushed into the through holes "h" by the thermo-compression heating head 51 

accordingly, which fits the needs of automatic process. 

[0044] Referring to FIG. 12 and FIG. 13, in some embodiments, the bendable 

circuit sheet 205 of the LED light strip 200 and the printed circuit board 420 of the 

power supply 400 are electrically connected to each other by a pair of jack/plug 

20 connectors rather than by soldering. As shown in FIG. 12, the freely extending end 

portion 210 of the bendable circuit sheet 205 of the LED light strip 200 has a first 

electric connector 2300, and the printed circuit board 420 of the power supply 400 has 

a second electric connector 4300 which is capable of being connected with the first 

connector 2300. Since the LED light strip 200 and the power supply 400 are 

25 electrically connected to each other by a pair of jack/plug connectors rather than by 
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soldering, the end cap 300 and the power supply 400 can be replaceable. 

[0045] Referring to Figs. 14 and 15, an LED tube lamp of one embodiment of the 

present invention includes a glass tube 1, an LED light strip 2 disposed inside the 

glass tube 1, and two end caps 3 respectively disposed at two ends of the glass tube 1. 

5 [0046] Referring to Figs. 15 and 16, in one embodiment, the end cap 3 may have 

openings 304 to dissipate heat generated by the power supply modules inside the end 

cap 3 so as to prevent a high temperature condition inside the end cap 3 that might 

reduce reliability. In some embodiments, the openings 304 are in a shape of an arc; 

especially in a shape of three arcs with different size. In one embodiment, the 

10 openings 304 are in a shape of three arcs with gradually varying size. The openings 

304 on the end cap 3 can be in any one of the above-mentioned shape or any 

combination thereof. At least a part of the openings are arranged along an arc and 

spaced apart from each other. 

[0047] Referring to Figs. 16, in one embodiment, each end cap 3 includes an 

15 electrically insulating tube 302, a thermal conductive member 303 sleeving over the 

electrically insulating tube 302, and two hollow conductive pins 301 disposed on the 

electrically insulating tube 302. The thermal conductive member 303 can be a metal 

ring that is tubular in shape. According to Fig. 15 and 16, the openings 304 on the 

electrically insulating tube symmetric to each other with respect to a vertical central 

20 plane passing through the middle of a line connecting the two conductive pins 301 

and the vertical central plane is perpendicular to the line connecting the two 

conductive pins 301. The openings 304 are on a surface of the electrically insulating 

tube 302 on which the two conductive pins 301 are disposed. 

[0048] The openings 304 symmetrically disposed on the electrically insulating tube 

25 302 is capable of efficiently dissipating heat generated during the heating and 
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solidification of the hot melt adhesive. Specifically, during heating and solidification 

of the hot melt adhesive, the hot melt adhesive circularly surrounding the end portions 

of the glass tube 100 will be heated and generates heat which is circularly surrounding 

the glass tube 100. Since the holes 304 are symmetrically arranged on the electrically 

5 insulating tube 302, the heat could be efficiently dissipated through the opening 304 

which is the closest to the heat-generating sources (hot melt adhesive). In addition, the 

holes 304 may be used to dissipate heat generated by power supply 400 during the use 

of the LED tube lamp 50. In one embodiment, the components of the power supply 

400 may be arranged symmetrically in one of the end caps, separately in both of the 

10 end caps, or in the glass tube 100 in accordance with the symmetrical arrangement of 

the holes 304. Accordingly, the heat generated from the components of the power 

supply can be dissipated through the hole 301 which is the closest to the component. 

[0049] Accordingly, the heat generated from the components of the power supply 

400 can be dissipated through the hole 301 which is the closest to the component. 

15 [0050] Next, examples of the circuit design and using of the power supply (module) 

400 (or 5 in Fig. 15) are described as follows. 

[0051] FIG. 17 A is a block diagram of a power supply module or power supply 400 

in an LED tube lamp according to an embodiment of the present invention. Referring 

to FIG. 17 A, an AC power supply 508 is used to supply an AC supply signal, and may 

20 be an AC powerline with a voltage rating, for example, in 100-277 volts and a 

frequency rating, for example, of 50 or 60 Hz. A lamp driving circuit 505 receives and 

then converts the AC supply signal into an AC driving signal as an external driving 

signal. Lamp driving circuit 505 may be for example an electronic ballast used to 

convert the AC powerline into a high-frequency high-voltage AC driving signal. 

25 Common types of electronic ballast include instant-start ballast, program-start or 
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rapid-start ballast, etc., which may all be applicable to the LED tube lamp of the 

present invention. The voltage of the AC driving signal is likely higher than 300 volts, 

and is in some embodiments in the range of about 400-700 volts. The frequency of the 

AC driving signal is likely higher than 10 k Hz, and is in some embodiments in the 

5 range of about 20 k-50 k Hz. The LED tube lamp 500 receives an external driving 

signal and is thus driven to emit light. In one embodiment, the external driving signal 

comprises the AC driving signal from lamp driving circuit 505. In one embodiment, 

LED tube lamp 500 is in a driving environment in which it is power-supplied at its 

one end cap having two conductive pins 501 and 502, which are coupled to lamp 

10 driving circuit 505 to receive the AC driving signal. The two conductive pins 501 and 

502 may be electrically connected to, either directly or indirectly, the lamp driving 

circuit 505. 

[0052] It is worth noting that lamp driving circuit 505 may be omitted and is 

therefore depicted by a dotted line. In one embodiment, if lamp driving circuit 505 is 

15 omitted, AC power supply 508 is directly connected to pins 501 and 502, which then 

receive the AC supply signal as an external driving signal. 

[0053] In addition to the above use with a single-end power supply, LED tube lamp 

500 may instead be used with a dual-end power supply to one pin at each of the two 

ends of an LED lamp tube. FIG. 17B is a block diagram of a power supply module 

20 400 in an LED tube lamp according to one embodiment of the present invention. 

Referring to FIG. 17B, compared to that shown in FIG. 17 A, pins 501 and 502 are 

respectively disposed at the two opposite end caps of LED tube lamp 500, forming a 

single pin at each end of LED tube lamp 500, with other components and their 

functions being the same as those in FIG. 17 A. 

25 [0054] FIG. 17C is a block diagram of an LED lamp according to one embodiment 
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of the present invention. Referring to FIG. 17C, the power supply module of the LED 

lamp summarily includes a rectifying circuit 510, a filtering circuit 520, and an LED 

driving module 530. Rectifying circuit 510 is coupled to pins 501 and 502 to receive 

and then rectify an external driving signal, so as to output a rectified signal at output 

5 terminals 511 and 512. The external driving signal may be the AC driving signal or 

the AC supply signal described with reference to FIGS. 17 A and 17B, or may even be 

a DC signal, which embodiments do not alter the LED lamp of the present invention. 

Filtering circuit 520 is coupled to the first rectifying circuit for filtering the rectified 

signal to produce a filtered signal, as recited in the claims. For instance, filtering 

10 circuit 520 is coupled to terminals 511 and 512 to receive and then filter the rectified 

signal, so as to output a filtered signal at output terminals 521 and 522. LED driving 

module 530 is coupled to filtering circuit 520, to receive the filtered signal for 

emitting light. For instance, LED driving module 530 may be a circuit coupled to 

terminals 521 and 522 to receive the filtered signal and thereby to drive an LED unit 

15 (not shown) in LED driving module 530 to emit light. Details of these operations are 

described in below descriptions of certain embodiments. 

[0055] It is worth noting that although there are two output terminals 511 and 512 

and two output terminals 521 and 522 in embodiments of these Figs., in practice the 

number of ports or terminals for coupling between rectifying circuit 510, filtering 

20 circuit 520, and LED driving module 530 may be one or more depending on the needs 

of signal transmission between the circuits or devices. 

[0056] In addition, the power supply module of the LED lamp described in FIG. 

17C, and embodiments of the power supply module of an LED lamp described below, 

may each be used in the LED tube lamp 500 in FIGS. 17 A and 17B, and may instead 

25 be used in any other type of LED lighting structure having two conductive pins used 
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to conduct power, such as LED light bulbs, personal area lights (PAL), plug-in LED 

lamps with different types of bases (such as types of PL-S, PL-D, PL-T, PL-L, etc.), 

etc. 

[0057] FIG. 17D is a block diagram of a power supply module 400 in an LED tube 

5 lamp according to an embodiment of the present invention. Referring to FIG. 17D, an 

AC power supply 508 is used to supply an AC supply signal. A lamp driving circuit 

505 receives and then converts the AC supply signal into an AC driving signal. An 

LED tube lamp 500 receives an AC driving signal from lamp driving circuit 505 and 

is thus driven to emit light. In this embodiment, LED tube lamp 500 is power-supplied 

10 at its both end caps respectively having two pins 501 and 502 and two pins 503 and 

504, which are coupled to lamp driving circuit 505 to concurrently receive the AC 

driving signal to drive an LED unit (not shown) in LED tube lamp 500 to emit light. 

AC power supply 508 may be e.g. the AC powerline, and lamp driving circuit 505 

may be a stabilizer or an electronic ballast. 

15 [0058] FIG. 17E is a block diagram of an LED lamp according to an embodiment 

of the present invention. Referring to FIG. 17E, the power supply module of the LED 

lamp summarily includes a rectifying circuit 510, a filtering circuit 520, an LED 

driving module 530, and a filtering circuit 540. Rectifying circuit 510 is coupled to 

pins 501 and 502 to receive and then rectify an external driving signal conducted by 

20 pins 501 and 502. Rectifying circuit 540 is coupled to pins 503 and 504 to receive and 

then rectify an external driving signal conducted by pins 503 and 504. Therefore, the 

power supply module of the LED lamp may include two rectifying circuits 510 and 

540 configured to output a rectified signal at output terminals 511 and 512. Filtering 

circuit 520 is coupled to terminals 511 and 512 to receive and then filter the rectified 

25 signal, so as to output a filtered signal at output terminals 521 and 522. LED driving 
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module 530 is coupled to terminals 521 and 522 to receive the filtered signal and 

thereby to drive an LED unit (not shown) in LED driving module 530 to emit light. 

[0059] The power supply module of the LED lamp in this embodiment of FIG. 17E 

may be used in LED tube lamp 500 with a dual-end power supply in FIG. 17D. It is 

5 worth noting that since the power supply module of the LED lamp comprises 

rectifying circuits 510 and 540, the power supply module of the LED lamp may be 

used in LED tube lamp 500 with a single-end power supply in FIGS. 17 A and 17B, to 

receive an external driving signal (such as the AC supply signal or the AC driving 

signal described above). The power supply module of an LED lamp in this 

10 embodiment and other embodiments herein may also be used with a DC driving 

signal. 

[0060] FIG. 18A is a schematic diagram of a rectifying circuit according to an 

embodiment of the present invention. Referring to FIG. 18A, rectifying circuit 610 

includes rectifying diodes 611, 612, 613, and 614, configured to full-wave rectify a 

15 received signal. Diode 611 has an anode connected to output terminal 512, and a 

cathode connected to pin 502. Diode 612 has an anode connected to output terminal 

512, and a cathode connected to pin 501. Diode 613 has an anode connected to pin 

502, and a cathode connected to output terminal 511. Diode 614 has an anode 

connected to pin 501, and a cathode connected to output terminal 511. 

20 [0061] When pins 501 and 502 receive an AC signal, rectifying circuit 610 operates 

as follows. During the connected AC signal's positive half cycle, the AC signal is 

input through pin 501, diode 614, and output terminal 511 in sequence, and later 

output through output terminal 512, diode 611, and pin 502 in sequence. During the 

connected AC signal's negative half cycle, the AC signal is input through pin 502, 

25 diode 613, and output terminal 511 in sequence, and later output through output 
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terminal 512, diode 612, and pin 501 in sequence. Therefore, during the connected 

AC signal's full cycle, the positive pole of the rectified signal produced by rectifying 

circuit 610 remains at output terminal 511, and the negative pole of the rectified signal 

remains at output terminal 512. Accordingly, the rectified signal produced or output 

5 by rectifying circuit 610 is a full-wave rectified signal. 

[0062] When pins 501 and 502 are coupled to a DC power supply to receive a DC 

signal, rectifying circuit 610 operates as follows. When pin 501 is coupled to the 

anode of the DC supply and pin 502 to the cathode of the DC supply, the DC signal is 

input through pin 501, diode 614, and output terminal 511 in sequence, and later 

10 output through output terminal 512, diode 611, and pin 502 in sequence. When pin 

501 is coupled to the cathode of the DC supply and pin 502 to the anode of the DC 

supply, the DC signal is input through pin 502, diode 613, and output terminal 511 in 

sequence, and later output through output terminal 512, diode 612, and pin 501 in 

sequence. Therefore, no matter what the electrical polarity of the DC signal is 

15 between pins 501 and 502, the positive pole of the rectified signal produced by 

rectifying circuit 610 remains at output terminal 511, and the negative pole of the 

rectified signal remains at output terminal 512. 

[0063] Therefore, rectifying circuit 610 in this embodiment can output or produce a 

proper rectified signal regardless of whether the received input signal is an AC or DC 

20 signal. 

[0064] FIG. 18B is a schematic diagram of a rectifying circuit according to an 

embodiment of the present invention. Referring to FIG. 18B, rectifying circuit 710 

includes rectifying diodes 711 and 712, configured to half-wave rectify a received 

signal. Diode 711 has an anode connected to pin 502, and a cathode connected to 

25 output terminal 511. Diode 712 has an anode connected to output terminal 511, and a 
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cathode connected to pin 501. Output terminal 512 may be omitted or grounded 

depending on actual applications. 

[0065] Next, exemplary operation(s) of rectifying circuit 710 is described as 

follows. 

5 [0066] In one embodiment, during a received AC signal's positive half cycle, the 

electrical potential at pin 501 is higher than that at pin 502, so diodes 711 and 712 are 

both in a cutoff state as being reverse-biased, making rectifying circuit 710 not 

outputting a rectified signal. During a received AC signal's negative half cycle, the 

electrical potential at pin 501 is lower than that at pin 502, so diodes 711 and 712 are 

10 both in a conducting state as being forward-biased, allowing the AC signal to be input 

through diode 711 and output terminal 511, and later output through output terminal 

512, a ground terminal, or another end of the LED tube lamp not directly connected to 

rectifying circuit 710. Accordingly, the rectified signal produced or output by 

rectifying circuit 710 is a half-wave rectified signal. 

15 [0067] FIG. 18C is a schematic diagram of a rectifying circuit according to an 

embodiment of the present invention. Referring to FIG. 18C, rectifying circuit 810 

includes a rectifying unit 815 and a terminal adapter circuit 541. In this embodiment, 

rectifying unit 815 comprises a half-wave rectifier circuit including diodes 811 and 

812 and configured to half-wave rectify. Diode 811 has an anode connected to an 

20 output terminal 512, and a cathode connected to a half-wave node 819. Diode 812 has 

an anode connected to half-wave node 819, and a cathode connected to an output 

terminal 511. Terminal adapter circuit 541 is coupled to half-wave node 819 and pins 

501 and 502, to transmit a signal received at pin 501 and/or pin 502 to half-wave node 

819. By means of the terminal adapting function of terminal adapter circuit 541, 

25 rectifying circuit 810 allows of two input terminals (connected to pins 501 and 502) 
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and two output terminals 511 and 512. 

[0068] Next, in certain embodiments, rectifying circuit 810 operates as follows. 

[0069] During a received AC signal's positive half cycle, the AC signal may be 

input through pin 501 or 502, terminal adapter circuit 541, half-wave node 819, diode 

5 812, and output terminal 511 in sequence, and later output through another end or 

circuit of the LED tube lamp. During a received AC signal's negative half cycle, the 

AC signal may be input through another end or circuit of the LED tube lamp, and 

later output through output terminal 512, diode 811, half-wave node 819, terminal 

adapter circuit 541, and pin 501 or 502 in sequence. 

10 [0070] It's worth noting that terminal adapter circuit 541 may comprise a resistor, a 

capacitor, an inductor, or any combination thereof, for performing functions of 

voltage/current regulation or limiting, types of protection, current/voltage regulation, 

etc. Descriptions of these functions are presented below. 

[0071] In practice, rectifying unit 815 and terminal adapter circuit 541 may be 

15 interchanged in position (as shown in FIG. 18D), without altering the function of 

half-wave rectification. FIG. 18D is a schematic diagram of a rectifying circuit 

according to an embodiment of the present invention. Referring to FIG. 18D, diode 

811 has an anode connected to pin 502 and diode 812 has a cathode connected to pin 

501. A cathode of diode 811 and an anode of diode 812 are connected to half-wave 

20 node 819. Terminal adapter circuit 541 is coupled to half-wave node 819 and output 

terminals 511 and 512. During a received AC signal's positive half cycle, the AC 

signal may be input through another end or circuit of the LED tube lamp, and later 

output through output terminal 512 or 512, terminal adapter circuit 541, half-wave 

node 819, diode 812, and pin 501 in sequence. During a received AC signal's negative 

25 half cycle, the AC signal may be input through pin 502, diode 811, half-wave node 
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819, terminal adapter circuit 541, and output node 511 or 512 in sequence, and later 

output through another end or circuit of the LED tube lamp. 

[0072] It is worth noting that terminal adapter circuit 541 in embodiments shown in 

FIGS. 18C and 18D may be omitted and is therefore depicted by a dotted line. If 

5 terminal adapter circuit 541 of FIG. 18C is omitted, pins 501 and 502 will be coupled 

to half-wave node 819. If terminal adapter circuit 541 of FIG. 18D is omitted, output 

terminals 511 and 512 will be coupled to half-wave node 819. 

[0073] Rectifying circuit 510 as shown and explained in FIGS. 18A-D can 

constitute or be the rectifying circuit 540 shown in FIG. 17E, as having pins 503 and 

10 504 for conducting instead of pins 501 and 502. 

[0074] Next, an explanation follows as to choosing embodiments and their 

combinations of rectifying circuits 510 and 540, with reference to FIGS. 17C and 

17E. 

[0075] Rectifying circuit 510 in embodiments shown in FIG. 17C may comprise the 

15 rectifying circuit 610 in FIG. 18A. 

[0076] Rectifying circuits 510 and 540 in embodiments shown in FIG. 17E may 

each comprise any one of the rectifying circuits in FIGS. 18A-D, and terminal adapter 

circuit 541 in FIGS. 18C-D may be omitted without altering the rectification function 

needed in an LED tube lamp. When rectifying circuits 510 and 540 each comprise a 

20 half-wave rectifier circuit described in FIGS. 18B-D, during a received AC signal's 

positive or negative half cycle, the AC signal may be input from one of rectifying 

circuits 510 and 540, and later output from the other rectifying circuit 510 or 540. 

Further, when rectifying circuits 510 and 540 each comprise the rectifying circuit 

described in FIG. 18C or 18D, or when they comprise the rectifying circuits in FIGS. 

25 18C and 18D respectively, only one terminal adapter circuit 541 may be needed for 
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functions of voltage/current regulation or limiting, types of protection, current/voltage 

regulation, etc. within rectifying circuits 510 and 540, omitting another terminal 

adapter circuit 541 within rectifying circuit 510 or 540. 

[0077] FIG. 19A is a schematic diagram of the terminal adapter circuit according to 

5 an embodiment of the present invention. Referring to FIG. 19A, terminal adapter 

circuit 641 comprises a capacitor 642 having an end connected to pins 501 and 502, 

and another end connected to half-wave node 819. Capacitor 642 has an equivalent 

impedance to an AC signal, which impedance increases as the frequency of the AC 

signal decreases, and decreases as the frequency increases. Therefore, capacitor 642 in 

10 terminal adapter circuit 641 in this embodiment works as a high-pass filter. Further, 

terminal adapter circuit 641 is connected in series to an LED unit in the LED tube 

lamp, producing an equivalent impedance of terminal adapter circuit 641 to perform a 

current/voltage limiting function on the LED unit, thereby preventing damaging of the 

LED unit by an excessive voltage across and/or current in the LED unit. In addition, 

15 choosing the value of capacitor 642 according to the frequency of the AC signal can 

further enhance voltage/current regulation. 

[0078] It's worth noting that terminal adapter circuit 641 may further include a 

capacitor 645 and/or capacitor 646. Capacitor 645 has an end connected to half-wave 

node 819, and another end connected to pin 503. Capacitor 646 has an end connected 

20 to half-wave node 819, and another end connected to pin 504. For example, half-wave 

node 819 may be a common connective node between capacitors 645 and 646. And 

capacitor 642 acting as a current regulating capacitor is coupled to the common 

connective node and pins 501 and 502. In such a structure, series-connected 

capacitors 642 and 645 exist between one of pins 501 and 502 and pin 503, and/or 

25 series-connected capacitors 642 and 646 exist between one of pins 501 and 502 and 
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pin 504. Through equivalent impedances of series-connected capacitors, voltages 

from the AC signal are divided. Referring to FIGS. 17E and 19A, according to ratios 

between equivalent impedances of the series-connected capacitors, the voltages 

respectively across capacitor 642 in rectifying circuit 510, filtering circuit 520, and 

5 LED driving module 530 can be controlled, making the current flowing through an 

LED module in LED driving module 530 being limited within a current rating, and 

then protecting/preventing filtering circuit 520 and LED driving module 530 from 

being damaged by excessive voltages. 

[0079] FIG. 19B is a schematic diagram of the terminal adapter circuit according to 

10 an embodiment of the present invention. Referring to FIG. 19B, terminal adapter 

circuit 741 comprises capacitors 743 and 744. Capacitor 743 has an end connected to 

pin 501, and another end connected to half-wave node 819. Capacitor 744 has an end 

connected to pin 502, and another end connected to half-wave node 819. Compared to 

terminal adapter circuit 641 in FIG. 19A, terminal adapter circuit 741 has capacitors 

15 743 and 744 in place of capacitor 642. Capacitance values of capacitors 743 and 744 

may be the same as each other, or may differ from each other depending on the 

magnitudes of signals to be received at pins 501 and 502. 

[0080] Similarly, terminal adapter circuit 741 may further comprise a capacitor 745 

and/or a capacitor 746, respectively connected to pins 503 and 504. Thus, each of pins 

20 501 and 502 and each of pins 503 and 504 may be connected in series to a capacitor, 

to achieve the functions of voltage division and other protections. 

[0081] FIG. 19C is a schematic diagram of the terminal adapter circuit according to 

an embodiment of the present invention. Referring to FIG. 19C, terminal adapter 

circuit 841 comprises capacitors 842, 843, and 844. Capacitors 842 and 843 are 

25 connected in series between pin 501 and half-wave node 819. Capacitors 842 and 844 
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are connected in series between pin 502 and half-wave node 819. In such a circuit 

structure, if any one of capacitors 842, 843, and 844 is shorted, there is still at least 

one capacitor (of the other two capacitors) between pin 501 and half-wave node 819 

and between pin 502 and half-wave node 819, which performs a current-limiting 

5 function. Therefore, in the event that a user accidentally gets an electric shock, this 

circuit structure will prevent an excessive current flowing through and then seriously 

hurting the body of the user. 

[0082] Similarly, terminal adapter circuit 841 may further comprise a capacitor 845 

and/or a capacitor 846, respectively connected to pins 503 and 504. Thus, each of pins 

10 501 and 502 and each of pins 503 and 504 may be connected in series to a capacitor, 

to achieve the functions of voltage division and other protections. 

[0083] FIG. 19D is a schematic diagram of the terminal adapter circuit according to 

an embodiment of the present invention. Referring to FIG. 19D, terminal adapter 

circuit 941 comprises fuses 947 and 948. Fuse 947 has an end connected to pin 501, 

15 and another end connected to half-wave node 819. Fuse 948 has an end connected to 

pin 502, and another end connected to half-wave node 819. With the fuses 947 and 

948, when the current through each of pins 501 and 502 exceeds a current rating of a 

corresponding connected fuse 947 or 948, the corresponding fuse 947 or 948 will 

accordingly melt and then break the circuit to achieve overcurrent protection. 

20 [0084] Each of the embodiments of the terminal adapter circuits as in rectifying 

circuits 510 and 810 coupled to pins 501 and 502 and shown and explained above can 

be used or included in the rectifying circuit 540 shown in FIG. 17E, as when 

conductive pins 503 and 504 and conductive pins 501 and 502 are interchanged in 

position. 

25 [0085] Capacitance values of the capacitors in the embodiments of the terminal 
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adapter circuits shown and described above are in some embodiments in the range, for 

example, of about 100 pF-100 nF. Also, a capacitor used in embodiments may be 

equivalently replaced by two or more capacitors connected in series or parallel. For 

example, each of capacitors 642 and 842 may be replaced by two series-connected 

5 capacitors, one having a capacitance value chosen from the range, for example of 

about 1.0 nF to about 2.5 nF and which may be in some embodiments preferably 1.5 

nF, and the other having a capacitance value chosen from the range, for example of 

about 1.5 nF to about 3.0 nF, and which is in some embodiments about 2.2 nF. 

[0086] FIG. 20A is a block diagram of the filtering circuit according to an 

10 embodiment of the present invention. Rectifying circuit 510 is shown in FIG. 20A for 

illustrating its connection with other components, without intending filtering circuit 

520 to include rectifying circuit 510. Referring to FIG. 20A, filtering circuit 520 

includes a filtering unit 523 coupled to rectifying output terminals 511 and 512 to 

receive, and to filter out ripples of, a rectified signal from rectifying circuit 510, 

15 thereby outputting a filtered signal whose waveform is smoother than the rectified 

signal. Filtering circuit 520 may further comprise another filtering unit 524 coupled 

between a rectifying circuit and a pin, which are for example rectifying circuit 510 

and pin 501, rectifying circuit 510 and pin 502, rectifying circuit 540 and pin 503, or 

rectifying circuit 540 and pin 504. Filtering unit 524 is for filtering of a specific 

20 frequency, in order to filter out a specific frequency component of an external driving 

signal. In this embodiment of FIG. 20A, filtering unit 524 is coupled between 

rectifying circuit 510 and pin 501. Filtering circuit 520 may further comprise another 

filtering unit 525 coupled between one of pins 501 and 502 and a diode of rectifying 

circuit 510, or between one of pins 503 and 504 and a diode of rectifying circuit 540, 

25 for reducing or filtering out electromagnetic interference (EMI). In this embodiment, 
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filtering unit 525 is coupled between pin 501 and a diode (not shown in FIG. 20A) of 

rectifying circuit 510. Since filtering units 524 and 525 may be present or omitted 

depending on actual circumstances of their uses, they are depicted by a dotted line in 

FIG. 20A. 

5 [0087] FIG. 20B is a schematic diagram of the filtering unit according to an 

embodiment of the present invention. Referring to FIG. 20B, filtering unit 623 

includes a capacitor 625 having an end coupled to output terminal 511 and a filtering 

output terminal 521 and another end coupled to output terminal 512 and a filtering 

output terminal 522, and is configured to low-pass filter a rectified signal from output 

10 terminals 511 and 512, so as to filter out high-frequency components of the rectified 

signal and thereby output a filtered signal at output terminals 521 and 522. 

[0088] FIG. 20C is a schematic diagram of the filtering unit according to an 

embodiment of the present invention. Referring to FIG. 20C, filtering unit 723 

comprises a pi filter circuit including a capacitor 725, an inductor 726, and a capacitor 

15 727. As is well known, a pi filter circuit looks like the symbol n in its shape or 

structure. Capacitor 725 has an end connected to output terminal 511 and coupled to 

output terminal 521 through inductor 726, and has another end connected to output 

terminals 512 and 522. Inductor 726 is coupled between output terminals 511 and 521. 

Capacitor 727 has an end connected to output terminal 521 and coupled to output 

20 terminal 511 through inductor 726, and has another end connected to output terminals 

512 and 522. 

[0089] As seen between output terminals 511 and 512 and output terminals 521 and 

522, filtering unit 723 compared to filtering unit 623 in FIG. 20B additionally has 

inductor 726 and capacitor 727, which are like capacitor 725 in performing low-pass 

25 filtering. Therefore, filtering unit 723 in this embodiment compared to filtering unit 
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623 in FIG. 20B has a better ability to filter out high-frequency components to output 

a filtered signal with a smoother waveform. 

[0090] Inductance values of inductor 726 in the embodiment described above are 

chosen in some embodiments in the range of about 10 nH to about 10 mH. And 

5 capacitance values of capacitors 625, 725, and 727 in the embodiments described 

above are chosen in some embodiments in the range, for example, of about 100 pF to 

about 1 uF. 

[0091] FIG. 20D is a schematic diagram of the filtering unit according to an 

embodiment of the present invention. Referring to FIG. 20D, filtering unit 824 

10 includes a capacitor 825 and an inductor 828 connected in parallel. Capacitor 825 has 

an end coupled to pin 501, and another end coupled to rectifying output terminal 511, 

and is configured to high-pass filter an external driving signal input at pin 501, so as 

to filter out low-frequency components of the external driving signal. Inductor 828 

has an end coupled to pin 501 and another end coupled to rectifying output terminal 

15 511, and is configured to low-pass filter an external driving signal input at pin 501, so 

as to filter out high-frequency components of the external driving signal. Therefore, 

the combination of capacitor 825 and inductor 828 works to present high impedance 

to an external driving signal at one or more specific frequencies. Thus, the 

parallel-connected capacitor and inductor work to present a peak equivalent 

20 impedance to the external driving signal at a specific frequency. 

[0092] Through appropriately choosing a capacitance value of capacitor 825 and an 

inductance value of inductor 828, a center frequency f on the high-impedance band 

may be set at a specific value given by , where L denotes inductance of inductor 828 

and C denotes capacitance of capacitor 825. The center frequency is in some 

25 embodiments in the range of about 20 - 30 kHz, and may be preferably about 25 kHz. 
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And an LED lamp with filtering unit 824 is able to be certified under safety standards, 

for a specific center frequency, as provided by Underwriters Laboratories (UL). 

[0093] It's worth noting that filtering unit 824 may further comprise a resistor 829, 

coupled between pin 501 and filtering output terminal 511. In FIG. 20D, resistor 829 

5 is connected in series to the parallel-connected capacitor 825 and inductor 828. For 

example, resistor 829 may be coupled between pin 501 and parallel-connected 

capacitor 825 and inductor 828, or may be coupled between filtering output terminal 

511 and parallel-connected capacitor 825 and inductor 828. In this embodiment, 

resistor 829 is coupled between pin 501 and parallel-connected capacitor 825 and 

10 inductor 828. Further, resistor 829 is configured for adjusting the quality factor (Q) of 

the LC circuit comprising capacitor 825 and inductor 828, to better adapt filtering unit 

824 to application environments with different quality factor requirements. Since 

resistor 829 is an optional component, it is depicted in a dotted line in FIG. 20D. 

[0094] Capacitance values of capacitor 825 are in some embodiments in the range 

15 of about 10 nF-2 uF. Inductance values of inductor 828 are in some embodiments 

smaller than 2 mH, and may be preferably smaller than 1 mH. Resistance values of 

resistor 829 are in some embodiments larger than 50 ohms, and are may be preferably 

larger than 500 ohms. 

[0095] Besides the filtering circuits shown and described in the above 

20 embodiments, traditional low-pass or band-pass filters can be used as the filtering unit 

in the filtering circuit in the present invention. 

[0096] FIG. 20E is a schematic diagram of the filtering unit according to an 

embodiment of the present invention. Referring to FIG. 20E, in this embodiment 

filtering unit 925 is disposed in rectifying circuit 610 as shown in FIG. 18A, and is 

25 configured for reducing the EMI (Electromagnetic interference) caused by rectifying 
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circuit 610 and/or other circuits. In this embodiment, filtering unit 925 includes an 

EMI-reducing capacitor coupled between pin 501 and the anode of rectifying diode 

613, and also between pin 502 and the anode of rectifying diode 614, to reduce the 

EMI associated with the positive half cycle of the AC driving signal received at pins 

5 501 and 502. The EMI-reducing capacitor of filtering unit 925 is also coupled 

between pin 501 and the cathode of rectifying diode 611, and between pin 502 and the 

cathode of rectifying diode 612, to reduce the EMI associated with the negative half 

cycle of the AC driving signal received at pins 501 and 502. In some embodiments, 

rectifying circuit 610 comprises a full-wave bridge rectifier circuit including four 

10 rectifying diodes 611, 612, 613, and 614. The full-wave bridge rectifier circuit has a 

first filtering node connecting an anode and a cathode respectively of two diodes 613 

and 611 of the four rectifying diodes 611, 612, 613, and 614, and a second filtering 

node connecting an anode and a cathode respectively of the other two diodes 614 and 

612 of the four rectifying diodes 611, 612, 613, and 614. And the EMI-reducing 

15 capacitor of the filtering unit 925 is coupled between the first filtering node and the 

second filtering node. 

[0097] Similarly, with reference to FIGS. 18C, and 19A-19C, any capacitor in each 

of the circuits in FIGS. 19A-19C is coupled between pins 501 and 502 (or pins 503 

and 504) and any diode in FIG. 18C, so any or each capacitor in FIGS. 19A-19C can 

20 work as an EMI-reducing capacitor to achieve the function of reducing EMI. For 

example, rectifying circuit 510 in FIGS. 17C and 17E may comprise a half-wave 

rectifier circuit including two rectifying diodes and having a half-wave node 

connecting an anode and a cathode respectively of the two rectifying diodes, and any 

or each capacitor in FIGS. 19A-19C may be coupled between the half-wave node and 

25 at least one of the first pin and the second pin. And rectifying circuit 540 in FIG. 17E 

39/41 

Page 165 of 249



Docket No. 6246-40007US8 SUBSTITUTE SPECIFICATION CLEAN VERSION 

may comprise a half-wave rectifier circuit including two rectifying diodes and having 

a half-wave node connecting an anode and a cathode respectively of the two 

rectifying diodes, and any or each capacitor in FIGS. 19A-19C may be coupled 

between the half-wave node and at least one of the third pin and the fourth pin. 

5 [0098] It's worth noting that the EMI-reducing capacitor in the embodiment of FIG. 

20E may also act as capacitor 825 in filtering unit 824, so that in combination with 

inductor 828 the capacitor 825 performs the functions of reducing EMI and presenting 

high impedance to an external driving signal at specific frequencies. For example, 

when the rectifying circuit comprises a full-wave bridge rectifier circuit, capacitor 825 

10 of filtering unit 824 may be coupled between the first filtering node and the second 

filtering node of the full-wave bridge rectifier circuit. When the rectifying circuit 

comprises a half-wave rectifier circuit, capacitor 825 of filtering unit 824 may be 

coupled between the half-wave node of the half-wave rectifier circuit and at least one 

of the first pin and the second pin. 

15 [0099] If any terms in this application conflict with terms used in any application(s) 

from which this application claims priority, or terms incorporated by reference into 

this application or the application(s) from which this application claims priority, a 

construction based on the terms as used or defined in this application should be 

applied. 

20 [00100] While the instant disclosure related to an LED tube lamp has been described 

by way of example and in terms of the preferred embodiments, it is to be understood 

that the instant disclosure needs not be limited to the disclosed embodiments. For 

anyone skilled in the art, various modifications and improvements within the spirit of 

the instant disclosure are covered under the scope of the instant disclosure. The 

25 covered scope of the instant disclosure is based on the appended claims. 
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ABSTRACT 

An LED tube lamp includes a glass tube, a plurality of LED light sources, two 

end caps respectively sleeving two end portions of the glass tube, a power supply in 

5 one of the end caps or separately in both of the end caps, and an LED light strip in the 

glass tube. The plurality of LED light sources is on the LED light strip. Each of the 

end caps comprises a plurality of openings formed thereon. The plurality of openings 

dissipating heat resulted from the power supply are divided into two sets. The two sets 

of the plurality of openings are symmetric to each other with respect to a virtual 

10 central axis of the end cap. 
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1. The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

DETAILED ACTION 

Claim Rejections - 35 USC § 103 

2. In the event the determination of the status of the application as subject to AIA 35 

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any 

correction of the statutory basis for the rejection will not be considered a new ground of 

rejection if the prior art relied upon, and the rationale supporting the rejection, would be 

the same under either status. 

3. The following is a quotation of 35 U.S.C. 103 which forms the basis for all 

obviousness rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identically disclosed as set forth in section 102, if the differences between the 
claimed invention and the prior art are such that the claimed invention as a whole would have 
been obvious before the effective filing date of the claimed invention to a person having 
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be 
negated by the manner in which the invention was made. 

4. Claims 1-10, 22-34 is/are rejected under 35 U.S.C. 103 as being unpatentable 

over Guang (2016/0081147) in view of Wilcox et al. (2015/0176770) in view of Leong et 

al. (2008/0290814) and further in view of Chen (2011/0038146). 

Claim 1, Guang shows an LED tube lamp (Figs. 1-4), comprising: 

a glass tube (12, Fig. 3) having two end portions (47); a plurality of LED light 

sources (LED array 20); two end caps (14 and 16) respectively sleeve the two end 

portions of the glass tube (see Figs. 3-4), the glass tube and the end cap are secured 

(see Fig. 4); a power supply in one of the end caps or separately in both of the end caps 

(18 and 19, Fig. 3); and an LED light strip (LED PCB, P[0048]) on an inner surface of 
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the glass tube (the LED PCB is in the tube, see 20, Fig. 3), the plurality of LED light 

sources being on the LED light strip (LED array 20 is on the LED PCB); wherein each of 

the end caps comprises: an electrically insulating tube (14 and 16); two conductive pins 

(30, 32, 34, and 36) on the electrically insulating tube. 

Guang discloses the claimed invention except for the glass tube covered by a 

heat shrink sleeve, the glass tube and the end cap are secured by a hot melt adhesive, 

and at least two heat-dissipating openings on the electrically insulating tube symmetric 

to each other with respect to a plane passing through the middle of a line connecting the 

two conductive pins and perpendicular to the line connecting the two conductive pins. 

Wilcox discloses a glass tube (2, Fig. 5) is covered by a heat shrink sleeve (14, 

Fig. 5 and see, ... The film layer may comprise a cylindrical PET film tube into which the 

tube 2 is inserted. The PET tube may be heat shrunk to the exterior of tube 2 ... , 

P[0050]). 

Chen discloses the glass lamp tube and the end cap are secured by a hot melt 

adhesive( ... the ends and the elementary glass tube 11 ... gas-tight sealing of low 

melting glass ... , P[0082]). 

Leong shows at least two heat-dissipating openings (vent holes 224A and 224B, 

Fig. 19A, and 496A and 496B, Fig. 45A) and on the electrically insulating tube 

symmetric to each other with respect to a plane passing through the middle of a line 

connecting the two conductive pins (138A, 140A, Fig. 19A and 430A, 430B, Fig. 45A) 

and perpendicular to the line connecting the two conductive pins. 
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It would have been obvious to one having ordinary skill in the art at the time the 

effective filing date of the invention was made to provide the glass tube of Guang with 

the heat shrink sleeve of Wilcox, in order to provide a desired diffusive quality and a 

shatter-proof coating; further, to secure the glass tube and the end caps with a hot melt 

adhesive, as taught by Chen in order to provide tight sealing between the tube and the 

end caps; also, to provide the end caps of Guang with the two or more vent holes, as 

taught by Leong in order to provide heat dissipating outlets to the outside for cooling 

which enhance a performance and life of the LED lamp. 

Claim 2, Guang, Wilcox, Leong, and Chen disclose the LED tube lamp according 

to claim 1, wherein the hot melt adhesive is, respectively, disposed on the outer surface 

of the end portions, and the shape of the disposed hot melt adhesive is substantially a 

circle from the side view of the glass tube (inherent limitation for applying adhesive 

between two cylindrical tubes). 

Claim 3, Guang, Wilcox, Leong, and Chen disclose the LED tube lamp according 

to claim 2, wherein the at least two heat-dissipating openings (vent holes 224A and 

224B, Fig. 19A, and 496A and 496B, Fig. 45A) are on a surface of the electrically 

insulating tube on which the two conductive pins (138A, 140A, Fig. 19A and 430A, 

430B, Fig. 45A) are disposed. 

Claims 4-6, and 9, Guang, Wilcox, Leong, and Chen fails to disclose the at least 

two heat-dissipating opening are separately in a shape of an arcs with different and 

gradually vary in sizes or at least a part of the openings are arranged along an arc and 

space apart from each other. It would have been an obvious matter of design choice to 
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modify the vent holes into a shape of an arcs with different and gradually vary sizes or 

at least a part of the openings are arranged along an arc and space apart from each 

other or any pattern of shapes, since applicant has not disclosed that this difference 

solves any stated problem or is for any particular purpose other than for heat dissipated 

outlets to the outside of the tube lamp and it appears that the invention would perform 

equally well with the arcs shape openings with different and gradually vary sizes or at 

least a part of the openings are arranged along an arc and space apart from each other 

or any pattern of shapes. 

Claim 7, Guang, Wilcox, Leong, and Chen disclose the LED tube lamp according 

to claim 6, wherein the heat shrink sleeve is substantially transparent with respect to the 

wavelength of light from the LED light sources( ... transparent...semitransparent. .. light 

patterns, intensities, mixing color ... see, P[0050] of Wilcox). 

Claims 8-9, Guang, Wilcox, Leong, and Chen fails to disclose the at least two 

heat-dissipating opening is six in two sets, and the three heat-dissipating openings in 

one set are in a shape of three arcs with gradually varying sizes or a combination in a 

shape of an arc and a circle. It would have been an obvious matter of design choice to 

modify the at least two heat-dissipating openings into six and into two sets, and three 

heat-dissipating openings in one set are in a shape of three arcs with gradually varying 

sizes or a combination in a shape of an arc and a circle or any pattern of shapes, since 

applicant has not disclosed that this difference solves any stated problem or is for any 

particular purpose other than for heat dissipated outlets to the outside of the tube lamp 

and it appears that the invention would perform equally well with six heat-dissipating 
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openings into two sets, and three heat-dissipating openings in one set are in a shape of 

three arcs with gradually varying sizes or a combination in a shape of an arc and a 

circle or any pattern of shapes. 

Claim 10, Guang, Wilcox, Leong, and Chen disclose the LED tube lamp 

according to claim 1, wherein the heat and pressure inside the end cap increase during 

heating and solidification of the hot melt adhesive or/and resulted from the power 

supply, and are then released through at least one of the heat-dissipating openings (the 

vent holes are for cooling the inside of the lamp, released heat and pressure during 

heating and solidification of the hot melt adhesive or/and resulted from the power supply 

is an inherent process of cooling the inside of the lamp). 

Claims 22-34 are rejected as above because the elements and limitations are 

similar. 

5. Claims 11-12 is/are rejected under 35 U.S.C. 103 as being unpatentable over 

Guang (2016/0081147) in view of Wilcox et al. (2015/0176770) and further in view of 

Leong et al. (2008/0290814). 

Claim 11, Guang shows an LED tube lamp (Fig. 1-4), comprising: 

a glass tube (12, Fig. 3) comprising an inner surface (inside of the tube) and an 

outer surface (outer side of the tube), the glass tube having two end portions (47, Fig. 

3); a plurality of LED light sources (LED array 20); two end caps (14 and 16) 

respectively sleeve the two end portions of the glass tube (see Fig. 4); a power supply 
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in one of the end caps or separately in both of the end caps (18 and 19, Fig. 1 ); and an 

LED light strip (LED PCB, P[0048]) on the inner surface of the glass tube, the plurality of 

LED light sources being on the LED light strip (see Fig. 3). 

Guang discloses the claimed invention except for at least part of the inner 

surface of the glass tube has a rough surface and wherein each of the end caps 

comprises a plurality of openings thereon, and the two sets of the plurality of openings 

are symmetric to each other with respect to a virtual central axis of the end cap. 

Wilcox discloses a glass tube (2, Fig. 5) at least part of the inner surface of the 

glass tube has a rough surface (12, Fig. 5 and see P[0050] ... cross hatching 12 ... on an 

inside surface to provide a first diffusing layer ... ). 

Leong shows a plurality of heat-dissipating openings (vent holes 224A and 224B, 

Fig. 19A, and 496A and 496B, Fig. 45A) and the openings are symmetric to each other 

with respect to a virtual central axis of the end cap for cooling the lamp tube, but fails to 

disclose the plurality of openings with two sets of the plurality of openings. 

It would have been obvious to one having ordinary skill in the art at the time the 

effective filing date of the invention was made to provide the glass tube of Guang with at 

least part of the inner surface having a rough surface, as taught by Wilcox in order to 

provide uniform, high optical efficiency and prevents pixilation of the LED light sources; 

further, to provide a plurality of heat-dissipating openings on the end caps of Guang, as 

taught by Leong in order to provide heat dissipating outlets to the outside for cooling 

which enhance a performance and life of the LED lamp; also, It would have been an 

obvious matter of design choice to modify the plurality of heat-dissipating openings into 
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difference solves any stated problem or is for any particular purpose other than for heat 

dissipated outlets to the outside of the tube lamp and it appears that the invention would 

perform equally well with two sets of the plurality of openings. 

Claim 12, Guang, Wilcox, and Leong fails to disclose wherein the roughness of 

the rough surface is substantially from 0.1 to 40 pm. It would have been obvious to one 

having ordinary skill in the art at the time the effective filing date of the invention was 

made to provide a roughness of the rough surface substantially from 0.1 to 40 pm, since 

it has been held that where the general conditions of a claim are disclosed in the prior 

art, discovering the optimum or workable ranges involves only routine skill in the art. 

1. Claims 13-21 is/are rejected under 35 U.S.C. 103 as being unpatentable over 

Guang (2016/0081147) in view of Wilcox et al. (2015/0176770) in view of Leong et al. 

(2008/0290814) and further in view of Chen (2011 /0038146). 

Claim 13, Guang, Wilcox, and Leong disclose the claimed invention except for 

wherein the end cap is adhered to one end of the glass tube via the hot melt adhesive. 

Chen discloses the glass lamp tube and the end cap are secured by a hot melt 

adhesive( ... the ends and the elementary glass tube 11 ... gas-tight sealing of low 

melting glass ... , P[0082]). 

It would have been obvious to one having ordinary skill in the art at the time the 

effective filing date of the invention was made to provide to secure the glass tube and 

the end caps with a hot melt adhesive of Guang, as taught by Chen in order to provide 

tight sealing between the tube and the end caps. 
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Claims 14-15, and 21, Guang, Wilcox, Leong, and Chen disclose the LED tube 

lamp according to claim 13, wherein the heat and pressure inside the end cap increase 

during heating and solidification of the hot melt adhesive or/and resulted from the power 

supply, and are then released through at least one of the heat-dissipating openings (the 

vent holes are for cooling the inside of the lamp, released heat and pressure during 

heating and solidification of the hot melt adhesive or/and resulted from the power supply 

is an inherent process of cooling the inside of the lamp). 

Claims 16-20, Guang, Wilcox, Leong, and Chen disclose the claimed invention 

except for the plurality of openings are openings are separately three shape arcs with 

gradually varying sizes or the plurality of openings are separately in a shape of a circle 

with three openings arranged in a shape of an arc or at least a part of the openings are 

arranged along an arc and spaced apart from each other. It would have been an 

obvious matter of design choice to modify the plurality of heat-dissipating openings into 

two sets of the plurality of openings which are separately three shape arcs with 

gradually varying sizes or the plurality of openings are separately in a shape of a circle 

with three openings arranged in a shape of an arc or at least a part of the openings are 

arranged along an arc and spaced apart from each other, since applicant has not 

disclosed that this difference solves any stated problem or is for any particular purpose 

other than for heat dissipated outlets to the outside of the tube lamp and it appears that 

the invention would perform equally well with the plurality of openings which are 

separately three shape arcs with gradually varying sizes or the plurality of openings are 

separately in a shape of a circle with three openings arranged in a shape of an arc or at 
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least a part of the openings are arranged along an arc and spaced apart from each 

other. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ANH TRAN whose telephone number is (571 )272-1813. 

The examiner can normally be reached on M-Th (8:00-6:30). 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

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

supervisor, Alexander Taningco can be reached on 571-272-2048. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

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

/ANH TRAN/ 
Primary Examiner, Art Unit 2844 
6/29/17 
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S36 38 : S19 AND ((end-cap or (end$2 adj 1 cap)) I U&PGPUB;: OR !,',,,,,,,,,,,,_ ON ! 2016/11/17j · SA.ME ((thermal$3 or heat$3 or melt$3 I USPAT; : i 15:12 : 
or hot or hot-melt$3) NEAR3 (seal$4 or I USOCR; : i : 

adhesive or bond$3 or glu$3))) I :~~;JPO· I 1,,,_ 1,,, 

I DERWENT·! 
I IBM TDB ': i 

~ ................ , ............................................................................................ ' ........ - ............ , ........................ , .................. ' ........................ , 

&37 I S19 AND ( (melt$3 or hot or hot-melt$3) I U&PGPUB;: ON j 2016/11/17: 
I NEAR3 (seal$4 or adhesive or bond$3 or I USPAT; : i 15:21 : 
I glu$3)) I USOCR; : ! : 
I I FPRS; : ! : 
I I EPO; JPO; : I : 
i i DERWENT; i i i 
I I I BM TDB i I i ~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·' ~ - ~~~~: ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~: 

&38 45 :(315/$.ccls.or362/$.ccls.)AND((end- !U&PGPUB;:OR !,',,,,,,,,,,,,,ON !2016/11/18! : cap or (end$2 adj1 cap)) SAME ((light or I USPAT; : l 17:06 : 
: ambien$3 or color) NEAR2 (sensor or I USOCR; : l i 

detector))) I :~~;JPO· I 1,,,_ 1,,,_ 
I DERWENT;! 
I IBM TDB i , 

l~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' - ~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~• 

&39 0 i((LED.u/c.or(lightadjemittingadj !U&PGPUB;\OR 2016/11/18\ 
: diode) or (light-emitting adj diode)) I USPAT; : 
! NEAR3 (tub$4 or straight or pipe or I USOCR; : 
: cyclind$5 or retrofit$4 or replac$4) I FPRS; : 
: NEAR3 (lamp or bulb)) AND ((end-cap or I EPO; JPO; : 
: (end$2 adj1 cap)) WITH ((air or heat$2 I DERWENT;: 
: or vent$3 or thermal$4 or temperature) I I BM TDB : 
: NEAR2 (open$3 or hole or outlet)) SA.ME I - : 
· sensor) I : 

-.~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~~~~~· 

S40 0 i((LED.u/c.or(lightadjemittingadj iU&PGPUB·iOR 2016/11/18: 
: diode) or (light-emitting adj diode)) I USPAT; '! 
j NEAR3 (tub$4 or straight or pipe or I USOCR; : 
: cyclind$5 or retrofit$4 or replac$4) I FPRS; : 
: NEAR3 (lamp or bulb)) AND ((end-cap or I EPO; JPO; : 
: (end$2 adj1 cap)) SA.ME ((air or heat$2 I DERWENT;: 
: or vent$3 or thermal$4 or temperature) I I BM TDB : 
· NEAR3 (open$3 or hole or outlet)) SA.ME I - ' 
sensor) I 

~""""""""'"' """"""""""""""""""""""""""""""""""""""'"""""""""""""'""""""""""""'' 

S41 33 ((LED.u/c. or (light adj emitting adj U&PGPUB; OR ON l 2016/11/18: 
diode) or (light-emitting adj diode)) USPAT; j 21 :48 i 
NEAR3 (tub$4 or straight or pipe or USOCR; j : 
cyclind$5 or retrofit$4 or replac$4) FPRS; j : 
NEAR3 (lamp or bulb)) AND ((end-cap or EPO; JPO; j : 
(end$2 adj1 cap)) SA.ME sensor) DERWENT; j : 

~ : 
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I I[ 1l l[IBM_TDB H H H 1 ,...........; """"""""" """""""""""""""""""""""""""""""""""""""""""""" . "" """""""""""" """"""""" """"""""""""" 

S42 !13 :("20090200950" I "20100045191" I !U&PGPUB;!OR !,',,,,,,,,,,,,,OFF !2016/11/18! i : "20100083073" I "20100220046" I I USPAT· i l 23:08 i 
I : "20100308737" I "20100327757" I I USOCR i ; ' 
I i "20110170283" I "20110175536" I I j l i 

I I ;;l\\\\~:;~:J~~~~1~f ~1 ~~07676" I I I ! 
i-----''''''''''''''''''' ' ' ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

S43 82 :((LED.u/c.or(lightadjemittingadj IU&PGPUB;:OR !2016/11/19! 
: diode) or (light-emitting adj diode)) i USPAT· i l 10:08 : 
: NEAR3 (tub$4 or straight or pipe or I USOCR; ! 
cyclind$5 or retrofit$4 or replac$4) I FPRS; : 
NEAR3 (lamp or bulb)) AND ((end-cap or I EPO; JPO; : 
((end$2 or edge) adj1 (cap or cover$2 orl DERWENT;: 
hous$3)) or edge-cap) SAME (air-hole or 11 BM_TDB : 
( ( air or heat$2 or vent$3 or thermal$4 or I : 
temperature) NEAR5 (open$3 or hole or I : 

~ ----------------·-- out let __ or _space)) __ or. air-open$3) )__ ________________ ! . ...J -------------------------- ----------------·--; ------------------------·--
S44 S43 AND ((end-cap or ((end$2 or edge) I U&PGPUB;: ON l 2016/11/19: 

adj1 (cap or cover$2 or hous$3)) or I USPAT; : 
edge-cap) SAME (air-hole or ((air or I USOCR; : 
heat$2 or vent$3 or thermal$4 or I FPRS; : 
temperature) NEAR5 (open$3 or hole or I EPO; JPO; : 
outlet or space)) or air-open$3) SA.ME I DERWENT;: 
((light or ambien$3 or photo or 11 BM_ TDB : 
$2Iumin$4) NEAR2 (detect$3 or I : 
sens$3))) I : 

~ .......................................................................... F'===· .. '-',·, ;====~•==~,===~! 
S45 S43 AND ((end-cap or ((end$2 or edge) I U&PGPUB;: ON l 2016/11/19: 

adj1 (cap or cover$2 or hous$3)) or I USPAT; : 
edge-cap) SAME (air-hole or ((air or I USOCR; : 
heat$2 or vent$3 or thermal$4 or I FPRS; : 
temperature) NEAR5 (open$3 or hole or I EPO; JPO; : 
outlet or space)) or air-open$3) SAME I DERWENT;: 
((light or ambien$3 or photo or 11 BM_ TDB : 
$2Iumin$4) WITH (detect$3 or I : 
sens$3))) I : 

~ """""""""""""""""""""""""""""""""""" ;====="'-',", ;====~;.==~,===~! 
S46 S43 AND ((end-cap or ((end$2 or edge) I U&PGPUB;: ON j 2016/11/19: 

adj1 (cap or cover$2 or hous$3)) or I USPAT; : j 10:14 : 
edge-cap) SAME ((light or ambien$3 or I USOCR; : j : 
photo or $2Iumin$4) WITH (detect$3 or I FPRS; : I : 
sens$3))) I EPO; JPO; : I : 

I DERWENT· i i i 
I I BM TDB , : ! : 

~ ............................................................................................. '. - .. · ................... ' ............... · 
S47 I 6 : U&20080278943-$.DI D. OR U& I U&PGPUB;! OR : OFF l 2016/11/19! 

I i 20100246186-$.DI D. OR U& I USPAT; i i ! 10:27 i 
I i 20100309647-$.DI D. I USOCR; i i j i 

.......... 1 ............... 1 ............................................................................................. l~;J+ .. ! ................. 1 ................... 1 .............. ! .----, 

S48 i 4 : U&20060164841-$. DID. OR U& I U&PGPUB;: OR !,',,,,,,,,,_ OFF l 2016/ 11 / 19! 
i :,',,,,,,_ 8016456-$.DI D. i USPAT· i l 10:28 i I I USOCR· : i : 

I IFPRS , I I I 
I l6~W~+I ; ~: ................................................................................................................. ' .· ............................................. ' ........................... . 

S49 20 U&5134553-$.DID. ORU&6536924- U&PGPUB; OR OFF l2016/11/19! 
$.DID. OR U&7670032-$.DI D. OR U& USPAT; l 10:29 : 
7862198-$.DI D. OR U&8057061-$.DI D. USOCR; ! : 
OR U&8061867-$.DI D. OR U&6221717- FPRS; l i 
$.DID. OR U&20050201088-$.DI D. OR EPO; JPO; l i 
U&20070189015-$.DI D. OR U& DERWENT l i 

~ l 
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L.....IL............. 1l2001024 7856-$. DI .D·............................................IL .................... 1L ..................... J! ................. !L..................... J 
□o !□07: ("20040032220" I "5463280" I I U&PGPUB;i□R rFF i2016/11/19; I i "5811942" I "6580228" I "6608453" I I USPAT; i i j 11 :03 i 

I i "6828733" I "6936968").PN. OR I USOCR i i ! i 
I: ("7067992") .URPN ................................................ J ......................... j ........................ : ................. ) . .. ........... i 

UL 11S50and. sensor··························································I ~~T:'ID□ ;~1;;111191 ,-----; ' 
S52 I 15 : (("20130050998") or ("20140009923") or! U&PGPUB;: OR : OFF I 2016/11/20\ 

I :("20160081147")or("20150176770")or!USPAT; : : j12:39 : 
I : ("20140226320") or ("20100253226") or I USOCR : : j : 
I : ("20080290814") or ("20110038146") or I : : j : 
I : ("20150285479") or ("20150028751 ") or I : : j : 
I : ("20140346972") or ("20140268748") or I : : I : 
I : ("20130051008") or ("20130021809") or I : : I : 
I i ("20120195032")).PN. I i i l i 
~ .................. , ............................................................................................. , ......................... , ........................ , .................. .- .......................... , 
S53 I 17 : (("20130050998") or ("20140009923") or! U&PGPUB;: OR : OFF j 2016/11/20: 

I !("20160081147")or("20150176770")or!USPAT; : : !12:47 : 
I : ("20140226320") or ("20100253226") or I USOCR : : ! : 
I : ("20080290814") or ("20110038146") or I : : j : 
I : ("20150285479") or ("20150028751 ") or I : : j : 
I : ("20140346972") or ("20140268748") or I : : j : 
I : ("20130051008") or ("20130021809") or I : : I : 
I : ("20120195032") or ("20100253226") or I : : I : 
I : ("5536998") or ("8288949") or I : : j : 

........ J .................. i (" 201_ 60081_ 14 7")) . PN ........................................... J ......................... i ........................ i .................. .l .......................... i 
□41□: (("20110149548") or I U&PGPUB;:□R i[OFF 12016/11/21, 

I : ("20130170196")).PN. I USPAT; : : I 18:31 : 

II ............................................................................................. 1 USOCR ........ : ........................ : ................... ! ............. : 
sss· (LED.u/c. or (light adj emitting adj diode)! U&PGPUB;: ON 12016/11/21 i 

or (light-emitting adj diode)) NEAR3 I USPAT; : · 
(tub$4 or straight or pipe or cyclind$5 or I USOCR; : 
retrofit$4 or replac$4) NEAR3 (lamp or I FPRS; : 
bulb) AND ((end-cap or (end adj1 cap)) I EPO; JPO; : 
SAME (PCB.u/c. or (circuit adj1 board) or! DERWENT;: 
(print-circuit adj1 board)) SAME (heat- I I BM TDB i 
sink$3 or ((heat$3 or temperature or I - : 
thermal$3) adj 1 (sink$3 or dissipat$4)) I : 
or heat-dissipat$4)) I : 

'ss6· (LED.u/ C. or (light adJ .. ~;itt·;~·; .. ~dj ... d.i~d~)·I U&PGPUB;: OR 12016/11/25! 
or (light-emitting adj diode)) NEAR3 I USPAT; : l 16:34 i 
(tub$4 or straight or pipe or cyclind$5 or I USOCR; : i : 
retrofit$4 or replac$4) NEAR3 (lamp or I FPRS; : l i 
bulb) AND ((end-cap or (end$2 adj1 I EPO; JPO; : 1,,,,,, I,,,,,_ 

cap)) SAME ((air or heat$2 or vent$3 or I DERWENT;: 
thermal$4 or temperature or cool$4 or I I BM TDB : 
pressur$3) WI TH ( open$3 or hole or I - : ; 
outlet))) I : I 

~ ........................................................................ , .. , ........................ , ................... , .......................... , .. . 
S57 ("1830084" I "20050070172" I I U&PGPUB;: OFF l 2016/11/25! 

"20100277918" I "20110194278" I I USPAT; i j 17:39 i 
"2716226" I "4728835" I "5009614" I I USOCR i l i 
"6283612" I "6531810" I "7354001" I I : I : 
"7484980" I "7490957" I "8167452" I I : I : 
"8220956" I "8220976").PN. OR I i ! i 
("8827486").URPN. I : I : 

:~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~ 

~ 27010 ((end-cap or (end$2 adj1 cap)) SA.ME U&PGPUB; OR ON j 2016/11/25: 
((air or heat$2 or vent$3 or thermal$4 or USPAT; I 18:13 : 
temperature or cool$4 or pressur$3) USOCR; j : 
WITH (open$3 or hole or outlet))) FPRS; j : 

EPO; JPO; I : 
DERWENT; ! : 
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II I[ :l 111 BM_ TDB :l :l H : '~ ................ '. ............................................................................................ , ........................ '. ........................ '. ................... , ........................ '. 
I S59 I 1034 : S58 AND (LED.u/c. or (light adj emitting I U&PGPUB;j OR : ON j 2016/11/25\ 
I I : adj diode) or (light-emitting adj diode)) I USPAT; : : j 18: 14 : 

I I I l~~~,I I I ! 
, i , i DERWENT·, , ' , !~ I ................ J ............................................................................................. 11 _BM_ TDB .. '_: ....................... ..! ................... ! ........................ ..! 
i S60 123 : S59 AND ((LED.u/c. or (light adj emitting I U&PGPUB;: OR i,,,',,,,,,,,,,, ON !, 21o8 ~_167/11/25i, I : adj diode) or (light-emitting adj diode)) I USPAT; : 
I : NEAR3 (tub$4 or straight or pipe or I USOCR; : l i 

I ! cyd i nd$5 or retrofit$4 or replac$4)) I ~'+, ! I I 
I. . ................. ! JI.BM_TDB ... i ........................ ' , .......................... ' 

lffij 33 1~9AND315/$~1s 1~:r Im 1~~
1
;6

11125
1 

!, ___________ ,_11.BM_TDB_i_,_;_, 

I ffi2 I 155 I ~9 ~D 36~$ eds I ~~~r I rn I ~~1~ 111251 

I I , 1~:.~~T;L , 11 

11:3!□ 1'.~~~~~~~m1:;:0:(::7:112:::)orl ~~~:'!□□ ~~1;~05/1:! 
\i----- ' ' ' ' ' 

I S64 11 !,',,,,,,,,,,,,,_ ((LED.u/c. ADJ1 tube) AND sleeve) .elm. i U&PGPUB; i OR i ON i 2017/06/28! I I USPAT; i i l 17:13 i 
I I USOCR; : : I : 
, i FPRS· , , , , 

I I EPO; ,JPO; : : I : 
i i DERWENT·' , i , 

L ........................... ' .......................................................................................... ...11.BM_TDB . .': ........................ : ................. J .......................... : 
1865 96 i ((LED.u/c. or (light adj emitting adj i U&PGPUB·i OR !,',,,,,,,,,,,,_ ON l 2017/06/28! i : diode) or (light-emitting adj diode)) I USPAT; 'I l 17:51 i 
I : NEAR3 (tub$4 or straight or pipe or I USOCR; : i : 
I : cyclind$5 or retrofit$4 or replac$4 or I FPRS; : l i 

I ,~~:r1r1~~~t~:~t£!~(=Eorl~E~+,1 , I i 
I : ventilat$3 or outlet or hole))) I : : j : .~ ................................................................................................................ , ...................................................................... , .......................... . 
I S66 I 138 : ((LED.u/c. or (light adj emitting adj I U&PGPUB;: OR : ON j 2017/06/28: 
i I : diode) or (light-emitting adj diode)) I USPAT; : : i 18:34 : 
I I : NEAR3 (tub$4 or straight or pipe or I USOCR; : : ! : 
I I : cyclind$5 or retrofit$4 or replac$4 or I FPRS; : : j : 
I I : fluorescen$3)) AND ((end-cap or (end I EPO; JPO; : : j : 
I I : adj 1 ( cap or holder or cover$2))) SA.ME I DERWENT;: : j : 
I I : ( (heat or air or pressure or vent or 11 BM_ TDB : : j : 
I I : ventilat$4 or radiat$4 or cool$3) NEAR2 I : : j : 
I I : (outlet or hole or opening))) I : : I : r ID: (("20150176770") or ("20100220469") or! U&PGPUB;:□R rFF 12017/06/28! 
I I : ("20100253226") or ("20100135015") or I USPAT; : : j 21 :38 : 
I I : ("20130050998") or ("20080290814") or I USOCR : : j : 

1 .......... 1 ................... 1 ~::~~~~~~~~~.:~::\)~~- ........................................... 1 ......................... 1 ......................... 1 ................... 1 .......................... 1 
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LED TUBE LAMP 

Cross-Reference to Related Applications 

This application is continuation application of U.S. application no. 15/211,717 filed 

on July 15, 2016 which is a continuation-in-part application claiming benefits of U.S. 

5 Application no. 14/865,387 filed on 2015/9/25, U.S. Application no. 15/056,121 filed 

on 2016/2/29, and U.S. Application no. 15/168,962 filed on 2016/5/31, the disclosures 

of which are incorporated herein in their entirety by reference. 

Technical Field 

[0001] The instant disclosure relates to illumination devices, and, more particularly, 

10 to an LED tube lamp and components thereof comprising the LED light sources, a 

tube, electronic components, and end caps. 

Related Art 

[0002] LED lighting technology is rapidly developing to replace traditional 

incandescent and fluorescent lightings. LED tube lamps are mercury-free in 

15 comparison with fluorescent tube lamps that need to be filled with inert air and 

mercury. Thus, it is not surprising that LED tube lamps are becoming a highly desired 

illumination option among different available lighting systems used in homes and 

workplaces, which used to be dominated by traditional lighting options such as 

compact fluorescent light bulbs (CFLs) and fluorescent tube lamps. Benefits of LED 

20 tube lamps include improved durability and longevity and far less energy 

consumption; therefore, when taking into account all factors, they would typically be 

considered as a cost effective lighting option. 

[0003] The basic structure of the traditional LED tube lamps include a tube, two 

end caps at two ends of the tube, a substrate inside the tube, LEDs on the substrate, 

25 and a power supply inside the end caps. The substrate disposed inside the tube and 
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having LEDs mounted on is rigid and straight printed circuit board, which makes the 

tube remain a straight appearance even it is partially ruptured or broken. As a result, 

user cannot easily aware that the tube is damaged and might be exposed to a 

dangerous situation. 

5 [0004] In addition, the rigid substrate of the traditional LED tube lamp is typically 

electrically connected with the end caps by way of wire bonding, in which the wires 

may be easily damaged and even broken due to any move during manufacturing, 

transportation, and usage of the LED tube lamp and therefore may disable the LED 

tube lamp. 

10 [0005] As the development of LED chips, electro-optical conversion efficiency 

becomes higher and heat generated from the conversion becomes less. Accordingly, 

apparatuses utilizing LED chips seldom use ventilating holes to dissipating the heat. 

[0006] Further, the tube and the end caps of the traditional LED tube lamp are 

often secured together by tight fit, making the reliability cannot be further improved. 

15 SUMMARY 

[0007] To address the above issue, the instant disclosure provides embodiments of 

an LED tube lamp. 

[0008] According to an embodiment, an LED tube lamp includes a glass tube 

having two end portions, a plurality of LED light sources, two end caps respectively 

20 sleeve the two end portions of the glass tube, a power supply in one of the end caps or 

separately in both of the end caps, and an LED light strip on an inner surface of the 

glass tube. The glass tube is covered by a heat shrink sleeve. The glass tube and the 

end cap are secured by a hot melt adhesive. The plurality of LED light sources is on 

the LED light strip. Each of the end caps comprises an electrically insulating tube, 

25 two conductive pins on the electrically insulating tube; and at least two 
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heat-dissipating openings on the electrically insulating tube symmetric to each other 

with respect to a plane passing through the middle of a line connecting the two 

conductive pins and perpendicular to the line connecting the two conductive pins. 

[0009] According to an embodiment, the hot melt adhesive is, respectively, 

5 disposed on the outer surf ace of the end portions and the shape of the disposed hot 

melt adhesive is substantially a circle from the side view of the glass tube. 

[0010] According to an embodiment, the at least two heat-dissipating openings are 

on a surface of the electrically insulating tube on which the two conductive pins are 

disposed. 

10 [0011] According to an embodiment, the at least two heat-dissipating openings are 

separately in a shape of an arc. 

[0012] According to an embodiment, the at least two heat-dissipating openings are 

in a shape of arcs with different sizes. 

[0013] According to an embodiment, the sizes of the arcs of the at least two 

15 heat-dissipating openings gradually vary. 

[0014] According to an embodiment, the heat shrink sleeve is substantially 

transparent with respect to the wavelength of light from the LED light sources. 

[0015] According to an embodiment, at least a part of the openings are arranged 

along an arc and spaced apart from each other. 

20 [0016] According to an embodiment, the heat and pressure inside the end cap 

increase during the heating and solidification of the hot melt adhesive, and are then 

released through at least one opening on the end cap. 

[0017] According to an embodiment, an LED tube lamp includes a glass tube 

having an inner surface and an outer surface, a plurality of LED light sources, two end 

25 caps respectively at two opposite ends of the glass tube, a power supply in one of the 
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end caps or separately in both of the end caps, and an LED light strip on the inner 

surface of the glass tube. The plurality of LED light sources is on the LED light strip. 

Each of the end caps comprises a plurality of openings formed thereon. The plurality 

of openings dissipating heat resulted from the power supply are divided into two sets. 

5 The two sets of the plurality of openings are symmetric to each other with respect to a 

virtual central axis of the end cap. At least part of the inner surface of the glass tube is 

formed with a rough surface. 

[0018] According to an embodiment, the LED tube lamp comprises a hot melt 

adhesive. The end cap is adhered to one end of the glass tube via the hot melt 

10 adhesive. 

[0019] According to another embodiment, the plurality of openings dissipate heat 

resulted from the power supply. 

[0020] According to another embodiment, the hot melt adhesive is heated to be 

expansive and flowing during a process of having the glass tube and the end cap 

15 adhered. The plurality of openings dissipate heat to have the hot melt adhesive cooled 

and solidified. 

[0021] According to another embodiment, an LED tube lamp includes a glass tube, 

a plurality of LED light sources, two end caps respectively at two opposite ends of the 

glass tube, a power supply in one of the end caps or separately in both of the end caps, 

20 and an LED light strip in the glass tube. The plurality of LED light sources is on the 

LED light strip. Each of the end caps comprises two conductive pins and a plurality of 

heat-dissipating openings. The two conductive pins are on a surface of the end cap. 

The plurality of heat-dissipating openings is on the surface of the end cap and divided 

into two sets. The two sets of the heat-dissipating openings are symmetric to each 

25 other with respect to a plane passing through the two conductive pins. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 illustrates a perspective view of an LED tube lamp according to an 

embodiment of the instant disclosure; 

FIG. 2 illustrates an exploded view of an LED tube lamp according to an 

5 embodiment of the instant disclosure; 

10 

15 

FIG. 3 illustrates a part of cross section of FIG. 2 along line A-A'; 

FIG. 4 illustrates a part of cross section of FIG. 2 along line B-B'; 

FIG. 5 illustrates an exploded view of an LED tube lamp including two parts 

of a power supply according to an embodiment of the instant disclosure; 

FIG. 6 illustrates an exploded view of an LED tube lamp including a heat 

shrink sleeve according to an embodiment of the instant disclosure; 

FIG. 7 illustrates a partial view of a bendable circuit sheet of an LED light 

strip and a power supply apart from each other according to an embodiment of the 

instant disclosure; 

FIG. 8 illustrates a partial view of the bendable circuit sheet of the LED 

light strip and the power supply soldered to each other according to an embodiment of 

the instant disclosure; 

FIGS. 9 to 11 illustrate a soldering process of the bendable circuit sheet of 

the LED light strip and the power supply according to an embodiment of the instant 

20 disclosure; 

FIGS. 12 and 13 illustrate a bendable circuit sheet of an LED light strip and 

a power supply electrically connected to each other by a pair of jack/plug connectors 

according to an embodiment of the instant disclosure; 

FIG. 14 is a perspective view schematically illustrating an LED tube lamp 

25 according to an embodiment of the instant disclosure; 
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FIG. 15 an exemplary exploded view schematically illustrating the LED 

tube lamp shown in Fig. 14; and 

FIG. 16 is a perspective view schematically illustrating front and top of an 

end cap of the LED tube lamp according to one embodiment of the instant disclosure. 

5 DETAILED DESCRIPTION 

[0023] The instant disclosure provides an LED tube lamp to solve the 

abovementioned problems. The instant disclosure will now be described more fully 

hereinafter with reference to the accompanying drawings, in which exemplary 

embodiments of the disclosure are shown. This disclosure may, however, be embodied 

10 in many different forms and should not be construed as limitation to the embodiments 

set forth herein. Rather, these embodiments are provided so that this disclosure will be 

thorough and complete, and will fully convey the scope of the disclosure to those 

skilled in the art. Like reference numerals refer to like elements throughout. 

[0024] The terminology used herein is for the purpose of describing particular 

15 embodiments only and is not intended to be limiting of the disclosure. As used herein, 

the singular forms "a", "an" and "the" are intended to include the plural forms as well, 

unless the context clearly indicates otherwise. It will be further understood that the 

terms "comprises" and/or "comprising," or "includes" and/or "including" or "has" 

and/or "having" when used herein, specify the presence of stated features, regions, 

20 integers, steps, operations, elements, and/or components, but do not preclude the 

presence or addition of one or more other features, regions, integers, steps, operations, 

elements, components, and/or groups thereof. 

[0025] It will be understood that the term "and/or" includes any and all 

combinations of one or more of the associated listed items. It will also be understood 

25 that, although the terms first, second, third etc. may be used herein to describe various 
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elements, components, regions, parts and/or sections, these elements, components, 

regions, parts and/or sections should not be limited by these terms. These terms are 

only used to distinguish one element, component, region, part or section from another 

element, component, region, part or section. Thus, a first element, component, region, 

5 part or section discussed below could be termed a second element, component, region, 

part or section without departing from the teachings of the present disclosure. 

[0026] The following description with reference to the accompanying drawings is 

provided to explain the exemplary embodiments of the disclosure. Note that in the 

case of no conflict, the embodiments of the present disclosure and the features of the 

10 embodiments may be arbitrarily combined with each other. 

[0027] Referring to FIG 1, FIG 2, and FIG 3, the instant disclosure provides an 

embodiment of an LED tube lamp 50 including a glass tube 100, an LED light strip 

200, two end caps 300, and a power supply 400. The glass tube 100 includes an inner 

surface 100a and an outer surface 100b. The LED light strip 200 is disposed inside the 

15 glass tube 100 and has a bendable circuit sheet 205 mounted on the inner surface 100a 

of the glass tube 100. The two end caps 300, which can have the same size or have 

different sizes, are respectively disposed on two ends of the glass tube 100 and 

secured with the glass tube 100 by a hot melt adhesive. The hot melt adhesive may be 

disposed around the surrounding surfaces between the glass tube 100 and the end caps 

20 300, respectively. In this embodiment, the end caps 300 sleeve, respectively, two end 

portions of the glass tube 100 and the hot melt adhesive may be surroundingly 

disposed on the outer surface of the end portions of the glass tube 100. Accordingly, 

the shape of the disposed hot melt adhesive is substantially a circle from the side view 

of the glass tube 100 (like the view of FIG 4 ). The heat generated during the heating 

25 process of the hot melt adhesive will be in a shape of a circle. The degree of vacuum 
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of the glass tube 100 is below 0.001 Pa- 1 Pa, and reduce the problem of internal 

damp. After heating up the hot melt adhesive, and upon expansion due to heat 

absorption, the hot melt adhesive flows, and then solidifies upon cooling, thereby 

bonding together the end cap 300 to the glass tube 100 (not shown). The volume of 

5 the hot melt adhesive may expand to about 1.3 times the original size when heated 

from room temperature (e.g., between about 15 and 30 degrees Celsius) to about 200 

to 250 degrees Celsius. The end cap 300 and the end of the glass tube 100 could be 

secured by using the hot melt adhesive and therefore qualified in a torque test of about 

1.5 to about 5 newton-meters (Nt-m) and/or in a bending test of about 5 to about 10 

10 newton-meters (Nt-m). During the heating and solidification of the hot melt adhesive, 

the heat and pressure inside the end cap increase and are then released through at least 

one opening on the end cap 300. After the hot melt adhesive hardens, the end cap 300 

can be firmly fixed to the glass tube 100. Under the circumstances, the end cap 300 

and the glass tube 100 is hard to disassemble unless the hardened hot melt adhesive 

15 returns to liquid state by certain process. The design of the LED tube lamp 50 is to 

take into account both the convenience regarding the assembling process of the LED 

tube lamp 50 and the robustness regarding the assembled LED tube lamp 50. Several 

LED light sources 202 are disposed on the bendable circuit sheet 205 of the LED light 

strip 200, and the power supply 400 is disposed in one of the end caps 300. The LED 

20 light sources 202 and the power supply 400 can be electrically connected to each 

other directly via the bendable circuit sheet 205 of the LED light strip 200. Middle 

part of the bendable circuit sheet 205 can be mounted on the inner surface 100a of the 

glass tube 100. Instead, at least one of the two opposite, short edges of the bendable 

circuit sheet 205 is not mounted on the inner surface 100a of the glass tube 100 and 

25 may be formed as a freely extending end portion 210. The freely extending end 
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portions 210 extends outside the glass tube 100 through one of two opposite ends of 

the glass tube 100 along the axial direction of the glass tube 100. The freely extending 

end portion 210 can extend into the end caps 300 and can be electrically connected to 

the power supply 400 directly. The power supply 400 may be in the form of a single 

5 integrated unit (e.g., with all components of the power supply 400 are within a body) 

disposed in an end cap 300 at one end of the glass tube 100. Alternatively, the power 

supply 400 may be in form of two separate parts (e.g., with the components of the 

power supply 400 are separated into two pieces) respectively disposed in two end 

caps 300. The power supply may supply or provide power from external signal(s), 

10 such as from an AC power line or from a ballast, to an LED module and the LED light 

sources. Each of the end caps 300 includes a pair of hollow conductive pins 310 

utilized for being connected to an outer electrical power source. When the LED tube 

lamp 50 is installed to a lamp base, the hollow conductive pins 310 are plugged into 

corresponding conductive sockets of the lamp base such that the LED tube lamp 50 

15 can be electrically connected to the lamp base. 

[0028] In one embodiment, the LED light strip 200 comprises a bendable circuit 

sheet 205 which includes a wiring layer and a dielectric layer that are in a stacked 

arrangement, wherein the wiring layer and the dielectric layer have same area or the 

wiring layer has a bit less area (not shown) than the dielectric layer. The LED light 

20 source 202 is disposed on a surface of the wiring layer away from the dielectric layer. 

In other words, the dielectric layer is disposed on the wiring layer away from the LED 

light sources 202. The wiring layer is electrically connected to the power supply 400 

to carry direct current (DC) signals. Meanwhile, an adhesive sheet is disposed on a 

surface of the dielectric layer away from the wiring layer to bond and to fix the 

25 dielectric layer to the inner circumferential surface of the glass tube 100. The wiring 
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layer can be a metal layer serving as a power supply layer, or can be bonding wires 

such as copper wire. In an alternative embodiment, the LED light strip 200 further 

includes a circuit protection layer (not shown) cover each outer surface of the wiring 

layer and the dielectric layer. In another alternative embodiment, the dielectric layer 

5 can be omitted, in which the wiring layer is directly bonded to the inner 

circumferential surface of the glass tube 100. The circuit protection layer can be an 

ink material, possessing functions as solder resist and optical reflectance. 

Alternatively, the bendable circuit sheet 205 is a one-layered structure which is 

consist of one wiring layer only, and then the surf ace of the wiring layer is covered 

10 with a circuit protection layer of ink material as mentioned above, wherein an opening 

is configured over the circuit protection layer to electrically connect the LED light 

source 202 with the wiring layer. Whether the wiring layer has a one-layered, or 

two-layered structure, the circuit protective layer can be adopted. The circuit 

protection layer can be disposed on the side/surface of the LED light strip 200, such 

15 as the same surface of the wiring layer which has the LED light source 202 disposed 

thereon. 

[0029] It should be noted that, in the present embodiment, the bendable circuit 

sheet 205 is a one-layered structure made of just one layer of the wiring layer, or a 

two-layered structure (made of one layer of the wiring layer and one layer of the 

20 dielectric layer), and thus would be more bendable or flexible to curl than the 

conventional three-layered flexible substrate. As a result, the bendable circuit sheet 

205 (the LED light strip 200) of the present embodiment can be installed in a glass 

tube 100 that is of a customized shape or non-linear shape, and the bendable circuit 

sheet 205 can be mounted touching the sidewall of the glass tube 100. The bendable 

25 circuit sheet 205 mounted closely to the inner surf ace of the tube wall is one preferred 
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configuration, and the fewer number of layers thereof, the better the heat dissipation 

effect, and the lower the material cost. Of course, the bendable circuit sheet 205 is not 

limited to being a one-layered or two-layered structure only; in other embodiments, 

the bendable circuit sheet 205 can include multiple layers of the wiring layers and 

5 multiple layers of the dielectric layers, in which the dielectric layers and the wiring 

layers are sequentially stacked in a staggered manner, respectively, to be disposed on 

the surface of the one wiring layer that is opposite from the surface of the one wiring 

layer which has the LED light source 202 disposed thereon. 

[0030] In one embodiment, the LED light strip 200 includes a bendable circuit 

10 sheet 205 having in sequence a first wiring layer, a dielectric layer, and a second 

wiring layer (not shown). The thickness of the second wiring layer is greater than that 

of the first wiring layer, and/or the projected length of the LED light strip 200 is 

greater than that of the glass tube 100. The end region of the light strip 200 extending 

beyond the end portion of the glass tube 100 without disposition of the LED light 

15 source 202 is formed with two separate through holes to respectively electrically 

communicate the first wiring layer and the second wiring layer (not shown). The 

through holes are not communicated to each other to avoid short. 

[0031] In this way, the greater thickness of the second wiring layer allows the 

second wiring layer to support the first wiring layer and the dielectric layer, and 

20 meanwhile allow the LED light strip 200 to be mounted onto the inner circumferential 

surface without being liable to shift or deform, and thus the yield rate of product can 

be improved. In addition, the first wiring layer and the second wiring layer are in 

electrical communication such that the circuit layout of the first wiring layer can be 

extended downward to the second wiring layer to reach the circuit layout of the entire 

25 LED light strip 200. In some circumstances, the first wiring layer connects the anode 
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and the second wiring layer connects the cathode. Moreover, since the land for the 

circuit layout becomes two-layered, the area of each single layer and therefore the 

width of the LED light strip 200 can be reduced such that more LED light strips 200 

can be put on a production line to increase productivity. Furthermore, the first wiring 

5 layer and the second wiring layer of the end region of the LED light strip 200 that 

extends beyond the end portion of the tube 100 without disposition of the LED light 

source 202 can be used to accomplish the circuit layout of a power supply 400 so that 

the power supply 400 can be directly disposed on the bendable circuit sheet 205 of the 

LED light strip 200. 

10 [0032] In another embodiment, the projected length of the bendable circuit sheet 

205 as the LED light strip 200 in a longitudinal projection is larger than the length of 

the glass tube 100. The LED light source 202 is disposed on the uppermost layer of 

the wiring layers, and is electrically connected to the power supply 400 through the 

(uppermost) wiring layer. Furthermore, the inner peripheral surface of the glass tube 

15 100 or the outer circumferential surface thereof is covered with an adhesive film (not 

shown), for the sake of isolating the inner content from outside content of the glass 

tube 100 after the glass tube 100 has been ruptured. The present embodiment has the 

adhesive film coated on the inner peripheral surface of the glass tube 100 (not shown). 

[0033] Moreover, in some embodiments, the projected length of the bendable 

20 circuit sheet is greater than the length of the glass tube 100 (not including the length 

of the two end caps 300 respectively connected to two ends of the glass tube 100), or 

at least greater than a central portion of the glass tube 100 between two transition 

regions (e.g., where the circumference of the tube narrows) on either end. In one 

embodiment, the longitudinally projected length of the bendable circuit sheet as the 

25 LED light strip 200 is larger than the length of the glass tube 100. 

12/29 

Page 219 of 249



[0034] As shown in FIG. 3, the glass tube 100 includes a main body region 102, 

two rear end regions 101, and two two-arc-shaped transition regions 103 narrowed 

down or tapering smoothly and continuously from the main body region to the rear 

end regions connecting the main body region 102 and the rear end regions 101. In 

5 other words, in the transition regions 103, the glass tube 100 narrows, or tapers to 

have a smaller diameter when moving along the length of the glass tube 100 from the 

main body region 102 to the rear end regions 101. The tapering/narrowing may 

occur in a continuous, smooth manner (e.g., to be a smooth curve without any linear 

angles). By avoiding angles, in particular any acute angles, the glass tube 100 is less 

10 likely to break or crack under pressure. Furthermore, the transition region 103 is 

formed by two curves at both ends, wherein one curve is toward inside of the glass 

tube 100 and the other curve is toward outside of the glass tube 100. For example, 

one curve closer to the main body region 102 is convex from the perspective of an 

inside of the glass tube 100 and one curve closer to the rear end region 101 is concave 

15 from the perspective of an inside of the glass tube 100. The transition region 103 of 

the glass tube 100 in one embodiment includes only smooth curves, and does not 

include any angled surface portions. The outer diameter of the rear end region 101 is 

smaller than that of the main body region 102. Therefore, a height difference between 

the rear end region 101 and the main body region 102 is formed to avoid adhesives 

20 applied on the rear end region 101 being overflowed onto the main body region 102, 

and thereby saves manpower for removing the overflowed adhesive and increases 

productivity. 

[0035] In one embodiment, at least part of the inner surface 100a of the glass tube 

100 has a rough surface and the roughness of the inner surface 100a is higher than that 

25 of the outer surface 100b, such that the light from the LED light sources 202 can be 
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uniformly spread when transmitting through the glass tube 100. Since LED light 

sources 202 consists of several point light sources (LED dies), each LED light source 

202 casts a cone of light, which results in non-uniformity of light output intensity. 

With the rough surf ace, the light from LED light sources 202 will be diffused before 

5 transmitting through the glass tube 100 and the uniformity of light output is improved 

thereby. In one embodiment, the roughness of the inner surface 100a may be 

substantially from 0.1 to 40 µm, the light from LED light sources 202 will be well 

diffused before entirely transmitting through the glass tube 100 and the uniformity of 

light output is substantially improved. However, in some embodiments, the inner 

10 surface 100a of the glass tube 100 does not have the roughness surface. 

[0036] In one embodiment, as shown in FIG. 4, the rough surface may be formed 

with a light scattering region 130. Since LED light sources 202 consists of several 

point light sources (LED dies), each LED light source 202 casts a cone of light, which 

results in non-uniformity of light output intensity. With the light scattering region 130, 

15 the light from LED light sources 202 will be scattered before entirely transmitting 

through the glass tube 100 and the uniformity of light output is substantially 

improved. 

[0037] In one embodiment, as shown in FIG. 4, the glass tube 100 may further 

include a reflective film 120 disposed on a part of the inner surface 100a of the glass 

20 tube 100. In some embodiments, the reflective film 120 may be positioned on two 

sides of the LED light strip 200. As shown in FIG. 4, part of light 209 from LED light 

sources 202 are reflected by the reflective films 120 such that the light 209 from the 

LED light sources 202 can be centralized to a determined direction. And, in some 

embodiment, a ratio of a length of the reflective film 120 disposed on the inner 

25 surface 100a of the glass tube 100 extending along the circumferential direction of the 
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glass tube 100 to a circumferential length of the glass tube 100 may be about 0.3 to 

0.5, which means about 30% to 50% of the inner surface area may be covered by the 

reflective film 120. The reflective film 120 may be made of PET with some refractive 

materials such as strontium phosphate or barium sulfate or any combination thereof, 

5 with a thickness between about 140 µm and about 350 µm or between about 150 µm 

and about 220 µm for a more preferred effect in some embodiments. In some 

embodiments, only the part of the inner surface 100a which is not covered by the 

reflective film 120 is formed with the light scattering region 130 as shown in FIG. 4. 

In other words, the reflective film 120 is disposed on a part of the inner surface 100a 

10 of the glass tube 100 which is not formed with the rough surface or the light scattering 

region 130. 

[0038] In one embodiment, as shown in FIG. 5, two opposite, short edges of the 

bendable circuit sheet 205 may be formed as two freely extending end portions 210, 

and two parts of a power supply 400 are respectively disposed in the two end caps 300. 

15 The two freely extending end portions 210 respectively extends outside the glass tube 

100 through two opposite ends of the glass tube 100 along the axial direction of the 

glass tube 100, such that can respectively extend into the two end caps 300 and be 

respectively electrically connected to the two parts of a power supply 400 directly. 

[0039] Referring to FIG. 6, the LED tube lamp 50 may have a heat shrink sleeve 

20 190 covering on the outer surface 100b of the glass tube 100. In some embodiments, 

the heat shrink sleeve 190 may have a thickness ranging between 20 µm and 200 µm 

and is substantially transparent with respect to the wavelength of light from the LED 

light sources 202. In some embodiments, the heat shrink sleeve 190 may be made of 

PFA (perfluoroalkoxy) or PTFE (polytetrafluoroethylene). The heat shrink sleeve 190 

25 may be slightly larger than the glass tube 100, and may be shrunk and tightly cover 
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the outer surface 100b of the glass tube 100 while being heated to an appropriate 

temperature (ex, 260°C for PFA and PTFE). 

[0040] Referring to FIG. 7 to FIG. 11, FIG. 7 and FIG. 8 are respectively partial 

views of the bendable circuit sheet 205 of the LED light strip 200 and the printed 

5 circuit board 420 of the power supply 400 apart from and soldered to each other. FIG. 

9 to FIG. 11 illustrate a soldering process of the bendable circuit sheet 205 of the LED 

light strip 200 and the printed circuit board 420 of the power supply 400. In the 

embodiment, the bendable circuit sheet 205 of the LED light strip 200 and the freely 

extending end portions 210 have the same structure. In some embodiments, the power 

10 supply 400 includes at least one electronic component 430 disposed on one side of the 

printed circuit board 420, and the freely extending end portion 210 is electrically 

connected to the printed circuit board 420 directly through the other side which has no 

electronic component 430 disposed thereon. The freely extending end portions 210 

are the portions of two opposite ends of the bendable circuit sheet 205 of the LED 

15 light strip 200 and are utilized for being connected to the printed circuit board 420 of 

the power supply 400. The LED light strip 200 and the power supply 400 can be 

electrically connected to each other by soldering. Two opposite ends of the bendable 

circuit sheet 205 of the LED light strip 200 are utilized for being respectively soldered 

directly to the printed circuit board 420 of the two parts of a power supply 400. In 

20 other embodiments, only one end of the bendable circuit sheet 205 of the LED light 

strip 200 is soldered directly to the printed circuit board 420 of the power supply 400. 

The bendable circuit sheet 205 of the LED light strip 200 includes a circuit layer 200a 

and a circuit protecting layer 200c over a side of the circuit layer 200a. Moreover, the 

bendable circuit sheet 205 of the LED light strip 200 includes two opposite surfaces 

25 which are a first surface 2001 and a second surface 2002. The first surface 2001 is the 

16/29 

Page 223 of 249



one on the circuit layer 200a and away from the circuit protecting layer 200c. The 

second surface 2002 is the other one on the circuit protecting layer 200c and away 

from the circuit layer 200a. Several LED light sources 202 are disposed on the first 

surface 2001 and are electrically connected to circuits of the circuit layer 200a. The 

5 circuit protecting layer 200c has less electrical and thermal conductivity but being 

beneficial to protect the circuits. The first surface 2001 of the bendable circuit sheet 

205 of the LED light strip 200 includes soldering pads "b". Soldering material "g" can 

be placed on the soldering pads "b". In the embodiment, the LED light strip 200 

further includes a notch "f'. The notch "f' is disposed on an edge of the end of the 

10 bendable circuit sheet 205 of the LED light strip 200 soldered directly to the printed 

circuit board 420 of the power supply 400. The printed circuit board 420 includes a 

power circuit layer 420a and soldering pads "a". Moreover, the printed circuit board 

420 includes two opposite surfaces which are a first surface 421 and a second surface 

422. The second surface 422 is the one on the power circuit layer 420a. The soldering 

15 pads "a" are respectively disposed on the first surface 421 and the second surface 422. 

The soldering pads "a" on the first surface 421 are corresponding to those on the 

second surface 422. Soldering material "g" can be placed on the soldering pad "a". In 

the embodiment, considering the stability of soldering and the optimization of 

automatic process, the bendable circuit sheet 205 of LED light strip 200 is disposed 

20 below the printed circuit board 420 (the direction is referred to FIG. 9). That is to say, 

the first surface 2001 of the bendable circuit sheet 205 of the LED light strip 200 is 

connected to the second surface 422 of the printed circuit board 420 of the power 

supply 400. 

[0041] As shown in FIG. 10 and FIG. 11, in the soldering process of the bendable 

25 circuit sheet 205 of the LED light strip 200 and the printed circuit board 420 of the 
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power supply 400, the circuit protecting layer 200c of the bendable circuit sheet 205 

of the LED light strip 200 is placed on a supporting table 52 (i.e., the second surface 

2002 of the bendable circuit sheet 205 of the LED light strip 200 contacts the 

supporting table 52) in advance. The soldering pads "a" on the second surface 422 of 

5 the printed circuit board 420 of the power supply 400 directly sufficiently contact the 

soldering pads "b" on the first surface 2001 of the bendable circuit sheet 205 of the 

LED light strip 200. A thermo-compression heating head 51 presses on a portion 

where the bendable circuit sheet 205 of the LED light strip 200 and the printed circuit 

board 420 of the power supply 400 are soldered to each other. When soldering, the 

10 soldering pads "b" on the first surface 2001 of the bendable circuit sheet 205 of the 

LED light strip 200 contact the soldering pads "a" on the second surface 422 of the 

printed circuit board 420 of the power supply 400, and the soldering pads "a" on the 

first surface 421 of the printed circuit board 420 of the power supply 400 contact the 

thermo-compression heating head 51. Under the circumstances, the heat from the 

15 soldering thermo-compression heating head 51 can directly transmit through the 

soldering pads "a" on the first surface 421 of the printed circuit board 420 of the 

power supply 400 and the soldering pads "a" on the second surface 422 of the printed 

circuit board 420 of the power supply 400 to the soldering pads "b" on the first 

surface 2001 of the bendable circuit sheet 205 of the LED light strip 200. The 

20 transmission of the heat between the thermo-compression heating head 51 and the 

soldering pads "a" and b is not likely to be affected by the circuit protecting layer 

200c which has relatively less thermal conductivity, and, consequently, the efficiency 

and stability regarding the connections and soldering process of the soldering pads "a" 

and "b" of the printed circuit board 420 of the power supply 400 and the bendable 

25 circuit sheet 205 of the LED light strip 200 can be improved. As shown in FIG. 10, the 
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printed circuit board 420 of the power supply 400 and the bendable circuit sheet 205 

of the LED light strip 200 are firmly connected to each other by the soldering material 

"g". Components between the virtual line M and the virtual line N of FIG. 10 from top 

to bottom are the soldering pads "a" on the first surface 421 of printed circuit board 

5 420, the printed circuit board 420, the power circuit layer 420a, the soldering pads "a" 

on the second surface 422 of printed circuit board 420, the soldering pads "b" on the 

first surface 2001 of the bendable circuit sheet 205 of the LED light strip 200, the 

circuit layer 200a of the bendable circuit sheet 205 of the LED light strip 200, and the 

circuit protecting layer 200c of the bendable circuit sheet 205 of the LED light strip 

10 200. The connection of the printed circuit board 420 of the power supply 400 and the 

bendable circuit sheet 205 of LED light strip 200 are firm and stable. 

[0042] In other embodiments, an additional circuit protecting layer can be disposed 

over the first surface 2001 of the circuit layer 200a. In other words, the circuit layer 

200a is sandwiched between two circuit protecting layers, and therefore the first 

15 surface 2001 of the circuit layer 200a can be protected by the circuit protecting layer. 

A part of the circuit layer 200a (the part having the soldering pads "b") is exposed for 

being connected to the soldering pads "a" of the printed circuit board 420 of the 

power supply 400. Under the circumstances, a part of the bottom of the LED light 

source 202 contacts the circuit protecting layer on the first surface 2001 of the circuit 

20 layer 200a, and the other part of the bottom of the LED light source 202 contacts the 

circuit layer 200a. 

[0043] In addition, according to the embodiment shown in FIG. 7 to FIG. 11, the 

printed circuit board 420 of the power supply 400 further includes through holes "h" 

passing through the soldering pads "a". In an automatic soldering process, when the 

25 thermo-compression heating head 51 automatically presses the printed circuit board 
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420 of the power supply 400, the soldering material "g" on the soldering pads "a" can 

be pushed into the through holes "h" by the thermo-compression heating head 51 

accordingly, which fits the needs of automatic process. 

[0044] Referring to FIG 12 and FIG 13, in some embodiments, the bendable 

5 circuit sheet 205 of the LED light strip 200 and the printed circuit board 420 of the 

power supply 400 are electrically connected to each other by a pair of jack/plug 

connectors rather than by soldering. As shown in FIG 12, the freely extending end 

portion 210 of the bendable circuit sheet 205 of the LED light strip 200 has a first 

electric connector 2300, and the printed circuit board 420 of the power supply 400 has 

10 a second electric connector 4300 which is capable of being connected with the first 

connector 2300. Since the LED light strip 200 and the power supply 400 are 

electrically connected to each other by a pair of jack/plug connectors rather than by 

soldering, the end cap 300 and the power supply 400 can be replaceable. 

[0045] Referring to Figs. 14 and 15, an LED tube lamp of one embodiment of the 

15 present invention includes a glass tube 1, an LED light strip 2 disposed inside the 

glass tube 1, and two end caps 3 respectively disposed at two ends of the glass tube 1. 

[0046] Referring to Figs. 15 and 16, in one embodiment, the end cap 3 may have 

openings 304 to dissipate heat generated by the power supply modules inside the end 

cap 3 so as to prevent a high temperature condition inside the end cap 3 that might 

20 reduce reliability. In some embodiments, the openings 304 are in a shape of an arc; 

especially in a shape of three arcs with different size. In one embodiment, the 

openings 304 are in a shape of three arcs with gradually varying size. The openings 

304 on the end cap 3 can be in any one of the above-mentioned shape or any 

combination thereof. At least a part of the openings are arranged along an arc and 

25 spaced apart from each other. 
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[0047] Referring to Figs. 16, in one embodiment, each end cap 3 includes an 

electrically insulating tube 302, a thermal conductive member 303 sleeving over the 

electrically insulating tube 302, and two hollow conductive pins 301 disposed on the 

electrically insulating tube 302. The thermal conductive member 303 can be a metal 

5 ring that is tubular in shape. According to Fig. 15 and 16, the openings 304 on the 

electrically insulating tube symmetric to each other with respect to a vertical central 

plane passing through the middle of a line connecting the two conductive pins 301 

and the vertical central plane is perpendicular to the line connecting the two 

conductive pins 301. The openings 304 are on a surface of the electrically insulating 

10 tube 302 on which the two conductive pins 301 are disposed. 

[0048] The openings 304 symmetrically disposed on the electrically insulating tube 

302 is capable of efficiently dissipating heat generated during the heating and 

solidification of the hot melt adhesive. Specifically, during heating and solidification 

of the hot melt adhesive, the hot melt adhesive circularly surrounding the end portions 

15 of the glass tube 100 will be heated and generates heat which is circularly surrounding 

the glass tube 100. Since the holes 304 are symmetrically arranged on the electrically 

insulating tube 302, the heat could be efficiently dissipated through the opening 304 

which is the closest to the heat-generating sources (hot melt adhesive). In addition, the 

holes 304 may be used to dissipate heat generated by power supply 400 during the use 

20 of the LED tube lamp 50. In one embodiment, the components of the power supply 

400 may be arranged symmetrically in one of the end caps, separately in both of the 

end caps, or in the glass tube 100 in accordance with the symmetrical arrangement of 

the holes 304. Accordingly, the heat generated from the components of the power 

supply can be dissipated through the hole 301 which is the closest to the component. 

25 [0049] If any terms in this application conflict with terms used in any application(s) 
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from which this application claims priority, or terms incorporated by reference into 

this application or the application(s) from which this application claims priority, a 

construction based on the terms as used or defined in this application should be 

applied. 

5 [0050] While the instant disclosure related to an LED tube lamp has been described 

by way of example and in terms of the preferred embodiments, it is to be understood 

that the instant disclosure needs not be limited to the disclosed embodiments. For 

anyone skilled in the art, various modifications and improvements within the spirit of 

the instant disclosure are covered under the scope of the instant disclosure. The 

10 covered scope of the instant disclosure is based on the appended claims. 
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5 

CLAIMS 

What is claimed is: 

1. An LED tube lamp, comprising: 

a glass tube covered by a heat shrink sleeve and having two end portions; 

a plurality of LED light sources; 

two end caps respectively sleeve the two end portions of the glass tube, the 

glass tube and the end cap are secured by a hot melt adhesive; 

a power supply in one of the end caps or separately in both of the end caps; 

and 

10 an LED light strip on an inner surface of the glass tube, the plurality of LED 

15 

light sources being on the LED light strip; 

wherein each of the end caps comprises: 

an electrically insulating tube; 

two conductive pins on the electrically insulating tube; and 

at least two heat-dissipating openings on the electrically insulating tube 

symmetric to each other with respect to a plane passing through the middle 

of a line connecting the two conductive pins and perpendicular to the line 

connecting the two conductive pins. 

2. The LED tube lamp according to claim 1, wherein the hot melt adhesive is, 

20 respectively, disposed on the outer surface of the end portions, and the shape of 

the disposed hot melt adhesive is substantially a circle from the side view of the 

glass tube. 

3. The LED tube lamp according to claim 2, wherein the at least two heat-dissipating 

openings are on a surface of the electrically insulating tube on which the two 

25 conductive pins are disposed. 
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4. The LED tube lamp according to claim 3, wherein the at least two heat-dissipating 

openings are separately in a shape of an arc. 

5. The LED tube lamp according to claim 4, wherein the at least two heat-dissipating 

openings are in a shape of arcs with different sizes. 

5 6. The LED tube lamp according to claim 5, wherein the sizes of the arcs of the at 

least two heat-dissipating openings gradually vary. 

7. The LED tube lamp according to claim 6, wherein the heat shrink sleeve is 

substantially transparent with respect to the wavelength of light from the LED 

light sources. 

10 8. The LED tube lamp according to claim 1, wherein the number of the at least two 

heat-dissipating openings is six in two sets, and the three heat-dissipating 

openings in one set are in a shape of three arcs with gradually varying sizes. 

9. The LED tube lamp according to claim 1, wherein at least a part of the openings 

are arranged along an arc and spaced apart from each other. 

15 10. The LED tube lamp according to claim 1, wherein the heat and pressure inside the 

end cap increase during heating and solidification of the hot melt adhesive, and 

are then released through at least one of the heat-dissipating openings. 

11. An LED tube lamp, comprising: 

a glass tube comprising an inner surface and an outer surface, at least part of 

20 the inner surface of the glass tube has a rough surface, the glass tube having two 

end portions; 

a plurality of LED light sources; 

two end caps respectively sleeve the two end portions of the glass tube; 

a power supply in one of the end caps or separately in both of the end caps; 

25 and 
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an LED light strip on the inner surface of the glass tube, the plurality of 

LED light sources being on the LED light strip; 

wherein each of the end caps comprises a plurality of openings thereon, and 

the two sets of the plurality of openings are symmetric to each other with respect 

5 to a virtual central axis of the end cap. 

12. The LED tube lamp according to claim 11, wherein the roughness of the rough 

surface is substantially from 0.1 to 40 µm. 

13. The LED tube lamp according to claim 12, further comprising a hot melt adhesive, 

wherein the end cap is adhered to one end of the glass tube via the hot melt 

10 adhesive. 

14. The LED tube lamp according to claim 13, wherein the plurality of openings 

dissipate heat resulted from the power supply. 

15. The LED tube lamp according to claim 13, wherein the hot melt adhesive is 

heated to be expansive and flowing during a process of having the glass tube and 

15 the end cap adhered, and the plurality of openings dissipate heat to have the hot 

melt adhesive cooled and solidified. 

16. The LED tube lamp according to claim 11, wherein the plurality of openings are 

separately in a shape of an arc. 

17. The LED tube lamp according to claim 16, wherein the number of the plurality of 

20 openings is three, and the three openings are in a shape of three arcs with 

gradually varying sizes. 

18. The LED tube lamp according to claim 11, wherein the plurality of openings are 

separately in a shape of a circle. 

19. The LED tube lamp according to claim 18, wherein the number of the plurality of 

25 openings is three, and the three openings are arranged in a shape of an arc. 
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20. The LED tube lamp according to claim 12, wherein at least a part of the openings 

are arranged along an arc and spaced apart from each other. 

21. The LED tube lamp according to claim 12, wherein the heat and pressure inside 

the end cap increase during the heating and solidification of the hot melt adhesive, 

5 and are then released through at least one opening on the end cap. 

22. An LED tube lamp, comprising: 

a glass tube having two end portions; 

a plurality of LED light sources; 

two end caps respectively sleeve the two end portions of the glass tube, the 

10 glass tube and the end cap being secured by a hot melt adhesive, each of the end 

caps comprising two conductive pins and a plurality of heat-dissipating openings, 

the two conductive pins being on a surface of the end cap, the plurality of 

heat-dissipating openings being on the surface of the end cap and divided into 

two sets, and the two sets of the heat-dissipating openings being symmetric to 

15 each other with respect to a plane passing through the two conductive pins; and 

an LED light strip on an inner surface of the glass tube, the plurality of LED 

light sources being on the LED light strip. 

23. The LED tube lamp according to claim 22, further comprising a power supply in 

one of the end caps or separately in both of the end caps, wherein the plurality of 

20 heat-dissipating openings dissipate heat resulted from the power supply. 

24. The LED tube lamp according to claim 23, wherein the plurality of 

heat-dissipating openings are separately in a shape of an arc. 

25. The LED tube lamp according to claim 23, wherein the surface of the end cap is 

vertical to the length direction of the glass tube. 

25 26. The LED tube lamp according to claim 24, wherein the plurality of 
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heat-dissipating openings are in a shape of arcs with different sizes. 

27. The LED tube lamp according to claim 26, wherein the sizes of the arcs of the 

plurality of heat-dissipating openings gradually vary. 

28. The LED tube lamp according to claim 23, wherein the plurality of 

5 heat-dissipating openings are separately in a shape of a circle. 

29. The LED tube lamp according to claim 28, wherein the number of the plurality of 

heat-dissipating openings is three, and the three heat-dissipating openings are 

arranged in a shape of an arc. 

30. The LED tube lamp according to claim 23, wherein the plurality of 

10 heat-dissipating openings are a combination in a shape of an arc and a circle. 

31. The LED tube lamp according to claim 23, wherein at least a part of the openings 

are arranged along an arc and spaced apart from each other. 

32. The LED tube lamp according to claim 23, wherein the heat and pressure inside 

the end cap increase during the heating and solidification of the hot melt adhesive, 

15 and are then released through at least one opening on the end cap. 

33. An LED tube lamp, comprising: 

a glass tube covered by a heat shrink sleeve; 

a plurality of LED light sources; 

two end caps respectively at two opposite ends of the glass tube, the glass 

20 tube and the end cap are secured by a hot melt adhesive; 

25 

a power supply in one of the end caps or separately in both of the end caps; 

and 

an LED light strip on an inner surface of the glass tube, the plurality of LED 

light sources being on the LED light strip; 

wherein each of the end caps comprises: 
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5 

an electrically insulating tube; 

two conductive pins on the electrically insulating tube; and 

at least two heat-dissipating openings on the electrically insulating tube 

symmetric to each other with respect to a plane passing through the middle 

of a line connecting the two conductive pins and perpendicular to the line 

connecting the two conductive pins. 

34. The LED tube lamp according to claim 33, wherein the hot melt adhesive is, 

respectively, disposed on the outer surface of the glass tube, the shape of the 

disposed hot melt adhesive is substantially a circle from the side view of the glass 

10 tube, and the at least two heat-dissipating openings are separately in a shape of an 

arc. 
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ABSTRACT 

An LED tube lamp includes a glass tube, a plurality of LED light sources, two 

end caps respectively sleeving two end portions of the glass tube, a power supply in 

5 one of the end caps or separately in both of the end caps, and an LED light strip in the 

glass tube. The plurality of LED light sources is on the LED light strip. Each of the 

end caps comprises a plurality of openings formed thereon. The plurality of openings 

dissipating heat resulted from the power supply are divided into two sets. The two sets 

of the plurality of openings are symmetric to each other with respect to a virtual 

10 central axis of the end cap. 
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applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

Person to whom the inventor is obligated to assign. 
I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~IAXING SUPER LIGHTING ELECTRIC APPLIANCE CO.,L TD 

Mailing Address Information For Applicant: 

Address 1 No.1288 Jiachuang Rd. Xiuzhou Area, Jiaxing 

Address 2 

City lhejiang State/Province 

Country I J:;N Postal Code 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Attorney Docket Number 6246-40007US8 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention LED TUBE LAMP 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature Ii Andrew M _ Calderon/ Date (YYYY-MM-DD) 12017-04-10 

First Name ~ndrewM. I Last Name I paideron Registration Number pao93 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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Attorney Docket Number 6246-40007US8 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention LED TUBE LAMP 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

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