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LIGHT EMITTING DEVICE

FIELD OF THE INVENTION

The present application relates to semiconductor light emitting diodes.

BACKGROUND OF THE INVENTION

Various improvements have been proposed to enhance the performance of

semiconductor light emitting diodes (LED). For example, US patent no.

6,307,218, entitled "Electrode structures for light emitting devices" and

assigned to LumiLeds Lighting, U.S., LLC, discloses finger type electrode

layouts to solve the current crowding issue in semiconductor LEDs.

Nevertheless, further improvements may still be desirable. For example, few

conventional designs have considered heat dissipation and/or energy

consumption issues. Such issues may become more noticeable if the LEDs

have a relatively large size.

In addition, in order to achieve good current spreading in the semiconductor

layers and to avoid overheating in partial areas caused by possible relatively

high current in such areas, the design of the '218 patent may need to have a

relatively compact electrode layout design. As a result, the opening area for

light emission may be unnecessarily small, which may not be desirable,

either.

OBJECT OF THE INVENTION

It is an object of the present invention to provide a light emitting device with

improved heat dissipation or energy consumption characters, or at least

provide the public with a useful choice.



SUMMARY OF THE INVENTION

According to an aspect of the present invention, a light emitting device firstly

includes a light emitting diode (LED) structure, having a top surface with a

light emitting region. The device also has a heterojunction within the LED

structure, the heterojunction having a p-type and an n-type semiconductor

layer, and a plurality of electrodes positioned on the top surface, each being

electrically connected to one of the p-type and n-type semiconductor layers.

At least a first and a second electrodes are connected to a same type

semiconductor layer and are physically separated from each other. The

device further includes a first and a second heterojunction regions within the

heterojunction, each being respectively defined between one of the first and

second electrodes and one of the other electrodes connected to the other

type semiconductor layer. The first and second heterojunction regions are

alternatively driven for emitting lights in the time domain.

An embodiment having a power source in electrical connection with the first

and second electrodes for alternately driving the first and second

heterojunction regions.

Another embodiment where the power source repeatedly, sequentially, and

alternately drives the first and second heterojunction regions.

Another embodiment where the power source is an alternate current power

source.

Another embodiment having a rectifying circuit electrically connected between

the power source and at least one of the first and second electrodes.



Another embodiment where the power source outputs a plurality of periodic

discontinuous pulses for alternately driving the first and second heterojunotion

regions.

Another embodiment where the output of the power source drives at least one

of the first and second heterojunction regions at a frequency of at least 20 Hz.

Another embodiment in which the first and second electrodes are

diametrically opposed.

Another embodiment in which the first and second electrodes are located at

the corners of the top surface.

Another embodiment having a transparent or semi-transparent electrode layer

forming the top surface, assisting in the current spreading. The transparent or

semi-transparent electrode layer can be made of a material selected from a

group of Indium Tin Oxide, Indium Zinc Oxide, and Zinc Oxide.

According to another aspect of the present invention, a light emitting device

includes

a light emitting diode structure having a top surface with a light

emitting region;

a heterojunction within the light emitting diode structure, the

heterojunction including a p-type and an n-type semiconductor layer;

at least a first electrode and a second electrode positioned physically

separately on the top surface, each electrode being electrically

connected to the same p-type and n-type semiconductor layers;

a ground electrode; and

a first heterojunction region within the heterojunction between the

first electrode and the ground electrode, and a second heterojunction

region within the heterojunction between the second electrode and the



ground electrode, wherein the first heterojυnction region and the

second heterojunction region are alternately driven for emitting light in

the time domain.

Other aspects and advantages of the invention will become apparent from

the following detailed description, taken in conjunction with the

accompanying drawings, which description illustrates by way of example the

principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan view of an exemplary light emitting device according to an

embodiment of the present invention;

FIG. 2 is a cross section view of the light emitting device of FIG. 1 along line

A-A';

FIG. 3 is a simplified exemplary electrical circuit diagram illustrating the light

emitting device of FIGS. 1 and 2 being in use;

FIG. 4 illustrates the output of a type of power signals suitable for driving the

light emitting device of FIGS. 1 and 2; and

FIG. 5 illustrates another type of power signals suitable for driving the light

emitting device of FIGS. 1 and 2 .

DETAILED DESCRIPTION

As shown in FIGS. 1 and 2, an exemplary light emitting embodiment 100 of

the present invention firstly includes a light emitting diode (LED) structure 101 ,

having a top surface 103 in a generally square shape in the exemplary



embodiment with a light emitting region 105. The LED 101 includes an active

region 107 on an optional substrate 109. The active region 107, e.g. a

heterojunction, has a p-type and an n-type semiconductor layer 111, 113,

which form an active layer 115, i.e., a p-n injection, between the p- and n-type

semiconductor layers 111, 113.

A transparent electrode layer 119, made of materials selected from a group of,

e.g., Indium Tin Oxide, Indium Zinc Oxide, or Zinc Oxide, is attached atop the

p-type semiconductor layer 111 such that it defines the top surface of the LED.

The transparent electrode layer 117 functions as a current spreading layer

and a transparency electrode as could be generally understood in the art.

Due to its transparency, lights can be emitted from the top surface of the LED.

Thereby, the light emitting region 105 is defined by uncovered regions of the

transparent electrode layer 117.

Four p-electrodes 119a-d are attached to the transparent electrode layer 117

at its four corners and are electrically connected thereto for providing stable

electrical contacts between the transparent electrode layer and external

electrical contacts. Each p-electrode 119a-d has a pair of thin metal lines

12 1a, 12 1b extending from a metal pad or bump 123 at one of the corners

substantially perpendicular to each other towards the other two adjacent

comers. The pad 123 has a sector shape in the exemplary embodiment and

a substantially enlarged size as compared to the finger-type lines 121a, 121b

for ensuring good electrical connections to external electrical circuits (not

shown in FIGS. 1 and 2). A gap 125 is created between every two adjacent

p-electrodes such that the p-electrodes 119a-d are physically separated from

each other.

Part of the active region 107 and the transparent electrode layer 117 are

etched away to expose part of the n-type semiconductor layer such that an n-

electrode 127, electrically connected to the n-type semiconductor layer 113,



can be electrically isolated from the p-electrodes 119a-d, transparent

electrode layer 117 and p-type semiconductor layer 111. The etched part has

a substantially circular shape and is positioned in the center of the LED

structure when viewed from the top as shown in FIG. 1,

As could be appreciated in the art, such p and n-electrode layouts may assist

overcoming the current crowding effect.

In addition, four heteroju notion regions 129a-d within the heterojunction are

virtually defined between the respective p-electrodes 119a-d and the n-

electrode 127, which will be discussed in further details. The heterojunction

regions 129a-d are defined such that each heterojunction region 129a-d can

be activated so as to emit lights when a certain amount of voltage is applied to

the respective p-electrode and n-electrode. As could be appreciated, the

dotted lines in FIG. 1 virtually defining the heterojunction regions 129a-d are

merely for illustration purpose, and an ordinarily skilled person in the art would

understand that the heterojunction regions 129a-d may exhibit a different

shape.

As shown in FIG. 3 , when in use, p-electrodes 119a and 119c are connected

to each other and further to a power source 301 via a rectifying circuit 303

such as a diode. P-electrodes 119b and 119d are also connected to each

other and further to the power source 301 via another rectifying circuit 305

such as a diode. N-electrode 127 is connected to ground. Heterojunction

regions 129a-d are simplified as a plurality of light emitting diode units

connected in parallel and to the electrodes via a plurality of resistors as

generally understood in the art.

FlG. 4 illustrates the output of an exemplary type of power source, i.e., an

alternating current power source, which is suitable for use in the device of FIG.

3. As could be understood in the art, during the positive phases of the output



of the power source, voltage is applied between p-electrodes 119a, 119c and

n-electrode 127; while during the negative phases, voltage is applied between

p-electrodes 119b, 119d and n-electrode 127. Thereby, heterojunction

regions 129a, 129c and 129b, 129d are alternately and at least partially driven

to emit lights in the time domain. Due to the the persistence of human vision,

when the frequency of the AC power signals is sufficiently high, for example,

higher than 20Hz, the discontinuoucy or variance in the light may becomes

innoticeable in the human vision.

It can be generally understood that activation or driving of the heterojunction

regions 129a-d at least partially depends upon the magnitude of the current

applied therethrough. For example, when a relatively high current is applied,

a relatively large area of each heterojunction regions can be activated to emit

lights, and vice versa.

An ordinarily skilled person in the art would appreciate that the above-

described embodiments may achieve lower energy consumptions by

alternately driving various heterojunction regions of an LED structure in the

time domain. Since each heterojunction region of the LED structure now

works in an on-and-off status, heat dissipation can be improved as well.

Furthermore, a person skilled in the art would recognize that unnecessary

coverage of the transparent electrode layer by the p and n-electrode layout

can be reduced as compared to conventional finger-type electrode layout.

This is because in the exemplary embodiment of the present invention as

shown in FIGS. 1 and 2 , the overheating problematic is resolved by

alternately driving different heterojunction regions, and therefore the

exemplary embodiment of FIGS. 1 and 2 may not need compact electrode

layout to achieve even current spreading, as in the conventional prior art

designs. As a result, the exemplary embodiment may provide a relatively

large light emission area.



Various type of power signals can be used. For example, FIG. 5 illustrates a

different type of output of the power source useful in the light emitting device

of FIGS. 1 and 2, having a plurality of periodic discontinuous pulses to be

sequentially and alternately applied to the p-electrodes 129a, 129c and 129b,

129d in the time domain.

Other alternatives can be made to the preceding described exemplary

embodiment. For example, the transparent electrode layer, which assists

improving current spreading, may not be necessary, especially in non-top-

emitting LEDs.

The words used in this specification to describe the invention and its various

embodiments are to be understood not only in the sense of their commonly

defined meanings, but to include by special definition in this specification

structure, material or acts beyond the scope of the commonly defined

meanings. Thus if an element can be understood in the context of this

specification as including more than one meaning, then its use in a claim must

be understood as being generic to all possible meanings supported by the

specification and by the word itself. The definitions of the words or elements

of the following claims are, therefore, defined in this specification to include

not only the combination of elements which are literally set forth, but all

equivalent structure, material or acts for performing substantially the same

function in substantially the same way to obtain substantially the same result.



WHAT IS CLAIMED IS:

1. A light emitting device, comprising:

a light emitting diode (LED) structure, including a top surface with a

light emitting region;

a heterojunction within the LED structure, the heterojunction

including a p-type and an n-type semiconductor layer;

a plurality of electrodes positioned on the top surface, each being

electrically connected to one of the p-type and n-type semiconductor

layers, wherein at least a first and a second electrodes are connected

to a same type semiconductor layer and are physically separated

from each other;

a first and a second heterojunction regions within the

heterojunction, each being respectively defined between one of the

first and second electrodes and one of the other electrodes connected

to the other type semiconductor layer;

wherein the first and second heterojunction regions are

alternatively driven for emitting lights in the time domain.

2. The light emitting device of claim 1, further comprising a power source

in electrical connection with the first and second electrodes for alternately

driving the first and second heterojunction regions, respectively.

3. The light emitting device of claim 2, wherein the power source

repeatedly, sequentially, and alternately drives the first and second

heterojunction regions, respectively.

4. The light emitting device of claim 2, wherein the power source is an

alternate current power source.



5. The light emitting device of claim 4 , further comprising a rectifying

circuit electrically connected between the power source and at least one of

the first and second electrodes.

6 . The light emitting device of claim 1, wherein the power source outputs

a plurality of periodic discontinuous pulses for alternately driving the first and

second heterojunction regions, respectively.

7. The light emitting device of claim 2 , wherein the output of the power

source drives at least one of the first and second heterojunction regions at a

frequency of at least 20 Hz.

8. The light emitting device of claim 1, wherein the first and second

electrodes are diametrically opposed.

9. The light emitting device of claim 1, wherein the first and second

electrodes are located at the corners of the top surface.

10. The light emitting device of claim 1, further comprising a transparent or

semi-transparent electrode layer forming the top surface.

11. The light emitting device of claim 10, wherein the electrode layer is

made of a material selected from the group consisting of Indium Tin Oxide,

Indium Zinc Oxide, and Zinc Oxide.

12. A light emitting device, comprising:

a light emitting diode structure having a top surface with a light

emitting region;

a heterojunction within the light emitting diode structure, the

heterojunction including a p-type and an n-type semiconductor layer;



at least a first electrode and a second electrode positioned

physically separately on the top surface, each electrode being

electrically connected to the same p-type and n-type semiconductor

layers;

a ground electrode; and

a first heterojunction region within the heterojunction between the

first electrode and the ground electrode, and a second heterojunction

region within the heterojunction between the second electrode and the

ground electrode, wherein the first heterojunction region and the

second heterojunction region are alternately driven for emitting light in

the time domain.







International application No.
INTERNATIONAL SEARCH REPORT

PCT/CN2006/003463

A . CLASSIFICATION OF SUBJECT MATTER H Q 3mQ (2006 0 1 ) j

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

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC H01L33/00

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
EPODOC,WPI,PAJ ,Chinese Patent Database,Chinese journal net: electrode, heteroTjunction, p?n, alternat+, dirv+, trench, groove,

concave, ground

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y CN1630110 A (SUMSUNG ELECTRO-MECHANICS CO(KR)) 1-5,8-12

22 Jun.2005 (22.06.2005)

Page 7,line 15 to Page 9,line 9; Page 15,line 4 to 18,

Figures 4B,5B,5C,13A,13B

JP55-29178 A (HANDOTAI KENKYU SHINKOKAI(JP)) 1-5,8-12

0 1 Mar.1980 (01.03.1980)

The whole document

KlFurther documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date
"A" document defining the general state of the art which is not or priority date and not in conflict with the application but

considered to be of particular relevance cited to understand the principle or theory underlying the

"E" earlier application or patent but published on or after the invention

international filing date "X" document of particular relevance; the claimed invention

"L" document which may throw doubts on priority claim (S) or cannot be considered novel or cannot be considered to involve

which is cited to establish the publication date of another an inventive step when the document is taken alone

citation or other special reason (as specified) "Y" document of particular relevance; the claimed invention

"O" document referring to an oral disclosure, use, exhibition or cannot b e considered to involve an inventive step when the

other means document is combined with one or more other such
documents, such combination being obvious to a person

"P" document published prior to the international filing date
skilled in the art

but later than the priority date claimed
" & "document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
02 Mar.2007(02.03.2007)

2 9 MAR 2QQ7 (2 9 Q 3 - 2 Q
Name and mailing address of the ISA/CN Authorized officer
The State Intellectual Property Office, the P.R.China ZHON
6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China Telephone No. 861062086338
100088
Facsimile No. 86-10-62019451

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONALSEARCH REPORT International application No.

PCT/CN2006/003463

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US2004/0065893 Al (MATSUSHITAELECTRIC INDUSTRIAL CO., LTD(JP)) 1,8

08 Apr.2004 (08.04.2004)

[0140]-[0153], Figure 6A

US6307218 B l (LUMILEDS LIGHTING,US,LLC(US)) 1,9

23 Oct.2001 (23.10.2001)

Column 5 , Iine9 to line 21,Column 9, line 60 to Column 10,line 8

Figures 22A,22B

FormPCT/ISA/210 (continuation of second sheet ) (April 2005)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2006/003463

Patent Documents referred Publication Date Patent Family Publication Date
in the Report

CN16301 10A 22.06.2005 US2005133807A1 23.06.2005

JP2005183910 A 07.07.2005

KR20050061743 A 23.06.2005

US7087985 B2 08.08.2006

JP55-29178 A 01.03.1980 NONE

US2004/0065893 Al 08.04.2004 US7005680 B2 28.02.2006

US6307218 B 1 23.10.2001 GB2343994 A 24.05.2000

DEl 9953 160 Al 31.05.2000

JP2000164930 A 16.06.2000

Form PCT/ISA /210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

