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00© (57) Abstract: Solid state transducer devices with independently controlled regions, and associated systems and methods are dis -
closed. A solid state transducer device in accordance with a particular embodiment includes a transducer structure having a first
semiconductor material, a second semiconductor material and an active region between the first and second semiconductor materials,

o the active region including a continuous portion having a first region and a second region. A first contact is electrically connected to
the first semiconductor material to direct a first electrical input to the first region along a first path, and a second contact electrically
spaced apart from the first contact and connected to the first semiconductor material to direct a second electrical input to the second

o region along a second path different than the first path. A third electrical contact is electrically connected to the second semiconduct -
or material.



SOLID STATE TRANSDUCER DEVICES WITH SEPARATELY

CONTROLLED REGIONS, AND ASSOCIATED SYSTEMS AND

METHODS

TECHNICAL FIELD

[0001] The present technology is directed generally to solid state transducer devices

having a plurality of discrete regions that can be separately controlled, and associated systems

and methods.

BACKGROUND

[0002] Solid state transducer ("SST") devices are used in a wide variety of products and

applications. For example, mobile phones, personal digital assistants ("PDAs"), digital

cameras, MP3 players, and other portable electronic devices utilize SST devices for

backlighting. SST devices are also used for signage, indoor lighting, outdoor lighting, and

other types of general illumination. SST devices generally use light emitting diodes

("LEDs"), organic light emitting diodes ("OLEDs"), and/or polymer light emitting diodes

("PLEDs") as sources of illumination, rather than electrical filaments, plasma, or gas. Figure

1A is a cross-sectional view of a conventional SST device 10a with lateral contacts. As

shown in Figure 1A, the SST device 10a includes a substrate 20 carrying an LED structure 11

having an active region 14, e.g., containing gallium nitride/indium gallium nitride

(GaN/InGaN) multiple quantum wells ("MQWs"), positioned between N-type GaN 15 and P-

type GaN 16. The SST device 10a also includes a first contact 1 on the P-type GaN 16 and

a second contact 19 on the N-type GaN 15. The first contact 17 typically includes a

transparent and conductive material, e.g., indium tin oxide ("ITO"), to allow light to escape

from the LED structure 11. In operation, electrical power is provided to the SST device 10a

via the contacts 17, 19, causing the active region 14 to emit light.

[0003] Figure IB is a cross-sectional view of another conventional LED device 10b in

which the first and second contacts 17 and 19 are opposite each other, e.g., in a vertical rather

than lateral configuration. During formation of the LED device 10b, a growth substrate (not

shown), similar to the substrate 20 shown in Figure 1A, initially carries an N-type GaN 15, an

active region 14 and a P-type GaN 16. The first contact 17 is disposed on the P-type GaN 16,



and a carrier 1 is attached to the first contact 17. The substrate is removed, allowing the

second contact 19 to be disposed on the N-type GaN 15. The structure is then inverted to

produce the orientation shown in Figure IB. In the LED device 10b, the first contact 17

typically includes a reflective and conductive material, e.g., silver or aluminum, to direct light

toward the N-type GaN 15. An optional converter material and an encapsulant can then be

positioned over one another on the LED structure 11. In operation, the LED structure 11 can

emit energy at a first wavelength, e.g., blue light, that stimulates the converter material, e.g.,

phosphor, to emit energy at a second wavelength, e.g., yellow light. Energy at the first and

second wavelengths is combined to generate a desired color of light, e.g., white light.

[0004] Conventional SST devices are made with a single, monolithic light delivery

surface that receives a single voltage input and provides a single output across the lighting

surface. Due to inherent manufacturing inconsistencies, the light output and efficiency of a

given device may vary from one device to another, or within a given device. For example,

the light output from devices made from a single wafer can vary as a function of the distance

between the device and the center of the wafer or the edge of the wafer. For particular dies,

e.g., large dies, the light output can vary across the surface of a single die, producing

undesirable output variations.

[0005] Some conventional SST devices incorporate a die-level lens, such as a spotlight

lens, that focuses or otherwise alters light output. A conventional monolithic lighting device,

however, may produce light outside the lens area, which is not focused. Accordingly,

conventional solid state transducer devices with die-level lenses are generally less than

optimally efficient. Another drawback with conventional monolithic solid state transducer

devices is the difficulty associated with controlling the heat generated in the device. During

normal conditions, the lighting device may heat up irregularly due to manufacturing

inconsistencies in the die itself, or due to the environment in which the device is employed.

The typical response to excessive heating is to switch off the lighting device to avoid

damaging it. However, this defeats the operational purpose of the device. Accordingly, there

is a need in the art for an improved SST device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1A is a partially schematic, cross-sectional diagram of an SST device

having a lateral arrangement in accordance with the prior art.



[0007] Figure IB is a partially schematic, cross-sectional diagram of another SST

device having a vertical arrangement in accordance with the prior art.

[0008] Figure 2A is a partially schematic illustration of a wafer, along with an enlarged

view of a singulated die from the wafer, in accordance with an embodiment of the present

technology.

[0009] Figure 2B is a partially schematic top view of a vertical SST device having

lighting surface contacts formed thereon to define, at least in part, lighting regions, in

accordance with embodiments of the present technology.

[0010] Figure 2C is a partially schematic bottom view of the SST device shown in

Figure 2B, in accordance with embodiments of the present technology.

[0011] Figure 2D is a partially schematic cross-sectional view of the SST device shown

in Figures 2B and 2C, taken substantially along line 2D-2D of Figure 2B.

[0012] Figure 2E is a partially schematic top view of the SST device shown in Figures

2B-2D, packaged with a support substrate in accordance with embodiments of the present

technology.

[0013] Figure 3A is a partially schematic top view of a vertical SST device having

lighting surface contacts formed to define, at least in part, lighting regions, in accordance

with embodiments of the present technology.

[0014] Figure 3B is a partially schematic bottom view of the SST device of Figure 3A

having individual bottom contacts according to embodiments of the present technology.

[0015] Figure 3C is a partially schematic cross-sectional view of the SST device shown

in Figures 3A and 3B, taken substantially along line 3C-3C of Figure 3A.

[0016] Figure 3D is a partially schematic top view of the SST device of Figures 3A-3C,

packaged with a support substrate in accordance with embodiments of the present

technology.

[0017] Figure 4A is a partially schematic top view of a lateral SST device having first

and second contacts at or proximate to a lighting surface defining lighting regions in

accordance with embodiments of the present technology.



[0018] Figure 4B is a partially schematic top view of the SST device shown in Figure

4A, packaged with a support substrate in accordance with embodiments of the present

technology.

[0019] Figure 5A is a partially schematic top view of a lateral flip SST device including

first and second contacts at or proximate to a nonlighting surface of the SST device in

accordance with embodiments of the present technology.

[0020] Figure 5B is a partially schematic view of a support substrate for use with the

SST device of Figure 5A in accordance with embodiments of the present technology.

[0021] Figure 5C is a partially schematic cross-sectional view of the SST device shown

in Figures 5A and 5B taken substantially along line 5C-5C of Figure 5A.

[0022] Figure 6A is a partially schematic bottom view of a lateral flip SST device

including first and second contacts at or proximate to a nonlighting surface of the SST device

in accordance with embodiments of the present technology.

[0023] Figure 6B is a partially schematic cross-sectional view of the SST device shown

in Figure 6A taken substantially along line 6B-6B of Figure 6A.

[0024] Figure 6C is a partially schematic top view of a support substrate for use with

the SST device of Figures 6A and 6B, in accordance with embodiments of the present

technology.

[0025] Figure 7A is a partially schematic top view of an SST device having concentric

lighting regions in accordance with embodiments of the present technology.

[0026] Figure 7B is a partially schematic side view of the SST device of Figure A,

including a spotlight-type lens, in accordance with embodiments of the present technology.

[0027] Figure 7C is a partially schematic side view of the SST device of Figure 7A

including a wide angle-type lens in accordance with embodiments of the present technology.

[0028] Figure 8A and 8B are partially schematic top and side views, respectively, of an

SST device having independently controlled lighting regions which are operated at the same

input level in accordance with embodiments of the present technology.

[0029] Figure 8C and 8D are partially schematic top and side views, respectively, of an

SST device having independently controlled lighting regions which are operated at different

input levels in accordance with embodiments of the present technology.



[0030] Figure 8E is a partially schematic illustration of an SST system that includes an

SST device, a detector, and a controller.

[0031] Figures 9A-9D illustrate an SST device array configured in accordance with the

prior art.

[0032] Figures 1OA-IOC illustrate an SST device array having individual SST devices

that include two or more independently controlled lighting regions in accordance with

embodiments of the present technology.

DETAILED DESCRIPTION

[0033] Specific details of several embodiments of SST devices with separately

controlled lighting regions, and associated systems and methods are described below. The

term "SST" generally refers to solid state transducers or other devices that include a

semiconductor material as the active medium to convert between electrical energy and

electromagnetic radiation in the visible, ultraviolet, infrared, and/or other spectra. For

example, SST devices include solid state light emitters, e.g., LEDs, laser diodes, etc., and/or

other sources of emission other than electrical filaments, plasmas, or gases. The term SST

can also include solid state devices that convert electromagnetic radiation into electricity.

Additionally, depending upon the context in which it is used, the term "substrate" can refer to

a wafer-level substrate or to a singulated device-level substrate. A person skilled in the

relevant art will also understand that the technology may have additional embodiments, and

that the technology may be practiced without several of the details of the embodiments

described below with reference to Figures 2A-8D and lOA-lOC.

[0034] Figure 2A is a top view of a wafer 2 11 having multiple dies 210, and an

enlarged view of a single one of the dies 210. SSTs, like many semiconductor devices, are

generally produced at the wafer level, and are then singulated into individual units such as the

die 210. The manufacturing steps, however, are imperfect and can result in an uneven

distribution of light-emitting characteristics over the wafer 2 11. For example, some dies 210

may have characteristics that vary as a function of radial position on the wafer 2 11. The

variability of a representative characteristic is illustrated schematically in Figure 2A by

shading and arrows 212. One result of the foregoing variability is that the SSTs containing

the dies produce different light qualities, and accordingly there are fewer "good" dies per

wafer. The variability is therefore generally undesirable. As dies become larger, the effect is

more pronounced for individual dies. The larger the individual dies are, the more noticeable



the gradient or other variation across an individual die becomes. Some conventional

techniques to address this problem include grouping dies with similar characteristics together

(typically referred to as "binning"), e.g., based on the wafer position of the dies 210. For

example, dies 210 produced from near the center of a wafer 2 11 can be placed in one group,

and dies 210 produced from the periphery of the wafer 2 11 in another group. Another

approach is to combine dies 210 having different, offsetting characteristics in a single array

so that the differences between the dies 210 combine to produce an acceptable result. This

approach, however, can result in a lower average light output when measured in the aggregate

and is therefore less desirable.

[0035] Figure 2B is a partially schematic top view of an SST device 200 having a

vertical configuration in accordance with embodiments of the present technology. The

device 200 can include a die 210 having first contacts 220 and corresponding bond pads 222

on or at the first contacts 220. The first contacts 220 can be translucent or transparent to

permit light to pass outwardly from the die 210. For example, the first contacts 220 can

include indium tin oxide. The die 210 can include any suitable light-emitting structure for an

SST, such as a p-type gallium nitride ("p-GaN") material, an n-type gallium nitride ("n-

GaN") material, and an active region comprising an indium gallium nitride ("InGaN")

material between the n-GaN and p-GaN materials, e.g., in the form of multiple quantum

wells. The die 210 is generally planar and has a first surface 221, e.g., a lighting surface,

through which light is emitted, and a second surface 231, e.g., a non-lighting surface opposite

the first surface.

[0036] In some embodiments, the first contacts 220 cover a significant portion of the

first surface 221 and define, in whole or in part, individual regions or cells 223 of the die 210.

For example, in the embodiment shown in Figure 2B, the SST device 200 has four regions

223 and four corresponding first contacts 220. The underlying die 210 can be generally

continuous in a lateral direction from one region 223 to the next. Accordingly, there is no

partition between neighboring regions 223, and the regions 223 are defined at least in part

(and in some cases, only) by the first contacts 220, as will be described more fully below. In

other embodiments, e.g., as described below with reference to Figure 6B, neighboring regions

223 and in particular, the active regions and associated p-GaN and/or n-GaN may be

separated by a partition.

[0037] Figure 2C is a partially schematic bottom view of the SST device 200 according

to embodiments of the present technology. The SST device 200 can include a second contact



230 that covers substantially the entire second surface 231 of the die 210. The first contacts

220 (Figure 2B) and second contact 230 can be plated, patterned, deposited and/or otherwise

formed using any suitable technique. In operation, electric current passes through regions of

the die 210 between the first contacts 220 (Figure 2B) at the first surface 221 of the die 210

and the second contact 230 at the second surface 231 to produce light from the individual

regions 223 (Figure 2B) of the die 210. The first contacts 220 can be either n-type or p-type

contacts, and the second contact 230 can be the complementary p-type or n-type contact.

[0038] Figure 2D is a partially schematic cross-sectional view of a representative SST

device 200 taken generally along line 2D-2D of Figure 2B. The die 210 includes a first

semiconductor material 215, e.g., p-GaN or n-GaN, a second semiconductor material 216,

e.g., n-GaN or p-GaN, and a continuous active region 214, e.g., a GaN compound, between

the first and second semiconductor materials 215, 216. Individual first contacts 220a, 220b

are spaced apart from each other and are positioned at corresponding individual first and

second regions 223a, 223b of the die 210. Accordingly, a first electrical pathway 250a is

established at the first region 223a of the die 210 between one, e.g., the leftmost, first contact

220a and the second contact 230. A second electrical pathway 250b is established at the

second region 223b between a different, e.g., the rightmost, first contact 220b and the second

contact 230.

[0039] As discussed above, in at least some embodiments, the die 210 has no physical

partition, e.g., vertical partition, between the neighboring first and second regions 223a, 223b;

rather, the regions 223a, 223b are defined by the individual first contacts 220a, 220b, which

are separated from each other. In operation, some overlap may exist between the first

electrical pathway 250a and the second electrical pathway 250b, and some electrical current

from the first electrical pathway 250a may pass through at least a portion of the second region

223b, even when the first contact 220b corresponding to the second region 223b is not

activated. In other embodiments, the die 210 can include a physical partition, e.g., a trench or

other structural feature, between the regions 223a, 223b, e.g., in addition to the space between

the neighboring first contacts 220a, 220b. In either embodiment, e.g., even if some current

"leaks" from one region to another, the regions 223a, 223b of the die 210 can be separately or

individually controlled. As usual herein, the terms separately controlled and individually

controlled mean that an input to one region may be different than an input to another region,

and the respective outputs are responsive to the different inputs, even though the inputs may

be provided simultaneously. In some embodiments, the inputs to different regions may be



independent of each other, and in other embodiments, the input to one region can depend

upon the output produced by another region, so that the two inputs are not completely

independent. Accordingly, the levels of light produced by each region can be controlled to

produce different outputs, or can be controlled to produce similar outputs, with different

inputs.

[0040] One application of the foregoing technique is for a relatively large die 210

having at least some differential lighting characteristics. For example, a die 210 having two

first contacts 220a, 220b, and two corresponding regions 223a, 223b may emit light from the

first region 223a that is not as bright as the light emitted from the second region 223b when

both regions 223a, 223b are operating with the same input power. By separately controlling

the power applied to each region, the first region 223a can be operated at a higher power than

the second region 223b to achieve a light output the same as or at least closer to the output

from the second region 223b. Accordingly, the overall output of the die 210 can be more

uniform. The SST device 200 can include any of a variety of suitable numbers of regions 223

having any of a variety of suitable shapes, depending on the manner in which the light-

emitting characteristics vary from one region to another. For example, in other embodiments

described below in greater detail, the shape and positioning of the regions 223 can be based

on a desired differential light output from a die 210, e.g., in addition to or independent of

accounting for disparate light emitting characteristics from different portions of the die 210.

[0041] Figure 2E is a partially schematic top view of the SST device 200 shown in

Figures 2B-2D, now incorporated into a package that includes a substrate 240. The substrate

240 can include several first substrate contacts 242 and a second substrate contact 244. The

second substrate contact 244, in at least some embodiments, can be a relatively large contact

that faces and connects with the second contact 230 of the die 210. The die 210 can be

placed with the second surface 23 1 facing down toward the substrate 240 to create a good

electrical connection between the second contact 230 and the second substrate contact 244.

The first substrate contacts 242 can be connected to the bond pads 222 of the die 210 with

wire bonds 246. Accordingly, separately controllable electrical pathways can be established

to separately control the individual regions 223 of the SST device 200, via connections made

to the substrate 240. An advantage of this arrangement is that it can provide high-resolution

control over the light produced by the SST device 200. At the same time, because the die 210

(and in particular, the active light emitting region of the die 210) can be generally continuous



in a lateral direction, the light output of the SST device 200 is greater than the output from a

collection of smaller dies that are placed next to each other.

[0042] Figures 3A-3D illustrate several features of an SST device 300 having a vertical

configuration and multiple second contacts in accordance with further embodiments of the

present technology. Figure 3A is a partially schematic top view of the SST device 300. The

SST device 300 includes a die 310 having a first surface 321 with first contacts 320 and

corresponding bond pads 322 having an arrangement generally similar to that discussed

above with reference to Figure 2B. Figure 3B is a partially schematic bottom view of a

second surface 331 of the SST device 300 illustrating corresponding second contacts 330 that

are configured generally according to the size and shape of the first contacts 320 (Figure 3A)

at the first surface 321 of the die 310.

[0043] Figure 3C is a partially schematic cross-sectional view of the SST device 300

taken generally along line 3C-3C of Figure 3A. The device 300 can include separately

controllable electrical pathways 350a, 350b for corresponding regions 323a, 323b of the die

310, defined by the placement and position of the first contacts 320 at the first surface 321 of

the die 310 and the second contacts 330 at the second surface 331. The second contacts 330

are discrete, e.g., spaced apart from each other, and accordingly, this arrangement can further

isolate the electrical pathways 350a, 350b when compared to the electrical pathways 250a,

250b described above with reference to Figures 2B-2E. Conversely, an advantage of the

single second contact 230 shown in Figures 2B-2E is that it can be simpler and/or cheaper to

manufacture.

[0044] Figure 3D is a partially schematic top view of an SST device 300 that forms part

of a package which also includes a substrate 340. The substrate 340 can include first

substrate contacts 342, which can be connected via wirebonds 346 or other structures to the

bond pads 322 at the first side 321 of the die 310. The substrate 340 can also include second

substrate contacts 344 that are electrically isolated from one another at the substrate 340 and

are connected to the corresponding second contacts 330 at the second side 331 of the die 310.

[0045] Figure 4A is a partially schematic top view of an SST device 400 having a

lateral configuration in accordance with further embodiments of the present technology. The

SST device 400 can include a die 410 having a first side 421, e.g., a light emitting surface,

with several first contacts 420 (four are shown in Figure 4A). The die 410 can also include

one or more second contacts 430 (one is shown in Figure 4A), also on the first side 421 of the



die 410. This configuration is generally referred to as a lateral configuration because

electrical pathways 450 can be established laterally through corresponding regions 423 of the

die 410 located between the first contacts 420 and the second contact 430. The second

contact 430 can be a single contact, as shown in Figure 4A, or it can be one of a plurality of

separate contacts. The second contact(s) 430 can have the general form of narrow traces of

conductive material that extend between the regions 423 of the die 410. In some

embodiments, the shape of the second contact(s) 430 can generally conform to the shape and

positioning of the first contacts 420. For example, the single second contact 430 shown in

Figure 4A can have a cross or cruciform shape to be positioned between four first contacts

420. The first contacts 420 can each include a bond pad 422 or other external electrical

connection element. For each region 423 of the die 410, a different electric pathway 450

passes through the corresponding region of the die 410 as defined by the first contacts 420.

The pathway 450 for any individual region 423 can include any portion of that region 423

between the first contact 420 of that region and the corresponding second contact(s) 430. The

second contact 430 can extend partially to the edge of the device 400 to partially isolate

neighboring regions 423, or it can extend completely to the edge to fully isolate the regions

423.

[0046] Figure 4B is a partially schematic top view of the SST device 400 forming part

of a package that also includes a substrate 440. Because the contacts for the SST device 400

in the illustrated embodiment are all on the first side 421 of the die 410, the substrate 440

includes first substrate contacts 442 that are laterally spaced apart from the die 410 and are

connected with wire bonds 446 or other suitable conductive structures to the bond pads 422.

A second substrate contact 444 is connected to the second contacts 430.

[0047] Figures 5A-5C are partially schematic views of an SST device 500 having a

lateral flip configuration in accordance with further embodiments of the present technology.

In a lateral flip configuration, the device has laterally spaced apart n-type and p-type contacts,

but (unlike the arrangement described above with reference to Figures 4A-4C), the contacts

are at the second or non-lighting surface of the device. As shown in Figure 5A, the SST

device 500 includes a die 510 having a downwardly facing, light emitting first surface 521

and an upwardly facing non-lighting second surface 531. The die 510 includes multiple

spaced-apart first contacts 520 and one or more second contact(s) 530. The first contacts 520

and the second contact(s) 530 can define multiple lighting regions 523 of the die 510. The

first contacts 520 and the second contact(s) 530 can have a pattern generally similar to that



described above with reference to Figures 4A-4B (or another suitable pattern), but because

the light from the die 510 is emitted from the downwardly-facing first surface 521, the device

is inverted for packaging. In addition, the first contacts 520 and/or the second contact(s) 530

can be made of non-translucent material.

[0048] Figure 5B is a partially schematic top view of a substrate 540 that can be used to

package, carry or support the die 510 shown in Figure 5A. The substrate 540 can include

first substrate contacts 542 that correspond generally in shape, size and/or position to the first

contacts 520 shown in Figure 5A, and second substrate contacts 544 that correspond

generally in shape, size and/or position to the second contact(s) 530 shown in Figure 5A. As

discussed above, these contacts can be used to separately address the individual regions 523

of the die 510. The die 510 is placed on the substrate 540 with the second surface 531 facing

downwardly toward the first and second substrate contracts 542, 544.

[0049] Figure 5C is a partially schematic cross-sectional view taken generally along

line 5C-5C in Figure 5A, showing a first electrical pathway 550a and second electrical

pathway 550b between the first contacts 520 and the second contact(s) 530 according to

embodiments of the present technology. As shown in Figure 5C, the electrical pathways

550a, 550b and current lines form arcuate patterns between the second contact(s) 530 and the

first contacts 520.

[0050] Figures 6A-6C illustrate still further embodiments of a lateral flip SST device

600 having separate n-type and p-type contacts configured in accordance with embodiments

of the present technology. Figure 6A is a partially schematic bottom view of the SST device

600 including a die 610 having first contacts 620, and second contacts 630. Individual

second contacts 630 can be positioned with an annular opening of a corresponding first

contact 620 to prevent the contacts from shorting. Each pair of first and second contacts 620,

630 can establish an independent electrical pathway through a region or cell 623 of the die

610. Accordingly, individual regions 623 of the die 610 can be addressed with corresponding

individual inputs. The first contacts 620 can be n-type contacts and the second contacts 630

can be p-type contacts, or vice versa.

[0051] Figure 6B is a partially schematic cross-sectional view taken generally along

line 6B-6B of Figure 6A. The active light emitting region of the die 610 can be formed on a

growth substrate 6 11. The second contacts 630 can be recessed from an outwardly facing

surface of the die 610. The first contacts 620 can be located at or proximate to the outwardly



facing surface of the die 610. To electrically isolate individual first contacts 620 from

corresponding individual second contacts 630, a dielectric material 612 can be deposited on

the die 610 and in a well, trench or other recess 635 between neighboring regions 623.

Accordingly, the dielectric material can form a physical separation between the neighboring

regions 623.

[0052] Figure 6C is a partially schematic top view of a substrate 640 for packaging and

supporting the die 610 described above with reference to Figures 6A and 6B, in accordance

with particular embodiments of the present technology. The substrate 640 can include first

substrate contacts 642 and second substrate contacts 644 that can receive the die 610 with the

bottom or non-lighting side of the die 610 contacting the substrate 640. The first substrate

contacts 642 connect to corresponding first contacts 620 of the die 610, and the second

substrate contacts 644 connect to corresponding second contacts 630 of the die 610.

[0053] Figures 7A-7C illustrate SST devices that include a die 702 having

independently controlled regions defined at least in part by lighting surface contacts in

accordance with a further embodiment of the present technology. The size, shape, and

position of the contacts and corresponding regions of the die can be selected in accordance

with the design constraints presented by any of a variety of applications. Figure 7A is a

partially schematic top view of a device 700a having a die 702 with multiple, individually

addressable regions. The regions can include a first region 710 comprising a peripheral

section of the die 702, an annular or intermediate second region 720, and a third, generally

circular region 730 at or near the center of the die 702. The second and third regions 720,

730 can be generally concentric; however, in other embodiments, these regions can have

other shapes and/or configurations. As described above, the die 702 can comprise a generally

continuous, uniform or monolithic lighting structure, such as an LED having a continuous

active region, and the regions 710, 720, and 730 can be defined at least in part by contacts

(not shown) that are patterned or otherwise formed on the surface of the die 702, in a manner

generally similar to that described above. The regions 710, 720, and 730 can be separately

controlled to adjust the light output from the SST device 700a, and/or to manage a heat load

on the SST device 700a, and/or for other suitable reasons. For example, the central third

region 730 can receive more power than the first and/or second regions 710, 720 to create a

spotlight effect.

[0054] The function provided by separately controlling different regions of the die 702

can be enhanced by adding a lens or other passive element to the die 702. Figure 7B



illustrates a partially schematic side view of a device 700b in which the die 702 carries a lens

741 that produces or enhances a spotlight pattern obtained by separately controlling the

regions 710, 720, 730. The lens 741 can include first lens portion 742 at the center of the

SST device 700b and a second lens portion 740 toward a periphery of the SST device 700b.

The lens portions 740, 742 can be positioned to further focus the high intensity light emitted

by the third region 730 at the center of the die 702 and/or can focus the lower intensity light

from the first and second regions 710, 720.

[0055] Figure 7C illustrates another embodiment of an SST device 700c that produces a

wide angle light pattern using a lens 744, e.g., in combination with independently controlling

the light emitted from different regions of the die 702. In this embodiment, the first region

710 can be operated at a relatively high intensity, the second region 720 can be operated at a

moderate intensity, and the third region 730 can be operated at a low intensity, with the wide

angle lens 744 further diffusing the light. In other embodiments, SST devices can include

other types or shapes of lenses, and the regions of the die 702 can be formed and/or selected

to produce a different target light output when combined with the appropriate lens.

[0056] Figures 8A and 8B are partially schematic top and side views, respectively, of

an SST device 800a that includes a die 802 carried by a substrate 840 and having multiple

lighting regions, each operated at the same input power. Figures 8C and 8D are partially

schematic top and side views, respectively, of an SST device 800c that includes a die 802

having multiple lighting regions operated at different input powers according to embodiments

of the present technology. The SST devices 800a, 800c can include separately controlled

lighting regions to manage heat and/or light produced by the SST devices 800a, 800c. The

SST device 800a can include a first region 810, a second region 820, and a third region 830,

generally similar to the embodiment shown in Figures 7A-C. By operating the regions of the

SST device 800a at the same power, the output approximates what would occur without the

benefit of the individually controlled regions. In particular, the heat builds up in the SST

device 800a, and if the heat reaches a certain level, the entire SST device 800a may need to

be turned off to avoid damaging the SST device 800a. In contrast, the regions of the device

800c can be operated at different levels according to the heat produced at each region to

avoid shutting the device 800c down.

[0057] In general, when a single, monolithic SST device is operated, the heat is

dissipated more easily from the periphery of the SST device due to its proximity to the

external environment and/or heat-sinks, whereas the center of the die 802 will tend to heat



more quickly because its surrounded by the lighting structure material and there are fewer

heat-sinks or other heat dissipating media nearby. Accordingly, the first region 810 can be

operated at a higher power/intensity than the second region 820, which can in turn be

operated at a higher power/intensity than the third region 830 to generate less heat in the third

region 830, due to that region's relative inability to dissipate heat. It is to be understood that

in other embodiments, the shape, size, number and/or positioning of the regions will vary,

e.g., because different heat-sinks and other configurations create different heat transfer

patterns at various regions of the SST device. Accordingly, the contacts at individual regions

of the die 802 can be shaped according to the available heat-sink capacity in a variety of

suitable patterns.

[0058] In some embodiments, the die can be used with a system that monitors heat at

various regions within or outside the die and controls the input to individual regions in

accordance with a measured temperature at or corresponding to the individual regions. For

example, the intensity of light produced at individual regions can be raised or lowered

according to the heat output of the region in a time-varying manner. The number of regions

for each die can be selected to provide a target level of control over where the heat is

generated and how it is dissipated.

[0059] Figure 8E is a partially schematic illustration of an overall SST system 800e that

includes a light 801 in which is positioned at least one die 802 having multiple, separately

controllable regions configured in accordance with any of the foregoing embodiments. In a

particular embodiment shown in Figure 8E, the regions include the concentric first, second,

and third regions 810, 820, 830 described above with reference to Figures 8A-8D.

[0060] The system 800e can further include a detector 880 that receives an input

corresponding to an operational characteristic of the die 802, as indicated by arrow A. For

example, the detector 880 can include one or more photodetection elements that receive light

from the die 802 and can output a signal indicative of a characteristic of the light, for

example, an intensity of the light. In other embodiments, the detector 880 can include one or

more heat sensors that provide an output signal corresponding to the heat generated by the die

802. In any of these embodiments, the output signals from the detector 880 can be directed to

a controller 890 that in turn processes the signal and, based at least in part upon the

information conveyed by the signal, can issue directions to the die 802, as indicated by arrow

B. For example, the controller 890 can include a processor programmed with instructions

that, when executed, control the amount of power provided to each of the multiple regions of



the die 802. Accordingly, the controller, e.g., the processor, can include automatically

executed instructions that perform any of the foregoing tasks. In particular embodiments, an

individual detector can perform multiple, different, functions, and/or can be one of multiple

detectors that together perform similar or different functions.

[0061] Figures 9A-9D illustrate an SST device array 900 operating in accordance with

a prior art technique to account for a characteristic of red SST devices used in the context of a

larger SST device array. Existing red SST devices tend to lose efficiency, and therefore

intensity, once they reach a steady state temperature. To account for this effect, red SST

devices are selected to have a relatively higher color intensity to offset the anticipated loss of

efficiency after start up. As a result, when an SST array is started, but before the array

reaches a steady sate temperature, the light produced by the array will tend to be more red

than desired. One existing approach to account for this is described below with respect to

Figures 9A-D.

[0062] Figure 9A illustrates an SST device array 900 that, for purposes of explanation,

has six dies. The array 900 includes two red SST devices 910 and four non-red SST devices

920 which together, at steady state temperature, produce a desired light output, such as a

white light output. As shown in Figure 9A, before the array 900 reaches a steady state

temperature, the red SST devices 910 emit light at a greater intensity than is suitable for

producing a target output color or chromaticity.

[0063] Figure 9B shows the array 900 after reaching a steady state temperature at which

point the red SST devices 910 have lost some efficiency and have reached the desired color

intensity to achieve the target overall chromaticity for the array 900. One prior art solution is

shown in Figure 9C. At initiation, rather than powering both of the red SST devices 910, a

first red SST device 910a can be powered while a second red SST device 910b is not. The

other non-red SST devices 920 can be powered and the array 900 will begin warming up. By

leaving the second red SST device 910b switched off, the red component of the overall light

output is provided only by the first red SST device 910a and, accordingly, the red component

of the overall light output is lower and therefore closer to the desired overall chromaticity.

After some time period, but before reaching the steady state temperature, the second red SST

device 910b is powered. Figure 9D illustrates the array 900 after it reaches the steady state

temperature and after all the SST devices are operating at their steady state levels. While this

approach produces the target chromaticity, the resolution with which it adjusts the light

output is low.



[0064] Figures 1OA-IOC illustrate an array 1000 of SST devices having independently

controlled lighting regions operated in accordance with particular embodiments of the present

technology. The array 1000 includes a first SST device 1010a, a second red SST device

1010b, and four non-red SST devices 1020. Each of the red SST devices 1010a, 1010b can

include a plurality of separately controlled regions, e.g., four as shown in Figure 10A. The

non-red SST devices 1020 may or may not have separately controllable regions, according to

the design requirements of a given application.

[0065] When the array 1000 is first powered up, fewer than all the available red regions

are activated. Accordingly, the array 1000 includes active red regions 1012, e.g., two such

regions, and inactive red regions 1014, e.g., six such regions. By operating fewer than all the

red regions, e.g., less than an entire red SST device, the amount of red light produced by the

red SST devices 1010a and 1010b can be less than is produced by operating the same red

SST devices at their full operating capacity. The number of initially active red lighting

regions 1012 and inactive regions 1014 can be selected based on the desired output

chromaticity of the array 1000. The non-red SST devices 1020 can be powered at this time,

or at a slightly earlier or later time. The total light output from the array 1000, including the

relatively high output from the active red lighting regions 1012, can more closely match a

desired overall chromaticity than would result by powering the entire first and/or second red

SST device 1010a, 1010b as described above with respect to Figures 9A-9D. Accordingly,

the separately or individually controllable regions of the red SST devices 1010a and 1010b

offer improved color over a range of brightness levels. Unlike a dimmer-controlled

incandescent light, SST devices in general have a minimum power below which they do not

produce light. Selectively turning on and off particular regions of the device can provide an

acceptable dimmer function despite this characteristic of SST devices.

[0066] Figure 10B shows the array 1000 after the initially powered red lighting regions

have begun reducing output due to increased temperatures. Such regions are indicated by

lighter hatching in Figure 10B. Additional lighting regions have accordingly been activated

to account for the foregoing reduction. Figure IOC illustrates the SST device array 1000 after

reaching the steady state operating temperature. At this point, all or substantially all the

lighting regions of the red SST devices 1010a, 1010b are powered and have undergone

thermally induced output reduction. At any given point during the foregoing process, a

sufficient number of active red lighting regions 1012 are activated to produce, in combination

with the non-red SST devices 1020, an output chromaticity approximately equal to a target



steady state output chromaticity. As each independently controlled lighting region of a red

SST device 1010a, 1010b reaches the steady state operating temperature, its intensity drops

and more independently controlled lighting regions are activated. The SST devices can

include any suitable number of separately controllable regions, so the control over the output

chromaticity can be fine-tuned to a desired, e.g., high, resolution. Accordingly, the overall

output chromaticity from the array 1000 can more closely match a desired output

chromaticity even before the array 1000 reaches the steady state temperature.

[0067] In some embodiments, the separately controlled regions can be adjacent to each

other, as shown in Figures lOA-lOC. In other embodiments, regions can be distributed in

other manners. For example, these initially powered lighting regions can be surrounded by

initially unpowered lighting regions so the heat generated at the powered lighting regions will

at least partially warm the as-yet unpowered lighting regions. In other embodiments,

different regions can be turned on and off multiple times in a random or deliberate process to

gradually increase the number of powered regions until the lighting structure approaches the

steady state temperature. At each point in time, the number of powered lighting regions is

chosen to closely match the desired output chromaticity taking into consideration the

artificially high output from red SST devices that have not yet reached the steady state

temperature.

[0068] From the foregoing it will be appreciated that specific embodiments of the

disclosed technology have been described herein for purposes of illustration, but that various

modifications may be made without deviating from the disclosure. For example, the shape,

size, and positioning of the independently controlled regions can vary depending on the

particular application. Additionally, different materials may be used in place of those

described herein, or additional components may be added or removed. Connections between

elements can be made with structures other than those described above, e.g., other than wire

bonds, in other embodiments. Certain arrangements described above in the context of a

single die can apply to multiple die in other embodiments. Moreover, while various

advantages and features associated with certain embodiments have been described above in

the context of those embodiments, other embodiments may also exhibit such advantages

and/or features, and not all embodiments need necessarily exhibit such advantages and/or

features to fall within the scope of the technology. Accordingly, the disclosure and

associated technology can encompass other embodiments not expressly shown or described

herein.



CLAIMS

We claim:

1. A solid state transducer device, comprising:

a transducer structure having:

a first semiconductor material;

a second semiconductor material; and

an active region between the first and second semiconductor materials, the

active region including a continuous portion having a first region and a

second region;

a first contact electrically connected to the first semiconductor material to direct a first

electrical input to the first region along a first path;

a second contact electrically spaced apart from the first contact and connected to the

first semiconductor material to direct a second electrical input to the second

region along a second path different than the first path; and

a third electrical contact electrically connected to the second semiconductor material.

2 . The device of claim 1 wherein the transducer structure is a single singulated

die.

3 . The device of claim 1, further comprising a substrate carrying the transducer

structure.

4 . The device of claim 1, further comprising a controller coupled to the first and

second contacts, the controller being programmed to direct signals separately to each of the

first and second contacts.

5 . The device of claim 4 wherein the controller is programmed with instructions

for directing signals to one of the first and second regions based at least in part on an output

characteristic of the other of the first and second regions.



6 . The device of claim 5 wherein the output characteristic includes an indication

of heat produced by at least one of the first and second regions.

7 . The device of claim 5 wherein the output characteristic includes an indication

of light intensity by at least one of the first and second regions.

8. The device of claim 1 wherein the third electrical contact is electrically

coupled to both the first and second regions to receive electrical current along both the first

and second pathways.

9 . The device of claim 1 wherein the third electrical contact is electrically

coupled to the first region to receive electrical current along the first pathway, and wherein

the device further comprises a fourth electrical contact connected to the second

semiconductor material and spaced apart from the third electrical contact to receive electrical

current along the second pathway.

10. The device of claim 1 wherein the transducer structure forms at least a portion

of an LED die, and wherein the first semiconductor material includes one of an n-GaN

material and a p-GaN material, the second semiconductor material includes the other of the n-

GaN material and the p-GaN material, and the active region includes multiple quantum wells

that in turn include GaN.

11. The device of claim 1 wherein at least one of the first and second regions at

least partially surrounds the other.

12. The device of claim 1 wherein the transducer structure has a first side and a

second side facing away from the first side, and wherein the first and second contacts are

positioned at one of the first and second sides, and the third contact is positioned at the other

of the first and second sides.

13. The device of claim 1 wherein the transducer structure has a first side and a

second side facing away from the first side, and wherein the first, second, and third contacts

are positioned at one of the first and second sides.



14. A solid state LED system, comprising

a singulated LED die having:

a first semiconductor material;

a second semiconductor material;

a light-emitting active region between the first and second semiconductor

materials, the active region including a first region and a second

region;

a first contact electrically connected to the first semiconductor material to

direct a first electrical input to the first region along a first path;

a second contact electrically spaced apart from the first contact and connected

to the first semiconductor material to direct a second electrical input to

the second region along a second path different than the first path; and

a third electrical contact electrically connected to the second semiconductor

material.

15. The system of claim 14 wherein the active region includes a continuous

portion having the first and second regions.

16. The system of claim 14, further comprising:

a detector positioned to receive at least one of radiation and heat emitted by the die;

and

a processor coupled between the detector and the first and second contacts, the

processor being programmed with instructions that, when executed:

receive a signal from the detector corresponding to an operational

characteristic of the LED die; and

at least in response to the signal, direct a first electrical input to the first

contact at a first power level and direct a second electrical input to the

second contact at a second power level different than the first.

17. A method for operating a solid state transducer, comprising:

directing a first electrical input to a first region of a solid state transducer at a first

power; and



directing no electrical input or a second electrical input to a second region of the solid

state transducer concurrently with the first electrical input, the second

electrical input being at a second power different than the first power, wherein

the first and second regions of the solid state transducer together form a

continuous active region of the solid state transducer.

18. The method of claim 17, further comprising:

receiving an input corresponding to a operational characteristic of at least one of the

first and second regions; and

based at least in part on the input, changing a value of at least one of the first and

second powers.

19. The method of claim 18 wherein the input corresponds to a characteristic of

light emitted by the active region.

20. The method of claim 18 wherein the input corresponds to a characteristic of

heat emitted by the active region.

2 1. The method of claim 1 wherein directing the first and second electrical inputs

includes directing the first and second electrical inputs to first and second regions of a single

LED die.

22. The method of claim 17 wherein the first and second regions produce red light

and wherein directing no electrical input or a second electrical input to a second region of the

solid state transducer includes directing no electrical input while a light output from the first

region is decreasing.

23. A method for manufacturing a solid state transducer, comprising:

coupling a first electrical contact to a first region of a solid state transducer die;

coupling a second electrical contact to a second region of the solid state transducer

die, with the first and second contacts positioned apart from each other; and



forming a first electrical pathway and a second electrical pathway through the second

region, by coupling at least one additional electrical contact to the die, the first

and second electrical pathways being separately addressable.

24. The method of claim 23 wherein the at least one additional electrical contact is

a single electrical contact common to both the first and second regions.

25. The method of claim 23 wherein the at least one additional electrical contact

includes a third electrical contact coupled to the first region of the solid state transducer die

and a fourth electrical contact coupled to the second region of the solid state transducer die,

and wherein the first electrical pathway extends between the first and third contacts, and the

second electrical pathway extends between the second and fourth contacts.

26. The method of claim 23, further comprising coupling a controller to the first

and second electrical contacts to control delivery of the first and second electrical inputs.

27. The method of claim 26, further comprising:

coupling a detector between the controller and the first and second contacts; and

programming the controller to direct the first and second electrical inputs at least in

part in response to a signal received from the detector, the signal

corresponding to a characteristic of an output from the die.
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