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(57) Abstract: A quantum well modulator (100) configured to absorb or transmit light depending on an applied voltage is provided
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The flip-chip quantum well modulator (115) is configured to substantially transmit light received through the substrate (115) when

a second voltage is applied.
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FLIP CHIP QUANTUM WELL MODULATOR
CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application is a non-provisional, and claims the benefit, of commonly assigned
U.S. Provisional Patent Application No. 60/949,229, filed July 11, 2007, entitled “Flip Chip
Quantum Well Modulator,” the entirety of which is herein incorporated by reference for all

purposes.

[0002] This application is a non-provisional, and claims the benefit, of commonly assigned
U.S. Provisional Patent Application No. 60/949,230, filed July 11, 2007, entitled “Integrated
Modulating Retro-Reflector,” the entirety of which is herein incorporated by reference for all

purposes.

[0003] This application is a non-provisional, and claims the benefit, of commonly assigned
U.S. Provisional Patent Application No. 60/949,200, filed July 11, 2007, entitled “Flip Chip

Photo-Diode,” the entirety of which is herein incorporated by reference for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0004] This invention was supported by U.S. Government under an award by Special
Operations Command under Contract No. H92222-04-C-0004, which outlines certain rights

in the invention given to the U.S. Government.

BACKGROUND

[0005] This disclosure relates to quantum well modulators.

[0006] Interrogators often employ modulators and/or reflectors to respond to an
interrogating beam of light. The modulator adds a signal to a reflected beam of light, and the
reflector directs the interrogating beam of light back toward the light source. Modulating
retro reflectors, in general, are becoming smaller, lighter and faster. High data rates can be

achieved with fast modulators.

BRIEF SUMMARY
[0007] A quantum well modulator configured to absorb or transmit light depending on an
applied voltage is provided according to one embodiment. The quantum well modulator may

include a substrate, a p-type semiconductor, a quantum well layer, and an n-type
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semiconductor, each of which is deposited above the substrate. The flip-chip quantum well
modulator may be configured to substantially absorb light received through the substrate
when a first voltage is applied. The flip-chip quantum well modulator is configured to
substantially transmit light received through the substrate when a second voltage is applied.
The first voltage or second voltage may include any voltage including zero volts. A plurality
of interconnects, such as conductive epoxy bumps, may be coupled with the p-type and/or n-

type semiconductor layers.

[0008] A flip-chip quantum well modulator is provided according to some embodiments.
The flip-chip quantum well modulator may be configured to absorb or transmit light
depending on an applied voltage. The quantum well modulator may include a substrate, a p-
type semiconductor, a quantum well layer, and an n-type semiconductor, each of which is
deposited above the substrate. In some embodiments, the substrate may be configured to
filter light incident thereon and/or the substrate does not include a reflective surface. The
flip-chip quantum well modulator is configured to substantially transmit light received
through the substrate when a second voltage is applied. The first voltage or second voltage
may include any voltage including zero volts. A plurality of interconnects, such as
conductive epoxy bumps, may be coupled with the p-type and/or n-type semiconductor

layers.

[0009] Another quantum well modulator is provided that includes a top surface and a
bottom surface according to some embodiments. The quantum well modulator includes a
substrate, an active area, and a plurality contacts. In some embodiments, the plurality of
contacts and the active area disposed on the bottom surface of the quantum well modulator
and at least a portion of the substrate is disposed on the top surface of the quantum well

modulator. In some embodiments the substrate is configured to transmit at least infrared

light.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIGS. 1A and 1B shows a side view of a quantum well modulator according to one

embodiment.

[0011] FIG. 2 shows a top view of a quantum well modulator according to one

embodiment.

[0012] FIG. 3 shows a communication system that may implement a quantum well

modulator according to some embodiments.
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[0013] FIGS. 4A and 4B show a flip-chip photodiode used in conjunction with an optical

communication device according to one embodiment.

[0014] In the appended figures, similar components and/or features may have the same
reference label. Where the reference label is used in the specification, the description is

applicable to any one of the similar components having the same reference label.

DETAILED DESCRIPTION
[0015] The ensuing description provides preferred exemplary embodiment(s) only, and is
not intended to limit the scope, applicability or configuration of the disclosure. Rather, the
ensuing description of the preferred exemplary embodiment(s) will provide those skilled in
the art with an enabling description for implementing a preferred exemplary embodiment. It
being understood that various changes may be made in the function and arrangement of

elements without departing from the spirit and scope as set forth in the appended claims.

[0016] A flip chip quantum well modulator is provided according to some embodiments
described herein. In one embodiment, a quantum well modulator may include an active area
and a substrate. The active area may include various layers of doped and/or undoped
semiconductor materials, include p-type semiconductor layers and n-type semiconductor
layers. These layers are deposited on the surface of the substrate. A voltage may be applied
that changes the light absorption of the active area. The substrate may be used as a light band
filter, for example, filtering visible light from transmitting into the active area. Moreover,
light entering the active layers, in some embodiments, must first pass through the substrate.
The quantum well modulator may also include a ball grid array of conductive epoxy bumps.
Some of the balls may be communicatively coupled with a p-type semiconductor layer, and

other balls may be communicatively coupled with an n-type semiconductor layer.

[0017] Quantum well modulators used in optical switching take advantage of the
electroabsorption effect in devices that operate on very small time scales, for example, on the
order of picoseconds or less. When an applied electric field is applied across an active region
of a quantum well modulator, absorption for photon energies increases just below the band
gap by the Stark effect. As the electric field is increased further, the band edge shifts to lower
photon energies. By carefully controlling an applied voltage, and therefore electric field,
optical properties of the device can be changed at will. An optical signal with photon energy

just below the band gap of the quantum well modulator can be absorbed or transmitted with
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just a small change in the applied voltage. Thus, the quantum well modulator may be used as

a fast acting optical switch.

[0018] FIG. 1A shows a side view of a quantum well modulator 100 according to one
embodiment. The quantum well modulator 100 includes a number of layers deposited on a
substrate 115. In some embodiments, the layers may be deposited using, for example,
molecular beam epitaxy or metal oxide chemical vapor deposition. Various other deposition
techniques may be used. The layers may include an n-type semiconductor layer 105, a
quantum well layer 130, and a p-type semiconductor layer 110 deposited on the substrate
115. The n-type semiconductor layer 105, the quantum well layer 130 , and the p-type
semiconductor layer 110 incorporate the active area of the quantum well modulator. In other

embodiments, the p-type and n-type semiconductors are switched.

[0019] The p-type semiconductor 110 may be a doped material that comprises one of the
following materials gallium arsenide, aluminum gallium arsenide, indium gallium arsenide,
silicon, germanium, and lead sulfide. The n-type semiconductor 105 may be a doped

material that comprises one of the following materials gallium arsenide, aluminum gallium
arsenide, indium gallium arsenide, silicon, germanium, and lead sulfide. The quantum well
layer 130 may be an undoped semiconductor material, such as, gallium arsenide, aluminum

gallium arsenide, indium gallium arsenide, silicon, germanium, and lead sulfide.

[0020] Various other layers may also be included. For example, a barrier layer, a contact
layer, an etch stop layer, a spacer layer, a buffer layer, a cap layer, etc., may be included.
Moreover, the layers may be deposited directly on the substrate 115 or on an intermediate
layer between the substrate and the active layers. Moreover, the substrate 115 may be
configured in any shape. For example, the substrate 115 is not necessarily U-shaped as

shown in the figure.

[0021] Various embodiments disclosed herein do not include a reflective layer on the back
side of the substrate. For example, the substrate does not include a layer of gold or other
reflective material. It is notable that the substrate 115 in some embodiments, is meant to pass
light within a specific bandwidth. The substrate 115 acts as an optical filter. The substrate
may block visible sun light in one embodiment. In another embodiment, the substrate allows
light with a wavelength between about 1530 nm and about 1560 nm to transmit into the

active area. In another embodiment, the substrate 115 allows light with a wavelength in the
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infrared to pass through to the active area. In some embodiments, the substrate 115

comprises a silicon material.

[0022] The quantum well modulator 100 may also comprise a surface mount package. As
shown in the figure, a plurality of solder balls 150, 155 are included. While solder balls are
shown, any type of interconnect may be used, for example, conductive epoxy bumps. A
subset of the plurality of solder balls 150, 155 are coupled with the p-type semiconductor
105, and a subset of the plurality of solder balls 150, 155 are coupled with the n-type
semiconductor 110. These solder balls 150, 155 may also be coupled with a printed circuit

board 140.

[0023] FIG. 1B shows another embodiment of a quantum well modulator 100. In this
embodiment, the active area, which includes the p-type semiconductor 110, the n-type
semiconductor 105 and the quantum well layer 130 may be included in a mesa type structure

as shown.

[0024] FIG. 2 shows a top view of a quantum well modulator 100 according to another
embodiment. The quantum well modulator 100 includes an active area 205 exposed within
the center of the quantum well modulator 100. As shown, the active area 205 is circular.
Moreover, the active area 205 does not include a grid. Prior quantum well modulators
include a grid on the active side. Contact bumps 210, 220 are shown. For example, either of
the contact bumps 210, 220 may be coupled with either the p-type semiconductor or the n-
type semiconductor. Moreover, the contact bumps 210, 220 may be located on the exterior of
a window. The window, in some embodiments, may pass light within a specific wavelength.
Moreover, the window may include the active region 205. The substrate may be chosen, in
some embodiments, depending on the wavelengths of light one chooses to pass. The contact

bumps 210, 220 may be placed within portions of the substrate.

[0025] FIG. 3 shows an optical communication system employing a quantum well
modulator according to one embodiment. As shown, transceiver 310 transmits an
information bearing optical signal toward an optical tag 320. An optical receiver 330 may be
disposed within the optical tag 320 and receives the signal. The optical receiver 330 may
include a flip chip photodiode and may be coupled with a modulation source 340 which may
modify or add information to the signal. An output of modulation source 340 is coupled to a
reflector 350 for transmission. The reflector 350 may include a retro reflector. In some

embodiments, the reflector 350 may include a quantum well modulator 100 coupled thereto.
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The quantum well modulator may provide modulation to a return signal. In this manner,

transceiver 310 and optical tag 320 communicate.

[0026] FIG. 4B shows an exploded view of an optical communication device that includes
a flip-chip photodiode 435 according to one embodiment. A housing 430 contains a retro
reflector 425, a quantum well modulator 100, a window 415 and a photodiode 435. The
quantum well modulator 420 may modify or add information to the signal before and/or after
reflection through the retro reflector 425. FIG. 4A shows an unexploded packaged view of

the optical communication device.

[0027] In one embodiment, the present disclosure uses a flip-chip assembly including a
photo-diode and quantum well optical modulator. One application would be an optical tag
having a quantum well optical modulator, a retro-reflector and an optical window. The active
area of the quantum well modulator is facing downward or toward the printed circuit board
(PCB). Solder pads or bumps couple the quantum well modulator to the board. These flip-
chip quantum well modulators can be used for optical laser communication applications, for
example, in the Dynamic Optical Tags System (DOTS) or as Optical Combat Identification
tags.

[0028] Specific details are given in the above description to provide a thorough
understanding of the embodiments. However, it is understood that the embodiments may be
practiced without these specific details. For example, circuits may be shown in block
diagrams in order not to obscure the embodiments in unnecessary detail. In other instances,
well-known circuits, processes, algorithms, structures, and techniques may be shown without

unnecessary detail in order to avoid obscuring the embodiments.

[0029] While the principles of the disclosure have been described above in connection with
specific apparatuses and methods, it is to be clearly understood that this description is made

only by way of example and not as limitation on the scope of the disclosure.
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WHAT IS CLAIMED IS:

1. A quantum well modulator configured to absorb or transmit light
depending on an applied voltage, the quantum well modulator comprising:

a substrate configured to filter light incident thereon, wherein the substrate
does not include a reflective surface;

a p-type semiconductor layer deposited above the substrate;

a quantum well layer deposited above the substrate; and

an n-type semiconductor layer deposited above the substrate;

wherein the flip-chip quantum well modulator is configured to substantially
absorb light received through the substrate when a first voltage is applied; and

wherein the flip-chip quantum well modulator is configured to substantially

transmit light received through the substrate when a second voltage is applied.

2. The flip-chip quantum well modulator according to claim 1, further
comprising a plurality of solder balls communicatively coupled with the p-type

semiconductor layer.

3. The flip-chip quantum well modulator according to claim 1, further
comprising a plurality of solder balls communicatively coupled with the n-type

semiconductor layer.

4. The flip-chip quantum well modulator according to claim 1, further
comprising a plurality of conductive epoxy bumps communicatively coupled with the p-type

semiconductor layer.

5. The flip-chip quantum well modulator according to claim 1, further
comprising a plurality of conductive epoxy bumps communicatively coupled with the n-type

semiconductor layer.

6. The flip-chip quantum well modulator according to claim 1, wherein
the p-type semiconductor comprises a material selected from the group consisting of gallium

arsenide, aluminum gallium arsenide, indium gallium arsenide, silicon, germanium, and lead

sulfide.
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7. The flip-chip quantum well modulator according to claim 1, wherein
the n-type semiconductor comprises a material selected from the group consisting of gallium

arsenide, aluminum gallium arsenide, indium gallium arsenide, silicon, germanium, and lead

sulfide.

8. The flip-chip quantum well modulator according to claim 1, wherein

the substrate comprises silicon.

9. The flip-chip quantum well modulator according to claim 1, wherein

the substrate comprises indium phosphide.

10. A flip-chip quantum well modulator configured to absorb or transmit
light depending on an applied voltage, the flip-chip quantum well modulator comprising:

a substrate configured to filter light incident thereon, wherein the substrate
does not include a reflective surface;

a p-type semiconductor layer deposited above the substrate;

a quantum well layer deposited above the substrate; and

an n-type semiconductor layer deposited above the substrate;

wherein the flip-chip quantum well modulator is configured to substantially
absorbs light received through the substrate when a first voltage is applied; and

wherein the flip-chip quantum well modulator is configured to substantially

transmits light received through the substrate when a second voltage is applied.

11. The flip-chip quantum well modulator according to claim 10, further

comprising a plurality of interconnects coupled with the p-type semiconductor.

12. The flip-chip quantum well modulator according to claim 10, further

comprising a plurality of interconnects coupled with the n-type semiconductor.
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13. A quantum well modulator including a top surface and a bottom
surface, the quantum well modulator comprising:

a substrate;

an active area; and

a plurality contacts,

wherein the plurality of contacts and the active area disposed on the bottom
surface of the quantum well modulator and at least a portion of the substrate is disposed on

the top surface of the quantum well modulator.

14.  The quantum well modulator according to claim 13, wherein the

substrate is configured to transmit at least infrared light.

15.  The quantum well modulator according to claim 13, wherein the
substrate is configured to substantially transmit light with wavelengths between about 1530

nm and about 1560 nm.

16.  The quantum well modulator according to claim 13, wherein the active
area comprises a p-type semiconductor layer, an n-type semiconductor layer, and an intrinsic

semiconductor layer.



WO 2009/009765 1/5 PCT/US2008/069874

+

L \./130
[@] ) (@] ~
l ] L7 ~ AN ]
155_/ \_150
140

100 —~_A

FIG. 1A



00000000000000000000000000000000

/ \\

FIG. 1B






PCT/US2008/069874

4/5

WO 2009/009765

¢ 'DIA

" 001
V ommd V
/4 “““““““““““““
22In0S [ " N
uone[mpon B A lllllllllllltll.llll
IOATOY o
~NOU\QO \\\\\\\\\
\I\. \\I\\. \\\\\\\\\
743 o€
00¢

01¢

IOATSOSURI],




WO 2009/009765 515 PCT/US2008/069874

+

400

FIG. 4A

435

430

5

425

100

400
415

FIG. 4B



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/069874

CLASSIFICATION OF SUBJECT MATTER

INV. O GO2F1/017

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

B. FIELDS SEARCHED

GO2F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation 10 the exient that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulied during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

ALAVI KAMBIZ [US] ET AL)

17 August 2006 (2006-08-17)
abstract

figure 1

20 March 2002 (2002—03—20)

abstract

figures 3,4

page 3, line 12 - line 15

page 4, line 8 - line 9

page 7, line 4 - page 17, line 6

paragraphs [0017], [0018], [0025]
paragraph [0030] - paragraph [0057]

X GB 2 366 872 A (UNIV GLASGOW [GB])

X US 2006/180830 Al (ALAVI KAMBIZ [US] ET AL 1-16

D Further documents are listed in the éonlinualion of Box C.

E See patent family annex.

* Special categories of cited documents :

*A° document defining the general state of the arnt which is not
considered 1o be of panticular relevance )

'E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
“which is cited to establish the publication date of another
citation or other special reason (as specified)

*O° document referring to an oral disclosure, use, exhibition or
other means :

*P* document published prior to the international filing date but
later than the priority date claimed

oy

e

e

g

later document published after the intlernational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory undertying the
. invention

document of particular relevance; the claimed invention
cannol be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of panicular relevance; the claimed invention -
cannot be considered toinvolve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
inthe ar,

document member of the same patent family

Date of the actual completion of the international search

2 October 2008

Date of mailing of the inlemational search report

10/10/2008

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340~-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Kentischer, Florian

- Fomm PCT/SA/210 (sacond shest) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/US2008/069874
Patent document Publication Patent family Publication
cited in search report date member(s) date .
US 2006180830 . Al 17-08-2006 WO 2006088883 A2 24-08-2006

GB 2366872 A 20-03-2002  NONE

" Form PCTASA/210 (patent tamily annex) (April 2005)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - claims
	Page 9 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - wo-search-report
	Page 17 - wo-search-report

