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Patent Application Atty. Docket No.: 3035-009.PROV

SEMICONDUCTOR PHOTODETECTING IMAGERS AND
METHODS FOR MAKING THE SAME

I. TECHNICAL FIELD
The present disclosure relates to semiconductor photodetecting imagers and methods
tor processing and making the same. More specifically, the present invention relates to

CMOS images and methods for manufacturing the CMOS imager with pulsed laser.

II. BACKGROUND

The interaction of light with semiconductor devices is at the core of some of the
most important innovations of our time. Silicon imaging devices are used in various
technologies today, for example digital cameras, optical mice, video cameras, and cell phones.
Charge-coupled devices (CCDs) had dominated the digital imaging world until
complementary metal-oxide-semiconductor (CMOS) imagers improved in performance.
CMOS sensors are typically manufactured from silicon and can covert visible incident light
into photocurrent and ultimately into a digital image. To date, there is no good silicon based
technology for detecting infrared incident electromagnetic radiation because silicon is an
indirect bandgap semiconductor having a bandgap of about 1.1eV. The absorption of
electromagnetic radiation having a wavelength of about 1100 nm is very low in silicon and
even lower at longer wavelengths in the infrared spectrum.

There are other applications that could benefit from a silicon imager that is capable
of detecting infrared electromagnetic radiation, such as military and security applications.
FIG. 1 shows a graph that illustrates the approximate radiance of a night sky with no moon.
For night vision military and security applications, it would be desirable to have a good

responsivity at one of the peak wavelengths of around 1100 nm.

II. SUMMARY
The present invention provides methods of manufacturing photodetecting imagers
that are able to detect visible as well as infrared electromagnetic radiation. More specifically,
the present invention discloses methods of making or processing semiconductor
photodetecting imagers. Such methods can include providing a semiconductor imager such

as a CMOS or a CMOS APS imager and irradiating at least one surface of the imager. In
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other embodiments of the present invention a step of annealing the imager may be used to
repair any damaging effects of the irradiation step. The irradiation step can also include the
addition of a dopant that can be introduced into the semiconductor device to increase the
dopant species in at least a portion of the device.

In another aspect of the present invention a method of texturing the backside of a
photodetecting imager is disclosed. The method may include providing a semiconductor
imager; laser processing at least one surface to the semiconductor imager and annealing the
imager. Alternatively, the method may be performed without a laser processing step. For
example, a chemical etch can be performed on at least one surface of the semiconductor
devices to create texturing features on the surface. The lasing step can further include
simultaneously doping the semiconductor device with at least one dopant.

It should be noted that the semiconductor photodetecting imager can be a passive
pixel sensor (PPS), an active pixel sensor (APS), or a digital pixel sensor imager (DPS). The
main difference is the image sensor read out architecture. For example the semiconductor
photodetecting imager can be a four transistor active pixel sensor (4T APS). FIG. 2isa
schematic of a 4T APS imager. In another embodiment the imager can be a three transistor
active pixel sensor (3T APS). The 4T APS imager can be made and manufactured from a
third party manufacture and further processed by the methods disclosed herein.

In one embodiment, a method for processing a photodetecting imager is provided.
The method may include providing a 4T APS imager; removing a portion of material from
the 4T APS imager and irradiating at least one surface of the 4T APS imager. It is preferred
to irradiated the side of the imager that had material removed therefrom. The removing step
is also commonly known by those skilled in the art as a thinning step.

Other uses for the methods and apparatus given herein can be developed by those

skilled in the art upon comprehending the present disclosure.

IV. BRIEF DESCRIPTION OF THE DRAWINGS
For a fuller understanding of the nature and advantages of the present invention,
reference is being made to the following detailed description of preferred embodiments and
in connection with the accompanying drawings, in which:

FIG. 1 illustrates an approximate radiance of a night sky with no moon;

2
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FIG. 2 is a schematic illustration of a 4T APS imager;

FIG. 3. illustrates a process tlow of creating a 4T APS imager according to one
embodiment of the present invention; and

FIG 4. illustrates a processed 4T imaging array according to another embodiment of

the present invention.

V. DETAILED DESCRIPTION

As mentioned above, the present invention is drawn towards devices and methods of
manufacturing photodetecting imagers that are able to detect visible as well as infrared
electromagnetic radiation. More specifically, the present invention discloses methods of
making or processing semiconductor photodetecting imagers. Such methods may include
providing a semiconductor imager such as a CMOS or a CMOS APS imager and irradiating
at least one surface of the imager. In other embodiments of the present invention a step of
annealing the imager may be needed to fix any damaging effects of the irradiation step. The
irradiation step can also include the addition of a dopant that can be introduced into the
semiconductor device to increase the dopant species in at least a portion of the device.

In another aspect of the present invention a method of texturing the backside of a
photodetecting imager is disclosed. The method may include providing a semiconductor
imager; laser processing at least one surface to the semiconductor imager and annealing the
imager. The annealing can be accomplished by a traditional furnace anneal or by a rapid
thermal anneal (RTA). The rapid thermal anneal can be accomplished with a laser at the
right wavelength and fluence. Alternatively, the method may be performed without a laser
processing step. For example, a chemical etch may be performed on at least one surface of
the semiconductor devices to create texturing features on the surface. The lasing step may
turther include simultaneously doping the semiconductor device with at least one dopant.
The dopants can be an electron-donating or hole-donating dopants. The dopants can be
introduced into the device via a gas, liquid or solid. A sulfur dopant can be introduced via
SF, gas.

It should be noted that the semiconductor photodetecting imager can be a passive
pixel sensor (PPS), an active pixel sensor (APS) or a digital pixel sensor imager (DPS). The

main difference is the image sensor read out architecture. For example the semiconductor

3
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photodetecting imager can be a four transistor active pixel sensor (4T APS). FIG. 2isa
schematic of a 4T APS imager. In another embodiment the imager can be a three transistor
active pixel sensor (3T APS). The 4T APS imager can be made and manufactured from a
third party manufacture and further processed by the methods disclosed herein.

In one embodiment, a method for processing a photodetecting imager is provided.
The method may include providing a 4T APS imager; removing a portion of material from
the 4T APS imager and irradiating at least one surface of the 4T APS imager. Itis preferred
to irradiated the side of the imager that had material removed therefrom. The removing step
is also commonly known by those skilled in the art as a thinning step.

The imagers contemplated herein can be comprised of silicon material. The silicon
material may be a monocrystalline silicon, microcrystalline silicon, multicrystalline silicon,
amorphous silicon or combination thereof. Discussion of low oxygen silicon material is
disclosed in U.S. Patent Application Number 61/174,387, which is incorporated herein by
reference in its entirety.

FIG 3. illustrates a process flow of 4T APS imager. The first image depicts a cross-
sectional view of a 4T imager having a P-MOS transter gate. The follow image indicates a
tollowing step of forming trenches to at least partially isolate one pixel from another such
that electrical and optical crosstalk is reduced or even virtually eliminated. This can be
accomplished by various known trench isolation techniques. Typically the trench is back
tilled with a material that can prevent the crosstalk. The image in FIG. 3 demonstrates the
step of including a carrier substrate and thinning the semiconductor imager. Further, the
semiconductor material can be irradiated with a laser to create a textured region, also known
a black silicon region. Furthermorte, the semiconductor material and/or device may be
irradiated in the presence of a sulfur-containing gas. Exemplary laser-processed
semiconductors are discussed in U.S. Patent No. 7,057,256 to Carey et al., which is
incorporated herein by reference in its entirety. The remaining steps include attaching
another carrier substrate near the black silicon region and removing the first carrier substrate
to achieve a final product. It should be noted that not all the steps need be carried out in the

order shown or described. Additionally, the 4T imager can be irradiated on either or even

both the sides.
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The region known as Black Silicon enable the absorption of electromagnetic
radiation in the visible and infrared regions. The black silicon creates a microstructured
textured region increases the chance that a photon that enters the device is absorbed, thereby
increasing the quantum efticiency of the device.

FIG. 4 illustrates a 4T imaging sensor array which can lower the dark current of the
device. The semiconductor photodetecting imaging device of FIG. 4 may include a 4T APS
imager having a readout circuitry, a PMOS transter gate, an n-type epitaxial layer or a silicon
on insulator (SOI) layer, trenches to at least isolate a portion of each pixel, and an irradiated
region. In this figure the irradiated black silicon region is on the back side of the device,
however, it should be noted that it can be on other sides of the device as well. The device
can be run in reverse, forward or no bias at all. When in passive mode the dark current can
be at minimal levels.

In another embodiment of the present invention, a passivation layer may be applied
at least one of the photodetecting device or pixels. Furthermore, an antireflection (AR)
material can also be applied to the devices disclosed herein. The antireflection material can
enhance the absorption properties by reducing the amount of incident electromagnetic
radiation that is reflected from the device. It is also believed by creating textured surfaces on
the device, the textured regions can also act as an antireflection coating,

The photodetecting imager may be maintained under constant conditions (fixed
voltage or current) to provide enhanced linearity and uniformity. Connections between the
imager and the underlying device layers may be achieved using vias fabricated from a
refractory metal, such as tungsten or tantalum. Placing storage elements under the imager
may provide many photonic benefits. For example, the entire pixel array may be dedicated to
signal processing. This may enable higher performance by permitting access to the low level
pixel signals. Furthermore, massively parallel operations may be performed by pixel
processors. For example, analog to digital conversion, noise reduction (ie., true correlated
double sampling), power conditioning, nearest neighbor pixel processing, compression,
tusion, and color multiplexing operations may be performed.

The methods and devices described herein can have increased quantum efticiency
over standard image sensors. Any increase in the quantum efticiency makes a large

difference in the signal to noise ratio. Uniformity and quantum efficiency are the most

5

SAMSUNG EX. 1022 - 7/28



important issues in imager pixels. More complex structures can provide not only increased
quantum efficiency but also good uniformity from pixel to pixel. Overall, an imager that can
provide these benefits would be valuable in the many applications including night vision and

military and security applications.
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VII. ABSTRACT
The present disclosure is directed towards semiconductor photodetecting imagers
and methods for manufacturing and further processing such imagers. In particular, the
present invention discloses photodetecting imagers that have been processed with a laser or
other methods to create a textured surface for extended wavelength absorption. The imagers

disclosed herein can be used for military and security applications.
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VIII. DRAWINGS (SEPARATE SHEETS FOLLOW)
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Process of integration of a 4T Pixel with P-channel Transfer Gate to a Black
Silicon sensor array —FS!l option
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used in a passive mode for lowest dark current

FIG 4. Processed 4T Imaging Array Having Low Dark Current
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Section1 APPLICANT INFORMATION see continuation sheet(s)
for more applicants
. Family Name Residence " " .| Inventor
Given Name(s) (City & State or Mailing Address Citizenship
or Surname Country) v
Homayoon Haddad Beverly, MA us
Jeffrey McKee Beverly, MA US
Leonard Forbes Beverly, MA us
Chintamani Palsule Beverly, MA US

Any applicant which is not an inventor claims authority to apply on behalf of the inventor(s) for the reason(s) listed below:

Section2 CORRESPONDENCE INFORMATION

Please address all correspondence to

at the address associated with Customer Number: 20.551
b
. Application No.: 61/243,434
Section 3 APPLICATION INFORMATION Filing Date: 91712009
Title Attorney Docket No.: 3035-009.PROV
Semiconductor Photodetecting Imagers and Methods for Type of Application: Provisional
Making the Same Drawings, total # sheets: 3

Designated Fig. for Publication:

Suggested Class & Subclass:

For plant applications: Technology Center:
Latin Genus: Latin Species: Variety Denomination:

Does this application disclose any significant part of the subject matter of an application under a secrecy order pursuant to 37 CFR §5.27 I:lYes No

Section 4 REPRESENTATIVE INFORMATION

Applicant is represented by the attorneys and patent agents associated with Customer Number: 20,551

Section 5 DOMESTIC PRIORITY INFORMATION |:|seeC°”“”“a“°”S“eet<S>

for more priority information

This application of App. No. filed with current status of:
App. No. of App. No. filed with current status of:
App. No. of App. No. filed with current status of:
. see continuation sheet(s)
Section 6 FOREIGN PRIORITY INFORMATION [ | &5 enmietonsiec)
Country: Application No.: Filing Date:
Country: Application No.: Filing Date:
Country: Application No.: Filing Date:
Section 7 ASSIGNEE INFORMATION
Name: Mailing Address:
Date Submitted: December 23, 2009 By: Todd B. Alder, Ph.D.
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Electronic Patent Application Fee Transmittal

Application Number:

61243434

Filing Date:

17-Sep-2009

Title of Invention:

Semiconductor Photodetecting Imagers and Methods for Making the Same

First Named Inventor/Applicant Name:

Filer:

Todd Brent Alder/Nicole Solomon

Attorney Docket Number:

3035-009.PROV

Filed as Small Entity

Provisional Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Provisional Application filing fee 2005 1 110 110
Pages:
Claims:
Miscellaneous-Filing:
Late provisional filing fee/cover sheet 2052 1 25 25

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 135
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Electronic Acknowledgement Receipt

EFSID: 6703307
Application Number: 61243434
International Application Number:
Confirmation Number: 3255

Title of Invention:

Semiconductor Photodetecting Imagers and Methods for Making the Same

First Named Inventor/Applicant Name:

Customer Number:

20551

Filer:

Todd Brent Alder/Nicole Solomon

Filer Authorized By:

Todd Brent Alder

Attorney Docket Number:

3035-009.PROV

Receipt Date: 23-DEC-2009
Filing Date: 17-SEP-2009
Time Stamp: 16:39:10
Application Type: Provisional
Payment information:
Submitted with Payment yes

Payment Type

Electronic Funds Transfer

Payment was successfully received in RAM

$135

RAM confirmation Number

3719

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Name

File Size(Bytes)/ Multi
Message Digest | Part/.zip

Pages
(if appl.)

SANISUNG EAX.

UZZ - 24

28



31865
1 Application Data Sheet 3035009PROVappdata.pdf no 1

e754b52855db7169b98705e236e8b491f12
6b908

Warnings:

Information:

This is notan USPTO supplied ADS fillable form

31395
2 Fee Worksheet (PTO-875) fee-info.pdf no 2
1h501210e2e695d54406653 1eb04fda0c30
0c5e6
Warnings:
Information:
Total Files Size (in bytes); 63260

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
61/243,434 09/17/2009 135 3035-009.PROV
CONFIRMATION NO. 3255
20551 UPDATED FILING RECEIPT
THORPE NORTH & WESTERN, LLP.
P.0. Box 1219 IO TN AR
000000042391663

SANDY, UT 84091-1219
Date Mailed: 07/02/2010

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Homayoon Haddad, Beverly, MA;
Jeffrey McKee, Beverly, MA;
Leonard Forbes, Beverly, MA;
Chintamani Palsule, Beverly, MA;
Power of Attorney: The patent practitioners associated with Customer Number 20551

If Required, Foreign Filing License Granted: 07/01/2010

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 61/243,434

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

Semiconductor Photodetecting Imagers and Methods for Making the Same
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
page 1 of 3
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of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
page 2 of 3
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State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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