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INFORMATION DI\( LO\? RE STATEMEXT Page 2
il Dz 363812051

)ﬂk “I?}“F DIMENSIONAL MEMORY AND METHODS OF FORMING THE 8AME

The Examiner is invited to contact the undersigned at the telephone number indicated i

there are any questions regarding this communication.

Respectfully submitted,

SCHWEGMAN, LUNDBERG & WOESSNER, PA.
P.(. Box 2938

Minneapolis, MN 55402

{612} 373-696%

) §~-30-11 - / Viet Tong /
Date 5 By / Viet Tong |

Viet V. Tong
VVT:iid Reg. Ng. 45,416
CER YIE‘I( AIL Ul

\DLR 37 CFR 1.8 The undersigned hereby certiftes that this corresponde

¢ 15 being filed using the

LISPTOs H vetem FFS-Web, and 18 addr to: MS Amendment, Commuissioner for Patents, P.O. Box 1454,
Alexandria ‘v A 2271q F50 onthus _30bh  day of June, 2011

Judy Dent

Name
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S/N 12/825.211 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: ~ Sanh D. Tang et al. Examiner: Unknown

Serial No.: 12/825,211 Group Art Unit: 2827

Filed: June 28, 2010 Docket No.: 303.B12US1

Customer No.: 73115 Confirmation No.: 1275

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE
SAME

PRELIMINARY AMENDMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Prior to taking up this application for examination, please enter the following

amendments:
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PRELIMINARY AMENDMENT Page 2
Serial Number:12/825,211 Dkt: 303.B12US1
Filing Date: June 28, 2010

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

IN THE DRAWINGS

Corrected drawings are supplied herewith. Enclosed is a complete set of replacement

sheets of drawings. FIG. 2 and FIG. 30 are amended.
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PRELIMINARY AMENDMENT Page 3
Serial Number:12/825,211 Dkt: 303.B12US1
Filing Date: June 28, 2010

Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

REMARKS
FIG. 2 is amended to remove a vertical line in each of the symbols for transistors 231
coupled to line 253. FIG. 30 is amended to remove a vertical line coupling between the gate of
transistor 232 and the gates of memory cells 210, 211, and 212 in string 216.
It is submitted that the amendments to FIG. 2 and FIG. 30 are made only to correct
typographical errors. The amendments do not introduce new matter. Accordingly, consideration

and approval of the replacement sheets of drawings is respectfully requested.

CONCLUSION
The Examiner is invited to telephone the undersigned at (612) 373-6969 to facilitate

prosecution of this Application.
If necessary, please charge any additional fees or deficiencies, or credit any overpayments

to Deposit Account No. 19-0743.

Respectfully Submitted,

SCHWEGMAN, LUNDBERG & WOESSNER, P.A.
P.O. Box 2938

Minneapolis, MN 55402--0938

(612) 373-6969

Date _March 21,2011 By [ Veet Tong |
Viet V. Tong
Reg. No. 45,416
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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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Sanh D. Tang et al.
Title: THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME

Docket No.: 303.B12US1 Serial No.: 12/825,211
Filed: June 28, 2010

Examiner: Unknown Group Art Unit: 2827
Customer No.: 73115 Confirmation No.: 1275

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

We are transmitting herewith the following attached items (as indicated with an “X”):

X  Preliminary Amendment (3 pgs.)
X  Formal Drawings (38 pgs.)

Please consider this a PETITION FOR EXTENSION OF TIME for sufficient number of months to enter these papers and
please charge any additional fees or credit overpayment to Deposit Account No. 19-0743.

SCHWEGMAN, LUNDBERG & WOESSNER, P.A. By: | Veer 70"’? /
Customer No.: 73115 Viet V. Tong
Reg. No. 45,416

CERTIFICATE UNDER 37 CFR 1.8: The undersigned hereby certifies that this correspondence is being filed using the USPTO's
electronic filing system EFS-Web, and is addressed to: Mail Stop Amendment Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450 on this 21st day of March, 2011.

Amy Moriarty /Amy Moriarty/

Name Signature
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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
12/825,211 06/28/2010 2827 2258 303.B12US1 34 5
CONFIRMATION NO. 1275
73115 FILING RECEIPT
SCHWEGMAN, LUNDBERG & WOESSNER/MICRON
P.0. BOX 2938 LT T
00000004240275

MINNEAPOLIS, MN 55402
Date Mailed: 07/08/2010

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. 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)
Sanh D. Tang, Boise, ID;
John K. Zahurak, Eagle, ID;
Power of Attorney: The patent practitioners associated with Customer Number 73115

Domestic Priority data as claimed by applicant

Foreign Applications

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

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 12/825,211

Projected Publication Date: 12/29/2011
Non-Publication Request: No

Early Publication Request: No
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Title

THREE DIMENSIONAL MEMORY AND METHODS OF FORMING THE SAME
Preliminary Class

365

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
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
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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
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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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 NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/825,211 06/28/2010 Sanh D. Tang 303.B12US1
CONFIRMATION NO. 1275
73115 POA ACCEPTANCE LETTER
SCHWEGMAN, LUNDBERG & WOESSNER/MICRON
P.0. BOX 2938 LR T
000000042402766

MINNEAPOLIS, MN 55402
Date Mailed: 07/08/2010

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 06/28/2010.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/tmelesse/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre Patent Apphcation of Sanh D, Tang et al.

Title: THREE DIMENSIONAL MEMORY AND METHODS OF
FORMING THE SAME

Attorney Docket No.: 303.B1ZUSE

Customer No.: 73115

ATENT APPLICATION TRANSMITTAL

Commussioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

We are transmoitting herewith the following attached items and mformation (as indicated with an "X™):

X Utility Patent Application under 37 C¥FR 1.53(b) comprising:
2% Specification (30 pgs, including a 1 page coversheet, claims numbered | through 34 and a | page Abstract).
X Formal Drawings (38 sheets),

% Signed Declaration (3 pgs).

£ Signed Power of Attorney (1 pg) along with a copy of the signed Assignment document {4 pges)

X Authorization to charge Deposit Account 19-3743 in the amount of $2258.00 1o pay the filing fee.

2 Authorization to Permit Access (PTO/SB/39) (1 pe)

The filing fee has been calculated below as follows:

No. Filed Neo. Extra Rate Fee

TOTAL CLAIMS 34-20 14 % $52.00 = §728.06
INDEPENDENT CLAIMS 5-3 2 x $220.00 = $446.09

CIMULTIPLE DEPENDENT CLAIMS PRESENTED $0.00
BASIC FEE $330.890
SEARCH FEE $546.06
EXAMINATION FEE $220.69

APPLICATION SIZE FEE {51 -1004y/50 it $270.00 $0.69
TOTAL $2258.66

Please charge any additional required fees or credif overpayment fo Deposit Account No, 19-61743.

SCHWEGMAN, LUNDBERG & WOESSNER, P.A. By: | Yeer ?W /
Customer Number: 73115 Viet V. Tong

Reg. No. 45,416

Date of Deposit: June 28, 2010
This paper or fee is being filed on the date indicated above using the USPTO's electronic filing system EFS-Web, and 1s addressed to
The Commissioner for Patents, P.O. Box 1430, Alexandria, VA 22313-1450.
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre Patent Apphcation of Sanh D, Tang et al.

Title: THREE DIMENSIONAL MEMORY AND METHODS OF
FORMING THE SAME

Attorney Docket No.: 303.B1ZUSE

Customer No.: 73115

ATENT APPLICATION TRANSMITTAL

Commussioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

We are transmoitting herewith the following attached items and mformation (as indicated with an "X™):

X Utility Patent Application under 37 C¥FR 1.53(b) comprising:
2% Specification (30 pgs, including a 1 page coversheet, claims numbered | through 34 and a | page Abstract).
X Formal Drawings (38 sheets),

% Signed Declaration (3 pgs).

£ Signed Power of Attorney (1 pg) along with a copy of the signed Assignment document {4 pges)

X Authorization to charge Deposit Account 19-3743 in the amount of $2258.00 1o pay the filing fee.

2 Authorization to Permit Access (PTO/SB/39) (1 pe)

The filing fee has been calculated below as follows:

No. Filed Neo. Extra Rate Fee

TOTAL CLAIMS 34-20 14 % $52.00 = §728.06
INDEPENDENT CLAIMS 5-3 2 x $220.00 = $446.09

CIMULTIPLE DEPENDENT CLAIMS PRESENTED $0.00
BASIC FEE $330.890
SEARCH FEE $546.06
EXAMINATION FEE $220.69

APPLICATION SIZE FEE {51 -1004y/50 it $270.00 $0.69
TOTAL $2258.66

Please charge any additional required fees or credif overpayment fo Deposit Account No, 19-61743.

SCHWEGMAN, LUNDBERG & WOESSNER, P.A. By: | Yeer ?W /
Customer Number: 73115 Viet V. Tong

Reg. No. 45,416

Date of Deposit: June 28, 2010
This paper or fee is being filed on the date indicated above using the USPTO's electronic filing system EFS-Web, and 1s addressed to
The Commissioner for Patents, P.O. Box 1430, Alexandria, VA 22313-1450.
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PTC/SE/39 (12-08)
Approved for use through (01/31/2009. CMIB 6651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 19958, no persons are required o respond to a coliection of information unless it displays a valid QMB conirel wumber,
TR l Y ] ] ' . : -
AUTHORIZATION TO PERMIT First Named Inventor Sanh D. Tang et al,

ACCESS TO APPLICATION BY

PARTICIPATING OFFICES THREE DIMENSIONAL

MEMORY AND METHODS

Send completed form to: Commussioner for Fatents OF
P.0. Box 1430, Alexandria, VA 22313-1450 Title FORMING THE SAME
Atty Docket Number 303.BI12US!

The undersigned hereby grants the USPTO authonity to provide the Buropean Patent Office (EPO}, the
Japan Patent Office (JPQ), the Korean Intellectual Property Office (KIPO), and any other intelicctual
property offices in which a foreign application claiming priority to the above-identified application is ilicd
access o the above-identified patent apphication. See 37 CF.R. § 1.14(c) and (h).

fn accordance with 37 C.F.R. § 1.14(h)3)}, access will be provided to a copy of the application-as-filed
with respect to: 1} the above-identified application, 2} any foreign application to which the above-
identified applcation claims prionity under 35 U.S.C. § 119(a)-(d) if a copy of the foreign application that
satisfies the certified copy requirement of 37 C.FR. § 1.55 has been {iled in the above-identified US
application, and 3) any 1.5, apphication from which benefit is sought in the above-identified application.

In accordance with 37 C.FR. § 1.14{c), access may be provided to information concerning the date of
filing the Authorization to Pe nmi Access to Application by Participating Offices,

This written asthorization shouold be submitied prior to the filing of a subsequent foreign application, in
which priority is claimed to the above-identified patent application, with any mtellectual property office
(c.g., the EPO, IPO, or KIPQ). However, if applicant does not wish the EPO, PO, KIPO, or other
fntcllectual property office m which a foreign application claoing priority to the above-identified
application is filed to have access to the application, this written authorization should not be filed.

No fee will be charged under 37 CEFR. § LIS(b)(1} for providing a participating intellectoal property
office with an electronic copy of the above-identified application.

This form must be signed by an authorized party in accordance with 37 C.F.R. § L.14{c}.

| Yeet Foug | 6-25-10

Stgnature Date
Viet V. Tong, Reg No. 45416 (612} 373-6969
Typed or printed naroe Telephone Number

ated to 6 minutes o complets,
¢ individual case Any comIetts on

s d"‘phv ;, 3
fnc] uding gathenin,
the amount o =)
Trademark O , US. Dap&r{mcnt of Comm ce, P.O. Box 145¢ )
ADDRESS. Qiu\i) TG Commissioner for Patents, PO, Box 1458, Mex'«mdru V% 22%3! H‘:ﬂ

Date of Deposit: Juns 28, 2010
This paper or fee is being filed on the date indicated above using the USPTO's clectronic filing system EFS-Web, and is addressed o The

Commmussioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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PATENT
I THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant! Seah D Tang o al Hyainern Unknown
Rerjal Moo Unknown Giroug Axt Unit Unknown
Filed: Herowtih Docket: 30BN

Customer Noo 73115
Tile: THREE DIVMENSIONAL MEMORY AND METHODRS OF
FORMING THE SAME

POWER QFATTORNEY BY ABSIGNEE,
CERBTIFICATE BY ASSIGHNEE UNDER IT CFR 3.3 &)
NOTIFICATION OF CORRESFONDENCE M}HRE&‘E

Commissioner for Patonis
PG, Box 1450
Alovandria, VA 22313.1430

Micron Technology, oo, sssignes of the entive right, tile snd Gdevest in the above-identified application
by sssigrnent froum the §31‘«§3?‘E€£}’€§ 3, bereby appoints the attorneys sod ageots of the Brm of SCHWEGMAN,
LUNDRERG & WOBSSNER, B.AL, listed under:

Customer Nembar: T3UR

s He attomeys with full power o of substitulion 1 proseoute this &y
Patent and Tradomark Office in connection therewith.

miication and f transact ail businssy in the

o g

The assignes certifies that the shove-identified assizmment has been reviowed and {o the best of the

A} GEY A By
susignee’s knowledge and belief] title is v the aseignee.

Floass divect all corrsspondence regarding this applcation to

Schwegmarn, Lundbarg & Woesaner, PLA
{Customer Mo, 73118

,{If“/ g “'“'“N::..«"'* e
¥/, = S
Rl
Dated: b /28 e By R -
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WHEREAS, We, Sanh D Tang, residing &t 1273 North Jullian Avenug, Botsg, I
A3704, and Johm K. Zabumak, restding at 3833 W, Bngarberry Drive, Bagle, F{‘é 3016,
made cerfain new and useful inventions snd Improvements which are desoribest i an
application for TUA. Letters Patent entitled THREE DIMENSIONAL MEMORY AND

METHQBS QF

FORMING

YHEREAS, We herehy authorize and request the altoraeys, representing Micron
imhwmg} Inc, nu ths appkmmon. at Schwegnuan, Lundberg & Woesener, PA,

located &b 121 South Bighth Stveet, Suite 1600, Mirmeapolis, MN S5482, to fosert here in
parenthesss (Ser. Ne. . Filing Dater ) the fhng date and

appiication number of said application when known

FOR GOOD AND VALUABLE CONSIDERATION, the reosipt, suffiviency and
adequaey of which are hereby acknovwdedged, the nndersigned do hereby:

SELL, ASSION AND TRANSFER o Micmu Techoology. Ing, (the "Assignee™, 8
corporation of the tzmts, of Relaware, aving & place of business ot 8000 So. Tederal Way,
Bose, I S3716-063%, the catire night, fitle and interest & the Uiz

States and all
foreign countries i :.md tol any and all mventions and bnproventents which ave dise is:ss»mi i
the identified gppheation R U8, Letiers Patent, and which ey be rther klentified below;
such gpphicetion and sl divisional contin xzmm subsiibe, re *zewai velssue sud all othey

applications for patent which have begr or shall be fled in the United Nates g\if’“‘i uding sff
m{m»mm& ansd *m*mmvzsmm applie iz*‘ wsd, and n sl forelgn countries on any of sich
inventions and/or inproverents {nclading any apphcations for nality *ms:}ei%} all original
and teissped patents which have beean or shall be tssued in the Unite d States and all forsign
coHries o “mh vendions andfor mmpro ovemls; and specifically including the nght to
file foreign applications under fhe provisions of any couvention or freaty aud to claim
prioeity based on the identified spplication;

AUTHORIZE AND REQUERT that any attorney associsted wih UXR PTO
Custorner No. 73113 may {divectly or theough histher designes) delele, tnsert, o alier any
minmstion zsicmwmw this application, or any releted application, below, after execution of
this Assigmment;

Addivonal Appficasion Information

RIA FMerviroseimioy § ad i £ ¥ o o fy 3 F34
No Provivionad clabm for priovity iy balng made af this fime.

¥ v § . TR T M RNEY TR oy P F e o
No LIS, Nown-Provisional olada for priovity Is betng made ot 1his tiwme,

FE

45 YRR T £ < 38 et > Retrior i fo s thiie hma
Ne Tterangional ov forelgn cladwm for priority iy belng mads « this Hime.
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Afﬂ*’(ﬂ“‘i\fiﬁi\yy
Cilent Bafl \t‘ i:}‘s*)%}s [ EGR

o F MAEMEEIAL MEMORY AND METHES OF
“{‘hMP’éo f’ﬁw NAME
Paze 3 of s

ookt Mo 363 B3RS

AUTHORIZE AND REQUEST the iscuing anthority 1o isaue any and all Unsted
States and foredgn patents granted ou sueh improvements 1o the Assignee;

&

WARBANT AXND COVENANT that uo agsigument,

a\.

made o others by the undersigned, and that the &l right o oony
expreased iz posaeased by the undersignes;

COVENANT, that when v requested and withont cmrper‘*ﬁtim* bt
the Assignse, In arder 10 carry ont m good fuith the intert and \purpose of th 1% ng;mw i,
all mrovisionel, roreprovisionsl, divistonsl
O ay
{3} execule all 1 ghifg% oaths, éxs?ﬂnanms SRXLINEAS, POWETS

the undersigned will {1} exouie
subetitugs, rencwal,
T m’v sty

rotesue, and all other pateni appheabions

aud other papers; {3} connnumcate o the
rsi&ﬁng o such mmprovemsnts and the

any inderforonce, mexatningtion, relssue
the 3 *pp‘iimiimw or patemts fur such i mpm SHITEHEN and {8 take such
%s gr shall rexsonably consider nevessmy or desirable
ﬁ}}i{}\'t“'ﬁ”‘ B the Assignes, or S secwring,
protection for such mmprovoments;

Tardainm $8 angd

THIS AGREEMENT IS ’YO BE BINDING on the hotrs, assizus
SUCOSASINS ¢ i y extend o the henefit of the su

ik
&, !
;‘..5 .
e
v

f the undersigned, ar
nominess of the Assignes

AGREED ss of the date of my siguatore belown

futher aotinn
f?‘}* veshing ttle o
eaforcing p

grant, nwrtgags, lvenss o
other agreement affecting the nghts audfor propaety hersin conveyed has been

ar will be

oy the same s herein

tatthe sxpense of

-

Ly

CORHE,
and all such
s of altorney

Asgignes ol facts kuown w the mﬁmszg ned
higtory mfzrs*o*, {4} coopeaie v v}’i“*}_ the Assignes in
apposifion, dispute, o ltigatior

n ivvolving ey of
as the

such
roper paten

ri:p creniatives and

SoERIOLS, assigny and
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ASSIONMERTY Procket R LRGN
Rt N, TGO 1RE0AIS

Assigrovs Saph T i
Tiie: THRER DIMENSIOMAL MEMORY AMD METHODS &
FORMING THE SAME

Page Jofd

I TEATIMORY WHEREDF T hove herounto set oy snd ths 2% dayof

o 5

N, S i

&

*i

O A TR v
\

)

Sanh 13 Tang

STATE OF {*Mw(zfe by

‘?X A
COUNTY OF ___ f oot 3

e~
day of __cawtde 30 W befors me personally appeared Sanh

o
o
e

?_3‘
’}3

E;)‘}
‘;

?c oW and kuow i e to be the porson described i and whee exenuted the

SRE ,:ng mmmm, and hedshe duly askaowiedged to me that hedshe exscuted thy suns it

o

el

He

e |

uses anst parposes therein set forth.

&

Notapy Public

il 28] meinn
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HENMENT Dchey Not MBI
M, 200901 1RO0ALS

Assiy anl O Tang gt al

Tide: TREER DMENBONAL MEMORY AN METRODR QF

FORMING THE SaMB

Pagn aol'd

IN TESTIMONY WHEREBQF, { have hercunts set oy hand this ™ dayof

e s 304w

; S 3
ffw’}g‘“ e ,,:Sg,fi..f*"it,,
24 e
¢

ARRANANARARS -
STATEOF __ bollealed 4

countyor Do dle )

. e TR, - K Ty < .
O this el day of ;x»«.m&- L0 before me personally sppeared

R
X

q
s

Ko dahurak to me knovwn aued kesown 1o me 10 be the person dessribad in and who exeouted
foregoing instrament, angd hefshe duly scknowiedged to me that heihe svenoted the same for

rein set forth,

Motary Public

o

@@
3
N
¥
1%
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SANH D. TANG,
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INVENTOR'S NAME: SANH D. TANG, ET AL.
DOCKET NO.: 303.B12US1
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INVENTOR'S NAME: SANH D. TANG, E£T AL
DOCKET NO.: 303.B12US1
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INVENTOR'S NAME: SANH D. TANG, ET AL
DOCKET NO.: 303.B12US1
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INVENTOR'S NAME: SANH D. TANG, ET AL.
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303.B12US1
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SANR D. TANG, ET AL.
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303.B12US1

SANH D. TANG, ET AL
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INVENTOR'S NAME: SANH D. TANG, ET AL.
DOCKET NO.: 303.B12US1
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ET AL
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INVENTOR'S NAME: SANH D. TANG, ET AL.
DOCKET NO.: 303.812US!t
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INVENTOR'S NAME: SANH D. TANG, ET AL.
DOCKET NO.: 303.B12US1
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INVENTOR'S NAME:

SANH D. TANG, ET AL
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INVENTOR'S NAME: SANH D. TANG, ET AL
DOCKET NO.: 303.B12US1
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INVENTOR'S NAME: SANH D. TANG, ET AL
DOCKET NO.: 303.B12US1
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INVENITOR S NAME:  SANH D. TANG, ET AL
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INVENTOR'S NAME: SANH D. TANG, ET AL.
DOCKET NO.: 303.B12US1
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INVENTOR'S NAME: SANH D. TANG, ET AL.
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INVENTOR'S NAME: SANH D. TANG, ET AL.
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INVENTOR'S NAME: SANH D. TANG, ET AL.
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THREE DIMENSIONAL MEMORY AND METHODS OF
FORMING THE SAME

Background

[0001] Non-volatile memory devices such as flash memory devices are used
in many computers and electronic devices to store information. A flash memory
device usually has a write operation to store information (e.g., data and instruction
codes), a read operation to retrieve the stored information, and an erase operation to
clear information from the memory. As demand for higher density memory device
increases, three-dimensional (3D) memory devices have been proposed. An
example of a conventional 3D memory device is described by Jiyoung Kim et al. in
an article titled “Novel 3-D Structure for Ultra High Density Flash Memory with
Vertical-Array-Transistor (VRAT) and Planarized Integration on the same Plane
(PIPE)”, published in the 2008 Symposium on VLSI Technology Digest of
Technical Pabers, pages 22-23. Since 3D memory devices are relatively new,

manufacturing these devices can pose fabrication process challenges.

Brief Description of the Drawings

[0002] FIG. 1 shows a block diagram of a memory device having a memory
array with memory cells, according to an embodiment of the invention.

[0003] FIG. 2 shows a schematic diagram of a portion of a memory device
having data lines located below memory cells, according to an embodiment of the
invention.

[0004] FIG. 3 shows a three-dimensional view of a portion of the memory
device of FIG. 2, according to an embodiment of the invention.

[0005] FIG. 4 shows a portion of a control gate and a memory cell of the
memory device of FIG. 3, according to an embodiment of the invention.

[0006] FIG. 5 through FIG. 29 show various processes of forming a memory
device having data lines located below memory cells, according to an embodiment

of the invention.
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[0007] FIG. 30 shows a schematic diagram of a portion of a memory device
having data lines located above memory cells, according to an embodiment of the
invention.

[0008] . FIG. 31 shows a three-dimensional view of a portion of the memory
device of FIG. 30, according to an embodiment of the invention.

[0009] FIG. 32 through FIG. 38 show various processes of forming a
memory device with data lines located above memory cells, according to an

embodiment of the invention.

Detailed Description

[0010] FIG. 1 shdws a block diagram of a memory device 100 having a
memory array 102 with memory cells 110 according to an embodiment of the
invention. Memory cells 110 can be arranged in rows and columns along with
access lines 123 (e.g., wordlines having signals WL0 through WLM) and lines 124
(e.g., bit lines having signals BLO through BLN). Memory device 100 uses lines
124 and 128 to transfer information within memory cells 110. Memory cells 110
can be physically located in multiple device levels such that one group of memory
cells 110 can be stacked on one or more groups of other memory cells 110. Row
decoder 132 and column decoder 134 decode address signals A0 through AX on
lines 125 (e.g., address lines) to determine which rﬁemory cells 110 are to be
accessed. Row and column level decoders 136 and 138 of row and column
decoders 132 and 134, respectively, determine which of the multiple device levels
of memory device 100 that the memory cells 110 to be accessed are located.

[0011] A sense amplifier circuit 140 operates to determine the value of
information read from memory cells 110 and provide the information in the form of
signals to lines 124 and 128. Sense amplifier circuit 140 can also use the signals on
lines 124 and 128 to determine the value of information to be written to memory
cells 110. Memory device 100 can include circuitry 150 to transfer information
between memory array 102 and lines (e.g., data lines) 126. Signals DQO through

DQN on lines 126 can represent information read from or written into memory cells

Attorney Docket 303.B12US1 2 Client Ref. No. 2009-0119.00/US

YMTC EXHIBIT 1002
Page 354 of 382



110. Lines 126 can include nodes within memory device 100 or nodes (e.g., pins or
solder balls) on a pgckage where memory device 100 resides. Other devices
external to memory device 100 (e.g., a memory controller or a processor) may
communicate with memory device 100 through lines 125, 126, and 127.
[0012] | Memory device 100 perforrhs memory operations such as a read
operation to read information from memory cells 110 and a write operation
(sometime referred to as a programming operation) to store information into
memory cells 110. A memory control unit 118 controls the memory operations
based on control signals on lines 127. Examples of the control signals on lines 127
include one or more clock signals and other signals to indicate which operation,
(e.g., a write or read operation) that memory device 100 performs. Other devices
external to memory device 100 (e.g., a processor or a memory controller) may

- control the values of the control signals on lines 127. Specific values of a
combination of the signals on these lines can produce a command (e.g., a write or
read command) that causes memory device 100 to perform a corresponding memory
operation (e.g., a write or read operation).
[0013] Each of memory cells 110 can store information representing a value
of a single bit or a value of multiple bits such as twé, three, four, or other numbers
of bits. For example, each of memory cells 110 can store information representing a
binary value "0" or "1" of a single bit. In another example, each of memory cells
110 can store information representing a value of multiple bits, such as one of four
possible values "00", "01", "10", and "11" of two bits, one of eight possible values
"00o", "001", "010", "011","100", "101", "110" and "111, or one of other values of
other number of multiple bits.
[0014] Memory device 100 can receive a supply voltage, including supply
voltage signals Vcc and Vss, on lines 141 and 142, respectively. Supply voltage
signal Vss may operate at a ground potential (e.g., having a value of approximately

| zero volts). Supply voltage signal Vce may include an external voltage supplied to

memory device 100 from an external power source such as a battery or an

alternating-current to direct-current (AC-DC) converter circuitry.
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[0015] Circuitry 150 of memory device 100 can include a select circuit 152
and an input/output (I/O) circuit 116. Select circuit 152 responds to signals SELO
through SELn to select the signals on lines 124 and 128 that can represent the
information read from or written into memory cells 110. Column decoder 134
selectively activates the SELO through SELn signals based on address signals A0Q
through AX. Select circuit 152 selects the signals on lines 124 and 128 to provide
communication between memory array 102 and I/O circuit 116 during read and
write operations.

[0016] Memory device 100 can be a non-volatile memory device and
memory cells 110 can be non-volatile memory cells such that memory cells 110 can
retain information stored thereon when power (e.g., Vcc or Vss, or both) is
disconnected from memory device 100. For example, memory device 100 can be a
flash memory device such as a NAND flash or a NOR flash memory device, or
other kinds of memory devices, such as a variable resistance memory device (e.g.,
phase change random-access-rﬁemory (PCRAM), resistive RAM (RRAM), etc.).
[0017] One skilled in the art may recognize that memory device 100 may
include other features that are not shown in FIG. 1, to help focus on the
embodiments described herein. ‘ _

[0018] Memory device 100 may include at least one of the memory devices
and 1ﬁemory cells described below with reference to FIG. 2 through FIG. 38.
{0019] FIG. 2 shows a schematic diagram of a portion of a memory device
200 having data lines 251, 252, and 253 located below memory cells 2 10, 211, and
212, according to an embodiment of the invention. Memory cells 210, 211, and 212
can be grouped into groups, such as a group of memory cells 210, a group of
memory cells 211, and a group of memory cells 212. As shown in FIG. 2, the
memory cells in each group share the same control gate, such as control gate 221,
222, or 223 (with associated signals WL0, WL1, and WL2). The memory cells are
coupled in series as strings, such as strings 215 and 216. Each string can include
one of the memory cells from different groups and is coupled between one of

transistors 231 and one of transistors 232.
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[0020] As shown in FIG. 2, transistors 231 have gates coupled to select lines
241, 242, and 243 (with associated signals SGD0, SGD1, and SGD2). Transistors
231 have nodes (e.g., sources) coupled to data lines 251, 252, and 253 (with
associated signals BLO, BL1, and BL2). Data lines 251, 252, and 253 sometimes
correspond to bit lines or sense lines of a non-volatile memory device.

10021] Transistors 232 have-gates coupled to select lines 261, 262, and 263
(with associated signals SGS0, SGS1, and SGS2). Transistors 232 have nodes (e.g.,.
drains) coupled to a common source 270 of memory cell strings in a non-volatile
memory devfce.

[0022] FIG. 2 shows three groups of memory cells with associated
components coupled to them, as an example. The number of groups of memory
cells and their associated components (e.g., control gates and data lines) can vary.
[0023] Memory device 200 uses control gates 221, 221, and 223 to control
access to memory cells 210, 211, and 212 during a read operation to sense (e.g.,
read) information stored in memory cells 210, 211, and 212, and during a write
operation to store inform;cltion into memory cells 210, 211, and 212. Memory
device 200 uses data lines 251, 252, and 253 to transfer the information read from
these memory cells during a read operatibn.

[0024] Transistors 231 and 232 are responsii/e to signals SGDO, SGDI, and
SGD2, and signals SGSO0, GS1, and SGS2, respectively, to selectively couple the
memory cells to data lines 251, 252, -and 253 and common source 270 during a read
or write operation. |

[0025] To help focus on the description herein, the description herein omits
detailed description of operations of memory device, such as write, read, and erase
operation. One skill in the art would recognize these operations. For example, in an
erase operation of memory device 200, a voltage of approximately 20 volts can be
applied to data lines 251, 252, and 253 while control gates 221, 221, and 223, select
- lines 241, 242, and 243, and select lines 261, 262, and 263 can be “floated” (e.g.,

leave unconnected to a voltage). In this erase operation, electrons from memory
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elements of me'mory cells 210, 211, and 212 may move to data lines 251, 253, and
253.

[0026] FIG. 3 shows a 3D view of a portion of memory device 200,
according to an embodiment of the invention. FIG. 3 also shows X, Y, and Z
directions, and device levels 301, 302, and 303 arranged in the Z-direction.

Memory cells 210 of the same group can be arranged in rows and columns in the X-
direction and Y-direction. Each group of memory cells is located in different device
levels 301, 302, or 303. For example, the group having memory cells 210 is located
in devicev level 301. The group having memory cells 211 is located in device level
302. The group having memory cells 212 is located in device level 303.

{0027] As shown in FIG. 3, memory cells 210, 211, and 212 in each string
(e.g., memory cells between transistors 231 and 232) are substantially vertically
aligned in the Z-direction with respect to a substrate undefneath data lines 251, 252,
and 253. The substrate is not shown in FIG. 3, but can be similar to substrate 503 of
FIG. 5 and FIG. 6. FIG. 3 also shows a channel 241 and a conductive material
portion 242 extending vertically in the Z-direction and through memory element
430 of memory cells 210, 211, and 212 in the same string between transistors 231
and 232, which corresponds to transistors 231 and 232 of FIG. 2. As shown in FIG.
3, transistor 231 can include a double-gate coupled to a body 391 (e.g., transistor
channel) to control (turn on or off) the transistor. The structure of the double-gate
can include two segments of the same select line 241 (as shown in FIG. 3), such that
the two segments are located on only two respective sides of body 391.

[0028] Memory device 200 in FIG. 3 also can include contacts 329, 349, and
359. Contacts 329 provide electrical connections to control gates 221, 222, and 223.
Contacts 349 provide electrical connections to select lines 241, 242, 243, and 244.
Contacts 359 provide electrical connections to and from data lines 251, 252, and
253. Select line 244 and the memory cell associated with it in the Z-direction are
not shown in FIG. 2.

[0029] FIG. 4 shows a portion of control gate 221 and a memory cell 210 of
memory device 200 of FIG. 3. Control gates 222 and 223 and memory cells 211
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and 212 of FIG. 2 have structures similar to control gate 221 and memory cell 210,
respectively. As shown in FIG. 4, control gate 221 can include a homogenous
material with cavities 420, each cavity being filed with various components,
including materials different from the homogenous material. The various
components include: a memory element 430; a channel 441, a conductive material
portion 442, and dielectrics 421 and 427. Dielectric 421 can include multiple
materials 422, 423, and 424 arranged as dilfferent layers. As shown in FIG. 4,
memory element 430 of each memory cell 210 has a ring shape (e.g., donut shape)
with an inner side 451 and an outer side 452. Each of the other memory cells 211
and 212 shown in FIG. 3 also has a ring shape.. As shown in FIG. 3, within memory
cells 210, 211, and 212 in the same string (e.g., between transistors 231 and 232),
the entire ring-shape memory element 430 of each memory cell is substantially
verfically aligned (in the Z-direction) with the entire ring-shape memory element of
each of the other memory cells in the same string.

[0030] Each memory element 430 can store information, such as based on
the amount of charge (e.g., number of electrons) therein. In each such memory
element 430., the amount of charge corresponds to the value of information store that
mémory element. The amount of charge can be controlled in a write operation or in
erase operation. For example, electrons fr_om channel 441 or conductive material
portion 442, or both, can move to memory element 430 during a write operation due
to a tunneling effect known to those skilled in the art. In an erase operation,
electrons from memory element 430 can move back to channel 441 or conductive
material portion 442, or both, to data lines 251, 253, and 253 (FIG. 2 and FIG. 3).
Alternative embodiments might use a memory element 430 that can store
information, such as based on the resistance of the element 430, for example.

[0031] Memory device 200 of FIG. 3 can be formed using processes similar
to or identical to those described below with reference to FIG. S through FIG. 29.
[0032] FIG. 5 through FIG. 29 show various processes of forming a memory

device 500 having data lines located below memory cells, according to an
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embodiment of the invention. Memory device 500 (shown in more details in FIG.
29) can correspond to memory device 300 of FIG. 3.
[0033] FIG. 5 shows memory device 500 having a substrate 503, which can
include materials 501 and 502 arranged as layers. Materiai 501 can include bulk
silicon or could be another semiconductor material. Material 502 can be a dielectric
material, for example, silicon oxide. FIG. 5 also shows materials 504 and 505
formed over substrate 503, Forming materials 504 and 505 can include depositing a
conductive material over substrate 503 and then depositing another conductive
material over material 504. Material 504 can include a metal or other conductive
materials. Material 505 can include ﬁndoped polysilicon or doped polysilicon, such
as p-type silicon or another conductive materials.
[0034] FIG. 5 also shows an X-direction, a Y-direction perpendicular to the
X-direction, and a Z-diréction perpendicular to both the X-direction and the.Y-
direction. As shown in FIG. 5, materials 504 and 505 can be formed as different
layers, one layer over (e.g., on) one or more other layers in the Z-direction.
[0035] As used herein, the term “on” usg:d with respect to two or more
materials, one “on” the other, means at least some contact between the materials,
While “over” or “overlaying” could refer to either a material being "on" another
material or where there is one or more additional intervening materials between the
materials (e.g., contact is not necessarily required). The term “on”, “over”, or
“overlying” does not imply any directionality as used herein unless otherwise
explicitly stated as such. ,
[0036] FIG. 6 shows memory device 500 after data lines 651, 652, and 653
and device structures 605 have been formed. A process such as etching (e.g., dry
etching) can be used to remove portions of materials 504 and 505 (FIG. 5) to form
trenches 511 and 512, which have trench bottoms at material 502. Each of data
lines 651, 652, and 653 and each of device structures 605 has a greater dimension
(e.g., length) extending in the X-direction. A mask (not shown in FIG. 6) having
separate openings extending in the X-direction can be used to form trenches 511 and

512. Asshown in FIG. 6, trenches 511 and 512 divide material 504 (FIG. 5) into
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separate data lines 651, 652, and 653, which can correépond to data lines 251, 252,
and 253 of FIG. 2.

[0037] FIG. 7 shows memory device 500 after pillars 705 have been formed
in area 701 of memory device 500. Pillars 705 are not formed in area 702 of
memory device 500. For simplicity, FIG. 7 through FIG. 29 do not show substrate
503 of FIG. 6. In FIG. 7, a process such as etching (e.g., dry etch) can be used to
remove portions of device structures 605 to form trenches 711, 712, and 713 in the
Y -direction, perpendicular to trenches 511 and 512, such that pillars 705 can be
formed as shown in FIG. 7. A mask (not shown in FIG. 7) having separate openings
extending in the Y-direction can be used to form trenches 711, 712, and 713. Each
pillar 705 can include a height in the Z-direction of approximately 20 to 50
nanometers. As shown in FIG. 7, pillars 705 are arranged in rows and columns
(e.g., in a matrix) in the X-direction and Y-direction. For simplicity, FIG. 7 does
not show a dielectric material filled in trenches 511 and 512. However, forming
memory device 500 in FIG. 7 algo can include forming a dielectric material (e.g., |
silicon oxide) to fill trenches 751 1 and 512 up to a top surface 715 of device structure
605.

[0038] FIG. 8 shows memory device 500 after dielectric 831 and select lines
841, 842, 843, and 844 have been formed. Select.lines 841, 842, 843, and 844 can
correspond to select lines 241, 242, 243, and 244, respectively, of FIG. 3. In FIG. 8,
dielectrics 831 are formed to electrically isolate select lines 841, 842, 843, and 844
from pillars 705. Dielectrics 831 can be formed by, for example, depositing a
dielectric material (e.g., silicon oxide) on at least two sides of each pillar 705 or by
oxidiziﬁg pillars 705. After dielectrics 831 are formed, select lines 841, 842, 843,
and 844 can be formed by, for example, depositing a conductive material over |
pillars 705 and trenches 711, 712, and 713 (FIG. 7) and then removing (e.g.,
etching) a portion of the conductive material to form select liﬁes 841, 842, 843, and
844 having the structure shown in FIG. 8. Examples of the conductive materials for -
select lines 841, 842, 843, and 844 include polysilicon, metal, or other conductive

materials, such as TiN and TaN.
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[0039] FIG. 8 also shows doped regions 833, which can be formed by
inserting (e.g., implanting) n-type impurities into selective portions of device
structure 605. Examples of n-type impurities include elements such as phosphorus
(P) or arsenic (As). The remaining portion of device structures 605 that has not
been inserted with n-type impurities may maintain its original material, such as p-
type silicon, as described above with refe_rénce to F1G. 5.

[06040] FIG. 9 shows memory device 500 with select lines 941, 942, 943,
and 944, which ére alternative structures for select lines 841, 842, 843, and 844 of
FIG. 8. In FIG. 8, opposite sides of each pillar 705 are associated with two different
segments of the same select line 841, 842, 843, or 844. In FIG. 9, except for the top
surfaces of pillars 705, each pillar 705 can be completely surrounded by the material
of one of the select line 941, 942, 943, or 944 (e.g., four sides of each pillar 705 are
associated with four different segments of the same select line). Higher efficient
memory device may be achieved with select lines 941, 942, 943, and 944 in
comparison to select lines 841, 842, 843, apd 844. Select lines 941, 942, 943, and
944 can also be alternative structures for select lines 241, 242, 243, and 244,
respectively, of FIG. 3. Thus, each transistor 231 of FIG. 2 and FIG. 3 can include a
surrounded gate with a structure shown.in FIG. 9. Thus, instead of a double-gate
shown in FIG. 3, each transistor 231 of FIG. 3 can alternatively include a
surrounded gate having four different segments of the same select line (such as
select line 941) surrounding body 391 (FIG. 3).

{0041} FIG. 10 shows memory device 500 after materials 1001 through
1007 are formed over pillars 705 and select lines 841, 842, 843, and 844. Materials
1001 through 1007 can be formed in both areas 701 and 702 of memory device 500.
However, to focus on the description herein, FIG. 10 does not show some portions
of materials 1001 through 1007 in area 702. The description below with reference
to FIG. 28 and FIG. 29 describes forming additional components (e.g., components
+ similar to contacts 329 of FIG.-3) in area 702 of memory device 500.

[0042] In FIG. 10 through FIG. 29, for simplicity, some number

designations associated with some components of memory device 500 may not be -
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repeated from one figure to another figure. In FIG. 10, before forming materials
1001 through 1007, a dielectric material (not showﬁ in FIG. 10), such as silicon
oxide, can be formed to fill gaps 1041, 1042, and 1043. Forming materials 1001
through 1007 can include alternately depositing dielectric material and conductive
materiél in an interleave fashion, such that these inaterials are alternately stacked
over each other in the Z-direction, as shown in FIG. 10. Materials 1001, 1003,
1005, and 1007 can include dielectric materials, such as silicon oxide. Materials
1002, 1004, and 1006 can include conductive materials, such as metal or polysilicon
(e.g., n-type silicon for p-type silicon). As shown in FIG. 10, materials 1001
through 1007 are formed such that materials 1002, 1004, and 1006 are electrically
isolated from each other by materials 1001, 1003, 1005, and 1007.

[0043] FIG. 11 shows memory device 500 after openings (e.g., holes) 1101
have been formed in material 1002 through 1107. Holes 1101 are formed such that
each hole 1101 can be aligned substantially directly over a corresponding pillar 705,
as illustrated in FIG. 11. Forming holes 1101 can include removing (e.g., etching) a
portion of each of materials 1002 thfough 1007, stopping at material 1001, such that
at least a portion of material 1001 or the entire material 1001 remains to separate
holes 1101 from pillars 705. Forming holes 1101 results in forming cavities 1110 in
each of materials 1003, 1005, and 1007, and cavities 1120 in each of materials 1002,
1004, and 1006. As shown in FIG. 12, cavities 1110 in the materials 1003, 1005,
and 1007 are substantially aligned directly over cavities 1120 in the other materials
1002, 1004, and 1006. Each cavity 1110 and each cavity 1120 may have
substantially the same diameter, D1. Diameter D1 can also be considered the
diameter of each hole 1101 at the location of each cavity 1110 and each cavity 1120.
[0044] FIG. 12 shows memory device 500 after cavities 1220 have been
formed in materials 1002, 1004, and 1006 (used to form control gates 1221, 1222,
and 1223). Forming cavities 1220 can include enlarging the size of cavities 1120
(FIG. 11) while keeping the size of cavities 1110 substantially unchanged (e.g.,
remaining substantially at diameter D1). For example, enlarging the size of caQities

1120 (FIG. 11) can include selectively removing (e.g., selective wet or dry etching)
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a portion of each of materials 1002, 1004, and 1006 at each cavity 1120 (FIG. 11)
such that the diameter of each cavity 1220 increases to substantially diameter D2,
while the diameter D1 at each cavity 1110 remains substantially unchanged.
Diameter D2 is greater than diameter D1. Forming cavities 1120 in materials 1002,
1004, and 1006 also form control gates 1221, 1222, and 1223, which can correspond
to control gates control gates 221, 222, and 223 of FIG. 2.

[0045] FIG. 13 shows more details of control gate 1221 of FIG. 12. Control
gates 1222 and 1223 of FIG. 12 have a similar structure as control gate 1221. As
shown in FIG. 13, control gate 1221 can include a homogenous material with
cavities 1220 of FIG. 11 being arranged in rows and columns in the X-direction and
Y-direction. Each cavity 1220 can include a sidewall 1225,

[0046] FIG. 14 and FIG.. 15 shows memory device 500 after dielectrics 1421
and memory elements 1430 have been formed in cavities 1220. For simplicity, FIG.
15 does not show dielectrics 1421 and memory elements 1430 in all cavities 1220.
Each dielectric 1421 can be formed on sidewall 1225, such that each dielectric 1421
and can be located between the material of control gate 1221 and memory element
1430, and such that memory element 1430 can be electrically isolated from the
material of control gate 1221 by at least a portion of dielectric 1421. Forming
dielectric 1421 can include forming multiple materials 1422, 1423, and 1424 (FIG.
15) at different times, one material after another. Forming material 1422 can
include oxidizing a portion (e.g., a surface) of sidewall 1225 to form dielectric
material (e.g., silicon oxide) on sidewall 1225. Alternatively, forming material 1422
can include depositing dielectric material (e.g., silicon oxide) on sidewall 1225.
Forming material 1423 can include depositing dielectric material (e.g., silicon
nitride) on material 1422, wherein a portion of that dielectric material may also form
on sidewall 1425 of each cavity 1110. Forming material 1424 can include
depositing dielectric material (e.g., silicon oxide) on material 1423.

[0047] Memory elements 1430 can be formed after dielectrics 1421 are
formed. As shown in FIG. 15, each memory element 1430 has a ring shape (e.g., a

donut shape) with an inner side 1451 and an outer side 1452 of FIG. 14. Forming
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memory elements 1430 can include depositing a material in holes 1101. Since
cavities 1220 of FIG. 14 are substantially aligned with cavities 1110, the material
(that forms memory element 1430) may fill both cavities 1110 and 1120. Then, a
portion (e.g., center portion in each hole) of the material that forms memory
elements 1430 can be removed (e.g., by etching in the same, single, etching step)
such that the material in cavities 1110 can be removed (e.g., completely removed) |
and the material in cavities 1220 is not completely removed but partially removed.
As shown in FIG. 14, after the material that forms memory elements 1430 is
removed from cavities 1110, a portion of dielectric material 1423 (e.g., silicon
nitride, that was formed on material 1422) may be exposed. As shown in FIG. 14,
after the material that forms memory elements 1430 is partially removed from
cavities 1220, memory element 1430 (formed by the remaining material in a cavity
1220) associated with the same hole 1101 may have its inner side 1451 substantially
aligned with sidewall 1425 (or sidewall 1425 with portions of materials 1422 and
1423 of cavities 1110) of cavities 1110.

10048] The material of memory elements. 1430 can include, for example,
semiconductor material (e.g., polysilicon), dielectric charge trapping material, such
as silicon nitride or other dielectric charge trapping materials, or a variable
resistance material, such as a phase change material (e.g., GST). During removing
(e.g., etching) a portion of the material that forms memory elements 1430, portions
1401 of material 1001 located over pillars 705 can also be removed to reduce the
vthickness of portions 1401, _

[0049] FIG. 16 and FIG. 17 show memory device 500 after dielectric 1627
has been formed on inner side 1451 of memory element 1430 and in cavities 1110.
Forming dielectric 1627 can include depositing dielectric material (e.g., silicon
oxide) on inner side 1451. Alternatively, forming dielectric 1627 can include
oxidizing a portion (e.g., inner side 1451) of memory element 1430. Forming
dielectric 1627 (e.g., by oxidation) may also consume material 1423 (FIG. 14)
formed on material 1422, which formed on sidewall 1425 of cavities 1110. Thus,

dielectric 1627 may also form in cavities over material 1422.
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[0050] FIG. 18 and FIG. 19 show memory device 500 after channels 1841
have been formed on dielectrics 1627 in both cavities 1110 and 1220. Forming
channels 1841 can include depositing a conductive material on dielectrics 1627. An
etching process can be used to reduce the thickness of the conductive material after
it is deposited. The conductive material of channels 1841 can include doped
polysilicon, which can have the same material type (e.g., p-type) as pillars 705.
FIG. 18 also shows a formation of openings 1801, which can be formed by
removing (e.g., by etching) portions 1401 (FIG. 14) located over pillars 705. As
shown in FIG. 19, channel 1841 is facing memory elements 1430 and is electrically
isolated from memory element 1430 by at least a portion of dielectric 1627.

(0051} - FIG. 20 shows memory device 500 after a conductive material 2001
has been formed by, for example, depositing undoped or lightly doped polysilicon to
place channels 1841 in electrical communication with pillars 705. As shown in
FIG. 20, conductive material 2001 forms a continuous conductive path between
channels 1841 and data lines 651, 652, and 653 through pillars 705.

[0052] FIG. 21 shows memory device 500 after dielectric material 2101
(e.g., silicon oxide) has been formed over conductive material 2001.

[0053] FIG. 22 shows memory device 500 after a formation of openings
(e.g., holes 2201), a conductive material portion 2260, and conductive material
portions 2241. Holes 2201 are formed such that each hole 2201 can be aligned
substantially directly over channels 1841, as illustrated in FIG. 22. Forming holes
2201 can include removing (e.g., etching) a portion of dielectric material 210! and a
portion of conductive material 2001 (FIG. 21), stopping at a location in material
1007. Holes 2201 can be formed such that after a portion of conductive material
2001 is removed during the formation of holes 2201, conductive material 2001 is
separated into conductive material portion 2260 and conductive material portions
2241, as illustrated in FIG. 22.

{0054] FIG. 23 shows memory device 500 after doped regions 2301 have
been formed. Forming doped regions 2301 can include inserting (e.g., implanting)

n-type impurities into top parts of conductive material portions 2241. Doped
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regions 2301 can provide a relatively low resistance connéction between channels
1841 and other components of memory device 500.

[0055] FIG. 24 shows memory device 500 after dielectrics 2401 and
channels 2402 have been formed. Dielectrics 2401 (e.g., silicon oxide) is formed on
sidewalls of conductive material portion 2260 at the location of holes 2201.
Channels 2402 are formed on sidewalls of dielectric material 2101 and on
dielectrics 2401.

[0056] FIG. 25 shows memory device 500 after conductive material 2501
has been formed in each of holes 2201, such that channel 2402 can Be electrically
coupled to channel 1841 through conductive material 2501, doped region 2301, and
~ conductive material portion 2241. Forming conductive material 2501 in each of
holes 2201 can include depositing a conductive material (e.g., polysilicon) over
material, such that the conductive material fills holes 2201. Then, a top portion of
the conductive material can be removed by, for example, etching back the
conductive material or by chemical mechanical planarization (CMP).

[0057] FIG. 26 shows memory device 500 after ddped regions 2601 and
select lines 2661, 2662, and 2663 have been formed. Forming doped regions 2601
can include inserting (e.g., implanting) n-type impurities into top portions of
conductive material 2501. Forming select lines 2661, 2662, and 2663 can include
removing parts of dielectric material 2101 and conductive material portion 2260 to
form trenches 2602, which have trench bottoms partially extending into material
1007. As shown in FIG. 26, trenches 2602 separate conductive material portion
2260 into select lines 2661, 2662, and 2663, which can correspond to select lines
261, 262, and 263 of FIG. 2.

[0058] FIG. 27 shows memory device 500 after material 2701 and a
common source 2770 have been formed. Forming material 2701 can include
depositing a dielectric material (e.g., silicon dioxide) over material 2101, such that
the dielectric material fills trenches 2602. Then, a top portion of the dielectric

material can be removed by, for example, etching back the dielectric material or by
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CMP. Forming common source 2770 can include depositing a conductive material .
(e.g., metal) over materials 2701 énd 2101.

|0059] FI1G. 28 shows memory device 500 after materials 1001 through
1007 in area 702 (FIG. 10) are processed (e.g., by patterning) to form a stair like
pattern with material between the stairs are not shown in FIG. 28. As mentioned
above in the description of FIG. 10, some portions of materials 1001 through 1007
are omitted from area 702 of FIG. 10 through FIG. 27 for clarity. FIG. 28 shows
material 1001 through 1007 in area 702 after they have been processed to form the
stair like pattern. As shown in FIG. 28, control gafes 1221, 1222, and 1223 are
formed from materials 1002, 1004, and 1006, respectively, which are formed in the
stair like pattern.

' [0060] FIG. 29 shows memory device 500 after contacts 2929, 2949, and
2959 have been formed. Contacts 2929 provide electrical connections to control
gates 1221, 1222, and 1223. Contacts 2949 provide electrical connections to select -
lines 841, 842, 843, and 844. Contacts 2959 provide electrical connections to and
from data lines 651, 652, and 653.

[0061] As shown in FIG. 29, memory device 500 can include components
and memory cells 2910, 2911, and 2912 similar to or identical to components and
memory cells 210, 211, and 212 of memory device 300 described above with
reference to FIG. 2 and FIG. 3.

[0062] One skilled in the art may readily recognize that additional processes
may be performed to form additional features of a memory device, such as memory
device 500 described above. Thus, to help focus on the embodiments described
herein, FIG. 5 through FIG. 29 described above and FIG. 30 throﬁgh FIG. 38
described below show only some of the features of a memory device, such as
memory device 500.

[0063] FIG. 30 shows a schematic diagram of a portion of a memory device
300 having data lines 251, 252, and 253 located above memory cells 210, 211, and
212, according to an embodiment of the invention. Memory device 300 can include

components similar to those of memory device 200 of FIG. 3. Thus, for simplicity,
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similar or same components between memory device 200 and memory device 3000
are given the same number designations. The detailed description of these similar
components is not repeated in FIG. 30. Main differences between memory device
3000 and memory device 200 include the locations of data lines 251, 252, and 253
and common source 3070 of memory device 3000 to enable global erase operation.
As shown in FIG. 30, data lines 251, 252, and 253 are located above memory cells
210,211, and 212. Common source 3070 is located below memory cells 210, 211,
and 212 and can couple directly to at least a portion of a substrate of memory device
3000 (e.g., substrate 3101 in FIG. 31). This main difference may allow voltages to
be applied to various components of memory device 3000 in a different way during
an erase operation and memory device 3000 function differently (e.g., during the
global erase operation) in comparison with the erase operation (e.g., local erase
operation) of memory device 200. For example, in an erase operation of memory
device 3000, a voltage of approximately 20 volts can be applied to common source
3070, while control gates 221, 221, and 223, data lines 251, 252, and 253, select
lines 241, 242, and 243, and select lines 261, 262, and 26 can be “floated”. In this
erase operation, electrons from memory elements of memory cells 210, 211, and
212 may move (e.g., by tunneling) to common source 3070 (e.g., global erase). In
memory 200, as described above with reference to FIG. 2, FIG. 3, and FIG. 4,
during an erase operation, electrons from memory elements of memory cells 210,
211, and 212 may move to data lines 251, 253, and 253 (e.g., local erase)

[0064] FIG. 31 shows a 3D view of a portion of the memory device 3000 of
FIG. 30, according to an embodiment of the invention. As shown in FIG. 31, data
lines 251, 252, and 253 are located above mémory cells 210, 211, and 212, common
source 3070 is located below memory cells 210, 211, and 212 and is coupled to a
substrate 3101. Substrate 3101 can include semiconductor material, such as p-type
silicon.

[0065] As shown in FIG. 31, memory cells 210, 211, and 212 in each string
(e.g., memory cells betweén transistors 231 and 232) are substantially vertically

aligned in the Z-direction with respect to substrate 3101. Transistor 232 can include
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a double-gate or surrounded gate similar to the double-gate (FIG. 3) or surrounded
gate (FIG. 9) of transistor 231 of FIG. 3. FIG. 31 also shows a channel 441 and a
conductive material portion 442 extending vertically in the Z-direction and through
memory element 430 of memory cells 210, 211, and 212 in the same string between
transistors 231 and 232, which corresponds to transistors 231 and 232 of FIG. 30.
[0066] Memory element 430 in each of memory ceils 210, 211, and 212 has
a ring shape. As shown in FIG. 31, within memory cells 210, 211, and 212 in the
same string, the entire ring-shape memory element 430 of each memory cell is
lsubstantially vertically aligned (in the Z-direction) with the entire ring-shape
memory element of each of the other memory cells in the same string.

'[0067] FIG. 32 through FIG. 38 show various processes of forming a
memory device 3200 having data lines located above memory cells, according to an
embodiment of the invention. Memory device 3200 (shown in more details in FIG.
38) can correspond to memory device 3000 of FIG. 31.

[0068] FIG. 32 shows memory device 3200 having a substrate 3201 and
trenches 3211, 3212, and 3213, and substrate portions 3270 and 3271 formed on a
top portion of substrate 3201. Substrate 3201 can include semiconductor material,
such as bulk silicon. Top substrate portions 3270 and 3271 can be formed by
inserting (e.g., implanting) p-type impurities into a top portion of substrate 3201.
Thus, substrate portions 3270 and 3271 can include p-type silicon. Forming
trenches 3211, 3212, and 3213 and substrate portion 3270 can include remo(zing
(e.g., etching) a portion of substrate portion'3271. During a write or read operation
of memory device 3200, substrate portion 3270 can be coupled to a potential, such
as to ground. During an erase operation of memory device 3200, substrate portion
3270 can be coupled to a voltage, for example, approximately 20 volts.

[6069] FIG. 33 shows memory device 3200 after material 3301 has been
formed in trenches 3211, 3212, and 3213 (FIG. 32). Forming material 3301 can

- include depositing dielectric material (e.g., silicon oxide) over substrate 3201 to fill
trenches 3211, 3212, and 3213. Then, a top port.ion of the dielectric material can be
removed by, for example, CMP.
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[0070] FIG. 34 shows memory device 3200 after material 3401 and trenches
3411, 3412, and 3413, and device structures 3460 have been formed. Forming
material 3401 can include depositing dielectric material (e.g., silicon oxide, or
silicon nitride) over substrate 3201 and material 3301. Forming trenches 3411,
3412, and 3413 can include removing (e.g., etching) portions of substrate 3201,
material 3301, and material 3401. Device structures 3460 are formed as a result of
the formatipn of trenches 3411, 3412, and 3413. _

[0071] - FIG. 35 shows memory device 3200 after a formation of doped
regions 3501, material 3502, and select lines 3561, 3562, and 3563. Forming

doped regions 3501 can include inserting (e.g., implanting) n-type impurities into
selective portions of substrate portion 3271. Material 3502 (e.g., silicon oxide) can
be formed on both sides of each device structure 3460 to electrically isolate select
lines 3561, 3562, and 3563 from device structures 3460. Materials of select lines
3561, 3562, and 3563 can include one or more conductive materials, such as one or
more metals, alloys, other conductive materials, or a combination thereof. Select

- lines 3561, 3562, and 3563 can correspond to select lines 261, 262, and 263 of
memory device 3000 of FIG. 30. v

[0072] FIG. 36 shows memory device 3200 after material 3601 have been
formed in trenches 3411, 3412, and 3413. Forming material 3601 can include
depositing dielectric material (e.g., silicon dioxide) to fill trenches 3411, 3412, and
3413. Then, a top portion of the dielectric material can be removed by, for example,
etching back the conductive material or by CMP, stopping at substrate portion 3270.
[0073] FIG. 37 shows memory device 3200 after grooves 3701 have been
formed by retﬁoving (e.g., by wet etching) a top portion of the material used to form
select lines 3561, 3562, and 3563. Alteratively, forming grooves 3701 can be
omitted.

[0074] FIG. 38 shows memory device 3200 after other components have
been formed. The processes for forming the components of memory device 3200 in
FIG. 38 can include similar or identical processes for forming the component of

memory device 500 described above with reference to FIG. 10 through FIG. 29.
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For example, control gates 3821, 3822, and 3823 of FIG. 38 can be formed using
processes similar to or identical to those of forming control gates 1221, 1222, and
1223 of memory device S00 described above with described above with reference to
FIG. 5 through FIG. 29. Data lines 3851, 3852, and 3853 of FIG. 38, can
correspond to data lines 251, 252, and 253 of FIG. 3.0 and FIG. 31. Asshown in
F1G. 38, memory device 3200 éap include memory cells 3810, 3811, and 3812,
which can be formed using processes similar to or identical to those of forming
memory cells 2910, 2911, and 2912 of memory device 500 described above with
reference to FIG. 5 through FIG. 29.

[0075] One or more embodiments described herein include a memory device
and methods of forming the rﬁemory device. One such memory device can include
a first group of memory cells, each cell of the first group being formed in a
respective cavity of a first control gate located in one device level of the memory
device. The rﬁemory device also can include a second group of memory cells, each
cell of the second group being formed in a cavity of in a second control gate located
in another device level of the memory device. Additional apparatus and methods
are described. Other embodiments including additional apparatus and methods are
described above with reference to FIG. 1 through FIG. 38.

[0076] The illustrations of apparatus such as memory devices 100, 200, 500,
.3000, and 3200, and memory cells 210, 211, 212, 2910, 2911, 2912, 3010, 3811,
and 3812 are intended to provide a general understanding of the structure of various
embodiments and not a complete description of all the elements and features of the
apparatus that might make use of the structures described herein.

[0077] . The apparatus of various embodiments may include or be included in
electronic circuitry used in high-speed computers, communication and signal
processing circuitry, memory modules, portable memory storage devices (e.g.,
thumb drives), single or multi-processor modules, single or multiple embedded
processors, multi-core processors, data switches, and application-specific modules
including multilayer, multi-chip modules. Such apparatus may further be included

as sub-components within a variety of electronic systems, such as televisions,
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cellular telephones, personal computers (e.g., laptop computers, desktop computers,
handheld computers, tablet computers, etc.), workstations, radios, video players,v
audio players (e.g., MP3 (Motion Picture Experts Group, Audio Layer 3) players),
vehicles, medical devices (e.g., heart monitor, blood pressure monitor, etc.), set top
boxes, and others;

[0078] The above description and the drawings illustrate some embodiments
of the invention to enable those skilled in the art to praétice the embodiments of the
invention. Other embodiments may incorporate structural, logical, electrical,
process, and other changes. Examples merely typify possible variations. Portions
and features of some embodiments may be included in, or substituted for, those of
others. Many other embodiments will be apparent to those of skill in the art upon
studying and understanding the above description.

[0079] The Abstract is proVided to comply with 37 C.F.R. §1.72(b)
requiring an abstract that will allow the reader to quickly ascertain the nature and
gist of the technical disclosure. The Abstract of the Disclosure is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning of

the claims.
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What is claimed is:

1. An apparatus comprising:

first memory cells located in a first device level of a memory device;

second memory cells located in a second device level of the memory device;

a first control gate formed in the first device level, the first control gate to
control access to the first memory cells, wherein each of the first memory cells
includes a memory element formed in a cavity of the first control gate; and

a second control gate formed in the second device level, the second control
gate to control access to the second memory cells, wherein each of the second
memory cells includes a memory element formed in a cavity of the second control

gate.

2. ‘The apparatus of claim 1, wherein each of the first and second memory cells
include multiple 1neh10ry cells arranged in a first direction and multiple memory
cells arranged in a second direction, further comprising: |

a common source; and

data lines configured to be selectively coupled to the common source and the
memory cells through a conductive material, the conductive material extending
through the first and second memory cells in a third direction, the third direction

being substantially perpendicular to the first and second directions.

3. The apparatus of claim 2, wherein the common source is formed over a
substrate of the memory device, such that the common source is between the first
and second memory cells and the substrate to allow electrons from the memory
element of at least one of the first and second memory cells to move to the common

source during an erase operation.

Attorney Docket 303.B12USI 22 Client Ref. No. 2009-0119.00/US

YMTC EXHIBIT 1002
Page 374 of 382



4, The apparatus of claim 2, wherein the common source is formed over a
substrate of the memory device, such that the first and second memory cells are

between the common source and the substrate.

5. The apparatus of claim 1, wherein the first memory cells are substantially

vertically aligned with the second memory cells.

6. The apparatus of claim 1, wherein the memory element of each of the first
memory cells is substantially vertically aligned with the memory element of one of

the second memory cells.

7. The apparatus of claim 1, further comprising transistors to selectively couple
the first and second memory cells to data lines associated with the first and second
memory cells during a memory operation of the memory device, wherein at least

one of the transistors comprises a double-gate.

8. The apparatus of claim 1, further comprising transistors to selectively couple
the first and second memory cells to data lines associated with the first and second
memory cells during a memory operation of the memory device, wherein at least

one of the transistors comprises a surrounded gate.

9. An apparatus comprising:

a first non-volatile memory cell including a first memory element, the first
memory element having a ring shape;

a second non-volatile memory cell including a second memory element, the
second memory element having a ring shape; and

a conductive material extending through the first and second memory

elements.
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10.  The apparatus of claim 9, further comprising:

a first additional conductive material configured to operate as a control gate
to access the first memory cell, wherein the first memory element and the first
additional conductive material are located in a first device level.of a memory device
in which the first and second memory cells are located; and

a second additional conductive material configured to operate as a control
gate to access the second memory cell, wherein the second memory element and the
second additional conductive material are located in a second device level of the

memory device.

11.  The apparatus of claim 10, wherein each of the memory cells further
includes a first dielectric between the respective memory element and the

conductive material.

12, The apparatus of claim 11, wherein each of the memory cells further
includes a second dielectric between the respective memory element and the

respective additional conductive material.

13.  The apparatus of claim 9, further comprising a data line over a substrate to
carry signals representing values of information stored in the first and second
memory cells, wherein the data line is located between the substrate and the first

memory cell.

14.  The apparatus of claim 9, further comprising a data line over a substrate to
carry signals representing values of information stored in the first and second
memory cells, wherein the first and second memory cells are located between the

substrate and the data line.
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15.  An apparatus comprising:

a first conductive material located in a first device level of a memory device,
the first conductive material including a first cavity, the first cavity having a first
sidewall;

a second conductive material located in a second device level of the memory
device, the second conductive material including a second cavity, the second cavity
having a second sidewall;

a first dielectric formed on the first sidewall and the second sidewall;

a first memory element located in the first cavity and electrically isolated
from the first conductive material by a first portion of the first dielectric;

a second memory element located in the second cavity and electrically
isolated from fhe second conductive material by a second portion of the first
dielectric;

a second dielectric formed on a side of the first memory element and on a
side of the second memory element; and

a conductive channel extending from the first device level to the second
device level and facing the first and second memory elements, such that the
conductive channel is electrically isolated from the first and second memory

elements by at least a respective portion of the second dielectric.

16.  The apparatus of claim 15, wherein the first and second memory elements

comprise polysilicon.

17.  The apparatus of claim 15, wherein the first and second memory elements

comprise a dielectric material.

18.  The apparatus of claim 17, wherein the dielectric material comprises silicon
nitride.
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19.  The apparatus of claim 15, further comprising dielectric material between

the first and second conductive materials.

20.  The apparatus of claim 15, further comprising:

a substrate; and

a data line configured to be selectively coupled to the conductive channel,
wherein the data line is located between the second conductive material and the

substrate.

21.  The apparatus of claim 15, further comprising:

a substrate; and

a data line configured to be selectively coupled to the conductive channel,
wherein the first and second memory elements are located between the data line and

the substrate.

22. A method comprising:

forming a first non-volatile memory cell including a first memory element
having a ring shape;

forming a non-volatile second memory cell including a second memory
element having a ring shape; and

forming a conductive material extending through the first and second

memory elements,

23.  The method of claim 22, wherein forming the first memory céll comprises
forming a first cavity in a first conductive material, wherein the first memory
element is formed in the ﬁrsf cavity, wherein forming the second memory cell
comprises forming a second cavity in a second conductive material, and wherein the

second memory element is formed in the second cavity.
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24.  The method of claim 23, wherein the first cavity is substantially aligned over

the second cavity.

25. The method of claim 22, further comprising:
' forming a data line over a substrate, wherein the data line is located between

the substrate and the first and second memory cells.

26. The method of claim 22, further comprising:
forming a data line over a substrate, wherein the first and second memory

cells are located between the substrate and the data line.

27. A method comprising:

forming conductive material layers and dielectric material layers such that
the conductive material layers are electrically isolated from each other by the
dielectric material layers;
| forming cavities in each of the conductive material layers; and

forming a memory element in each of the cavities.
28.  The method of claim 27, wherein each of the conductive material layers is
between two of the dielectric material layers and at least one of the conductive

material layers is between two of the conductive material layers.

29. The method of claim 27, wherein the memory element comprises

polysilicon.

30. The method of claim 27, wherein the memory element comprises a dielectric

material.
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31. The method of claim 27, wherein forming the cavities includes:
forming initial cavities in the conductive material layers; and
enlarging a size of the initial cavities to form the cavities in each of the

conductive material layers.

32.  The method of claim 31, further comprising:
forming openings through the conductive material layers and the dielectric

material layers to form the initial cavities.

33. The method of claim 32, wherein second cavities are formed in each of the
dielectric material layers when the openings are formed, and a size of the second
cavities remains substantially unchanged when the size of the initial cavities is

enlarged.

34, The method of claim 33, wherein each of the second cavities and each of the

initial cavities has a substantially same diameter.
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Abstract of the Disclosure

Some embodiments include a memory device and methods of forming the
memory device. One such memory device includes a first group of memory cells,
each of the memory cells of the first group being formed in a cavity of a first control
gate located in one device level of the memory device. The memory device also
includes a second group of memory cells, each of the memory cells of the second
group being formed in a cavity of a second control gate located in another device

level of the memory device. Additional apparatus and methods are described. -
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