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1

Pursuant to Rule 201 of the Federal Rules of Evidence, Defendants SanDisk Corporation

2 and Dr. Eliyahou Harari submit this Request for Judicial Notice in support of their Motion to
3 Dismiss Plaintiff’s First Amended Complaint ("FAC") and respectfully request that the Court take
4 judicial notice of (1) U.S. Securities and Exchange Commission (“SEC”) filings; (2) the three
5 patents identified in the FAC; and (3) the expiration dates of the three patents identified in the FAC.
6 I.
7

THE COURT SHOULD TAKE JUDICIAL NOTICE OF THE DOCUMENTS
SUBMITTED BY DEFENDANTS’ IN SUPPORT OF THEIR MOTION TO
DISMISS

8

Judicial notice is proper where a fact is “not subject to reasonable dispute in that it is . . .

9 capable of accurate and ready determination by resort to sources whose accuracy cannot reasonably
10 be questioned.” Fed. R. Evid. 201(b). See Pfannenstiel v. Mortgage Elec. Registration Sys., Inc.,
11 2009 WL 347716 (E.D. Cal. Feb. 11, 2009) (granting defendants’ request pursuant to Federal
12 Rules of Evidence 201(b), 201(c) and 201(d) to notice public records in support of a motion to
13 dismiss). Further, a court “shall take notice if requested by a party and supplied with the necessary
14 information.” Fed. R. Evid. 201(d).
15

“[R]ecords and reports of administrative bodies” are proper subjects of judicial notice.

16 Interstate Natural Gas Co. v. S. Ca. Gas Co., 209 F.2d 380, 385 (9th Cir. 1953). In particular, “a
17 district court may take judicial notice of the contents of relevant public disclosure documents
18 required to be filed with the SEC as facts capable of accurate and ready determination by resort to
19 sources whose accuracy cannot reasonably be questioned.” In re Silicon Graphics, Inc. Sec. Litig.,
20 970 F. Supp. 746, 758 (N.D. Cal. 1997) (citing Kramer v. Time Warner, Inc., 937 F.2d 767, 774
21 (2d Cir. 1991)); see also Dreiling v. Am. Exp. Co., 458 F.3d 942, 946 n.2 (9th Cir. 2006) (SEC
22 filings subject to judicial notice); Towantic Energy, L.L.C. v. General Elec. Co., 2004 WL
23 1737254, at *1 n.1 (N.D. Cal. Aug. 2, 2004) (Fogel, J.) (granting Defendant’s request for judicial
24 notice of Plaintiff’s Form 8-K filed with the SEC).
25

Likewise, records from the U.S. Patent and Trademark Office (“PTO”) are proper subjects

26 of judicial notice. See Coinstar, Inc. v. Coinbank Automated Systems, Inc., 998 F. Supp. 1109,
27 1114 (N.D. Cal. 1998) (taking judicial notice of U.S. patents).
28
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1

Accordingly, Defendants request that the Court take judicial notice of the following

2 documents submitted in connection with Defendants’ Motion to Dismiss:
3

1. Exhibit A: Excerpt from SanDisk Corporation’s Form 10-K Annual Report Pursuant to
Section 13 or 15(d) of the Securities Exchange Act for the fiscal year ended January 3,
2010 (filed with the SEC Feb. 25, 2010);1

4
5

2. Exhibit B: Excerpt from STMicroelectronics’ Form 20-K Annual Report for the fiscal
year ended December 31, 2007 (filed with the SEC March 3, 2008);

6

3. Exhibit C: Excerpt from STMicroelectronics’ Form 20-K Annual Report for the fiscal
year ended December 31, 2008 (filed with the SEC May 13, 2009);

7
8

4. Exhibit D: Excerpt from STMicroelectronics’ Form 20-K Annual Report for the fiscal
year ended December 31, 2009 (filed with the SEC March 10, 2010);

9

5. Exhibit E: Excerpt from STMicroelectronics’ Form 6-K Report of Foreign Private
Issuer Pursuant to Section 13a-16 or 15d-16 of the Securities Exchange Act (dated
August 3, 2010);

10
11

6. Exhibit F: Excerpt from Micron Technology Inc.’s Form 8-K Current Report Pursuant
to Section 13 or 15(d) of the Securities Exchange Act (dated May 7, 2010);

12
13

7. Exhibit G: Excerpt from STMicroelectronics’ Form 6-K Report of Foreign Private
Issuer Pursuant to Section 13a-16 or 15d-16 of the Securities Exchange Act (dated May
4, 2005);

14
15
16

8. Exhibit H: Excerpt from STMicroelectronics’ Form 6-K Report of Foreign Private
Issuer Pursuant to Section 13a-16 or 15d-16 of the Securities Exchange Act (dated May
19, 2009);

17

9. Exhibit I: U.S. Patent No. 5,172,338 (the “‘338 patent”);

18

10. Exhibit J: U.S. Patent No. 5,991,517 (the “‘517 patent”);

19

11. Exhibit K: U.S. Patent No. 5,070,032 (the “‘032 patent”); and

20

12. Exhibit L: PACER Case Locator Civil Case Database Search Results for Party Name
"STMicro" and Nature of Suit Code 830 ("Patent") (dated September 30, 2010).

21
22 II.

THE COURT SHOULD TAKE JUDICIAL NOTICE OF THE EXPIRATION
DATES OF THE ‘338, ‘517 AND ‘032 PATENTS

23
24

Defendants further request that the Court take judicial notice of the expiration dates of the

25 ‘338, ‘517 and ‘032 patents. Specifically, Defendants request that the Court take notice that the
26

1

Due to the voluminous nature of SEC filings and for environmental reasons, Exhibits A
through H are limited to the relevant excerpts from STM’s SEC filings. Defendants will provide
27 complete copies of these filings if requested by the Court. Complete copies of these SEC filings
are also available online at http://www.sec.gov/edgar.shtml.
28
-2REQUEST FOR JUDICIAL NOTICE IN SUPPORT
OF DEFENDANTS’ MOTION TO DISMISS

5:10-CV-02787 JF

Case4:10-cv-02787-SBA Document40 Filed10/01/10 Page4 of 145

1 ‘338 patent expired December 15, 2009; that the ‘517 patent expired April 13, 2009; and, that the
2 ‘032 patent expired March 15, 2009. These dates are appropriate subjects of judicial notice
3 because they are capable of accurate and ready determination by the application of 35 U.S.C. § 154
4 to the patents. See Technicon Inst. Corp. v. Alpkem Corp., 664 F. Supp. 1558, 1571 (D. Or. 1986)
5 (citing 35 U.S.C. § 154 and taking judicial notice of a patent’s expiration date), aff’d in part, rev’d
6 in part on other grounds, vacated in part, 837 F.2d 1097 (Fed. Cir. 1987); Maurice A. Garbell, Inc.
7 v. The Boeing Co., 385 F. Supp. 1, 32 (C.D. Cal. 1973) (taking judicial notice of patent’s expiration
8 date).
9

Under 35 U.S.C. § 154(a)(2) the term of a patent resulting from a patent application filed

10 after June 8, 1995 begins on the date of issuance and ends “20 years from the date on which the
11 application for patent was filed in the United States or, if the application contains reference to an
12 earlier filed application or applications . . . from the date on which the earliest such application was
13 filed.” 35 U.S.C. § 154(a)(2).
14

The application resulting in the ‘517 patent was filed on December 20, 1996, and its term is

15 therefore governed by § 154(a)(2). The ‘517 patent references U.S. Patent Application No.
16 07/337,566, filed April 13, 1989, as its earliest parent application. (See Ex. K at “Related U.S.
17 Application Data.”) Accordingly, under § 154(a)(2), the term of the ‘517 patent is twenty years
18 from the filing date of the earliest referenced parent application, i.e., twenty years from April 13,
19 1989. Thus, the ‘517 patent expired April 13, 2009.
20

The term of patents either issuing before June 8, 1995 or resulting from applications filed

21 before June 8, 1995, is governed by 35 U.S.C. § 154(c)(1). Under § 154(c)(1), a patent’s term
22 “shall be the greater of the 20-year term as provided in subsection (a), or 17 years from grant,
23 subject to any terminal disclaimers.” See also USPTO, Manual of Patent Examining Procedure
24 § 2701 (explaining calculation of patent term for patents resulting from applications filed before
25 and after June 8, 1995, the date six months after the enactment of the Uruguay Round Agreements
26 Act).
27

The ‘338 patent issued December 15, 1992, and its term is, therefore, governed by

28 § 154(c)(1). The earliest patent application referenced in the ‘338 patent is the 337,579 application
-3REQUEST FOR JUDICIAL NOTICE IN SUPPORT
OF DEFENDANTS’ MOTION TO DISMISS

5:10-CV-02787 JF

Case4:10-cv-02787-SBA Document40 Filed10/01/10 Page5 of 145

1 (See Ex. J, “U.S. Related Application Data”), which was filed April 13, 1989. Twenty years from
2 that date is April 13, 2009. However, seventeen years from the grant date of the ‘338 patent is
3 December 15, 2009. Thus, the ‘338 patent expired December 15, 2009.
4

The ‘032 patent’s term is also governed by § 154(c)(1) because it issued before June 8,

5 1995. The application resulting in the ‘032 patent was filed March 15, 1989, and 20 years from
6 this date is March 15, 2009. The ‘032 patent does not reference an earlier patent. The ‘032 patent
7 issued December 3, 1991, and seventeen years from this grant date is December 3, 2008. Thus,
8 because March 15, 2009 is later than December 3, 2008, the ‘032 patent’s expiration date is March
9 15, 2009.
10 III.

CONCLUSION

11

For the foregoing reasons, Defendants respectfully requests that the Court take judicial

12 notice of Exhibits A-M attached hereto and of the expiration dates of the ‘338, ‘517 and ‘032
13 patents.
14
15 DATED: October 1, 2010

SKADDEN, ARPS, SLATE, MEAGHER & FLOM, LLP

16
By:

/s/ Raoul D. Kennedy
Raoul D. Kennedy
David W. Hansen

17
18
19

Attorneys for DEFENDANTS,
SANDISK CORPORATION and ELIYAHOU HARARI

20
21
22
23
24
25
26
27
28
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EXHIBIT A
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EXHIBIT B
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As filed with the Securities and Exchange Commission on March 3, 2008

SECURITIES AND EXCHANGE COMMISSION
Washington, D.C. 20549

Form 20−F
P

REGISTRATION STATEMENT PURSUANT TO SECTION 12(b) OR (g)
OF THE SECURITIES EXCHANGE ACT OF 1934

P

ANNUAL REPORT PURSUANT TO SECTION 13 OR 15(d) OF THE SECURITIES EXCHANGE
ACT OF 1934

OR
For the fiscal year ended December 31, 2007
OR

P

TRANSITION REPORT PURSUANT TO SECTION 13 OR 15(d) OF THE SECURITIES
EXCHANGE ACT OF 1934
For the transition period from

P

to

SHELL COMPANY REPORT PURSUANT TO SECTION 13 OR 15(d) OF THE SECURITIES
EXCHANGE ACT OF 1934
Date of event requiring this shell company report
Commission file number: 1−13546

STMicroelectronics N.V.
(Exact name of registrant as specified in its charter)

Not Applicable

The Netherlands

(Translation of registrant’s
name into English)

(Jurisdiction of incorporation
or organization)

39, Chemin du Champ des Filles
1228 Plan−Les−Ouates
Geneva
Switzerland
(Address of principal executive offices)

Securities registered or to be registered pursuant to Section 12(b) of the Act:
Name
of
Each
Exchange
on
Which
Registered:

Title
of
Each
Class:
Common shares, nominal value €1.04 per share

New York Stock Exchange

Securities registered or to be registered pursuant to Section 12(g) of the Act: None
Securities for which there is a reporting obligation pursuant to Section 15(d) of the Act: None
Indicate the number of outstanding shares of each of the issuer’s classes of capital or common stock as of the close of the period covered by
the annual report:
899,760,539 common shares at December 31, 2007
Indicate by check mark if the registrant is a well−known seasoned issuer, as defined in Rule 405 of the Securities Act.
Yes P

NoP P

If this report is an annual or transition report, indicate by check mark if the registrant is not required to file reports pursuant to Section 13 or
15(d) of the Securities Exchange Act of 1934.
Yes P

NoP P

Indicate by check mark whether the registrant (1) has filed all reports required to be filed by Section 13 or 15(d) of the Securities Exchange
Act of 1934 during the preceding 12 months (or for such shorter period that the registrant was required to file such reports), and (2) has been
subject to such filing requirements for the past 90 days:
Yes P
NoP P
Indicate by check mark whether the registrant is a large accelerated filer, an accelerated filer, a non−accelerated filer, or a smaller reporting
company. See the definitions of “large accelerated filer,” “accelerated filer” and “smaller reporting company” in Rule 12b−2 of the Exchange Act.
(Check one):
Large accelerated filer P

Accelerated filer
P

Non−accelerated filer P
(Do not check if a smaller reporting company)

Indicate by check mark which financial statement item the registrant has elected to follow:
Item 17 P

Item 18P P

Smaller reporting company P
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PART I
Item 1.

Identity of Directors, Senior Management and Advisers

Not applicable.
Item 2.

Offer Statistics and Expected Timetable

Not applicable.
Item 3.

Key Information

Selected Financial Data
The table below sets forth our selected consolidated financial data for each of the years in the five−year period ended
December 31, 2007. Such data have been derived from our Consolidated Financial Statements. Consolidated audited financial
statements for each of the years in the three−year periods ended December 31, 2007, including the Notes thereto (collectively, the
“Consolidated Financial Statements”), are included elsewhere in this Form 20−F, while data for prior periods have been derived from
our Consolidated Financial Statements used in such periods.
The following information should be read in conjunction with “Item 5. Operating and Financial Review and Prospects”, the
Consolidated Financial Statements and the related Notes thereto included in “Item 8. Financial Information — Financial Statements” in
this Form 20−F.

2007
Consolidated Statements of Income Data:
Net sales
Other revenues

$

Net revenues
Cost of sales

9,966
35

Year Ended December 31,
2006
2005
2004
(In millions except per share and ratio data)
$

9,838
16

$

8,876
6

$

8,756
4

2003

$

7,234
4

10,001
(6,465)

9,854
(6,331)

8,882
(5,845)

8,760
(5,532)

7,238
(4,672)

Gross profit
Operating expenses:
Selling, general and administrative
Research and development(1)
Other income and expenses, net(1)
Impairment, restructuring charges and other related closure
costs

3,536

3,523

3,037

3,228

2,566

(1,099)
(1,802)
48

(1,067)
(1,667)
(35)

(1,026)
(1,630)
(9)

(947)
(1,532)
10

(785)
(1,238)
(4)

(1,228)

(77)

(128)

(76)

(205)

Total operating expenses
Operating income (loss)
Other−than−temporary impairment charge on financial assets
Interest income (expense), net
Earnings (loss) on equity investments
Loss on extinguishment of convertible debt
Income (loss) before income taxes and minority interests
Income tax benefit (expense)

(4,081)
(545)
(46)
83
14
—
(494)
23

(2,846)
677
—
93
(6)
—
764
20

(2,793)
244
—
34
(3)
—
275
(8)

(2,545)
683
—
(3)
(4)
(4)
672
(68)

(2,232)
334
—
(52)
(1)
(39)
242
14

(471)
(6)

784
(2)

267
(1)

604
(3)

256
(3)

Income (loss) before minority interests
Minority interests
Net income (loss)

$

(477)

$

782

$

266

$

601

$

253

Earnings (loss) per share (basic)
Earnings (loss) per share (diluted)
Number of shares used in calculating earnings per share
(basic)
Number of shares used in calculating earnings per share
(diluted)

$
$

(0.53)
(0.53)

$
$

0.87
0.83

$
$

0.30
0.29

$
$

0.67
0.65

$
$

0.29
0.27

4

898.7

896.1

892.8

891.2

888.2

898.7

958.5

935.6

935.1

937.1
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development agreement with IBM to develop 32-nm and 22-nm complementary metal-oxide-semiconductor (“CMOS”)
process technology for 300-mm silicon wafers in order to pursue ongoing core CMOS technology development
following the termination of the R&D Crolles 2 Alliance with Freescale Semiconductor and NXP Semiconductors
starting this year. We also signed an agreement with IBM to license a derivative technology to implement in our
proprietary process for the manufacture of 45-nm integrated circuits. As of December 31, 2007, the residual value, net of
amortization, registered in our consolidated balance sheet for these technologies and licenses was $128 million. In
addition to amortization expenses, the value of these assets may be subject to impairment with associated charges being
made to our Consolidated Financial Statements.
In November 2007 we closed a business acquisition, which included intellectual property and design engineers, in
the wireless market for approximately $92 million. In December 2007 we announced, and in January 2008 completed the
acquisition of Genesis Microchip Inc. (“Genesis Microchip”) for intellectual property related to the digital consumer
marketplace and design engineers for $342 million. There is no assurance that such purchases will be successful and will
not lead to impairments and associated charges.
The competitive environment of the semiconductor industry may lead to further measures to improve our
competitive position and cost structure, which in turn may result in loss of revenues, asset impairments and/or
capital losses.
We are continuously considering various measures to improve our competitive position and cost structure in the
semiconductor industry.
In 2007 we also made the decision to divest our Flash Memory activities by combining our business with that of
Intel and announcing the planned creation of a new independent semiconductor company in the area of Flash memories,
which was named Numonyx. The intent is that such new company will benefit from critical size to be competitive in this
market. The transaction concerning the creation of Numonyx is planned to close in the first quarter of 2008. There is no
assurance that such transaction will close within the timeframe and pursuant to the terms currently planned.
Recently, our sales increased at a slower pace than the semiconductor industry as a whole and our market share
declined, even in relation to the markets we serve. Although we recovered in 2006 with an increase in our sales of 11%
compared to an increase of 9% for the industry overall, in 2007, our sales increased 1.5% while the industry increased by
approximately 3%. There is no assurance that we will be able to maintain or to grow our market share, if we are not able
to accelerate product innovation, extend our customer base, realize manufacturing improvements and/or otherwise
control our costs. In addition, in recent years the semiconductor industry has continued to increase manufacturing
capacity in Asia in order to access lower-cost production and to benefit from higher overall efficiency, which has led to
a stronger competitive environment. We may also in the future, if market conditions so require, consider additional
measures to improve our cost structure and competitiveness in the semiconductor market, such as increasing our
production capacity in Asia, discontinuing certain product families or adding restructurings, which in turn may result in
loss of revenues, asset impairments and/or capital losses.
Risks Related to Our Operations
Strategic repositioning may be required, in light of market dynamics, to improve our business performance.
As a result of a strategic review of our product portfolio, we decided in 2007 to divest our Flash Memory activities
by combining our business with that of Intel and announcing the planned creation of a new independent semiconductor
company in the area of Flash memories, which was named Numonyx. The intent is that such new company will benefit
from critical size to be competitive in this market. The transaction concerning the creation of Numonyx is planned to
close in the first quarter of 2008. In 2007 we incurred a loss of $1,106 million in connection with this planned transaction.
The amount of the loss may increase pending the final evaluation report being prepared by an independent firm, as well
as the impact of any further deterioration in the market conditions of the Flash memory business and the credit markets
generally. Further, if the transaction is postponed or not consummated as planned, we may incur additional charges.
Once Numonyx begins operations, we may also incur losses proportionate to our equity holding in this company.
Additionally, we are constantly monitoring our product portfolio and cannot exclude that additional steps in this
repositioning process may be required; further, we cannot assure that the strategic repositioning of our business will be
successful and produce the planned operational and strategic benefits and may not result in further impairment and
associated charges.

8
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seek to enhance our competitive position on all fronts of the memory market we serve both by adding new products and
improving manufacturing costs.
We expect to deconsolidate this group with the closing of the Numonyx transaction planned for the first quarter of
2008. From that point forward, our Flash memory exposure will consist of our 48.6% equity interest in Numonyx and will
be reported in the Earnings/Loss on equity investments line item on our consolidated statement of Income, and certain
financing arrangements.
Strategic Alliances with Customers and Industry Partnerships
We believe that strategic alliances with customers and industry partnerships are critical to success in the
semiconductor industry. We have entered into several strategic customer alliances, including alliances with
Alcatel-Lucent, Bosch, Hewlett-Packard, Marelli, Nokia, Nortel, Pioneer, Seagate, Continental AG, Thomson and
Western Digital. Customer alliances provide us with valuable systems and application know-how and access to markets
for key products, while allowing our customers to share some of the risks of product development with us and to gain
access to our process technologies and manufacturing infrastructure. We are actively working to expand the number of
our customer alliances, targeting OEMs in the United States, in Europe and in Asia and our recently announced digital
base-band relationship with Ericsson Mobile Platform is an example of our success in formalizing this program.
Partnerships with other semiconductor industry manufacturers permit costly research and development and
manufacturing resources to be shared to mutual advantage for joint technology development. We have a long history
of partnership for the collaborative development of CMOS process technologies in Crolles, France. Since January 1,
2008, we are collaborating with IBM on the development of 32-nm and 22-nm CMOS process technologies. We will
pursue the development, with IBM, of CMOS derivatives in Crolles. This cooperation follows the termination at the end
of 2007 of the cooperation with Freescale Semiconductor and NXP Semiconductors for the joint research and
development of advanced CMOS process technology on 300-mm wafers, as well as for the operations of a 300-mm wafer
pilot line fab which has been built in Crolles2. We remain convinced that the shared R&D business model contributes to
the fast acceleration of semiconductor process technology development and we will continue to actively pursue an
expansion of our portfolio of alliances to reinforce cooperation in the area of technology development in Crolles2.
We have also established joint development programs with leading suppliers such as Air Liquide, Applied
Materials, ASM Lithography, Canon, Hewlett-Packard, KLA-Tencor, LAM Research, MEMC, Teradyne and Siltronics
and with electronic design automation (“EDA”) tool producers, including Cadence, Co-Ware and Synopsys. We also
participate in joint European research programs, such as the MEDEA+ and ITEA programs, and cooperate on a global
basis with major research institutions and universities. In 2007 we were a founding member of SOI (Silicon-on-Insulator)
Industry Consortium.
We participated in the definition of the New Eureka program named CATRENE and to the European
Nanoelectronics Initiative Advisory (“ENIAC”) programs definition.
In 2004, we signed and announced a joint venture agreement with Hynix Semiconductor to build a front-end
memory-manufacturing facility in Wuxi City, China, and we plan to contribute this asset to Numonyx.
Customers and Applications
We design, develop, manufacture and market thousands of products that we sell to thousands of customers. Our
major customers include Alcatel-Lucent, Bosch, Cisco, Conti, Delphi, Delta, Denso, Ericsson, Hewlett-Packard, LG
Electronics, Marelli, Maxtor, Motorola, Nintendo, Nokia, Philips, Pioneer, Samsung, Seagate, Sharp, Siemens, Thomson
and Western Digital. To many of our key customers we provide a wide range of products, including application-specific
products, discrete devices, memory products and programmable products. Our position as a strategic supplier of
application-specific products to certain customers fosters close relationships that provide us with opportunities to
supply such customers’ requirements for other products, including discrete devices, programmable products and
memory products. We also sell our products through distributors and retailers, including Arrow Electronics, Avnet, BSI
Semiconductor, Future Electronics, Wintech and Yosun.

30
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compete. See “Item 3. Key Information — Risk Factors — Risks Related to Our Operations — We depend on patents to
protect our rights to our technology.”
We record a provision when it is probable that a liability has been incurred and when the amount of the loss can be
reasonably estimated. We regularly evaluate losses and claims to determine whether they need to be adjusted based on
the current information available to us. Legal costs associated with claims are expensed as incurred. We are in
discussion with several parties with respect to claims against us relating to possible infringements of patents and similar
intellectual property rights of others.
We are currently a party to legal proceedings with SanDisk Corporation.
On October 15, 2004, SanDisk filed a complaint for patent infringement and a declaratory judgment of noninfringement and patent invalidity against us with the United States District Court for the Northern District of California.
The complaint alleges that our products infringed a single SanDisk U.S. patent and seeks a declaratory judgment that
SanDisk did not infringe several of our U.S. patents (Civil Case No. C 04-04379JF). By an order dated January 4, 2005,
the court stayed SanDisk’s patent infringement claim, pending final determination in an action filed contemporaneously
by SanDisk with the United States International Trade Commission (“ITC”), which covers the same patent claim
asserted in Civil Case No. C 04-04379JF. The ITC action was subsequently resolved in our favor. On August 2, 2007,
SanDisk filed an amended complaint adding allegations of infringement with respect to a second SanDisk U.S. patent
which had been the subject of a second ITC action and which was also resolved in our favor. On September 6, 2007, we
filed an answer and a counterclaim alleging various federal and state antitrust and unfair competition claims. SanDisk
filed a motion to dismiss our antitrust counterclaim, which was denied on January 25, 2008. Discovery is now
proceeding.
On October 14, 2005, we filed a complaint against SanDisk and its current CEO, Dr. Eli Harari, before the Superior
Court of California, County of Alameda. The complaint seeks, among other relief, the assignment or co-ownership of
certain SanDisk patents that resulted from inventive activity on the part of Dr. Harari that took place while he was an
employee, officer and/or director of Waferscale Integration, Inc. and actual, incidental, consequential, exemplary and
punitive damages in an amount to be proven at trial. We are the successor to Waferscale Integration, Inc. by merger.
SanDisk removed the matter to the United States District Court for the Northern District of California which remanded
the matter to the Superior Court of California, County of Alameda in July 2006. SanDisk moved to transfer the case to
the Superior Court of California, County of Santa Clara and to strike our claim for unfair competition, which were both
denied by the trial court. SanDisk appealed these rulings and also moved to stay the case pending resolution of the
appeal. On January 12, 2007, the California Court of Appeals ordered that the case be transferred to the Superior Court
of California County of Santa Clara. On August 7, 2007, the California Court of Appeals affirmed the Superior Court’s
decision denying SanDisk’s motion to strike our claim for unfair competition. SanDisk appealed this ruling to the
California Supreme Court, which refused to hear it. Discovery is now proceeding. A hearing on Dr. Hariri’s motion for
summary judgment on the statute of limitations defense is scheduled for the third quarter of 2008.
With respect to the lawsuits with SanDisk as described above, and following two prior decisions in our favor taken
by the ITC, we have not identified any risk of probable loss that is likely to arise out of the outstanding proceedings.
We are also a party to legal proceedings with Tessera, Inc.
On January 31, 2006, Tessera added our Company as a co-defendant, along with several other semiconductor and
packaging companies, to a lawsuit filed by Tessera on October 7, 2005 against Advanced Micro Devices Inc. and
Spansion in the United States District Court for the Northern District of California. Tessera is claiming that certain of our
small format BGA packages infringe certain patents owned by Tessera, and that ST is liable for damages. Tessera is also
claiming that various ST entities breached a 1997 License Agreement and that ST is liable for unpaid royalties as a
result. In February and March 2007, our codefendants Siliconware Precision Industries Co., Ltd. and Siliconware USA,
Inc., filed reexamination requests with the U.S. Patent and Trademark Office covering all of the patents and claims
asserted by Tessera in the lawsuit. In April and May 2007, the U.S. Patent and Trademark Office initiated reexaminations
in response to all of the reexamination requests and final decisions regarding the reexamination requests are pending.
On May 24, 2007, this action was stayed pending the outcome of the ITC proceeding described below.
On April 17, 2007, Tessera filed a complaint against us, Spansion, ATI Technologies, Inc., Qualcomm, Motorola
and Freescale with the ITC with respect to certain small format ball grid array packages and products containing the
same, alleging patent infringement claims of two of the Tessera patents previously asserted in the District Court action
described above and seeking an order excluding importation of such products into the United States. On May 15, 2007,
the ITC instituted an investigation pursuant to 19 U.S.C. § 1337, entitled In the Matter of
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to improve our cost structure and competitiveness in the semiconductor market, such as seeking more competitive
sources of production, discontinuing certain product families or performing additional restructurings, which in turn may
result in loss of revenues, asset impairments and/or capital losses.
Risks Related to Our Operations
Market dynamics are driving us to a strategic repositioning, which has led us to enter into significant joint
ventures.
As a result of a strategic review of our product portfolio, in 2008 we divested our Flash Memory activities by
combining our business with that of Intel and creating Numonyx, a new independent semiconductor company in the
area of Flash memories. The intent is that Numonyx will benefit from critical size to be competitive in this market. The
transaction concerning the creation of Numonyx closed on March 30, 2008. We incurred a total impairment and disposal
loss of $1,297 million in connection with this transaction, of which $190 million was recorded in the year ended
December 31, 2008, and $31 million of other restructuring charges, of which $26 million was incurred in the year ended
December 31, 2008. We also incurred losses in 2008 related to our equity holding in Numonyx, for a total amount of
approximately $545 million, including a $480 million impairment on the equity investment. In the first quarter of 2009, we
also incurred losses of $229 million, out of which $200 million was an additional impairment on the equity investment in
Numonyx. There is no assurance that if the flash memory market were to further deteriorate, or if Numonyx were unable
to effectively compete or maintain its market position, Numonyx will not be required to undertake further restructurings,
which in turn could lead to additional impairments and associated charges.
We also recently undertook new initiatives to reposition our business. In January 2008, we completed the
acquisition of Genesis Microchip Inc. (“Genesis Microchip”) for $340 million and in August 2008, we completed the
acquisition of NXP’s wireless business for $1,550 million, creating the joint venture, ST-NXP Wireless. Furthermore, in
February 2009, we completed the merger of ST-NXP Wireless with EMP, thereby forming ST-Ericsson and in connection
therewith we purchased the outstanding 20% held by NXP’s ST-NXP Wireless for a price of $92 million. The wireless
activities run through ST-Ericsson represent a significant portion of our business. The integration process may be long
and complex due to the fact that we are merging three different companies. On April 29, 2009, ST-Ericsson announced a
restructuring plan giving rise to costs estimated in the range of $70 million to $90 million. We may not be able to exercise
the same control over management as we did when the business was operated by us. There is no assurance that we will
be successful or that the joint venture will produce the planned operational and strategic benefits.
We are constantly monitoring our product portfolio and cannot exclude that additional steps in this repositioning
process may be required; further, we cannot assure that any strategic repositioning of our business, including possible
future acquisitions, dispositions or joint ventures, will be successful and may not result in further impairment and
associated charges.
Future acquisitions or divestitures may adversely affect our business.
Our strategies to improve our results of operations and financial condition may lead us to make significant
acquisitions of businesses that we believe to be complementary to our own, or to divest ourselves of activities that we
believe do not serve our longer term business plans. In addition, certain regulatory approvals for potential acquisitions
may require the divestiture of business activities.
Our potential acquisition strategies depend in part on our ability to identify suitable acquisition targets, finance
their acquisition and obtain required regulatory and other approvals. Our potential divestiture strategies depend in part
on our ability to define the activities in which we should no longer engage, and then determine and execute appropriate
methods to divest of them.
Acquisitions and divestitures involve a number of risks that could adversely affect our operating results, including
the risk that we may be unable to successfully integrate businesses or teams we acquire with our culture and strategies
on a timely basis or at all, and the risk that we may be required to record charges related to the goodwill or other longterm assets associated with the acquired businesses. Changes in our expectations due to changes in market
developments that we cannot foresee have in the past resulted in our writing off amounts
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UNITED STATES
SECURITIES AND EXCHANGE COMMISSION
Washington, D.C. 20549

FORM 8-K
CURRENT REPORT
Pursuant to Section 13 OR 15(d) of The Securities Exchange Act of 1934
May 7, 2010
Date of Report (date of earliest event reported)

MICRON TECHNOLOGY, INC.
(Exact name of registrant as specified in its charter)
Delaware
(State or other jurisdiction of incorporation)

1-10658
(Commission File Number)

75-1618004
(I.R.S. Employer Identification No.)

8000 South Federal Way
Boise, Idaho 83716-9632
(Address of principal executive offices)
(208) 368-4000
(Registrant’s telephone number, including area code)
Check the appropriate box below if the Form 8-K filing is intended to simultaneously satisfy the filing obligation of the registrant under any of the
following provisions (see General Instruction A.2. below):
o Written communications pursuant to Rule 425 under the Securities Act (17 CFR 230.425)
o Soliciting material pursuant to Rule 14a-12 under the Exchange Act (17 CFR 240.14a-12)
o Pre-commencement communications pursuant to Rule 14d-2(b) under the Exchange Act (17 CFR 240.14d-2(b))
o Pre-commencement communications pursuant to Rule 13e-4(c) under the Exchange Act (17 CFR 240.13e-4c))
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EXHIBIT 99.1

FOR IMMEDIATE RELEASE
Contacts:

Kipp A. Bedard
Investor Relations
kbedard@micron.com
(208) 368-4465

Daniel Francisco
Media Relations
dfrancisco@micron.com
(208) 368-5584

MICRON ANNOUNCES CLOSING OF NUMONYX ACQUISITION
Micron Offers One of Most Comprehensive, Cost-Competitive
Memory Product Portfolios in Industry with Numonyx Acquisition
BOISE, Idaho, and GENEVA, May 7, 2010 – Micron Technology, Inc., (NASDAQ: MU) announced today that the company has completed its
acquisition of Numonyx B.V. in an all stock transaction valued at approximately $1.2 billion USD. Under the agreement, Micron issued
approximately 138 million shares of Micron common stock to Numonyx shareholders, Intel, STMicroelectronics, N.V. and Francisco Partners, and
assumed outstanding restricted stock units held by Numonyx employees.
“With this acquisition, Micron builds on its position as one of the world’s leading memory companies with increased scale, a broader product
portfolio and industry-leading technology,” said Steve Appleton, Chairman and CEO of Micron.
The transaction further strengthens Micron’s broad portfolio of DRAM, NAND and NOR memory products and strong expertise in developing and
supporting memory system solutions. Micron also gains increased manufacturing and revenue scale along with access to Numonyx’s customer
base, providing significant opportunities to increase multi-chip offerings in the embedded and mobile markets.
As of Dec. 31, 2009, Numonyx reported net assets of $1.3 billion and cash and cash equivalents, net of debt to unrelated parties of $70 million. In
the fourth calendar quarter, Numonyx generated $42 million in free cash flow based on quarterly revenues of approximately $550 million.

About Micron
Micron Technology, Inc., is one of the world's leading providers of advanced semiconductor solutions. Through its worldwide operations, Micron
manufactures and markets a full range of DRAM, NAND and NOR flash memory, as well as other innovative memory technologies, packaging solutions an
semiconductor systems for use in leading-edge computing, consumer, networking, embedded and mobile products. Micron’s common stock is traded on th
NASDAQ under the MU symbol. To learn more about Micron Technology, Inc., visit www.micron.com.
###
Micron and the Micron orbit logo are trademarks of Micron Technology, Inc. All other trademarks are the property of their respective owners.

This press release contains forward-looking statements regarding the impact of the acquisition on Micron’s results and operations. Actual
events or results may differ materially from those contained in the forward-looking statements. Please refer to the documents Micron files on a
consolidated basis from time to time with the Securities and Exchange Commission, specifically Micron's most recent Form 10-K and Form 10Q. These documents contain and identify important factors that could cause the actual results for Micron on a consolidated basis to differ
materially from those contained in our forward-looking statements (see Certain Factors). Although we believe that the expectations reflected in
the forward-looking statements are reasonable, we cannot guarantee future results, levels of activity, performance or achievements.
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ABSTRACT

An improved electrically erasable and programmable
read only memory (EEprom) structure and processes of
making it which results in a denser integrated circuit,
improved operation and extended lifetime. In order to
eliminate certain ill. effects resulting from tolerances
which must be allowed for registration of masks used in
successive steps in forming the semiconductor structures, spacers are formed with reference to the position
of existing elements in order to form floating gates and
define small areas of these gates where, in a controlled
fashion, a tunnel erase dielectric is formed. Alternatively, a polysilicon strip conductor is separated into
separate control gates by a series of etching steps that
includes an anisotropic etch of boundary oxide layers to
define the area of the control gates that are coupled to
the erase gate through an erase dielectric. In either case,
the polysilicon layer strip can alternatively be separated
by growing oxide thereon until it is completely consumed. A technique for forming a pure oxide dielectric
layer of uniform thickness includes depositing a thin
layer of an undoped polysilicon material and then oxidizing its surface until substantially the entire undoped
polysilicon layer is consumed and made part of the
resulting oxide layer. Overlapping doped regions are
provided in the substrate by an ion implantation mask
that adds spacers to the mask aperture to change its size
between implants.

Primary Examiner—Brian E. Hearn

30 Claims, 6 Drawing Sheets
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METHOD OF MAKING DENSE FLASH EEPROM
SEMICONDUCTOR MEMORY STRUCTURES
BACKGROUND OF THE INVENTION
This invention relates generally to semiconductor
electrically erasable programmable read only memories
(EEprom), and specifically to semiconductor structures
of such memories and processes of making them.
An electrically programmable read only memory
(Eprom) utilizes a floating (unconnected) conductive
gate, in a field effect transistor structure, positioned
over but insulated from a channel region in a semiconductor substrate, between source and drain regions. A
control gate is then provided over the floating gate, but
also insulated therefrom. The threshold voltage characteristic of the transistor is controlled by the amount of
charge that is retained on the floating gate. That is, the
minimum amount of voltage (threshold) that must be
applied to the control gate before the transistor is
turned "on" to permit conduction between its source
and drain regions is controlled by the level of charge on
the floating gate. The transistor is programmed to one
of two states by accelerating electrons from the substrate channel region, through a thin gate dielectric and
onto the floating gate.
The memory cell transistor's state is read by placing
an operating voltage across its source and drain and on
its control gate, and then detecting the level of current
flowing between the source and drain. The level of
current tells whether the device is programmed to be
"on" or "off" at the control gate voltage selected. A
specific, single cell in a two-dimensional array of
Eprom cells is addressed for reading by application of a
source-drain voltage to source and drain lines in a column containing the cell being addressed, and application of a control gate voltage to the control gates in a
row containing the cell being addressed.
Early Eprom devices were erasable by exposure to
ultraviolet light. More recently, the transistor cells have
been made to be electrically erasable, and thus termed
an electrically erasable and programmable read only
memory (EEprom). Early EEprom cells were electrically erased by transfer of charge from the floating gate
to the transistor drain through a very thin tunnel dielectric. This is accomplished by application of appropriate
voltages to the transistor's source, drain and control
gate. More recently, EEprom memory cells are provided with a separate, third gate for accomplishing the
erasing. An erase gate passes through each memory cell
transistor closely adjacent to a surface of the floating
gate but insulated therefrom by a thin tunnel dielectric.
Charge is then removed from the floating gate of a cell
to the erase gate, when appropriate voltages are applied
to all the transistor elements. An array of such EEprom
cells are generally referred to as a Flash EEprom array
because an entire array of cells, or significant group of
cells, is erased simultaneously (i.e., in a flash).
Copending patent application Ser. No. 204,175 of Dr.
Eliyahou Harari, filed June 8, 1988, contains a detailed
discussion, with citations to the literature, of the prior
art development of Eprom and EEprom devices in a
section entitled "Detailed Description of the Prior
Art," with respect to its FIGS. 1-4.
It is a primary object of the present invention to provide EEprom cell and array structures and processes
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for making them that result in cells of reduced size so
their density on a semiconductor chip can be increased.
It is also an object of the invention that the structures
be highly manufacturable, reliable, scalable, repeatable
and reproducible with a very high yield.
It is yet another object of the present invention to
provide EEprom semiconductor chips that are useful as
a solid state memory that can replace magnetic disk
storage devices.
Another object of the present invention is to provide
a process with an increased insensitivity to misalignment of masks used to manufacture the semiconductor
devices.
Further, it is an object of the present invention to
provide an EEprom structure capable of an increased
number of program/read cycles that it can endure.
Additionally, it is an object of the present invention
to provide an EEprom structure with a fast response to
programming and/or erasing.
Another object of the invention is to provide improved semiconductor processing techniques'and structures.
SUMMARY OF THE INVENTION
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These and additional objects are accomplished by the
various aspects of the present invention, the principal
features of which will be briefly and generally summarized.
According to one aspect, opposing edges of control
gates are used as a positional reference to define (mask)
regions of the semiconductor structure between the
control gates that are subjected to processing, such as
by etching, deposition, implantation, oxide growth, and
the like. A primary application is to define a region of
underlying conductive strips that are removed in order
to separate the strips into isolated floating gates. This
region of the semiconductor structure is defined by at
least one spacer of a controlled width being formed
adjacent a control gate edge and extending partway
toward an opposing control gate edge.
In a preferred form, a pair of spacers are formed on
opposing edges of adjacent control gates to define a
region in the middle for such processing. A preferred
way of forming such spacers is to deposit a thick oxide
layer over the semiconductor substrate and then remove it by reactive ion etching in a manner that leaves
spacers adjacent the vertical edges of the control gate.
The spacer width is controlled by the parameters of the
etching and can be made to be very precise.
A primary advantage of this technique is that it is
insensitive to the relative alignment of masks used in
subsequent processing steps. Without having to allow
for the tolerance of mask misalignment that occurs in
every semiconductor process, the resulting memory
circuit can be made with small dimensions and thus the
density of memory cells on an integrated circuit can be
increased.
An alternative technique for separating polysilicon
strips into individual memory cell floating gates, according to another aspect of the present invention, is to
open an aperture, in a photoresist or other type of mask,
between two cells and remove a covering oxide layer
and the polysilicon under it by an anisotropic etch.
Following that, an isotropic etch for a controlled
amount of time removes oxide from above and below
edges of the separated polysilicon floating gates to expose a controlled area for subsequent growing of an
erase dielectric layer thereover, followed by deposition
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of an erase gate over the erase dielectric. This is an
alternative technique that allows carefully defining the
coupling area between the floating and erase gates in a
manner that is reproducible.
With either of the techniques summarized above for 5
masking the portion of the poly silicon strips to be removed in order to separate them into individual floating
gates, an alternative to etching the polysilicon may be
employed. According to a further aspect of the present
invention, an oxide layer is grown on exposed portions 10
of the polysilicon strips between the memory cells until
the exposed polysilicon is completely consumed. This
separates the polysilicon strips into floating gates of the
adjacent memory cells. The floating gates are separated
by a region that has been converted into a dielectric by 15
oxidation, rather than by removing the polysilicon material through etching.
A further aspect of the present invention involves
forming the floating gate somewhat differently than the
control and erase gates, even though they all may be 20
doped polysilicon material that is deposited by a chemical vapor deposition process. If the floating gate is so
formed at a temperature of more than about 600-620
degrees Centigrade, its surface can be more effectively
roughened by oxidation, to provide desired asperities in 25
it, during the subsequent step of forming the erase dielectric over it. The surface asperities are desirable in
order that the erase dielectric exhibit tunnel conduction
of electrons through it from the floating gate to the
erase gate during an erase cycle. It is desirable that the 30
control and erase gates, on the other hand, be able to
grow the highest quality dielectric with the lowest
possible conduction through it. Therefore, the control
and erase gates are preferably formed by the deposition
process operating below 600-620 degrees Centigrade. 35
According to yet another aspect of the present invention, briefly and generally, an oxide layer of substantially uniform thickness is grown on a wafer being processed over exposed surfaces of material characterized
by a significant differential rate of growth of oxide 40
thereover. An example is a combination of exposed
surfaces of lightly doped silicon and a doped polysilicon
conductor, wherein oxide forms on the polysilicon at a
higher rate than on the lightly doped silicon surface,
often several times as fast, which results in an oxide 45
layer being significantly thicker over the polysilicon
than over the silicon. This is undesirable in certain applications. According to this invention, a uniform thickness layer of oxide is grown by first depositing over the
exposed surfaces a layer of undoped polysilicon and 50
then growing oxide over it until the polysilicon layer is
substantially consumed by the oxidation process.
This oxidation technique has significant applications
in the process of making Eprom and EEprom devices.
One application is in forming the control gate oxide 55
which extends over an oxide layer, previously formed
directly on the semiconductor substrate surface, and
polysilicon floating gate. Another application is in
forming the erase gate oxide layer. A significant additional advantage of this technique in these applications 60
is that a much purer oxide layer is formed over a doped
polysilicon layer. When an oxide layer is grown directly
over doped polysilicon in the usual manner, impurities
are diffused into the grown oxide from the dopant in the
underlying polysilicon. Since the intermediate polysili- 65
con layer is undoped and the doped polysilicon layer is
not oxidized, these impurities are substantially eliminated. The purer oxide layers, particularly the erase

gate oxide, has a significant effect in extending the life
of an EEprom in terms of the number of program/erase
cycles it can endure before the number of electrons
trapped in the oxide reach a level to render the EEprom
substantially inoperable.
Yet another aspect of the present invention is a process for forming adjacent regions in the substrate surface which are ion implanted with dopants of opposite
polarities. For example, in the EEprom devices described herein, a p-doped region is formed adjacent an
n-doped source/drain region, both by ion implantation.
Typically, both are currently implanted through a single opening in a mask and an inherent differential lateral
diffusion is relied upon to position the p-doped region
outside of and adjacent to the n-doped region. The
process of the present invention, however, utilizes a.
spacer formed along at least one edge of the mask aperture during implantation of one polarity, with it being
removed during implantation of the other polarity, in
order to provide more control on the relative lateral
positions of the two regions. The spacer protects the
surface of the semiconductor substrate implanted with
impurities of the first polarity type from overcompensation from the subsequent second implant of the opposite
polarity.
Additional objects, features, and advantages of the
various aspects of the present invention will become
apparent from the following description of its preferred
embodiments, which description should be taken in
conjunction with the accompanying drawings.
BRIEF DESCRIPTION O F THE DRAWINGS
FIG. 1 is a schematic representation of an enlarged
plan view of a plurality of electrically erasable and
programmable read only memory cells formed on a
semiconductor substrate in which the techniques of the
present invention are utilized;
FIG. 2A is a cross-sectional view of the memory
array of FIG. 1, taken at section A—A thereof;
FIG. 2B is a cross-sectional view of the memory
array of FIG. 1, taken at section B—B thereof;
FIGS. 3A, 4A, 5A, 6A, and 7A show in cross-sectional view several initial processing steps in the formation of the memory device of FIG. 1, as viewed through
section A—A thereof;
FIGS. 3B, 4B, 5B, 6B, and 7B show in cross-sectional
view several initial processing steps in the formation of
the memory device of FIG. 1, corresponding respectively to the views of FIGS. 3A, 4A, 5A, 6A, and 7A,
but viewed through section B—B of FIG. 1;
FIGS. 8-12 illustrate later processing steps in forming the memory device of FIG. 1, through section B—B
thereof;
FIG. 13 is an enlarged view of completed adjacent
memory cells of the memory circuit of FIG. 1, taken
across section B—B thereof;
FIG. 14 illustrates an equivalent electrical circuit of a
single memory cell formed in accordance with the techniques of FIGS. 1-13;
FIGS. 15-18 show sequential processing steps employed in an alternative technique for growing a layer
of oxide;
FIGS. 19 and 20 illustrate a specific application of the
technique shown by FIGS. 15-18,
FIGS. 21-23 show sequential processing steps employed in an alternative technique for forming diffused
regions in the substrate;
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FIGS. 24 and 25 illustrate an alternative technique for
separating a polysilicon strip into individual floating
gates; and
FIGS. 26-29 show an alternative process for forming
individual floating gates.
5

A next step, illustrated in FIGS. 4A and 4B, is to form
heavily n-doped regions 57 and 59 in the substrate 11.
The photoresist mask portions 66 and 67 are first removed in order to again open up apertures 53 and 55 in
the nitride mask 51. Regions 57 and 59 are formed by
ion implantation with arsenic.
DESCRIPTION OF THE PREFERRED
A next step is to form thick oxide strips 25 and 65 by
EMBODIMENTS
growing them over the diffusion strips, as illustrated in
FIG. 5A. This thick oxide provides good insulation in
Referring initially to FIGS. 1, 2A, and 2B, principal
elements of a completed multi-cell EEprom integrated 10 the completed memory cell between the diffused regions and conductive gates that are formed later. It also
circuit structure will be described. A substrate 11 is
allows etching to take place in subsequent steps without
lightly p-doped and has individual memory cells formed
endangering the substrate.
on its surface 13. The structure of a single cell will be
described since they are all the same. An electrically
Since this standard oxidation technique involves high
conductive, rectalinearly shaped floating gate 15, pref- 15 temperatures, the implanted regions are diffused downerably made of polysilicon material, is formed on the
ward and laterally within the substrate 11, resulting in
substrate surface 13 on top of a thin, high-quality gate
the enlarged heavily n-doped source/drain regions 23
oxide 17 therebetween. Field oxide strips 19 and 21
and 62, and p-doped region 27, as an example in one
isolate this cell from all others in the same column and
cell, with lateral dimensions that are controllable. The
from those in other columns.
20 diffusion rate of the p-dopant is higher than that of the
n-dopant, resulting in relatively heavily p-doped reSource/drain diffusions 23,47 are formed under thick
gions 27 and 64 that extend laterally and in depth beoxide strips 25, 26. Regions 23, 47 are heavily n-doped.
yond the n-doped regions 23 and 62. The nitride mask
An adjacent region 27 of relatively heavy p-doping is
layer 17 is then stripped off the wafer. As a next step,
provided under the floating gate 15, extending from the
source/drain diffusion 23.
25 shown in FIGS. 5A and 5B, a thin, high-quality layer 17
of gate oxide is grown over the surface 13 of the semiAn elongated control gate 29 passes across the floatconductor wafer 11. .
ing gate 15 and is separated therefrom by a thin dielectric layer 31. On top of the control gate 29 is a thicker
A next step, illustrated in FIGS. 6A and 6B, is to form
insulation layer 33, and insulating spacers 35 and 37 are
equally spaced conductive polysilicon strips, including
provided along the edges of the control gate 29. Elon- 30 strip 15', which extends parallel to the diffusion strips
gated erase gates 39 and 41 are insulated from the floatand strips of oxide 25 and 65. A high quality layer 31' of
ing gate 15 by dielectric layers 43 and 45. The erase
oxide is then grown over the entire wafer, a portion of
gates 39 and 41, and the control gate 29, are preferably
which serves as the dielectric layer 31 between the
made of a polysilicon conductive material, or a silicide
floating and control gates.
or other refractory metal.
35
A next step, illustrated in FIGS. 7A and 7B, is the
formation of elongated, parallel strips of conductive
With reference primarily to FIG. 2, it can be seen that
polysilicon material to serve as the control gates for the
the EEprom example being described is of a split-chanmemory cells. Control gate 29 is one of these. The elonnel type. That is, the floating gate 15 extends only partgated control gate strips are parallel to each other and
way across the channel 14 between the source/drain
diffusion 23 and an adjacent source/drain diffusion 47. 40 oriented perpendicularly to the strips 15' which will be
processed to form the individual floating gates, disIn a remaining portion of the channel 14, the control
cussed below. The control gates are formed with a thick
gate 29 is coupled to the substrate surface 13 through a
oxide layer 33 deposited over them.
thin gate oxide 49.
The process steps described so far will be recognized
Use of Spacers To Form Floating Gates
4 5 as a rather straight forward implementation of standard
techniques which use a series of photographic masks to
An example process of forming the EEprom array
form protective masks on the wafer substrate surface in
illustrated in FIGS. 1, 2A and 2B, starts with an intera pattern recorded on the photographic mask. Some
mediate step illustrated in the sectional views of FIGS.
process, such as etching, ion implantation or the like, is
3A and 3B. FIG. 3A shows a stage of the construction
of the device of FIGS. 1, 2A and 2B, across section 50 then accomplished through openings in the mask so
formed on the wafer. Photoresist material is commonly
A—A while the corresponding FIG. 3B shows the same
used by coating it onto the wafer and exposing to the
stage of construction of the device as viewed across
light pattern of the photographic mask. The photoresist
section B—B of FIG. 1. At the intermediate stage
volume that is exposed to light has a different solubility
shown in FIGS. 3A and 3B, a nitride layer 51 has been
formed on the surface 13 of semiconductor substrate 11 55 than the surrounding, unexposed volume, allowing a
portion to be differentially removed by washing in an
by ordinary techniques. Also by ordinary techniques,
appropriate solution.
elongated, parallel openings 53 and 55 (FIG. 4A) have
been formed in the nitride mask 51. Those openings
A problem always exists in aligning photographic
have been restricted by photoresist portions 66 and 67,
masks so that the sequential steps build on one another
to leave openings 54 and 56. The elongated field oxide 60 in the proper way. Very sophisticated techniques have
strips 19 and 21 have also been grown at this initial stage
been developed for registering each new photographic
in the processing.
mask to the pattern previously formed on the semiconductor wafer by use of prior photographic masks. HowThe step being performed in the illustration of FIGS.
ever, there is a limit as to how accurately such registra3A and 3B is ion implantation with boron in order to
form relatively heavily p-doped regions 61 and 63 coin- 65 tion can be accomplished. As semiconductor devices
become more dense, the resolution requirements for
cident with the apertures 54 and 56, respectively. This is
patterns used in forming them have increased greatly, to
an initial series of steps in applying a standard DMOS
the point where the ability to register subsequent photoprocess.
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graphic masks with each other is a limitation as to how
close various parts of semiconductor structure being
formed can be placed. Therefore, the process being
described has been carefully designed in order to obtain
a very high resolution structure that is not limited by 5
tolerances inherent in current mask alignment techniques.
As an example of what has been described previously,
the relatively heavy p-doped region 27 in the substrate
is formed to be an active area for electron transfer to the 10
floating gate 15. The threshold voltage that can be programmed into the cell is thus not so dependent upon the
alignment of the floating gate 15 with respect to its
source/drain diffusion 23. That is, the amount of the
channel region between adjacent source/drain regions 15
23 and 62 that is covered by the floating gate 15 is not
so critical as it is when the enhanced region 27 is not
utilized. The width of the region 27 at the wafer surface
13 is controlled by lateral diffusion after ion implantation in accordance with FIG. 3A. The amount of lateral 20
diffusion can be carefully controlled so that the alignment of the mask used to form the photoresist strips 66
and 67 in FIG. 3A is not highly critical to the resultant
forming the lateral extent of the p-doped region 27
which affects the operation of the device.
25
A next major processing step after that described
with respect to FIGS. 7A and 7B is illustrated in FIG.
8, a section taken through B—B of FIG. 1. The steps
illustrated in FIG. 8 have a goal of forming spacers
along opposing edges of parallel control gates, such as 30
the spacers 71 and 73 formed along opposing edges of
adjacent control gate strips 29 and 75. The spacers are
formed by depositing a thick layer 77 of undoped silicon
dioxide over the entire chip, and then removing most of
it by a dry reactive ion etching process. This process 35
etches layer 77 in a vertical direction only, thereby
leaving the spacers 71 and 73. The spacers are formed in
a region of the layer 77 against the edges of the control
gates 29 and 75 where the layer 77 is thicker than elsewhere. The dry etch is continued for a time to result in 40
the spacers having a desired width. This width can be
controlled very precisely by this process At the same
time, the portion of the oxide layer 31' between the
spacers will be removed, thereby leaving the oxide
layer 31 and oxide layer 79 under the adjacent control 45
gates 29 and 75. The etch is stopped before the oxide
layers 33 on top of the control gates are reduced below
their desired thickness.
A next step is to densify the spacers by raising the
temperature of the wafer in excess of 800° C. A second 50
pair of spacers 81 and 83 (FIG. 9) is then formed in a
similar manner. A layer 85 of phosphorous-doped or
boron-phosphorous-doped silicon dioxide is deposited
over the entire wafer and then removed by a dry reactive ion etch with parameters selected to leave the sec- 55
ond spacers 81 and 83 with a desired width. As mentioned previously, this process is capable of forming
such spacers with a desired width, within a very few
percent.
The purpose of the double spacers is to form a gap 60
between them, indicated by the distance "d", as an
opening for etching through the elongated polysilicon
strip 15' in order to separate it into individual, isolated
floating gates, such as the adjacent gates 15 and 87
shown in FIG. 10. The spacers serve as a mask to pro- 65
tect the edges of the desired floating gates from attack
by the etching process. An appropriate reactive ion etch
or plasma etch may be used to form a gap 89 between

8

adjacent floating gates It will be noted that this gap has
been formed without reliance upon alignment of successive photographic masks. The distance between opposing edges of adjacent control gates, such as control
gates 29 and 75, are fixed by the photographic mask
used to form those polysilicon strips. By using opposing
edges of the control gates as a reference from which to
define the gap "d" to be formed in the underlying floating gate strip 15', the tolerance that must be allowed for
misalignment of successive photographic masks is not a
limitation as to how small the distance "d" can be made.
As a result, the individual EEprom memory cells are
packed closer together in the dimension illustrated in
FIGS. 8-12.
In order to provide an exposed surface on adjacent
edges of each of the floating gates 15 and 87 that may be
coupled to an erase gate, the most recently formed
spacers, such as spacers 81 and 83, are removed by an
appropriate wet etch. Because the first set of spacers 71
and 73, and all other exposed oxide, was densified prior
to forming the second spacers 81 and 83, the spacers 81
and 83 will be etched at a much higher rate than any of
the other exposed oxide. Indeed, the doped oxide spacers 81 and 83 are typically etched at a rate that is at least
50-100 times faster than that of the densified undoped
oxide.
As shown in FIG. 11, opposing edges of adjacent
floating gates 15 and 87 have erase gate oxide layers 45
and 93 grown over them. Indeed, the process grows
such a layer over most of the integrated circuit chip but
it is important only in the areas indicated at 45 and 93.
Additionally, the oxide is grown at a much faster rate
over the polysilicon material of the floating gates 15 and
87 than it is over the exposed oxide that exists in most of
the remaining portion of the wafer.
As indicated in FIG. 12, the erase gate 41 is formed,
either from a metal such a aluminum or polysilicon, in a
manner where the erase oxide layers 45 and 93 separate
the erase gate 41 from adjacent floating gates 15 and 87.
The techniques described above represent an improved way of self-aligning the floating and control
gates of the EEprom embodiment illustrated in FIGS.
8a and 86 of the aforementioned patent application Ser.
No. 204,175. A significant advantage of this process is
that the erase oxide layers 45 and 93 are formed independent of any other operation. That is, the erase oxide
is not formed as part of the same layer as some other
oxide, such as that between the floating and control
gates, as in other processes. As a result, the coupling
between the floating and erase gates can be optimized.
A tunneling dielectric layer is preferred and it is made
very thin, which results in a lower voltage needing to be
applied across the erase oxide layers when the floating
gates are being erased. This has the advantage of prolonging the number of erase cycles that can be accomplished before the erase oxide begins to deteriorate. It
also shortens the time necessary to accomplish a full
erase. The process also allows forming asperities on the
exposed portions of the floating gates by oxidation followed by etching without affecting other surface portions of the floating gates, before forming the oxide
layers 45 and 93, thereby to further enhance the erase
characteristics of the device without introducing undesired side effects.
Referring to FIG. 13, some dimensions are indicated.
The amount of area of each floating gate 15 and 87 that
is coupled to their common erase gate 41 includes the
vertical edges of the floating gate and the surface area
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having a dimension S'. The dimension S' is controlled
primarily by the width of the second spacers 81 and 83
used in the process. The process assures that the coupling with each floating gate and its associated erase
gate is substantially the same, a coupling that is controlled by the distance S', the thickness and composition
of the erase dielectric layers 45 and 93, and the surface
roughness of the floating gate. The distance S is controlled by the sum of the widths of the two spacers
utilized. It is desired that the thickness of the spacers 71
and 73 be sufficient to result in little or no coupling
between adjacent control gates 29 and 75 and the erase
gate 41. Similarly, oxide layers 33 and 95 are maintained
thick enough for the same desired isolation.
The structure of FIG. 2B implies that erase gates 39,
41 are provided at the two erase dielectric regions 43, 45
of each floating gate 15. However, it is possible to have
only one of the two regions of erase dielectric covered
by an erase gate.
FIG. 14 is an equivalent circuit that generally illustrates the coupling between the three conductive gates
of a single EEprom cell. A capacitance 101 shown in
dotted outline indicates practically no coupling between the erase gate 41 and the control gate 15. These
elements are uncoupled, as explained above, by the
spacer 71 and thick oxide layer 33 on top of the control
gate 29. Coupling between the erase gate 41 and floating
gate 29 is indicated as a relatively small capacitance 103.
The coupling between the floating gate 29 and the control gate 15, on the other hand, is indicated by a relalively large capacitance 105. The capacitances 103 and
105 are controlled primarily by the thickness of the
dielectric between the elements and the extent of the
common area between the adjacent gate elements.
The advantages of controlling the coupling in this
manner can be explained with respect to FIG. 14 for an
erase cycle, where a voltage such as 20 volts is placed
on the erase gate and the control gate is held at ground
potential. The combination of the relatively close coupling between the control gate and floating gate (indicated by the large capacitance 105) and the relatively
low degree of coupling between the erase gate and
floating gate (indicated by the small capacitance 103)
causes the floating gate to be held close in voltage to the
control gate. That results in a large voltage difference
between the erase gate and floating gate, and thus a
strong electric field that tends to move electrons from
the floating gate to the erase gate. A significant advantage of this is that the floating gate can be erased more
easily and quickly. It even allows reducing the erase
gate voltage, which then increases the life of the device
and makes the design of surrounding circuits easier.
When a cell is being programmed, the voltages are
reversed, the control gate being held at about 12 volts,
the erase gate is held at 0 volts, the drain at 8 volts and
the source is held at ground potential. Because of the
close coupling between the floating and control gates,
the voltage on the control gate more significantly enhances the injection of electrons onto the floating gate
from the device substrate. The low degree of coupling
between the erase and floating gates reduces the undesirable interaction between those two elements during a
programming cycle.
The doped polysilicon layers are preferably formed
by a chemical vapor deposition process. Since it is important that the edges of the floating gate interface with
the erase gates be roughened to leave asperities in their
surfaces, the floating gates must be formed in a manner
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that allows such roughening to be accomplished during
the formation of the erase dielectric layer. It is much
easier to do so if the floating gates are deposited by a
low pressure chemical vapor deposition process at a
5 deposition temperature in excess of 600°-620° C. By
doing so at this high temperature, the formation of asperities during the subsequent oxidation to grow the
erase oxide is greatly enhanced, resulting in an erase
dielectric which exhibits greatly enhanced tunnel con10 duction during erase of the floating gates. In order to
allow formation of the highest quality (i.e. lowest conduction) oxide layer on the control and erase gates,
formation of asperities should be suppressed on their
surfaces. To achieve this condition concurrent with the
15 enhanced conductivity of the erase oxide, those gates
are formed by a chemical vapor deposition process at a
deposition temperature of less than 600° C.
Process of Forming Thin Oxide Layers
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As can be seen from FIG. 7A, the oxide layer 31' is
grown over surfaces of different materials. One material
is the lightly doped silicon substrate layer 13, and the
other material is heavily doped polysilicon layer 15'. As
is well known, the rate of growth of oxide on such
heavily doped polysilicon is much higher, in a range of
from 1.5 to 5 times as high, as that grown over the
lightly doped silicon 13. Therefore, it can be difficult to
make the oxide layer 31' thin enough over the polysilicon strip 15' in order to serve as a good gate oxide layer
between the floating and control gates, without resulting in the gate oxide 49 between the control gate and
the substrate from being thinner than desired.
Also, it is desired that the oxide layers grown over
the doped polysilicon conductive material be as high a
quality as possible. Some of the dopant within the
polysilicon material, typically phosphorus, is retained in
an oxide layer grown over the polysilicon during the
usual thermal oxidation techniques. This impurity is
undesirable in many of the thin oxides so grown, particularly for the erase oxides, such as the layers 45 and 93,
which are grown over the edges of floating gates, such
as the floating gates 15 and 87. It is believed that these
impurities contribute to trapping electrons in the erase
oxide layers over time, thus significantly contributing to
the existing limitation of the number of program/erase
cycles through which a memory cell may be put before
it can no longer be effectively erased.
In order to overcome the foregoing disadvantages of
directly growing an oxide layer over undoped as well as
doped polysilicon conductive layers, a thin layer of
undoped polysilicon is first deposited and then oxide
grown thereover at a relatively low temperature (between 800°-900° C.) until substantially the entire undoped polysilicon material layer has been consumed
and made part of the grown oxide layer. This technique
results in a uniform thickness of oxide being formed
over both lightly doped and heavily doped polysilicon
surfaces, and is significantly purer since the doped
polysilicon material is not made part of the oxidation
process.
Referring to FIG. 15, this technique is illustrated for
a semiconductor wafer 111 having a thin oxide layer
113 thereover and a phosphorus doped polysilicon layer
115 over a portion of the oxide layer's 113 surface. FIG.
16 shows a layer 117 of undoped polysilicon having
been deposited by a chemical vapor deposition process
with an uniform thickness over both the oxide and
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polysilicon layers. This thickness depends upon the
desired ultimate thickness of the oxide layer.
A next step, shown in FIG. 17, is to form an oxide
layer over the undoped polysilicon layer 117 until, as a
result, substantially the entire amount of undoped 5
polysilicon has been consumed. An oxide layer 119 is
the result, having a thickness that is greater than that of
the undoped polysilicon layer 117 by a known amount.
An additional step that may be desired in certain circumstances is to first grow a very thin layer of barrier 10
oxide over the initially exposed surfaces of FIG. 15
before the undoped polysilicon layer 117 (FIG. 16) is
deposited over it. This assures that the phosphorus or
other impurities in the polysilicon layer 115 will not end
up in the oxide layer 119 because the oxidation proceeds 15
beyond the point that all of the undoped polysilicon
layer 117 is consumed If the oxidation does proceed too
far, without such a barrier layer, a low level of impurities in the doped polysilicon layer 115 can become part
of the oxide layer as the polysilicon 115 is consumed by 20
the oxidation process.
The polysilicon layer 115 is representative of a floating gate in the EEprom processing embodiments described above. After the oxide layer 119 of uniform
thickness is formed, another doped polysilicon layer 121 25
is deposited over it to serve as a control gate (FIG. 18).
FIG. 19 illustrates the process described with respect
to FIGS. 15-18 being applied to form the erase gate
oxide. FIG. 19 corresponds to FIG. 11 before its erase
oxide layers 45 and 93 are formed. Rather than oxidizing 30
the exposed edges of the floating gates 15 and 87 directly, as is done in the embodiment of FIG. 11, a layer
123 of undoped polysilicon is deposited over the entire
surface, in a manner described previously. This polysilicon layer, if sufficiently thin (i.e. 500 Angstrom or less), 35
follows the asperities in the surface of the exposed floating gate edges. The layer 123 then has an oxide layer
grown over it until it is substantially entirely consumed,
at which time it is converted into a thicker oxide layer
125, as shown in FIG. 20. An erase gate 127 is then 40
formed over the oxide layer 125, resulting in higher
quality erase oxide between the erase gate 127 and
edges of the floating gates 15 and 87.
Process of Forming Diffused Regions
FIGS. 21-23 show several process steps, as an for
forming the heavily n-doped source/drain regions and
relatively heavily p-doped channel region. The process
illustrated in FIGS. 21-23 is also an improvement over
that illustrated in the process steps of FIG. 14 of the
aforementioned patent application Ser. No. 204,117.
Referring to FIG. 21, a semiconductor substrate 131
has a nitride mask layer 133 with an etch stop thin oxide
layer 135 over it. Openings in the nitride mask 133 are
partially, temporarily covered by photoresist material
137 in order to form a restricted opening 139. A relatively heavily p-doped region 141 is formed in the substrate by ion implantation of boron through the opening
139. So far, the process is much the same as that described earlier with respect to FIGS. 3A and 3B.
However, as shown in FIG. 22, instead of performing
the next implantation step through the entire width of
the apertures in the nitride mask 133, those apertures are
first restricted in width. This is accomplished by depositing a nitride layer 143 over the structure, after the
photoresist layer 137 has been removed. The layer 143
is then etched by an anisotropic reactive ion etch process in a manner to leave spacers 145 and 147 along the
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edges of the nitride mask 133 at its openings The relatively heavily n-doped region 149 is then formed in the
substrate 141 by ion implantation of arsenic. It will be
noted that the heavily p-doped region 141 is laterally
displaced from an edge of the heavily n-doped region
149, before those regions are diffused into the wafer by
heating. Thus, the position and size of the region 141
can be better controlled, without having to rely entirely
on the inherent differential diffusion rate of the p- and
n-regions, as with the process of FIGS. 3-5. (Relatively
heavily doped region 141 is typically a doping concentration of around l x l 0 1 7 c m - 3 while heavily doped
region 149 is typically of doping concentration of
around 1X10 20 c m - 3 ) . The spacer 147 protects the
surface of the substrate 131 under it, which has been
implanted with impurities of a first polarity, from being
overcompensated during the step of implanting impurities of a second polarity.
FIG. 23 shows a next step of growing a thick oxide
layer 151 in the surface of the silicon substrate 131 in the
openings in the nitride mask 133 between the spacers
145 and 147. At the same time, the heating causes expansion of the implanted regions, resulting in a heavy ntype region 153 and a relatively heavy p-type region
155. By oxidizing through the aperture restricted by the
spacers 145 and 147, the width of the thick oxide 151 is
smaller than before, thus allowing a smaller device to be
constructed. After the process step illustrated in FIG.
23 is accomplished, the nitride mask 133 is removed and
processing continues as previously described with respect to FIGS. 6-12.
Alternate Technique for Forming Floating Gates
In the process previously described, a continuous
conductive polysilicon strip was separated into individual floating gates by an etching process, as described
with respect to FIGS. 9 and 10. An alternate technique
that has some advantages in certain circumstances is
explained with respect to FIGS. 24 and 25. Instead of
etching the polysilicon strip into its individual floating
gates, oxide is grown over exposed polysilicon until the
entire thickness of the polysilicon is consumed by the
oxidation process.
Referring to FIG. 24, an enlarged representation of
FIGS. 9 and 10 is provided, with the same reference
numbers applied to those elements which are the same.
The continuous doped polysilicon strip is separated into
adjoining floating gates 15" and 87" by oxidizing the
polysilicon strip exposed between the spacers 71 and 73
until its portion 161 is totally consumed by the oxidation
process. The result is an oxide layer 163, over which a
conductive layer 165 may be formed as the erase gate.
A result of this technique is the shaping of edges of
the floating gates to a narrow line or point, such as that
indicated at 167 and 169. This point aids in proper coupling between the floating gates and the erase gate on
the opposite side of the erase gate being formed. This is
an improved technique for forming the pointed floating
gate illustrated in FIG. 166 of the aforementioned patent application Ser. No. 204,175.
In addition to the advantage of the resulting pointed
floating gate edges, the process described with respect
to FIGS. 24 and 25 also allows the thick oxide layer 21
to be made thinner, and perhaps even eliminated completely, since the etching of the polysilicon to form
floating gates (which may also result in etching of any
areas of exposed silicon substrate 11) is replaced by an
oxidation step.
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Mask Formation of Floating Gate Edges
As an alternative to the embodiment described with
respect to FIGS. 8-12, FIGS. 26-29 illustrate another
sequence of processing steps. Referring initially to FIG. 5
26, a substrate 173 has formed on its surface an oxide
layer 175 with alternate thin and thick stripes thereacross, including a thick oxide portion 177. Immediately
on top of this oxide layer is a strip 179 of conductive
polysilicon material that is to be formed into individual 10
floating gates. Rather than initially extending this strip
substantially completely across an array of many memory cells, the doped polysilicon strip 129 is formed by a
mask that limits its length to extend across only two
adjacent memory cells being formed, in this case cells 15
181 and 83. A subsequent series of processing steps, to
be described, then separate the strip 179 into two individual, adjacent floating gates with an erase gate between them and coupled with both.
The starting structure of FIG. 26 also includes a thin 20
control gate oxide layer 185, and a series of parallel
control gate strips extending with their length and their
direction perpendicular to the paper, such as control
gates 187 and 189 for the cells 181 and 183, respectively.
On top of the control gates, and the rest of the structure 25
is then formed an oxide layer 191. The structure thus
described with respect to FIG. 26 is similar to that of
FIG. 7B, in the prior embodiment, with the primary
difference that the polysilicon strip which is to be used
to form individual floating gates extends across only 30
two adjacent memory cells.
In order to separate the strip 179 into two floating
gate portions, a photoresist mask 193 is formed on top of
the structure with an opening 195 therein positioned by
a photographic mask. Three different etching steps are 35
then performed in sequence to operate on the structure
that is accessible through the opening 195. The first of
these etching steps, illustrated in FIG. 27 is an anisotropic dry etch of the oxide layer 185, 191. Of course,
the opening in the oxide layer then conforms substan- 40
tially to that of the opening 195 in the photoresist layer
193. The second etch, illustrated by FIG. 28 is an anisotropic etch of the polysilicon layer 179 to separate it
into floating gates for the adjacent memory cells 181
and 183 that are separated from each other. The type of 45
etch employed selectively operates upon the doped
polysilicon material at a much faster rate than on oxide,
so the exposed oxide layers are substantially unaffected.
The third of the etching steps is illustrated in FIG. 29,
and is a short isotropic wet etch that moves the side- 50
walls of the exposed oxide layer 191,185 back under the
photoresist 193. At the same time, the thick field oxide
portion 177 is vertically etched and laterally etched
under the floating gates. The result is the clean exposure
of edges 197 and 199 of adjacent floating gates.
55
Once these floating gate edges are exposed, the photoresist material 193 is removed and an erase gate oxide
layer is grown on the exposed floating gate portions 197
and 199, in a manner described previously with respect
to other embodiments. After that, an erase gate is 60
formed by depositing conductive material, usually
doped polysilicon, in the opening formed by the etch
and isolated from the floating gate edges 197 and 199 by
only the grown erase gate oxide. Because the isotropic
wet etch step illustrated in FIG. 29 allows good control 65
of the amount of the floating gate edges 197 and 199 that
are exposed, the area of coupling between these floating
gates and the subsequently formed erase gate can be
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carefully controlled. Because of this control, erase gates
need not be provided on opposite sides of each floating
gate, as done in other EEprom processes as compensation for potential misalignment between the erase gates
and the floating gates within the tolerance of photographic mask alignment. Indeed, although two erase
gates are shown coupled to each of the floating gates in
the embodiment described with respect to FIGS. 1-14,
the good control of coupling area between its floating
gates and erase gates also allow every other erase gate
shown in those figures to be eliminated, if desired.
In the process embodiment of FIGS. 26-29, the exposed polysilicon floating gate material is etched away.
However, the process there described can be altered to
separate the polysilicon strip 179 into two floating gates
by the oxidation process earlier described with respect
to FIGS. 24 and 25.
Although the various aspects of the present invention
have been described with respect to its preferred embodiments, it will be understood that the invention is
entitled to protection within the full scope of the appended claims.
It is claimed:
1. A method of forming a two dimensional array of
flash electrically erasable and programmable read only
memory cells on a semiconductor substrate, comprising
the steps of:
forming a first plurality of continuous elongated parallel strips of conductive material on said substrate
in a manner to be insulated therefrom by a first
dielectric layer,
forming a second plurality of continuous elongated
parallel strips of conductive material on said substrate and over said first plurality of conductive
strips in a manner to be insulated therefrom by a
second dielectric layer, said first and second plurality of strips having their lengths oriented substantially orthogonal to each other,
thereafter forming spacers along opposing edges of
adjacent ones of said second plurality of parallel
strips and extending toward each other but leaving
a defined space therebetween, and
thereafter forming a gap in said first plurality of strips
through the space defined by the spacers, thereby
forming electrically isolated floating gates from
said first plurality of strips.
2. The method according to claim 1 wherein the step
of forming a gap in said first plurality of strips includes
applying an etchant to said first plurality of strips in a
region defined by said spacers.
3. The method according to claim 1 wherein the step
of forming a gap in said first plurality of strips includes
the step of oxidizing said first plurality of strips in a
region defined by said spacers.
4. The method according to claim 1 which additionally comprises, after the first conductive strips have
been separated into electrically isolated floating gates,
the additional steps of forming asperities adjacent edges
of said floating gates, and forming a third dielectric
layer thereover.
5. The method according to claim 3 wherein the step
of forming a dielectric of said floating gates includes:
forming a layer of an undoped polysilicon material of
a substantially uniform thickness across said semiconductor structure, and
thereafter growing a layer of oxide on the undoped
polysilicon material layer for a time until substantially the entire undoped polysilicon material layer
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has been consumed and made part of the grown
oxide layer.
6. The method according to claim 1 wherein said
second dielectric layer is formed by the steps of:
forming a layer of an undoped polysilicon material of
a substantially uniform thickness across said semiconductor structure, and
thereafter growing a layer of oxide on the undoped
polysilicon material layer for a time until substantially the entire undoped polysilicon material layer
has been consumed and made part of the grown
oxide layer.
7. A method of forming a two dimensional array of
flash electrically erasable and programmable read only
memory cells on a semiconductor substrate, comprising
the steps of:
forming a first plurality of continuous elongated parallel strips of conductive material on said substrate
in a manner to be insulated therefrom by a first
dielectric layer, including depositing doped
polysilicon by low pressure chemical vapor deposition at a temperature in excess of 620 degrees centigrade,
forming a second plurality of continuous elongated
parallel strips of conductive material on said substrate and over said first plurality of conductive
strips in a manner to be insulated therefrom by a
second dielectric layer, said first and second plurality of strips having their lengths oriented substantially orthogonal to each other, wherein the step of
forming the second plurality of elongated strips
includes depositing doped polysilicon by low pressure chemical vapor deposition at a temperature
less than 600 degrees centigrade,
thereafter forming spacers along opposing edges of
adjacent ones of said second plurality of parallel
strips and extending toward each other but leaving
a defined space therebetween, and
thereafter performing an operation on said first plurality of strips through the space defined by the
spacers.
8. A method of forming a two dimensional array of
flash electrically erasable and programmable read only
memory cells on a semiconductor substrate, comprising
the steps of:
(a) implanting dopant of opposite polarity in adjacent
regions of a semiconductor substrate, by a method
comprising the steps of:
forming a first masking layer over said substrate
which has a plurality of apertures therein,
providing a second mask over said first masking layer
in a manner to cover a portion of said apertures
from one side thereof, thereby leaving a first restricted opening to said substrate adjacent an opposite side of said apertures,
performing a first implant of impurities of a first polarity through said first restricted opening, removing said second mask while maintaining said first
masking layer in place,
forming a spacer within said apertures at least along
said opposite side thereof, thereby forming a second restricted opening therethrough, and providing a second implant of a second polarity opposite
to said first polarity through said second restricted
opening,
whereby said spacer protects the surface of said semiconductor substrate which is implanted with impu-
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rities of the first polarity from over compensation
from the second implant of said opposite polarity,
(b) thereafter forming a first plurality of continuous
elongated parallel strips of conductive material on
said substrate in a manner to be insulated therefrom
by a first dielectric layer,
(c) thereafter forming a second plurality of continuous elongated parallel strips of conductive material
on said substrate and over said first plurality of
conductive strips in a manner to be insulated therefrom by a second dielectric layer, said first and
second plurality of strips having their lengths oriented substantially orthogonal to each other,
(d) thereafter forming spacers along opposing edges
of adjacent ones of said second plurality of parallel
strips and extending toward each other but leaving
a defined space therebetween, and
(e) thereafter performing an operation on said first
plurality of strips through the space defined by the
spacers.
9. A method of forming a two dimensional array of
flash electrically erasable and programmable read only
memory cells on a semiconductor substrate, comprising
the steps of:
forming a first plurality of elongated parallel strips of
conductive material on said substrate in a manner
to be insulated therefrom by a first dielectric layer,
forming a second plurality of elongated parallel strips
of conductive material on said substrate and over
said first plurality of conductive strips in a manner
to be insulated therefrom by a second dielectric
layer, said first and second plurality of strips having their lengths oriented substantially orthogonal
to each other, thereby to form control gates,
forming spacers of dielectric material along opposing
edges of said control gates and extending toward
each other with a gap of a predetermined width
remaining therebetween that exposes portions of
said first plurality of strips therein,
etching away said exposed portions of said first plurality of strips, thereby forming isolated floating
gates extending between etched spaces therebetween,
thereafter reducing the size of the spacers in a manner
to expand said gap, thereby exposing surface area
portions of said floating gates adjacent said spacers,
forming a third dielectric layer over the exposed
surface area of the floating gates, and
forming a third plurality of elongated parallel strips
of conductive material across said third dielectric,
thereby to form erase gates.
10. A method of forming a two dimensional array of
flash electrically erasable and programmable read only
memory cells on a semiconductor substrate, comprising
the steps of:
forming a first plurality of elongated parallel strips of
conductive material on said substrate in a manner
to be insulated therefrom by a first dielectric layer,
forming a second plurality of elongated parallel strips
of conductive material on said substrate and over
said first plurality of conductive strips in a manner
to be insulated therefrom by a second dielectric
layer, said first and second plurality of strips having their lengths oriented substantially orthogonal
to each other, thereby to form control gates,
forming spacers of dielectric material along opposing
edges of said control gates and extending toward
each other with a gap of a predetermined width
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remaining therebetween that exposes portions of
said first plurality of strips therein, said spacer
forming step including forming first and second
spacer portions in time sequence adjacent each
other, the material of said first spacer portion exhibiting a significantly slower response to a given
etching process than the material of said second
spacer portion,
etching away said exposed portions of said first plurality of strips, thereby forming isolated floating
gates extending between etched spaces therebetween,
thereafter reducing the size of the spacers in a manner
to expand said gap, thereby exposing surface area
portions of said floating gates adjacent said spacers,
said spacer reducing step including the step of
removing said second spacer portion by said given
etching process,
forming a third dielectric layer over the exposed
surface area of the floating gates, and
forming a third plurality of elongated parallel strips
of conductive material across said third dielectric,
thereby to form erase gates.
11. The method according to claim 10 wherein said
first spacer portion is formed of densified undoped silicon dioxide, said second spacer portion is formed of
silicon dioxide doped with phosphorus, and said given
etching process is a wet etch.
12. The method according to claim 9 wherein the step
of forming the spacers includes forming a single spacer
portion, and further wherein the step of reducing the
size of the spacers includes the step of etching said
single spacer portion in a manner to reduce its size.
13. A method of forming a two dimensional array of
flash electrically erasable and programmable read only
memory cells on a semiconductor substrate, comprising
the steps of:
forming a first plurality of elongated parallel strips of
conductive material on said substrate in a manner
to be insulated therefrom by a first dielectric layer,
forming a second plurality of elongated parallel strips
of conductive material on said substrate and over
said first plurality of conductive strips in a manner
to be insulated therefrom by a second dielectric
layer, said first and second plurality of strips having their lengths oriented substantially orthogonal
to each other, thereby to form control gates,
forming spacers of dielectric material along opposing
edges of said control gates and extending toward
each other with a gap of a predetermined width
remaining therebetween that exposes portions of
said first plurality of strips therein,
etching away said exposed portions of said first plurality of strips, thereby forming isolated floating
gates extending between etched spaces therebetween,
thereafter reducing the size of the spacers in a manner
to expand said gap, thereby exposing surface area
portions of said floating gates adjacent said spacers,
forming a third dielectric layer over the exposed
surface area of the floating gates,
forming a third plurality of elongated parallel strips
of conductive material across said third dielectric,
thereby to form erase gates, and
forming a fourth layer of dielectric over the control
gates before the erase gates are formed, thereby
isolating said control and erase gates.
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14. The method according to claim 13 wherein said
second, third and fourth dielectric layers are formed in
separate steps, whereby each of these dielectric layers
may be optimized to perform specific functions required
of it.
15. The method according to claim 9 wherein the step
of forming a third plurality of elongated strips of conductive material includes forming them in a direction
substantially parallel to said control gates.
16. A method of forming a two dimensional array of
flash electrically erasable and programmable read only
memory cells on a semiconductor substrate, comprising
the steps of:
forming a first plurality of elongated parallel strips of
conductive material on said substrate in a manner
to be insulated therefrom by a first dielectric layer,
including depositing doped polysilicon by low
pressure chemical vapor deposition at a temperature in excess of 620 degrees centigrade,
forming a second plurality of elongated parallel strips
of conductive material on said substrate and over
said first plurality of conductive strips in a manner
to be insulated therefrom by a second dielectric
layer, said first and second plurality of strips having their lengths oriented substantially orthogonal
to each other, thereby to form control gates,
wherein the step of forming the second plurality of
elongated strips includes depositing doped polysilicon by low pressure chemical vapor deposition at a
temperature less than 600 degrees centigrade,
forming spacers of dielectric material along opposing
edges of said control gates and extending toward
each other with a gap of a predetermined width
remaining therebetween that exposes portions of
said first plurality of strips therein,
etching away said exposed portions of said first plurality of strips, thereby forming isolated floating
gates extending between etched spaces therebetween,
thereafter reducing the size of the spacers in a manner
to expand said gap, thereby exposing surface area
portions of said floating gates adjacent said spacers,
forming a third dielectric layer over the exposes surface area of the floating gates, and
forming a third plurality of elongated parallel strips
of conductive material across said third dielectric,
thereby to form erase gates.
17. A method of forming a plurality of flash electrically erasable and programmable read only memory
cells on a semiconductor substrate, comprising the steps
of:
forming a first layer of doped polysilicon conductive
material across two adjacent of said memory cells
and insulated from said substrate by first, dielectric
layer,
forming a second dielectric layer over said first
polysilicon layer,
forming a second layer of doped polysilicon conductive material as a control gate over each of said
adjacent memory cells,
forming a third dielectric layer across said control
gate and exposed portions of said second dielectric
layer therebetween,
forming a mask over said third dielectric layer with
an aperture therein positioned between the adjacent cells but over the first polysilicon layer extending therebetween,
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removing the third dielectric layer and said first
doped polysilicon layer under the aperture of said
photoresist mask by subjecting them to an anisotropic etch, thereby separating the first doped
polysilicon layer into a separate floating gate for 5
each of said at least two adjacent cells and to leave
a well in the structure under said aperture,
thereafter partially etching said third dielectric layer
exposed through said photoresist mask aperture by
an isotropic etch, thereby moving vertical dielec- 5 0
trie walls away from the region under said photoresist aperture to leave edges of the separated first
doped polysilicon layer extending beyond said
vertical dielectric walls and into said well,
stripping said mask from said third dielectric layer, 15
forming a fourth dielectric layer over the exposed
polysilicon floating gates in said well, and
forming an erase gate in said well in a manner that the
fourth dielectric layer separates said erase gate
from each of the separated first polysilicon layer 2 0
floating gates.
18. The method according to claim 17 wherein any of
said first, second or fourth dielectric layers is formed by
the steps of:
25
forming a layer of an undoped polysilicon material of
a substantially uniform thickness across said semiconductor structure, and
thereafter growing a layer of oxide on the undoped
polysilicon material layer for a time until substan- , 0
tially the entire undoped polysilicon material layer
has been consumed and made part of the grown
oxide layer.
19. The method according to claim 17 wherein the
step of forming a first polysilicon layer includes deposit- 3 5
ing doped polysilicon by low pressure chemical vapor
deposition at a temperature in excess of 620 degrees
centigrade, and further wherein the step of forming the
second polysilicon layer includes depositing doped
polysilicon by low pressure chemical vapor deposition ^Q
at a temperature less than 600 degrees centigrade.
20. The method according to claim 17 which, prior to
forming either of said first and second doped polysilicon
layers, additionally comprises implanting dopant of a
first polarity in adjacent regions of the semiconductor 45
substrate, by a method comprising the steps of:
forming a first masking layer over said substrate
which has a plurality of apertures therein,
providing a second mask over said first masking layer
in a manner to cover a portion of said apertures 50
from one side thereof, thereby leaving a first restricted opening to said substrate adjacent an opposite side of said apertures,
performing a first implant of impurities of a first polarity through said first restricted opening,
55
removing said second mask while maintaining said
first masking layer in place,
forming a spacer within said apertures at least along
said opposite side thereof, thereby forming a second restricted opening therethrough, and
60
providing a second implant of a second polarity opposite to said first polarity through said second
restricted opening,
whereby said spacer protects the surface of said semiconductor substrate implanted with said impurities 65
of the first polarity from overcompensation from
said second implant of the opposite second polarity.
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21. A method of forming a plurality of flash electrically erasable and programmable read only memory
cells on a semiconductor substrate, comprising the steps
of:
forming a first layer of doped polysilicon conductive
material across two adjacent of said memory cells
and insulated from said substrate by first dielectric
layer,
forming a second dielectric layer over said first
polysilicon layer,
forming a second layer of doped polysilicon conductive material as a control gate over each of said
adjacent memory cells,
forming a third dielectric layer across said control
gate and exposed portions of said second dielectric
layer therebetween,
forming a mask over said third dielectric layer with
an aperture therein positioned between the adjacent cells but over the first polysilicon layer extending therebetween,
removing the third dielectric layer under the aperture
of said photoresist mask, thereby exposing said first
polysilicon layer,
growing oxide through the mask aperture on the first
polysilicon layer in a manner that the first polysilicon layer is completely consumed, thereby separating the first doped polysilicon layer into a separate
floating gate for each of said at least two adjacent
cells, and
forming an erase gate through said mask aperture.
22. A method of forming a layer of oxide on a doped
polysilicon conductor that is an electrically isolated
floating gate provided as part of an integrated circuit,
including the steps of:
forming a layer of an undoped polysilicon material on
said doped polysilicon surface,
thereafter growing a layer of oxide on the undoped
polysilicon material layer for a time until substantially the entire undoped polysilicon material layer
has been consumed and made part of the grown
oxide layer, and
forming a conductive erase gate over at least a portion of said grown oxide layer.
23. A method of forming an array of memory cells on
a semiconductor substrate, comprising:
forming a thin layer of gate oxide insulating material
across said substrate,
forming a first set of substantially parallel strips of
doped polysilicon material across said oxide in
order to form a first set of elongated electrically
conductive strips thereacross,
thereafter forming a layer of undoped polysilicon
material extending over top surfaces of said gate
oxide and said doped polysilicon material strips,
thereafter growing a layer of oxide on the undoped
polysilicon material layer for a time until substantially the entire undoped polysilicon material layer
has been consumed and made part of the grown
oxide layer,
thereafter forming a second set of substantially parallel strips of doped polysilicon material across said
layer of grown oxide in order to form a second set
of elongated electrically conductive strips thereacross, said first and second sets of conductive
strips having their lengths oriented substantially
orthogonal to each other, and
thereafter removing portions of said first set of conductive strips between said second set of conduc-
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live strips, thereby forming a plurality of electrically isolated gates along the length of each of said
first set of conductive strips.
24. A method of forming an electrically erasable and
programmable read only memory having a doped
polysilicon floating gate separate from a semiconductor
substrate and from a doped polysilicon control gate by
oxide insulating layers, and an erase gate separated from
a portion of said floating gate by an erase oxide, comprising the steps of:
depositing said floating gate polysilicon layer in excess of 620° C ,
growing said erase gate oxide over a portion of the
surface of said floating gate polysilicon layer,
depositing said control gate polysilicon layer by a
temperature of less than 600° C ,
growing an insulating oxide layer over said control
gate polysilicon layer, and
forming a conductive erase gate in a position to be
separated from said floating gate by said erase gate
oxide and from said control gate by said insulating
oxide layer.
25. A method of implanting dopant of opposite conductivity type in adjacent regions of a semiconductor
substrate, comprising the steps of:
forming a first masking layer over said substrate
which has a plurality of apertures therein,
providing a second mask over said first masking layer
in a manner to cover a portion of said apertures
from one side thereof, thereby leaving a first restricted opening to said substrate adjacent an opposite side of said apertures,
performing a first implant of impurities of a first polarity through said first restricted opening,
removing said second mask while maintaining said
first masking layer in place,
forming a spacer within said apertures at least along
said opposite side thereof, thereby forming a second restricted opening therethrough, and
providing a second implant of a second polarity opposite to said first polarity through said second
restricted opening,
whereby said spacer protects the surface of said semiconductor substrate implanted with impurities of

the first polarity from overcompensation from said
second implant of the opposite second polarity.
26. The method according to claim 25 which comprises an additional step of thereafter growing a layer of
thick oxide in said substrate through said second restricted opening.
27. A method of forming an array of a plurality of
memory cells on a semiconductor substrate, comprising
the steps of:
forming a doped polysilicon strip extending across at
least two adjacent memory cells and insulated from
said substrate by a thin insulating layer therebetween,
protecting the polysilicon strip by a mask that leaves
a portion thereof between said at least two cells
exposed, and
oxidizing said exposed doped polysilicon until the
exposed portion is completely consumed by the
oxidation process, thereby leaving electrically separate floating gates associated with each of said
adjacent cells.
28. The method according to claim 27 wherein said
mask is provided, at least in part, by a patterned layer of
doped polysilicon in each of said adjacent cells positioned over said polysilicon strip with an insulating
layer therebetween.
29. The method according to claim 27 wherein said
exposed polysilicon strip portion is defined by an aperture in a photoresist mask.
30. The method according to claim 1 which comprises the following additional steps performed after the
electrically isolated floating gates have been formed:
reducing the size of the spacers in a manner to expand
said gap, thereby exposing surface area portions of
said floating gates adjacent said spacers,
forming a third dielectric layer over the exposed
surface area of the floating gates, and
forming a third plurality of elongated strips of conductive material across said third dielectric layer
within at least a portion of said expanded gap and
in a manner to be substantially parallel with each
other and with said second plurality of conductive
strips, thereby forming erase gates.
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