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Plaintiff, Lone Star Silicon Innovations LLC (“Lone Star’), complains against Defendants United
Microelectronics Corporation (“UMC”), UMC Group (USA) (“UMC-USA”) (collectively, “the UMC
Defendants”) and Advanced Micro Devices, Inc. (“AMD?”) (together, “Defendants”) as follows:

NATURE OF ACTION

1. This is an action for patent infringement of United States Patent Nos. 5,973,372, and
6,388,330 (collectively, the “Patents in Suit”) under the Patent Laws of the United States, 35 U.S.C. § 1,
et seq.

THE PARTIES

2. Plaintiff Lone Star is a corporation organized and existing under the laws of the State of
Texas with its principal place of business at 8105 Rasor Blvd., Suite 210, Plano, TX 75024. Lone Star is
in the business of licensing patented technology. Lone Star is the assignee of the Patents in Suit.

3. Defendant UMC is a corporation organized under the laws of Taiwan, with its principal
place of business at No. 3 Li-Hsin Road II, Hsinchu Science Park, Hsinchu City, Taiwan, Republic of
China. Defendant UMC conducts business in and is doing business in California and in this District and
elsewhere in the United States, including, without limitation, using, promoting, offering to sell, importing,
and/or selling integrated circuit devices that embody and/or are made using the patented technology, and
enabling end-user purchasers to use such devices in this District.

4. Defendant UMC-USA is a corporation organized under the laws of the State of California,
with its principal place of business at 488 Deguigne Drive, Sunnyvale, CA 94085. UMC-USA’s registered
agent for service of process in the State of California is Megan Su, 488 Deguigne Dr., Sunnyvale,
California 94085. On information and belief, UMC-USA is a wholly-owned subsidiary of UMC, and is
responsible for all sales of UMC’s integrated circuit devices in North America. Defendant UMC-USA
conducts business in and is doing business in California and in this District and elsewhere in the United
States, including, without limitation, using, promoting, offering to sell, importing, and/or selling integrated
circuit devices and/or devices that incorporate memory devices that embody the patented technology, and
enabling end-user purchasers to use such devices in this District.

5. Upon information and belief, UMC controls and is the majority owner of UMC-USA, and
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the UMC Defendants are joint tortfeasors with one another with respect to the matters alleged herein.

6. Advanced Micro Devices, Inc. (“AMD”) is a corporation organized and existing under the
law of the State of Delaware, and maintains its principal place of business at One AMD Place, Sunnyvale,
California 94085.

7. As alleged in more detail below, AMD previously transferred rights in the Patents in Suit
to Lone Star pursuant to a Patent Transfer Agreement effective August 4, 2016, which was amended on
or about November 23, 2016, a copy of which is attached as Exhibit 1 (collectively “the Patent Transfer
Agreement”). The rights transferred to Lone Star included “all rights to pursue damages, injunctive relief
and other remedies for past, current and future infringement of”” the Patents in Suit. The Court previously
held that Lone Star lacked sufficient rights to bring suit against the UMC Defendants without AMD, and
dismissed the action without prejudice. (Dkt. No. 80, January 20, 2018 Order). Limestone appealed the
decision of the Court to Federal Circuit, arguing that it had all substantial rights to the Patent-in-Suit, and,
alternatively, that if it did not that it did not have all substantial rights to the Patents in Suit then it should
be allowed join AMD. The Federal Circuit held that Lone Star did not have all substantial rights under the
Patents in Suit and that some of the substantial rights were held by AMD. Lone Star Silicon Innovations
LLC v. Nanya Tech. Corp et al., 925 F.3d 1225, 1229-34 (Fed. Cir. 2019). The Federal Circuit vacated
the decision of the Court to dismiss this action, and remanded the case with instructions that Lone Star be
permitted an opportunity to join AMD under Fed. R. Civ. P. 19(a). Id. at 1236—1239. The Federal Circuit
instructed the Court to consider whether AMD’s joinder is feasible and, “[i]f so, then AMD must be
joined— involuntarily if need be.” Id. at 1236.

8. In view of the rulings of this Court and of the Federal Circuit that AMD holds some
substantial rights in the Patents in Suit, AMD should be joined as a required party to this action. AMD has
an implied legal obligation to Lone Star to allow its name to be used as joined co-plaintiff in order to
assure that Lone Star can enforce the rights granted to Lone Star under the Patent Transfer Agreement.
Lone Star requested that AMD join this action as a plaintiff, but AMD declined that request and has
refused to voluntarily join as a plaintiff. Joining AMD is feasible because AMD is subject to service of

process and to personal jurisdiction in this Court, and such joinder would not divest the Court of subject
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matter jurisdiction and would not make venue improper.

0. Rule 19(a)(2) permits joining AMD as a defendant or as an involuntary plaintiff. Under the
“primary purpose” test applied in the Ninth Circuit, a district court should align those parties whose
interests coincide respecting the primary matter in dispute. Realignment of AMD as a plaintiff is
appropriate because the primary matter in dispute is infringement and validity of the Patents in Suit and
Lone Star’s request for infringement damages. The interests of AMD and Lone Star coincide with respect
to the primary matter in dispute because AMD is the original owner of the Patents in Suit, is a party to the
Patent Transfer Agreement, and has a contingent financial interest in any recovery.

JURISDICTION AND VENUE

10. On October 7, 2016, Lone Star initiated this action against the UMC Defendants under the
Patent Laws of the United States, Title 35 of the United States Code in the District Court for the Eastern
District of Texas. On February 28, 2017, the UMC Defendants moved to transfer venue to this District.
Case 2:16-cv-01216-JRG-RSP, Docket No. 16. On May 22, 2017, the Supreme Court decided 7C
Heartland LLC v. Kraft Foods Group Brands LLC, 137 S.Ct. 1514 (2017). On June 19, 2017, in light of
the 7C Heartland decision, Lone Star conceded to transfer the action to this District. On July 14, 2017,
the District Court for the Eastern District of Texas transferred the action to this District. This Court has
subject matter jurisdiction over this action pursuant to 28 U.S.C. §§ 1331 and 1338(a).

11.  UMC-USA is subject to personal jurisdiction in this Court because it has an established
place of business in this District. On information and belief, the UMC Defendants are also subject to this
Court’s specific and general personal jurisdiction pursuant to due process and/or the California Long Arm
Statute, due at least to their substantial business conducted in this forum, directly and/or through
intermediaries, including (1) having solicited business in the State of California, having transacted business
within the State of California, and having attempted to derive financial benefit from residents of the State
of California, including benefits directly related to the instant patent infringement causes of action set
forth herein; (i1) having placed their products and services into the stream of commerce throughout the
United States and having been actively engaged in transacting business in California and in this District;

and (iii) either alone or in conjunction with others, having committed acts of infringement within
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California and in this District. On information and belief, the UMC Defendants, directly and/or through
intermediaries, have advertised (including through websites), offered to sell, sold and/or distributed
infringing products, and/or have induced the sale and use of infringing products in the United States and
in California. The UMC Defendants have, directly or through their distribution network, purposefully and
voluntarily placed such products in the stream of commerce knowing and expecting them to be purchased
and used by consumers in California and in this District. Each UMC Defendant has either committed
direct infringement in California or committed indirect infringement based on acts of direct infringement
in California and from UMC-USA’s location in Sunnyvale, California. Further, on information and belief,
the UMC Defendants are subject to the Court’s general jurisdiction, including from regularly doing or
soliciting business, engaging in other persistent courses of conduct, and/or deriving substantial revenue
from goods and services provided to individuals in California and in this District.

12. On information and belief, the UMC Defendants do one or more of the following with
integrated circuit devices and/or devices that incorporate such devices that they manufacture: (a) import
these devices into the United States for sale to consumers, including consumers in California; (b) sell them
or offer them for sale in the United States, including to customers in California; and (c) sell them to
customers who incorporate them into products that such customers import, sell or offer for sale in the
United States, including in California.

13. AMD is subject to personal jurisdiction in this Court because it has an established place
of business in this District. On information and belief, AMD is also subject to this Court’s specific and
general personal jurisdiction pursuant to due process and/or the California Long Arm Statute, due at least
to its substantial business conducted in this forum, directly and/or through intermediaries, including (a)
having solicited business in the State of California, having transacted business within the State of
California, and having attempted to derive financial benefit from residents of the State of California; (b)
having placed its products and services into the stream of commerce throughout the United States and
having been actively engaged in transacting business in California and in this District; and (c) having

consented to jurisdiction and venue in the United States District Court for the Northern District of
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California with respect to all civil actions or other legal proceedings directly arising between the Lone
Stare and AMD under the Patent Transfer Agreement.

14. Venue lies in this District pursuant to 28 U.S.C. §§ 1391 and 1400. Defendant UMC-USA
is subject to personal jurisdiction in this District, has a regular and established place of business within
this District, resides in this District, and has committed acts of infringement within this District. Defendant
UMC-USA maintains and operates at least one facility within this District. In addition, venue is proper in
this District for Defendant UMC pursuant to 28 U.S.C. § 1391(c)(3) because it is not resident in the United
States, and therefore may be sued in any federal judicial district. Venue is proper in this District as to
AMD under 28 U.S.C. §§ 1391 and 1400 because it is subject to personal jurisdiction in this District and
resides in this District.

THE PATENTS IN SUIT

15. On October 26, 1999, U.S. Patent No. 5,973,372 (“the *372 patent”), entitled “Silicided
Shallow Junction Transistor Formation And Structure With High And Low Breakdown Voltages,” a copy
of which is attached hereto as Exhibit 2, was duly and legally issued. The ’372 patent issued from U.S.
patent application Serial Number 08/986,283 filed December 6, 1997, and discloses and relates to the
design of and processes for fabricating semiconductor devices.

16.  In an assignment recorded in the United States Patent Office Reel/Frame 009316/0047 on
July 16, 1998, the inventors of the inventions contained in the ’372 patent assigned all right, title, and
interest in the *372 patent and all inventions contained therein to AMD. An assignment recorded in the
United States Patent Office on August 5, 2016, Reel/Frame 039597/0957, indicates that AMD assigned
“all of [its] entire right, title and interest in and to” the *372 patent to Lone Star, including all rights “in
and to causes of actions and enforcement rights” and “all rights to pursue damages, injunctive relief and
other remedies for past, present and future infringement of” the *372 patent. The assignment of the *372
patent from AMD to Lone Star was made subject to the terms and conditions of the Patent Transfer
Agreement (which was inadvertently referenced as a Confidential Purchase and Sale Agreement in the

recorded assignment document). Lone Star has the right to sue the UMC Defendants for infringement and
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collect past, present, and future damages and to seek and obtain injunctive or any other relief for
infringement of the *372 patent.

17. The validity of the ’372 patent was challenged before the United States Patents and
Trademark Office in an inter partes review proceeding numbered IPR2017-01513. Inter partes review of
the ’372 patent was denied.

18. On May 14, 2002, U.S. Patent No. 6,388,330 (“the 330 patent”), entitled “Low Dielectric
Constant Etch Stop Layers In Integrated Circuit Interconnects,” a copy of which is attached hereto as
Exhibit 3, was duly and legally issued. The *330 patent issued from U.S. patent application Serial Number
09/776,012 filed February 1, 2001, and discloses and relates to the design of and processes for fabricating
semiconductor devices.

19.  In an assignment recorded in the United States Patent Office on February 2, 2001,
Reel/Frame 011530/0755, the inventors of the inventions contained in the *330 patent assigned all right,
title, and interest in the *330 patent and all inventions contained therein to AMD. An assignment recorded
in the United States Patent Office on August 5, 2016, Reel/Frame 039597/0957, indicates that AMD
assigned “all of [its] entire right, title and interest in and to” the *330 patent to Lone Star, including all
rights “in and to causes of actions and enforcement rights” and “all rights to pursue damages, injunctive
relief and other remedies for past, present and future infringement of” the *330 patent. The assignment of
the ’330 patent from AMD to Lone Star was made subject to the terms and conditions of the Patent
Transfer Agreement (which was inadvertently referenced as a Confidential Purchase and Sale Agreement
in the recorded assignment document). Lone Star has the right to sue the UMC Defendants for
infringement and collect past, present, and future damages and to seek and obtain injunctive or any other
relief for infringement of the 330 patent.

20. The validity of the ’330 patent was challenged before the United States Patents and
Trademark Office in inter partes review proceedings numbered: IPR2017-01566, IPR2017-01869,
I[PR2018-00062, and IPR2018-00087. Each of those inter partes review proceedings were instituted and
each proceeded to a final written decision except [IPR2018-00087 which was terminated prior to entry of

a final written decision. In IPR2017-01566, claims 1, 2, 5-7, and 10 were found to be invalid. Lone Star

FIRST AMENDED COMPLAINT FOR PATENT INFRINGEMENT 6
CASE NoO. 3:17-cv-04033-WHA




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Case 3:17-cv-04033-WHA Document 92 Filed 09/19/19 Page 8 of 79

has appealed that decision to the Federal Circuit (Appeal No. 19-1669) with respect to claim 2. In
IPR2017-01869 claims 1, 4-6, 9, and 10 were found to be invalid. In IPR2018-00062 claims 1, 5, 6, and
10 were found to be invalid. In both IPR2017-01869 and IPR2018-00062, claim 2 was not shown to be
invalid. Nanya has appealed the Board’s final written decision in IPR2018-00062, with respect to claim
2, to the Federal Circuit (Appeal No. 19-2030). The Board’s final written decision in IPR2017-01869,
with respect to claim 2, was not appealed.

LONE STAR’S STANDING TO BRING THIS LAWSUIT

21.  Lone Star and AMD have standing to bring this action because together they possess all
substantial rights to the Patents in Suit.

22. The Patent Transfer Agreement refers interchangeably to “Listed Patents” (see Exhibit A
thereof) and “Assigned Patents” (see Exhibit B thereof). The Patents in Suit are included among the Listed
Patents and the Assigned Patents. The Patent Transfer Agreement includes a representation that AMD, or
one of its Affiliates, has good and marketable title to each Listed Patent, “including all rights, title, and
interest in each such Listed Patent and the right to sue for past, present and future infringement thereof,”
and is the original assignee of the Listed Patents. (Ex. 1, §§ 6.1(b)(i) and (ii).) The Patent Transfer
Agreement purports to assign to Lone Star “all right, title and interest in, to and under the Assigned
Patents” including “any and all legal rights entitled by [AMD] and all rights of AMD to sue for past,
present and future infringement of any and all of the Assigned Patents.” (Ex. 1, § 2.1.) The Patent Transfer
Agreement also states that AMD assigned to Lone Star “all right, title and interest in, to and under all
causes of action and enforcement rights, whether known, unknown, currently pending, filed, or otherwise,
for the Assigned Patents, including all rights to pursue damages, injunctive relief and other remedies for
past, current and future infringement of the Assigned Patents.” (Ex. 1, § 2.2.) Lone Star also received all
rights “to collect royalties under such Assigned Patents, to prosecute all existing Assigned Patents
worldwide, to apply for additional Assigned Patents worldwide and to have Assigned Patents issue in the

name of Lone Star.” (Ex. 1, § 2.1.)
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23.  As consideration for assigning the Assigned Patents to Lone Star, AMD is entitled to
deferred compensation in the form of “Contingent Payments” based on any proceeds generated by Lone
Star’s patent enforcement and licensing efforts. (Ex. 1 at § 5.1.)

24.  Pursuant to the Patent Transfer Agreement and as part of the consideration provided to
AMD, Lone Star contractually granted a non-exclusive license back to AMD, effective as of the Effective
Date. The rights granted to AMD include, inter alia, the right to make, offer for sale and sell AMD products
covered by the Assigned Patents. (Ex. 1, § 4.1.)

25. The Patent Transfer Agreement acknowledges that the Assigned Patents are subject to
certain pre-existing rights previously extended directly or indirectly by AMD to certain third parties, and
reflects the parties’ commitment to respect those rights. These are defined as “Existing Encumbrances,”
which may include, for example, pre-existing patent licenses, covenants not to sue, releases for past
infringement granted by AMD, and pre-existing commitments relating to AMD’s activities in
standardization activities or patent pool activities. (Ex. 1, § 1.) Lone Star acknowledged that the Assigned
Patents are subject to these Existing Encumbrances, and “commit[ted] to comply with such Existing
Encumbrances. ...” (Ex. 1, § 2.3.)

26. The Patent Transfer Agreement includes a list of “Unlicensed Third Party Entities” that are
“not authorized or otherwise granted any rights (other than potentially by an implied license running with
[AMD’s] Licensed Products) by AMD to the Assigned Patents to use, develop, copy, modify, import,
make and have made, offer for sale, sell, lease, import, export, distribute, demonstrate, display, transfer
and/or otherwise exploit or dispose of a product or service by the Unlicensed Third Party Entity.” (Ex. 1,
§ 1 and Exhibit E.) AMD further represented and warranted that to its knowledge, none of the Unlicensed
Third Party Entities have been granted any rights under the Assigned Patents by AMD or its Affiliates.
(Ex. 1, § 6.1(b)(vii).) The UMC Defendants each qualify as an Unlicensed Third Party Entity.

27.  As additional consideration, Lone Star further contractually agreed to provide notice to
AMD in the event that Lone Star decided not to pay a renewal, annuity, or maintenance fee on any
Assigned Patent, and to assign such patent back to AMD or AMD’s chosen designee upon AMD’s request.

(Ex. 1, § 3.4.) This clause of the Patent Transfer Agreement is of no legal or practical effect on the
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Assigned Patents because, as of the Effective Date, all maintenance fees had already been paid for the full
remaining life of the patents.

28.  For the purpose of protecting AMD’s interest in Contingent Payments, Lone Star also
agreed that it would not transfer its ownership of any Assigned Patents unless all such patents are
transferred collectively, the proposed assignee agrees in writing (with copy to AMD) to be bound by the
Patent Transfer Agreement as Lone Star’s successor-in-interest, and AMD provides its written consent to
the transfer, “which shall not be unreasonably withheld.” (Ex. 1, § 2.6.)

29. The Federal Circuit confirmed that the Patent Transfer Agreement gave Lone Star
constitutional standing to bring this suit. Lone Star Silicon Innovations LLC, 925 F.3d 1225 at 1235. As
such, Lone Star holds the status of an exclusive licensee of the Patents in Suit for the purpose of standing
and has standing to bring this action against the UMC Defendants with AMD joined as a co-plaintiff. As
the transferor of substantial exclusionary rights in the Patents in Suit to Lone Star and the holder of a
contractual financial interest in the damages relief sought herein and of other contractual warranties and
covenants extended by Lone Star, AMD has been joined to assure that principles of prudential standing
are satisfied to enable Lone Star to secure the relief sought herein. As alleged above, AMD must be joined
as a co-party because such joinder is feasible.

THE UMC DEFENDANTS’ INFRINGING PRODUCTS AND METHODS

30.  UMC is in the business of manufacturing semiconductors or integrated circuits for others.
Using its own processes and techniques, UMC makes chips to the design specifications of customers in
industries such as communications, and consumer and computer products, with a focus on high growth,
large volume applications, including for networking, telecommunications, internet, multimedia, and
personal electronic devices. UMC publicly represents itself as one of the world’s largest independent
semiconductor foundries and a leader in semiconductor manufacturing process technologies. UMC’s
customers include fabless design companies, which design, develop, and distribute semiconductor
products but do not maintain internal manufacturing capacity, and integrated device manufacturers, which

have their own manufacturing as well as design, development, sales, and distribution. UMC owns or
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controls and operates semiconductor fabrication facilities in Taiwan, Singapore, and China. UMC’s sales
in the U.S. and North America are made through its wholly-owned subsidiary UMC-USA.

31. The UMC Defendants make, use, sell, offer for sale, and/or import into the United States
integrated circuit devices for use in devices such as field programmable gate array (“FPGA”) devices,
system on chip (“SoC”) devices, wireless communications modems, application processors, cellular
baseband processors, and other products incorporating such devices. The UMC Defendants’ integrated
circuit products are utilized in devices such as mobile phones, tablets, personal computers, wearable
electronics, industrial and automotive systems, high-speed networking gear, and other commercial and
consumer applications. The UMC Defendants primarily supply their semiconductor devices in wafer form,
knowing and intending that they are further configured into finished semiconductor products that have
been assembled and tested. The UMC Defendants’ customers include integrated device manufacturers,
such as Intel and STMicroelectronics, and fabless design companies, such as Xilinx, Broadcom,
MediaTek, Realtek, Qualcomm, and Novatek.

32. The UMC Defendants have continued to develop and enhance their process technologies
to enable the manufacture of semiconductor devices with smaller geometries, allowing the production of
more integrated circuit dice per wafer. The UMC Defendants market and promote their 40-nanometer
process node technology as supporting high performance and low power requirements of many customers
who have engaged with the UMC Defendants for the design and high volume production of integrated
circuits based on the 40nm process technology. The UMC Defendants have represented that their 40nm
process node utilizes techniques such as immersion lithography, ultra shallow junction transistor design,
mobility enhancement techniques, and ultra low-k dielectrics for maximum power and performance
optimization. The UMC Defendants’ 40nm process consists of a low power platform adapted for low
power and low leakage design requirements for mobile and consumer applications, and a generic platform
that is optimized for a broad range of consumer and high-speed applications.

33. The UMC Defendants have also implemented 28nm process technologies for applications
that require the highest performance with the lowest power leakage. Their 28nm process technology

platform includes the UMC 28nm High Performance Low Power (28HLP) process, which utilizes poly
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SiON technologies. The UMC Defendants market the 28HLP process for portable applications and
consumer electronics such as mobile phones, wireless ICs, and TVs. The UMC Defendants have also
implemented high-k/metal gate stack technologies within their 28nm process node. The UMC Defendants
provide their 28HPCU process for a broad range of devices such as application processors, cellular
baseband processors, and other integrated circuits for applications such as WLAN, tablet computers,
FPGAs, and networking gear. The UMC Defendants’ 28HPCU+ process technology offers improved
transistor performance, and their 28ulLP process offers lower core Vcce for ultra low power system on chip
devices and other integrated circuits for applications such as wearable consumer devices, Internet of
Things, and automotive systems.

34.  Despite not having a license to the *372 or *330 patents, the UMC Defendants’ integrated
circuit products made using their 40nm and 28nm process node technologies adopt the designs claimed in

these patents.

FIRST CAUSE OF ACTION — INFRINGEMENT OF THE 372 PATENT

35.  Plaintiff hereby repeats and re-alleges the allegations contained in paragraphs 1 to 34, as if
fully set forth herein.

36. The UMC Defendants, directly and/or through their subsidiaries, affiliates, agents, and/or
business partners, have in the past and continue to directly infringe the ’372 patent, including at least
claims 1, 4, 5 and 6, pursuant to 35 U.S.C. § 271(a) by using, selling, offering to sell, and/or importing
integrated circuit devices that embody the inventions claimed in the *372 patent, within the United States
and within this District. In violation of the 372 patent, for example, the UMC Defendants’ accused
integrated circuit devices include: an integrated circuit in and on a silicon substrate having an active region
including a field effect transistor with a source and a drain and a gate, all of which a conductive contact is
made comprising: a single crystalline silicon substrate with a upper surface region; a shallow junction for
each of the source and drain of the transistor underlying said upper surface of the silicon substrate; a metal
silicide layer having a lower surface disposed adjacent the shallow junction of each of the source and drain
in the silicon substrate and above said upper surface of the silicon substrate; and an epitaxial silicon layer

disposed between said upper silicon surface and said lower surface of metal silicide and adjacent the

FIRST AMENDED COMPLAINT FOR PATENT INFRINGEMENT 11
CASE NoO. 3:17-cv-04033-WHA




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Case 3:17-cv-04033-WHA Document 92 Filed 09/19/19 Page 13 of 79

shallow junction of each of the source and drain, whereby the metal silicide does not extend below the
upper silicon surface and encroach upon the shallow junction of each of the source and the drain.

37. The UMC Defendants have been and are engaged in one or more of these direct infringing
activities related to their integrated circuit devices having transistors and related structures manufactured
using their 40nm process node, a representative example being the integrated circuit devices manufactured
for Xilinx for resale as the Xilinx XC6VLX130 Virtex-6 FPGA products. The UMC Defendants’
integrated circuit devices having transistors and related structures manufactured using their 28nm HLP,
28nm HPCU, 28nm HPCU+ and 28nm uLP process nodes are also infringing, a representative example
being the integrated circuit devices manufactured for Qualcomm for resale as the Qualcomm MDM9625M
LTE Modem.

38. On information and belief, integrated circuit devices made using any of the 40nm, 28nm
HLP, 28nm HPCU, 28nm HPCU+ and 28nm uLP process nodes infringe at least claims 1, 4 and 6 of the
’372 patent, and integrated circuit devices made using any of the 40nm and the 28nm HLP process nodes
infringe at least claim 5 of the *372 patent. Such infringing integrated circuits are referred to hereinafter
as “the ’372 Accused Products.”

39. The UMC Defendants, directly and/or through their subsidiaries, affiliates, agents, and/or
business partners, have been and are now indirectly infringing the ’372 patent, including at least claims 1,
4, 5 and 6, pursuant to 35 U.S.C. § 271(b) by actively inducing acts of direct infringement performed by
others. The UMC Defendants have actual notice of the 372 patent and the infringement alleged herein at
least upon the service of the original Complaint in this action. Upon information and belief, the UMC
Defendants have numerous lawyers and other active agents of the UMC Defendants and of its owned and
controlled subsidiaries who regularly review patents and published patent applications relevant to
technology in the fields of the Patents in Suit, specifically including patents directed to integrated circuit
devices issued to competitors such as AMD, the original assignee of the *372 patent. Upon information
and belief, the UMC Defendants have been issued over 4,470 patents, including over 200 patents
prosecuted in the USPTO in the same classifications as the *372 patent, giving the UMC Defendants

intimate knowledge of the art in fields relevant to this civil action. The UMC Defendants have had
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previous actual notice of the *372 patent prior to the filing of the original Complaint in this action at least
through its efforts to patent related technologies. The *372 patent is listed on the face of U.S. Patent No.
6,221,767 (“the 767 patent”) issued to the UMC Defendants on April 24, 2001, indicating that it was
among the references cited against and considered by the USPTO and the UMC Defendants during
prosecution of *767 patent. Accordingly, the UMC Defendants have had actual notice of the *372 patent
since at least the issue date of the 767 patent. The timing, circumstances and extent of the UMC
Defendants obtaining actual knowledge of the 372 patent prior to the commencement of this lawsuit will
be confirmed during discovery.

40.  Upon gaining knowledge of the 372 patent, it was, or became, apparent to the UMC
Defendants that the manufacture, sale, importing, offer for sale and use of their 372 Accused Products
results in infringement of the ’372 patent. Upon information and belief, the UMC Defendants have
continued and will continue to engage in activities constituting inducement of infringement,
notwithstanding their knowledge, or willful blindness thereto, that the activities they induce result in
infringement of the *372 patent.

41. The °372 Accused Products are intended for integration into products known to be sold
widely in the United States. The UMC Defendants make integrated circuit devices that embody the
inventions claimed in the *372 patent, and those devices infringe when they are imported into, or sold,
used, or offered for sale in, the United States. The UMC Defendants indirectly infringe by inducing
customers (including fabless design companies and integrated semiconductor device manufacturers) and
other downstream parties (such as makers of mobile devices, desktop computers and other devices) to
import products that incorporate integrated circuit devices embodying inventions claimed in the *372
patent, or to sell or use such products, or offer them for sale, in the United States. For example, the UMC
Defendants induce fabless design companies, integrated semiconductor device manufacturers, importers,
resellers, and others who purchase or otherwise obtain devices manufactured at the UMC Defendant’s
overseas facilities to import devices embodying inventions recited in claims of the *372 patent, or to sell

or use such devices, or offer them for sale in the United States without authority.
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42. The UMC Defendants encourage customers, resellers or others to import into the United
States and sell and use in the United States the 372 Accused Products embodying inventions claimed in
the ’372 patent with knowledge and the specific intent to cause the acts of direct infringement performed
by these third parties. On information and belief, after the UMC Defendants obtained knowledge of the
’372 patent, the *372 Accused Products have been and will continue to be imported into the United States
and sold in large volumes by themselves and by others, such as customers, distributors, and resellers. The
UMC Defendants work closely with their customers in the process of finalizing circuit designs and
planning for the preparation of masks to be used in the manufacturing process, so that these aspects of the
manufacturing process are optimized for the UMC Defendants’ process technologies and equipment. The
UMC Defendants also offer their customers outsourced semiconductor assembly and test services. The
UMC Defendants are aware that the 372 Accused Products are integral components of the products
incorporating them, that the infringing integrated circuits are built into the products and cannot be removed
or disabled by a purchaser of the products containing the infringing integrated circuit devices, such that
the UMC Defendants’ customers will infringe one or more claims of the *372 patent by incorporating such
integrated circuit devices in other products, and that subsequent importation, sale, and use of such products
in the United States would be a direct infringement of the *372 patent. Therefore, the UMC Defendants
are aware that their customers will infringe one or more claims of the 372 patent by selling, offering for
sale, importing, and/or using the products supplied by the UMC Defendants.

43. The UMC Defendants directly benefit from and actively and knowingly encourage
customers’, resellers’, and users’ importation of these products into the United States and sale and use
within the United States. The UMC Defendants actively encourage customers, resellers, and downstream
users to import, use, and sell in the United States the *372 Accused Products that they manufacture and
supply, including through advertising, marketing, and sales activities directed at United States sales. On
information and belief, the UMC Defendants are aware of the size and importance of the United States
market for customers of their products, and also distribute or supply these products intended for
importation, use, and sale in the United States. The UMC Defendants routinely market their infringing

integrated circuit products to third parties for inclusion in products that are sold to customers in the United
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States. Defendant UMC-USA provides a direct sales outlet for these products in the United States. The
UMC Defendants’ marketing efforts show that they have specifically intended to and have induced direct
infringement in the United States.

44. The UMC Defendants have engaged and will continue to engage in additional activities to
specifically target the United States market for the 372 Accused Products and actively induce
manufacturers, importers, resellers, customers, and end users to directly infringe one or more claims of
the ’372 patent in the United States. For example, the UMC Defendants have showcased their
semiconductor manufacturing capabilities and process technologies at least through written materials
distributed in the United States and through the www.umc.com website in an effort to showcase their
process technology, manufacturing, testing, packaging, and market applications, and to encourage
customers to engage the UMC Defendants to produce integrated circuits for inclusion in the customers’
devices and products. These materials target fabless design companies and integrated semiconductor
device manufacturers and generally companies that make, use, offer to sell, sell, or import in the United
States products that use integrated circuit devices such as those made by the UMC Defendants. The UMC
Defendants derive significant revenue by selling the *372 Accused Products to third parties who directly
infringe the *372 patent in the United States.

45. The UMC Defendants’ extensive sales and marketing efforts, sales volume, and
partnerships all evidence their intent to induce companies to infringe one or more claims of the *372 patent
by, using, offering to sell, selling, or importing products that incorporate the 372 Accused Products, in
the United States. The UMC Defendants have had specific intent to induce infringement or have been
willfully blind to the direct infringement they are inducing.

46.  Upon information and belief, the UMC Defendants have continued and will continue to
engage in activities constituting contributory infringement of the *372 patent, including at least claims 1,
4, 5 and 6 pursuant to 35 U.S.C. § 271(c). The UMC Defendants contributorily infringe with knowledge
that the *372 Accused Products, or the use thereof, infringe the ’372 patent. The UMC Defendants
knowingly and intentionally contributed to the direct infringement of the ’372 patent by others by

supplying these integrated circuit devices that embody a material part of the claimed invention of the *372
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patent, which are known by the UMC Defendants to be specially made or adapted for use in an infringing
manner. For example, and without limitation, the 372 Accused Products are used in various end products,
such as computers, networking gear, and mobile telephones. The 372 Accused Products are not staple
articles or commodities of commerce suitable for non-infringing use and are especially made for or
adapted for use in infringing the *372 patent. There are no substantial uses of the 372 Accused Products
that do not infringe the *372 patent. By contributing a material part of the infringing computing products
sold, offered for sale, imported, and used by their customers, resellers and users, the UMC Defendants
have been and are now indirectly infringing the *372 patent under 35 U.S.C. § 271(c).

47. The UMC Defendants’ direct and indirect infringement of the *372 patent has injured Lone
Star, and Lone Star is entitled to recover damages adequate to compensate for such infringement pursuant
to 35 U.S.C. § 284. Unless they cease their infringing activities, the UMC Defendants will continue to
injure Lone Star by infringing the *372 patent.

48. On information and belief, The UMC Defendants acted egregiously and with willful
misconduct in that their actions constituted direct or indirect infringement of a valid patent, and this was
either known or so obvious that the UMC Defendants should have known about it. The UMC Defendants
continue to infringe the *372 patent by making, using, selling, offering for sale, and importing in the United
States the *372 Accused Products, and to induce the direct infringement of others performing these acts,
or they have acted at least in reckless disregard of Lone Star’s patent rights. On information and belief,
the UMC Defendants will continue their infringement notwithstanding actual knowledge of the *372
patent and without a good faith basis to believe that their activities do not infringe any valid claim of the
’372 patent. All infringement of the *372 patent following the UMC Defendants’ knowledge of the *372
patent is willful and Lone Star is entitled to treble damages and attorneys’ fees and costs incurred in this
action under 35 U.S.C. §§ 284 and 285.

SECOND CAUSE OF ACTION - INFRINGEMENT OF THE 330 PATENT

49.  Plaintiff hereby repeats and re-alleges the allegations contained in paragraphs 1 to 34, as if

fully set forth herein.

FIRST AMENDED COMPLAINT FOR PATENT INFRINGEMENT 16
CASE NoO. 3:17-cv-04033-WHA




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Case 3:17-cv-04033-WHA Document 92 Filed 09/19/19 Page 18 of 79

50. The UMC Defendants, directly and/or through their subsidiaries, affiliates, agents, and/or
business partners, have in the past and continue to directly infringe the 330 patent, including at least claim
2, pursuant to 35 U.S.C. § 271(a) by using, selling, offering to sell, and/or importing integrated circuit
devices that embody the inventions claimed in the 330 patent, within the United States and within this
District. In violation of the *330 patent, for example, the UMC Defendants’ accused integrated circuit
devices include: (a) a semiconductor substrate having a semiconductor device provided thereon; (b) a first
dielectric layer formed over the semiconductor substrate having a first opening provided therein; (c) a first
conductor core filling the first opening and connected to the semiconductor device; (d) an etch stop layer
of silicon nitride formed over the first dielectric layer and the first conductor core, the etch stop layer
having a dielectric constant below 5.5; (e) a second dielectric layer formed over the etch stop layer and
having a second opening provided therein open to the first conductor core; and (f) a second conductor core
filling the second opening and connected to the first conductor core. The UMC Defendants further directly
infringe the *330 patent because, for example, their accused integrated circuit devices include: (g) an etch
stop layer that is a multilayer structure.

51. The UMC Defendants have been and are engaged in one or more of these direct infringing
activities related to their integrated circuit devices manufactured using their 40nm process node, a
representative example being the integrated circuit devices manufactured for Xilinx for resale as the Xilinx
XC6VLX130 Virtex-6 FPGA products. The UMC Defendants’ integrated circuit devices manufactured
using their 28nm HLP, 28nm HPCU, 28nm HPCU+ and 28nm uLP process nodes are also infringing, a
representative example being the integrated circuit devices manufactured for Qualcomm for resale as the
Qualcomm MDM9625M LTE Modem. On information and belief, integrated circuit devices made using
any of the 40nm, 28nm HLP, 28nm HPCU, 28nm HPCU+ and 28nm uLP process nodes infringe at least
claim 2 of the ’330 patent. Such infringing integrated circuits are referred to hereinafter as “the *330
Accused Products.”

52. The UMC Defendants, directly and/or through their subsidiaries, affiliates, agents, and/or
business partners, have been and are now indirectly infringing the *330 patent, including at least claim 2,

pursuant to 35 U.S.C. § 271(b) by actively inducing acts of direct infringement performed by others. The
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UMC Defendants have actual notice of the *330 patent and the infringement alleged herein at least upon
the service of the original Complaint in this action. Upon information and belief, the UMC Defendants
has numerous lawyers and other active agents of the UMC Defendants and of its owned and controlled
subsidiaries who regularly review patents and published patent applications relevant to technology in the
fields of the Patents in Suit, specifically including patents directed to semiconductor memory devices
issued to competitors such as AMD, the original assignee of the 330 patent. Upon information and belief,
the UMC Defendants have been issued over 4,470 patents, including over 103 patents prosecuted in the
USPTO in the same classifications as the 330 patent, giving the UMC Defendants intimate knowledge of
the art in fields relevant to this civil action. The UMC Defendants have had previous actual notice of the
’330 patent prior to the filing of this Complaint at least through its efforts to patent related technologies.
The timing, circumstances, and extent of the UMC Defendants obtaining actual knowledge of the *330
patent prior to the commencement of this lawsuit will be confirmed during discovery.

53.  Upon gaining knowledge of the 330 patent, it was, or became, apparent to the UMC
Defendants that the manufacture, sale, importing, offer for sale, and use of their 330 Accused Products
results in infringement of the ’330 patent. Upon information and belief, the UMC Defendants have
continued and will continue to engage in activities constituting inducement of infringement,
notwithstanding their knowledge, or willful blindness thereto, that the activities they induce result in
infringement of the 330 patent.

54. The °330 Accused Products are intended for integration into products known to be sold
widely in the United States. The UMC Defendants make integrated circuit devices that embody the
inventions claimed in the *330 patent, and these devices infringe when they are imported into, or sold,
used, or offered for sale in, the United States. The UMC Defendants indirectly infringe by inducing
customers (including fabless design companies and integrated semiconductor device manufacturers) and
other downstream parties (such as makers of mobile devices, desktop computers and other devices) to
import products that incorporate integrated circuit devices embodying inventions claimed in the *330
patent, or to sell or use such products, or offer them for sale, in the United States. For example, the UMC

Defendants induce fabless design companies, integrated semiconductor device manufacturers, importers,
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resellers, and others who purchase or otherwise obtain devices manufactured at the UMC Defendant’s
overseas facilities to import devices embodying inventions recited in the asserted claim of the *330 patent,
or to sell or use such devices, or offer them for sale in the United States without authority.

55. The UMC Defendants encourage customers, resellers, or others to import into the United
States and sell and use in the United States the 330 Accused Products embodying inventions claimed in
the *330 patent with knowledge and the specific intent to cause the acts of direct infringement performed
by these third parties. On information and belief, after the UMC Defendants obtained knowledge of the
’330 patent, the *330 Accused Products have been and will continue to be imported into the United States
and sold in large volumes by them and by others, such as customers, distributors, and resellers. The UMC
Defendants work closely with their customers in the process of finalizing circuit designs and planning for
the preparation of masks to be used in the manufacturing process, so that these aspects of the
manufacturing process are optimized for the UMC Defendants’ process technologies and equipment. The
UMC Defendants also offer their customers outsourced semiconductor assembly and test services. The
UMC Defendants are aware that the 330 Accused Products are integral components of the products
incorporating them, that the infringing integrated circuits are built into the products and cannot be removed
or disabled by a purchaser of the products containing the infringing integrated circuit devices, such that
the UMC Defendants’ customers will infringe the asserted claim of the 330 patent by incorporating such
integrated circuit devices in other products, and that subsequent importation, sale and use of such products
in the United States would be a direct infringement of the *330 patent. Therefore, the UMC Defendants
are aware that their customers will infringe the asserted claim of the 330 patent by selling, offering for
sale, importing, and/or using the products supplied by the UMC Defendants.

56. The UMC Defendants directly benefit from and actively and knowingly encourage
customers’, resellers’, and users’ importation of these products into the United States and sale and use
within the United States. The UMC Defendants actively encourage customers, resellers, and downstream
users to import, use, and sell in the United States the 330 Accused Products that they manufacture and
supply, including through advertising, marketing, and sales activities directed at United States sales. On

information and belief, the UMC Defendants are aware of the size and importance of the United States
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market for customers of their products, and also distribute or supply these products intended for
importation, use, and sale in the United States. The UMC Defendants routinely market their infringing
integrated circuit products to third parties for inclusion in products that are sold to customers in the United
States. Defendant UMC-USA provides a direct sales outlet for these products in the United States. The
UMC Defendants’ marketing efforts show that they have specifically intended to and have induced direct
infringement in the United States.

57. The UMC Defendants have engaged and will continue to engage in additional activities to
specifically target the United States market for the 330 Accused Products and actively induce
manufacturers, importers, resellers, customers, and end users to directly infringe the asserted claim of the
’330 patent in the United States. For example, the UMC Defendants have showcased their semiconductor
manufacturing capabilities and process technologies at least through written materials distributed in the
United States and through the www.umc.com website in an effort to showcase their process technology,
manufacturing, testing, packaging, and market applications, and to encourage customers to engage the
UMC Defendants to produce integrated circuits for inclusion in the customers’ devices and products.
These materials target fabless design companies and integrated semiconductor device manufacturers and
generally companies that make, use, offer to sell, sell, or import in the United States products that use
integrated circuit devices such as those made by the UMC Defendants. The UMC Defendants derive
significant revenue by selling the 330 Accused Products to third parties who directly infringe the *330
patent in the United States.

58. The UMC Defendants’ extensive sales and marketing efforts, sales volume, and
partnerships all evidence their intent to induce companies to infringe the asserted claim of the *330 patent
by, using, offering to sell, selling, or importing products that incorporate the 330 Accused Products, in
the United States. The UMC Defendants have had specific intent to induce infringement or have been
willfully blind to the direct infringement they are inducing.

59.  Upon information and belief, the UMC Defendants have continued and will continue to
engage in activities constituting contributory infringement of the *330 patent, including at least claim 2,

pursuant to 35 U.S.C. § 271(c). The UMC Defendants contributorily infringe with knowledge that the
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’330 Accused Products, or the use thereof, infringe the *330 patent. The UMC Defendants knowingly and
intentionally contributed to the direct infringement of the ’330 patent by others by supplying these
integrated circuit devices that embody a material part of the claimed invention of the *330 patent, which
are known by the UMC Defendants to be specially made or adapted for use in an infringing manner. For
example, and without limitation, the 330 Accused Products are used in various end products, such as
computers, networking gear and mobile telephones. The 330 Accused Products are not staple articles or
commodities of commerce suitable for non-infringing use and are especially made for or adapted for use
in infringing the 330 patent. There are no substantial uses of the 330 Accused Products that do not
infringe the *330 patent. By contributing a material part of the infringing computing products sold, offered
for sale, imported and used by their customers, resellers and users, the UMC Defendants have been and
are now indirectly infringing the *330 patent under 35 U.S.C. § 271(c).

60. The UMC Defendants’ direct and indirect infringement of the *330 patent has injured Lone
Star, and Lone Star is entitled to recover damages adequate to compensate for such infringement pursuant
to 35 U.S.C. § 284. Unless they cease their infringing activities, the UMC Defendants will continue to
injure Lone Star by infringing the *330 patent.

61. On information and belief, the UMC Defendants acted egregiously and with willful
misconduct in that their actions constituted direct or indirect infringement of a valid patent, and this was
either known or so obvious that the UMC Defendants should have known about it. The UMC Defendants
continue to infringe the *330 patent by making, using, selling, offering for sale, and importing in the United
States the *330 Accused Products, and to induce the direct infringement of others performing these acts,
or they have acted at least in reckless disregard of Lone Star’s patent rights. On information and belief,
The UMC Defendants will continue their infringement notwithstanding actual knowledge of the *330
patent and without a good faith basis to believe that their activities do not infringe any valid claim of the
’330 patent. All infringement of the *330 patent following The UMC Defendants’ knowledge of the *330
patent is willful and Lone Star is entitled to treble damages and attorneys’ fees and costs incurred in this

action under 35 U.S.C. §§ 284 and 285.
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PRAYER FOR RELIEF

WHEREFORE, Plaintiffs prays for:

1. Judgment that the *372, and *330 patents are each valid and enforceable;

2. Judgment that the *372, and *330 patents are infringed by the UMC Defendants;

3. Judgment that the UMC Defendants’ acts of patent infringement relating to the patents are
willful;

4. An award of damages arising out of the UMC Defendants’ acts of patent infringement,
together with pre-judgment and post-judgment interest;

5. Judgment that the damages so adjudged be trebled in accordance with 35 U.S.C. § 284;

6. An award of Plaintiff’s attorneys’ fees, costs and expenses incurred in this action in
accordance with 35 U.S.C. § 285; and

7. Such other and further relief as the Court may deem just and proper.

RESERVATION OF RIGHTS

Plaintiff’s investigation is ongoing, and certain material information remains in the sole possession
of the UMC Defendants or third parties, which will be obtained via discovery herein. Plaintiff expressly
reserves the right to amend or supplement the causes of action set forth herein in accordance with Rule 15

of the Federal Rules of Civil Procedure.

Respectfully,
Dated: September 19, 2019 FITCH, EVEN, TABIN & FLANNERY LLP

/s/ Joseph F. Marinelli
Joseph F. Marinelli (admitted pro hac vice)

Attorney for Plaintiff
LONE STAR SILICON INNOVATIONS LLC

JURY DEMAND

Plaintiff demands trial by jury of all issues triable of right by a jury.
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Dated: September 19, 2019

FIRST AMENDED COMPLAINT FOR PATENT INFRINGEMENT
CASE NoO. 3:17-cv-04033-WHA

Respectfully submitted,
FITCH, EVEN, TABIN & FLANNERY LLP

/s/ Joseph F. Marinelli
Joseph F. Marinelli (admitted pro hac vice)

Attorney for Plaintiff
LONE STAR SILICON INNOVATIONS LLC
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Exhibit 1

AMD bank account information redacted
pursuant to April 5, 2018 Order
(Case No. 18-01680-WHA, D.I. 40)
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United States Patent [ (1] Patent Number: 5,973,372
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[57] ABSTRACT

A method, and structure resulting therefrom, of forming a
metal silicide at a shallow junction in a single crystal
substrate without encroaching on the shallow junction by
forming a metal layer on the substrate over the junction
followed by forming a layer of a silicon material which
reacts with the metal faster than the silicon in the single
crystal substrate. Titanium is the preferred metal and amor-
phous silicon is the preferred silicon layer and is of a
thickness to react with all of the titanium. The two layers are
rapid thermal annealed to form titanium silicide. A second
rapid thermal anneal is performed which converts the major-
ity of the C49 phase of the titanium silicide to a less resistive
and more conductive C54 phase and causes a silicon epi-
taxial layer to form between silicon substrate and the tita-
nium silicide.
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SILICIDED SHALLOW JUNCTION
TRANSISTOR FORMATION AND
STRUCTURE WITH HIGH AND LOW
BREAKDOWN VOLTAGES

FIELD OF THE INVENTION

The present invention relates to fabricating integrated
circuits and, more specifically, to fabricating silicided shal-
low junctions and the resultant structure.

BACKGROUND OF THE INVENTION

In the conventional self aligned silicides fabrication,
which is has been given the name “salicide process”, the
silicidation process usually is carried out after the formation
of the junctions. In the case of NMOS, PMOS, CMOS and
BiCMOS, the silicidation process is after the source/drain
implant and anneal and, in the case of bipolar, the silicida-
tion process is after the emitter to base junction formation
and anneal. For example, in the conventional CMOS fabri-
cation process, after the gate definition, LDD implant,
spacer formation and source/drain implant screen oxide, the
source and drains are implanted and annealed. After removal
of the screen oxide and a clean step, titanium or another
refractory metal or Group VIII metals is deposited and
annealed to form the silicide, such as titanium silicide.
During the silicidation process with titanium, the silicon is
the moving species and, as the silicide is formed, the silicon
below the original silicon surface is consumed. It is well
established that 1 angstrom of titanium (Ti) will react with
2.27 angstroms of crystalline silicon to produce 2.4 ang-
stroms of titanium silicide (TiSi,).

Advanced high performance submicron NMOS, PMOS,
CMOS, biCMOS and bipolar integrated circuits require
further down scaling of the devices in the lateral and vertical
directions. However, as the gate length is scaled down, the
vertical dimension of the devices, such as gate oxide thick-
ness and junction depth need to be scaled down accordingly
for optimum performance of the devices and to alleviate
short channel effects. However, as vertical and laterally
scaling of these devices continues, the fabrication of very
shallow junctions create additional challenges due to the
very low implant energy required to fabricate very shallow
junctions and the higher parasitic source and drain resistance
for field effect transistors (FETs), such as CMOS, and
emitter resistance for bipolar introduced by the shallow
junctions, as well as excessive off leakage current for FETs.
To reduce the parasitic resistances, these advanced inte-
grated circuits employ silicides at the shallow junctions and
thereby increase device speed and performance. However, a
major portion (~one-half) of the originally implanted shal-
low junction in the silicon substrate is consumed by the
silicidation in the conventional salicidation process and such
consumption of the silicon substrate during silicidation
degrades the integrity of the shallow junctions and sets a
lower limit for the junction depth. A similar situation exists
in using the conventional method in fabricating silicided
shallow emitters in bipolar or biCMOS integrated circuits.
In addition, the junction depths of the silicided sources and
drains or the junction depth of the silicided emitters are all
the same depth and have common device characteristics.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a method of fabricating an integrated circuits with
salicided shallow junctions without degrading the integrity
of the junctions.
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Another object of present invention is to provide an
integrated circuit fabrication method in which only a mini-
mum of the silicon substrate is consumed during salicida-
tion.

An additional object of the present invention is to provide
an integrated circuit structure with silicided shallow junc-
tions with the lower surface of the silicide at or slightly
below the silicon substrate.

A further object of the present invention is to provide an
integrated circuit fabrication method in which, due to the
salicidation process, the transistors of the integrated circuit
can be formed with different device characteristics.

Astill further object of the present invention is to provide
an integrated circuit fabrication method in which, due to the
salicidation process, the source and drain of a transistor can
be formed with asymmetric junction depths.

In accordance with the present invention, an integrated
circuit silicon substrate with at least one shallow junction is
fabricated comprising the steps of, after the formation of a
shallow junction: depositing a metal layer capable of react-
ing with silicon to form a silicide at the shallow junction,
selectively depositing on the metal a layer of a silicon
material which reacts with a metal to form a silicide at a
faster rate than silicon in the silicon substrate, and reacting
the silicon of the deposited silicon material with the metal to
form the metal silicide. Preferably, the metal is a refractory
metal or a Group VIII metal and, most preferably, the metal
is titanium and the silicon material is amorphous (ct) silicon,
of which metal preferably is selectively deposited and the
a-silicon is sputtered. The silicon material is of a thickness
so that the majority of the metal reacts with the silicon of the
silicon material and only a small amount of the silicon of the
silicon substrate is consumed during the silicide reaction.
According to another aspect of the present invention, the
deposited silicon material can be doped and the doping can
be used as a parameter to control the amount of silicon
contibuted from the silicon material and thereby permit
different junction depths between transistors in an integrated
circuit or even between a source and a drain of the same
transistor. According to still another aspect of the present
invention, an integrated circuit including a silicon substrate
having an upper surface and a shallow junction disposed
thereunder comprising: a metal silicide layer having a lower
surface and being disposed at the shallow junction, and a
silicon epitaxy layer positioned between the upper surface of
the silicon substrate and the lower surface of the metal
silicide.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed
description of a preferred embodiments of the invention with
reference in the drawings, in which:

FIGS. 14, b and c are cross-sectional views of the prior art
method of forming a refractory metal silicide at the surface
of an active region of a transistor.

FIGS. 24, b and ¢ are cross-sectional views of method of
the present invention of forming a refractory metal silicide
at the surface of an active region of a transistor.

FIG. 3a is a cross-sectional view of the portion of a
semiconductor substrate with isolation regions on opposite
sides of a partially completed field effect transistor having a
source, drain and gate and a conformal insulating layer over
the source and drain and covering the gate as the starting
point in describing the method of the present invention.

FIG. 3b is a cross-sectional view of the portion of the
semiconductor substrate of Figure a with insulating side-
walls abutting the insulating layer on the gate.
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FIG. 3¢ is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 3b with the insulating layer
removed over the source and drain and on top of the gate.

FIG. 3d is a is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 3¢ with a refractory metal
selectively deposited on semiconductor substrate surface
over the source and drain and on top of the gate.

FIG. 3¢ is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 3d with a layer of a silicon
containing material deposited on the isolation regions, the
refractory metal and the sidewalls.

FIG. 3f is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 3e with the refractory metal
reacted with the silicon containing material and slightly with
the N+ silicon substrate to form metal silicide.

FIG. 3g is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 3f with the silicon contain-
ing material removed from isolation regions and the side-
walls.

FIG. 3/ is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 3g with an interlevel insu-
lating layer having contact openings to the metal silicide of
the source and drain.

FIG. 3i is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 34 with the contact open-
ings filled with a conductive material.

FIG. 4a is a cross-sectional view of the portion of a
semiconductor substrate with isolation regions on opposite
sides of a partially completed bipolar transistor having an
emitter, base and collector and an insulating layer over the
semiconductor substrate with openings to the emitter, base
and collector.

FIG. 4b is a is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 4a with a refractory metal
selectively deposited on semiconductor substrate surface
over the emitter, base and gate.

FIG. 4c¢ is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 4b with a layer of a silicon
containing material deposited on the insulating layer and the
refractive metal.

FIG. 4d is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 4¢ with the refractive metal
reacted with the silicon containing material and slightly with
the N+ silicon substrate to form metal silicide.

FIG. 4¢ is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 4d with the silicon con-
taining layer removed from the insulating layer.

FIG. 4f is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 4e with an interlevel insu-
lating layer having contact openings to the metal silicide of
the emitter, base and collector.

FIG. 4g is a cross-sectional view of the portion of the
semiconductor substrate of FIG. 4f with the contact open-
ings filled with a conductive material.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

Referring now to the prior art drawings of FIGS. 1(a)~(c),
FIG. 1(a) shows a single crystalline P doped silicon substrate
10 with LOCOS isolation 11 and N-type impurities to form
a P-N+ shallow junction 14 with the surface 10a of the
substrate 10 exposed. A insulating layer 16 is on the surface
10a of the substrate 10 and on the vertical wall of a gate 17
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on a gate oxide 18 of a partially shown NMOS field effect
transistor. An insulating spacer 19 is formed on the vertical
wall of the gate 17. The layer 16 served as an implant screen
during the formation of the shallow junction. In FIG. 1(b),
the insulating layer is removed and a refractory metal, such
as a titanium layer 12, is deposited on the now exposed
surface 10a. In FIG. 1(c¢) titanium silicide 13 is formed by
reacting the titanium 12 with the silicon substrate 10. It will
be noted that shape of the titanium silicide 13 is above the
original substrate surface 10a as evidenced by the dashed
line 15 drawn through FIGS. 1(@)—(¢). More importantly, it
will be noted that the major growth of the titanium silicide
is into the silicon substrate, again as evidence by the dashed
line 15, and the greatest growth is at the edges where the N+
impurities are in lower concentration than in the center of the
active region. Because of this shape of the titanium silicide,
the shallow junction becomes ever more shallow and the
result is degrading of the integrity of the shallow junctions.

Turning now to FIGS. 2(a)—(c) of the present invention,
FIG. 2(a) again shows a single crystalline P doped silicon
substrate 20 with LOCOS isolation 21 and N-type impurities
to form a N+/P shallow junction 24 with the surface 20a of
the substrate 20 exposed. A insulating layer 27 is preferably
thermally grown on the surface 20a of the substrate 20 and
on the vertical wall and top of a gate 28 on a gate oxide 29
of a partially shown NMOS field effect transistor. A insu-
lating spacer 274, preferably silicon nitride, is formed on the
vertical wall of the gate 28. The layer 27 served as an
implant screen during the formation of the shallow junction
and the doping of the gate. The layer 27 also can serve as an
etch stop during the formation of the silicon nitride spacer
due to the difference in etch selectivity between silicon oxide
and silicon nitride. In FIG. 2(b), a refractory metal, such as
a titanium, or a Group VIII metal layer 22 is selectively
deposited on the exposed surface 20a followed by the
deposition, on the titanium layer 22, of a layer of a silicon
containing material 26, such as amorphous (o) silicon,
which silicides at a faster rate than single crystal silicon. In
FIG. 2(¢), titanium silicide 23 is formed by reacting the
titanium 22 with the amorphous silicon 26 and slightly with
the silicon substrate at a temperature of about 650 C. In the
prior art silicidation method with the single crystal substrate
of FIGS. 1(a)—c), the silicon atoms migrate towards the
titanium atoms where they react and form TiSi, (phase C49).
The silicon atoms diffuse towards the titanium atoms
through the crystal vacancies or regions which are referred
to as the centers for nucleation. Because, in contrast to single
crystal silicon, amorphous silicon has many more centers of
nucleation and the migration occurs at a much faster rate.
Silicon atoms from the amorphous silicon layer 26 and
silicon atoms from the single crystal substrate 10 and
polycrystalline silicon gate 28 migrate from the top to the
bottom and from the bottom to the top, respectively, to the
titanium layer 22. The reaction stops when all of the titanium
layer 22 is reacted. Since the amorphous silicon silicides
much faster than the single crystal substrate, most of the
silicidation occurs upward away from the original silicon
surface 20a, as evidenced by dashed line 25, and only a very
small portion of shallow junction is consumed, unlike the
prior art method of FIGS. 1(a)—(c). It is important to note
that the silicide formed from single crystal silicon and
amorphous silicon is C54 phase after a second anneal. With
a thick amorphous silicon layer 26, which is sufficiently
thick so as to not be totally consumed by the silicidation,
silicon atoms from the amorphous silicon layer migrate
through the titanium silicide 23 and to the single crystal
silicon substrate and, in accordance with the device structure
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of the present invention, form a solid phase epitaxy layer as
shown in the vicinity of the silicide and the N+ boundry in
FIG. 2(¢). Accordingly, because the titanium silicide 23 is at
or above the original silicon surface 10g, the shallow junc-
tion is not consumed and the integrity of the shallow
junction is maintained.

Turning now to FIGS. 34-3i, which illustrate the fabri-
cation method of the present invention, FIG. 3a shows the
cross-section of a NMOS field effect transistor (FET) to the
point of a silicon substrate 30 having formed therein isola-
tion regions 31, herein LOCOS although trench isolation
also can be used. A thin insulating layer 37, preferably
silicon oxide, is on the surface of the silicon substrate and
covers a gate 38, which is doped polysilicon but also may be
a composite gate structure, on a gate oxide 39. N-type
impurities or, alternatively, P-type have been implanted into
silicon substrate 30 and the gate 38, using the gate as the
alignment mask, and annealed by rapid thermal anneal to
diffuse and activate the impurities and form a N+/P or P+/N
shallow junction 34. The shallow junctions are less than
about 2500 A and, with arsenic (As) as the impurity, the
desired depth of the N+/P shallow ]unctlons can be achieved
by projecting 500 A for implant energies of 75 keV. In the
case of shallow P+/N junction, boron difluoride (BF, ) is
used as the impurity and the desired depth can be achieved
by projecting about 300 Afor implant energies of 50 keV. In
the present instant, the depth of the N+/P shallow junction is
about 1000 A and the P+/N shallow junction is about 1200
A from the silicon substrate surface. In FIG. 3b, insulating
spacers 40 are formed is formed on the sidewalls of the gate
38 and is separated from the gate by the insulating layer 37.
The spacers 40 preferably are silicon nitride and are formed
by depositing a conformal layer of silicon nitride and then
anisotropically etching the layer with a reactive ion etcher to
create the spacers 40. Silicon nitride is the preferred insu-
lating material because the silicon oxide layer 37 serves as
an etch stop during the formation of the spacer and prevents
gouging of the silicon substrate. In addition, the silicon
nitride spacer is not eroded away during the removal by
etching of the silicon oxide screen layer 37, thereby pre-
cluding any possible shorting of the gate 38. After the
spacers formation, the substrate is cleaned and subjected to
a short hydrogen fluoride etch (herein 100:1) to remove the
insulating layer 37, herein silicon oxide, over the source and
drain and on top of the gate 38 as shown in FIG. 3c. As
previouly stated, the removal of the silicon oxide layer is a
further reason for using silicon nitride as the insulating
spacer material since silicon nitride has a etch selectivity
difference from silicon oxide.

Next, a refractory metal 41, herein titanium, or a Group
VIII is selectively deposited by chemical vapor deposition
(CVD), using conventional CVD equipment on the exposed
source and drain and on top of gate to a thickness of about
300-400 A, preferably about 400 A, as shown in FIG. 34.
Although titanium is preferred, other refractory metals, such
as tungsten, tantalum and molybdenum, as well as Group
VIII metals, such as cobalt, platinum, palladium and nickel,
may be used. Now, in accordance with the present invention,
a silicon containing material 42 which silicates faster than
single crystal silicon and which herein is amorphous silicon
is sputter deposited, using conventional sputter equlpment
with a silicon target, to a thickness of about 650 to 850 A,
preferably about 850 A as shown in FIG. 3e. Although
amorphous silicon is the preferred silicon containing
material, polycrystalline silicon also may be used.

In addition and in accordance with another aspect of the
present invention, the silicon containing material may be

10

15

20

25

30

35

40

45

50

55

60

65

6

doped with an impurity since silicidation occurs less readily
with doped amorphous and polysilicon than undoped amor-
phous silicon and polysilicon. By varying the doping of the
amorphous silicon, silicidation reaction rate can be a param-
eter for controlling the amount of silicon (N+ for N+
source/drain or P+ for P+ source/drain) in the substrate. For
N+/P junctions, the amorphous silicon can be doped with an
N-type impurity such as phorphous, arsenic, or antimony
and, for P+/N junctions, the amorphous silicon can be doped
with boron or boron difluoride. With this aspect of the
present invention, the amount of silicate from the amor-
phous silicon can be reduced so that more of the silicate
results from the silicon substrate and, in this way, the depth
of the shallow junction from the silicate can be varied not
only between transistors, but the source and drain of a
transistor can be of different junction depths. Accordingly,
this ability to dope the deposited silicon material 42 to
change the silicidation rate provides the capability to tailor
the depth of the junction from the silicide.

The substrate 30 is now subjected to a rapid thermal
anneal at about 650° C. to cause the formation of titanium
silicide 43. Because silicidation takes place much faster in
amorphous silicon than single crystal silicon, most of tita-
nium silicide forms above the original surface of the silicon
substrate 30 and does not encroach on the shallow N+/P
junctions 34 as shown in FIG. 3f. The silicidation is followed
by using a selective etch to remove the unsilicided amor-
phous silicon without etching the titanium silicide and then
the substrate is subjected to another rapid thermal anneal at
about 800° C. which converts the C49 phase of the silicide
43 into a much less resistive or more conductive and stable
phase C54 of silicide 43a with the result being shown in
FIG. 3g. Silicides of titanium, cobalt, platinum, palladium
and nickel exhibit the lowest resistivities and they are 3-8,
16-18, 28-30 30-35 and 50 Q-cm.

The remainder of the method of the present invention
follows conventional practice as shown in FIGS. 3/ and 3{
with the deposition of an interlayer insulating layer 44,
herein silicon oxide from a source of tetracthylothosilcate
(TEOS) or alternatively tetramethylcyclotetrasiloxane
(TMCTS), followed by planarization using preferably
chemecial/mechanical polish with a commercially available
slurry. Contact opening 45 are plasma etched, using an
reactive ion etcher with carbon tetraflouride/hydrogen, in the
insulating layer 44 as shown in FIG. 3/ and filled with a
conductive material 46, herein tungsten, as shown in FIG. 3i.

Although this description of silicidation method of the
present invention has focused on an N-type transistor, it has
equal application to P-type transistors (P+/N shallow
junctions) and CMOS transistors (both N+/P and P+/N
shallow junctions). This silicidation method also can be used
in fabricating bipolar and biCMOS transistors and has
special advantages in fabricating bipolar transistors with
shallow emitters as will be described in reference to FIGS.
4a-4g.

As shown in FIG. 44, a bipolar transistor is shown in a
silicon substrate 50 between vertical isolating trenches 51
and N/P horizontal isolation 52. An insulating layer 53,
herein silicon oxide, is on the surface of the silicon substrate
and the layer 53 contains an opening 54 for contacting the
emitter, an opening 55 for contacting the base, and an
opening 56 for contacting the collector as shown in FIG. 44.
Alternatively, the insulating layer 53 can be a composite of
an underlying pad silicon oxide layer and an upper silicon
nitride layer. A refractory metal 57, herein titanium, is
selectively CVD deposited, using commercially available
equipment, on the exposed emitter, base and collector
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through openings 54, 55 and 56, respectively, to a thickness
of about 300400 A, preferably about 400 A as shown in
FIG. 4b. Now, in accordance with the present invention, a
silicon containing material 58, which silicates faster than
smgle crystal silicon and Wthh herein is amorphous silicon,
is sputter deposited to a thickness of about 650 to 850 A,
using silicon as the target source shown in FIG. 4c. The
substrate 50 is now subjected to a rapid thermal anneal at
about 650° C. to cause the formation of titanium silicide 59.
Because silicidation takes place much faster in amorphous
silicon than single crystal silicon, most of titanium silicide
forms above the original surface of the silicon substrate 50
and does not encroach on the shallow emitter N+/P junction
60 as shown in FIG. 4d. The silicidation is followed by using
a plasma etch and an etchant gas, herein carbon
tetrafluroide/oxygen, to remove the unsilicided amorphous
silicon without etching the titanium silicide and then the
substrate is subjected to another rapid thermal anneal at
about 800° C. which converts the C49 phase of the silicide
59 into a much less resistive or more conductive phase C54
of silicide 59a with the result being shown in FIG. 4e.

The remainder of the method of the present invention
follows conventional practice as shown in FIGS. 4f and 4g
with the deposition of an interlayer insulating layer 61,
herein silicon oxide from TEOS, followed by planarization
using preferably chemcial/mechanical polish and a commer-
cially available slurry. Contact opening 62 are etched in the
silicon oxide insulating layer 61, using anisotropic etching
with carbon tetrafluoride/hydrogen as the etchant gas, as
shown in FIG. 4f, and filled with a conductive material 63,
herein tungsten, as shown in FIG. 4g.

Although this invention has been described relative to
specific materials, and apparatuses for depositing and etch-
ing these materials, it is not limited to the specific materials
or apparatuses but only to their specific characteristics.
Other materials and apparatus can be substituted for those
described herein which will be well understood by those
skilled in the microelectronics and semiconductor arts after
appreciating the present invention.

We claim:

1. In an integrated circuit in and on a silicon substrate
having an active region including a field effect transistor
with a source and a drain and a gate, all of which a
conductive contact is made comprising:

a single crystalline silicon substrate with a upper surface

region;

a shallow junction for each of the source and drain of the
transistor underlying said upper surface of the silicon
substrate;

a metal silicide layer having a lower surface disposed
adjacent the shallow junction of each of the source and
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drain in the silicon substrate and above said upper
surface of the silicon substrate; and

an epitaxial silicon layer disposed between said upper
silicon surface and said lower surface of metal silicide
and adjacent the shallow junction of each of the source
and drain whereby the metal silicide does not extend
below the upper silicon surface and encroach upon the
shallow junction of each of the source and the drain.

2. The integrated circuit of claim 1 wherein the metal
silicide is titanium silicide comprising C54 phase.

3. The integrated circuit of claim 1 wherein the shallow
junction is N+/P.

4. The integrated circuit of claim 1 wherein the shallow
junction is P+/N.

5. The integrated circuit of claim 1 wherein said gate
includes and upper surface and a silicide layer is disposed on
said upper layer.

6. The integrated circuit of claim 1 wherein the depth of
the shallow junction is less than about 2500 A.

7. The integrated circuit of claim 6 wherein the depth of
the N+/P shallow junction is about 1000 A.

8. The integrated circuit of claim 6 wherein the depth of
the P+/N shallow junction is about 1200 A.

9. The integrated circuit of claim 1 wherein the metal
silicide has a resistivity in the range of about 3 to 50 Q-cm.

10. In an integrated circuit in and on a silicon substrate
having an active region including a bipolar transistor with an
emitter, base and collector all of which a conductive contact
is made comprising:

a single crystalline silicon substrate with a upper surface

region;

a shallow junction for the emitter of the transistor under-
lying said upper surface of the silicon substrate;

a metal silicide layer having a lower surface disposed
adjacent the shallow junction of the emitter of the
transistor in the silicon substrate and above said upper
surface of the silicon substrate; and

an epitaxial silicon layer disposed between said upper
silicon surface and said lower surface of metal silicide
and adjacent the shallow junction of the emitter
whereby the metal silicide does not extend below the
upper silicon surface and encroach upon the shallow
junction of the emitter.

11. The integrated circuit of claim 10 wherein the metal

silicide is titanium silicide comprising C54 phase.

12. The integrated circuit of claim 10 wherein the metal
silicide has a resistivity in the range of about 3 to 50 Q-cm.

13. The integrated circuit of claim 10 wherein the metal
silicide is disposed adjacent of the upper silicon surface at
the base and collector regions.

#* #* #* #* #*
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LOW DIELECTRIC CONSTANT ETCH STOP
LAYERS IN INTEGRATED CIRCUIT
INTERCONNECTS

TECHNICAL FIELD

The present invention relates generally to semiconductor
technology and more specifically to etch stop layers in
integrated circuits.

BACKGROUND ART

In the manufacture of integrated circuits, after the indi-
vidual devices such as the transistors have been fabricated in
and on the semiconductor substrate, they must be connected
together to perform the desired circuit functions. This inter-
connection process is generally called “metalization” and is
performed using a number of different photolithographic,
deposition, and removal techniques.

Briefly, individual semiconductor devices are formed in
and on a semiconductor substrate and a device dielectric
layer is deposited. Various techniques are used to form gate
and source/drain contacts, which extend up to the surface of
the device dielectric layer. In a process called the “dama-
scene” technique, dielectric layers are deposited over the
device dielectric layers and openings are formed in the
dielectric layers. Conductor materials are deposited on the
dielectric layers and in the openings. A process is used to
planarize the conductor materials with the surface of the
dielectric layers so as to cause the conductor materials to be
“inlaid” in the dielectric layers.

More specifically, for a single layer of interconnections a
“single damascene” technique is used in which the first
channel formation of the single damascene process starts
with the deposition of a thin first channel stop layer over the
device dielectric layer. The first channel stop layer is an etch
stop layer which is subject to a photolithographic processing
step which involves deposition, patterning, exposure, and
development of a photoresist, and an anisotropic etching
step through the patterned photoresist to provide openings to
the device contacts. The photoresist is then stripped. A first
channel dielectric layer is formed on the first channel stop
layer. Where the first channel dielectric layer is of an oxide
material, such as silicon oxide (Si0,), the first channel stop
layer is a nitride, such as silicon nitride (SiN), so the two
layers can be selectively etched.

The first channel dielectric layer is then subject to further
photolithographic process and etching steps to form first
channel openings in the pattern of the first channels. The
photoresist is then stripped.

An optional thin adhesion layer is deposited on the first
channel dielectric layer and lines the first channel openings
to ensure good adhesion of subsequently deposited material
to the first channel dielectric layer. Adhesion layers for
copper (Cu) conductor materials are composed of com-
pounds such as tantalum nitride (TaN), titanium nitride
(TiN), or tungsten nitride (WN).

These nitride compounds have good adhesion to the
dielectric materials and provide fair barrier resistance to the
diffusion of copper from the copper conductor materials to
the dielectric material. High barrier resistance is necessary
with conductor materials such as copper to prevent diffusion
of subsequently deposited copper into the dielectric layer,
which can cause short circuits in the integrated circuit.
However, these nitride compounds also have relatively poor
adhesion to copper and relatively high electrical resistance.

Because of the drawbacks, pure refractory metals such as
tantalum (Ta), titanium (Ti), or tungsten (W) are deposited
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on the adhesion layer to line the adhesion layer in the first
channel openings. The refractory metals are good barrier
materials, have lower electrical resistance than their nitrides,
and have good adhesion to copper.

In some cases, the barrier material has sufficient adhesion
to the dielectric material that the adhesion layer is not
required, and in other cases, the adhesion and barrier mate-
rial become integral. The adhesion and barrier layers are
often collectively referred to as a “barrier” layer herein.

For conductor materials such as copper, which are depos-
ited by electroplating, a seed layer is deposited on the barrier
layer and lines the barrier layer in the first channel openings
to act as an electrode for the electroplating process. Pro-
cesses such as electroless, physical vapor, and chemical
vapor deposition are used to deposit the seed layer.

A first conductor material is deposited on the seed layer
and fills the first channel opening. The first conductor
material and the seed layer generally become integral, and
are often collectively referred to as the conductor core when
discussing the main current-carrying portion of the channels.

A chemical-mechanical polishing (CMP) process is then
used to remove the first conductor material, the seed layer,
and the barrier layer above the first channel dielectric layer
to form the first channels. When a layer is placed over the
first channels as a final layer, it is called a “capping” layer
and a “single” damascene process is completed. When the
layer is processed further for placement of additional chan-
nels over it, the layer is a via stop layer.

For more complex integrated circuits, a “dual damascene™
technique is used in which channels of conductor materials
are separated by interlayer dielectric layers in vertically
separated planes and interconnected by vertical connections,
or “vias”.

More specifically, the dual damascene process starts with
the deposition of a thin etch stop layer, or the via stop layer,
over the first channels and the first channel dielectric layer.
A via dielectric layer is deposited on the via stop layer.
Again, where the via dielectric layer is of an oxide material,
such as silicon oxide, the via stop layer is a nitride, such as
silicon nitride, so the two layers can be selectively etched.

Second channel stop and second channel dielectric layers
are formed on the via dielectric layer. Again, where the
second channel dielectric layer is of an oxide material, such
as silicon oxide, the second channel stop layer is a nitride,
such as silicon nitride, so the two layers can be selectively
etched. The second channel and via stop layers and second
channel and via dielectric layers are then subject to further
photolithographic process, etching, and photoresist removal
steps to form via and second channel openings in the pattern
of the second channels and the vias.

An optional thin adhesion layer is deposited on the second
channel dielectric layer and lines the second channel and the
via openings.

Abarrier layer is then deposited on the adhesion layer and
lines the adhesion layer in the second channel openings and
the vias.

Again, for conductor materials such as copper and copper
alloys, a seed layer is deposited by electroless deposition on
the barrier layer and lines the barrier layer in the second
channel openings and the vias.

A second conductor material is deposited on the seed
layer and fills the second channel openings and the vias.

A CMP process is then used to remove the second
conductor material, the seed layer, and the barrier layer
above the second channel dielectric layer to form the second
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channels. When a layer is placed over the second channels
as a final layer, it is called a “capping” layer and the dual
damascene process is completed.

The capping layer may be an etch stop layer and may be
processed farther for placement of additional levels of
channels and vias over it. Individual and multiple levels of
single and dual damascene structures can be formed for
single and multiple levels of channels and vias, which are
collectively referred to as “interconnects”.

The use of the single and dual damascene techniques
eliminates metal etch and dielectric gap fill steps typically
used in the metalization process. The elimination of metal
etch steps is important as the semiconductor industry moves
from aluminum (Al) to other metalization materials, such as
copper, which are very difficult to etch.

Further for placement of additional levels of channels and
vias over it. Individual and multiple levels of single and dual
damascene structures can be formed for single and multiple
levels of channels and vias, which are collectively referred
to as “interconnects”.

The use of the single and dual damascene techniques
eliminates metal etch and dielectric gap fill steps typically
used in the metallization process. The elimination of metal
etch steps is important as the semiconductor industry moves
from aluminum (Al) to other metallization materials, such as
copper, which are very difficult to etch.

With the development of high integration and high-
density very large scale integrated circuits, reductions in the
size of transistors and interconnects have been accompanied
by increases in switching speed of such integrated circuits.
The closeness of the interconnects and the higher switching
speeds have increased the problems due to switching slow-
downs resulting from capacitance coupling effects between
the closely positioned, parallel conductive channels connect-
ing high switching speed semiconductor devices in these
integrated circuits. Since the capacitance coupling effects
are reduced when the dielectric constant of the material
between the channels is reduced, this has rendered currently
used silicon nitride, which has a dielectric constant in excess
of 7.5, problematic for protective dielectric layers, such as
etch stop layers.

A solution for reducing the dielectric constant of the
materials used in interconnects has been long sought but has
eluded those skilled in the art. In this area, even small
reductions in the dielectric constant are significant.

DISCLOSURE OF THE INVENTION

The present invention provides an integrated circuit hav-
ing a semiconductor substrate with a semiconductor device.
A dielectric layer is on the semiconductor substrate and has
an opening provided therein. A conductor core fills the
opening and an etch stop layer over the first dielectric layer
and conductor core has a dielectric constant below 5.5. A
second dielectric layer over the etch stop layer has an
opening provided to the conductor core. A second conductor
core fills the second opening and is connected to the first
conductor core. The resulting integrated circuit has reduced
capacitive coupling effects and is able to operate at higher
speeds.

The present invention further provides a method for
manufacturing an integrated circuit having a semiconductor
substrate with a semiconductor device. A dielectric layer is
formed on the semiconductor substrate and an opening is
formed in the dielectric layer. A conductor core is deposited
to fill the opening and an etch stop layer with a dielectric
constant below 5.5 is formed over the first dielectric layer
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and conductor core. A second dielectric layer is deposited
over the etch stop layer and a second opening is formed. A
second conductor core is deposited to fill the second open-
ing. The method allows the integrated circuit to have a
denser etch stop layer and results in a reduced dielectric
constant for the interlayer dielectric layers as a whole.

The above and additional advantages of the present inven-
tion will become apparent to those skilled in the art from a
reading of the following detailed description when taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (PRIOR ART) is a plan view of aligned channels
with a connecting via;

FIG. 2 (PRIOR ART) is a cross-section of FIG. 1 (PRIOR
ART) along line 2—2; and

FIG. 3 is a cross-section, similar to FIG. 2 (PRIOR ART),
showing the etch stop layer according to the present inven-
tion.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now to FIG. 1 (PRIOR ART), therein is shown
a plan view of a semiconductor wafer 100 with a silicon
semiconductor substrate (not shown) having as intercon-
nects first and second channels 102 and 104 connected by a
via 106. The first and second channels 102 and 104 are
respectively disposed in first and second channel dielectric
layers 108 and 110. The via 106 is an integral part of the
second channel 104 and is disposed in a via dielectric layer
112.

The term “horizontal” as used in herein is defined as a
plane parallel to the conventional plane or surface of a wafer,
such as the semiconductor wafer 100, regardless of the
orientation of the wafer. The term “vertical” refers to a
direction perpendicular to the horizontal as just defined.
Terms, such as “on”, “above”, “below”, “side” (as in
“sidewall”), “higher”, “lower”, “over”, and “under”, are
defined with respect to the horizontal plane.

Referring now to FIG. 2 (PRIOR ART), therein is shown
a cross-section of FIG. 1 (PRIOR ART) along line 2—2. A
portion of the first channel 102 is disposed in a first channel
stop layer 114 and is on a device dielectric layer 116, which
is on the silicon semiconductor substrate. Generally, metal
contacts are formed in the device dielectric layer 116 to
connect to an operative semiconductor device (not shown).
This is represented by the contact of the first channel 102
with a semiconductor contact 118 embedded in the device
dielectric layer 116. The various layers above the device
dielectric layer 116 are sequentially: the first channel stop
layer 114, the first channel dielectric layer 108, a via stop
layer 120, the via dielectric layer 112, a second channel stop
layer 122, the second channel dielectric layer 110, and a
capping or next channel stop layer 124 (not shown in FIG.
1).

The first channel 102 includes a barrier layer 126, which
could optionally be a combined adhesion and barrier layer,
and a seed layer 128 around a conductor core 130. The
second channel 104 and the via 106 include a barrier layer
132, which could also optionally be a combined adhesion
and barrier layer, and a seed layer 134 around a conductor
core 136. The barrier layers 126 and 132 are used to prevent
diffusion of the conductor materials into the adjacent areas
of the semiconductor device. The seed layers 128 and 134
form electrodes on which the conductor material of the
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conductor cores 130 and 136 are deposited. The seed layers
128 and 134 are of substantially the same conductor material
as the conductor cores 130 and 136 and become part of the
respective conductor cores 130 and 136 after the deposition.

In the past, for copper conductor material and seed layers,
highly resistive diffusion barrier materials such as tantalum
nitride (TaN), titanium nitride (TiN), or tungsten nitride
(WN) are used as barrier materials to prevent diffusion.

The first channel stop layer 114, the via stop layer 120,
and the second channel stop layer 122 are used as layers to
stop the etching process which are used to etch and make the
various channel and via openings in the respective first
channel dielectric layer 108, the via dielectric layer 112, and
the second channel dielectric layer 110. The stop layers are
of a dielectric material deposited to a thickness “T” by a
500-watt plasma deposition process in an ammonia (NH)
atmosphere at 4.8 torr pressure. Generally, the stop layer
material is silicon nitride (SiN, Si,N,), which has a dielectric
constant above 7.5 and which is deposited to a thickness “T”
from 470 A to 530 A.

Referring now to FIG. 3, therein is shown a cross-section
similar to that shown in FIG. 2 (PRIOR ART) of a semi-
conductor wafer 200 of the present invention. The semicon-
ductor wafer 200 has first and second channels 202 and 204
connected by a via 206. The first and second channels 202
and 204 are respectively disposed in first and second dielec-
tric layers 208 and 210. The via 206 is a part of the second
channel 204 and is disposed in a via dielectric layer 212.

A portion of the first channel 202 is disposed in a first
channel stop layer 214 and is on a device dielectric layer
216. Generally, metal contacts (not shown) are formed in the
device dielectric layer 216 to connect to an operative semi-
conductor device (not shown). This is represented by the
contact of the first channel 202 with a semiconductor device
gate 218 embedded in the device dielectric layer 216. The
various layers above the device dielectric layer 216 are
sequentially: the first channel stop layer 214, the first chan-
nel dielectric layer 208, a via stop layer 220, the via
dielectric layer 212, a second channel stop layer 222, the
second channel dielectric layer 210, and a next channel stop
layer 224.

The first channel 202 includes a barrier layer 226 and a
seed layer 228 around a conductor core 230. The second
channel 204 and the via 206 include a barrier layer 232 and
a seed layer 234 around a conductor core 236. The barrier
layers 226 and 232 are used to prevent diffusion of the
conductor materials into the adjacent areas of the semicon-
ductor device. The seed layers 228 and 234 form electrodes
on which the conductor material of the conductor cores 230
and 236 is deposited. The seed layers 228 and 234 are of
substantially the same conductor material of the conductor
cores 230 and 236 and become part of the respective
conductor cores 230 and 236 after the deposition.

The first channel stop layer 214, the via stop layer 220,
and the second channel stop layer 222 are used as layers to
stop the etching process which are used to etch and make the
various channel and via openings in the respective first
channel dielectric layer 208, the via dielectric layer 212, and
the second channel dielectric layer 210.

In the present invention, a half thickness, high quality,
etch stop layer (compared to the prior art etch stop layer) is
deposited.

For example, for silicon nitride, the dielectric constant of
an etch stop layer in accordance with the present invention
is about 5.5 contrasted to an excess of 7.5 in the prior art.

It has been determined that a number of processes can be
used to produce the under 5.5 dielectric constant etch stop
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layers which are in a thickness “t” as shown in FIG. 3, where
the thickness “t” is from 270 A to 330 A thick.

First, multi-layer depositions may be used which elimi-
nates pinholes and produces a denser film. For example,
silicon nitride can be deposited in six 50 A layers, either by
successive deposition or by successive deposition and rota-
tion between each deposition of a layer.

Second, for silicon nitride where silane (SiH,) is used
with ammonia (NH,), the gas flow can be reduced and the
pressure can be increased. For example, silicon nitride is
formed in a plasma process using silane at a flow rate of 170
to 290 sccm and ammonia at a flow rate of 40 to 48 sccm and
under a pressure of 4.0 to 4.8 torr

Third, the silane flow may be reduced to about 50% of the
prior art flow with increased pressure and nitrogen (N.,) can
be used in place of the ammonia to reduce hydrogen (H,).
For example, silicon nitride is formed in a plasma process
using silane at a flow rate of 170 to 290 sccm and nitrogen
at a flow rate of 4700 to 6700 sccm and under a pressure of
4.0 to 4.8 torr.

Fourth, a 500 A thick layer of silicon nitride can be
deposited and then densified, for example, at a temperature
of 450° C. to 480° C. for up to one hour.

With the reduced dielectric constant and the reduced
thickness, the capacitive coupling effect between the first
and second channels 202 and 204 is effectively reduced over
25% compared to the prior art.

In various embodiments, the barrier layers are of materials
such as tantalum (Ta), titanium (Ti), tungsten (W), com-
pounds thereof, and combinations thereof. The seed layers
(where used) are of materials such as copper (Cu), gold
(Au), silver (Ag), compounds thereof to and combinations
thereof with one or more of the above elements. The
conductor cores with or without seed layers are of materials
such as copper, aluminum (Al), gold, silver, compounds
thereof, and combinations thereof. The dielectric layers are
of dielectric materials such as silicon oxide (SiO,), tetra-
ethoxysilane (TEOS), borophosphosilicate (BPSG) glass,
etc. with dielectric constants from 4.2 to 3.9 or low dielectric
constant dielectric materials such as fluorinated tetraethox-
ysilane (FTEOS), hydrogen silsesquioxane (HSQ), benzo-
cyclobutene (BCB), etc. with dielectric constants below 3.9.

While the invention has been described in conjunction
with a specific best mode, it is to be understood that many
alternatives, modifications, and variations will be apparent
to those skilled in the art in light of the aforegoing descrip-
tion. Accordingly, it is intended to embrace all such
alternatives, modifications, and variations that fall within the
spirit and scope of the included claims. All matters hither-
to-fore set forth or shown in the accompanying drawings are
to be interpreted in an illustrative and non-limiting sense.

The invention claimed is:

1. An integrated circuit comprising:

a semiconductor substrate having a semiconductor device

provided thereon;

a first dielectric layer formed over the semiconductor

substrate having a first opening provided therein;

a first conductor core filling the first opening and con-

nected to the semiconductor device;
an etch stop layer of silicon nitride formed over the first
dielectric layer and the first conductor core, the etch
stop layer having a dielectric constant below 5.5;

a second dielectric layer formed over the etch stop layer
and having a second opening provided therein open to
the first conductor core;

“”
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a second conductor core filling the second opening and

connected to the first conductor core.

2. The integrated circuit as claimed in claim 1 wherein the
etch stop layer is a multilayer structure.

3. The integrated circuit as claimed in claim 1 wherein the
etch stop layer is a multilayer structure with each of the
layers having a different layer orientation.

4. The integrated circuit as claimed in claim 1 wherein the
first and second dielectric layers are of a material having a
dielectric constant under 3.9.

5. The integrated circuit as claimed in claim 1 wherein the
conductor core contains a material selected from a group
consisting of copper, aluminum, gold, silver, a compound
thereof, and a combination thercof.

6. An integrated circuit comprising:

a semiconductor substrate having a semiconductor device

provided thereon;

a first dielectric layer formed over the semiconductor

substrate having a first opening provided therein;

a first conductor core filling the first opening and con-

nected to the semiconductor device;

a via etch stop layer of silicon nitride formed over the first

dielectric layer and the first conductor core, the via etch
stop layer having a dielectric constant below 5.5;
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a via dielectric layer formed over the via etch stop layer
and having a via opening provided therein open to the
first conductor core;

a channel etch stop layer of silicon nitride formed over the
via dielectric layer, the channel etch stop layer having
a dielectric constant below 5.5;

a second dielectric layer formed over the via dielectric
layer and having a second opening provided therein
open to the via opening; and

a second conductor core filling the via and second open-
ings and connected to the first conductor core.

7. The integrated circuit as claimed in claim 6 wherein the

via and channel etch stop layers are a multilayer structure.

8. The integrated circuit as claimed in claim 6 wherein the
via and channel etch stop layers are multilayer structures
with each of the layers having a different layer orientation.

9. The integrated circuit as claimed in claim 6 wherein the
first, via, and second dielectric layers are of a material
having a dielectric constant under 3.9.

10. The integrated circuit as claimed in claim 6 wherein
the first and second conductor cores contain materials
selected from a group consisting of copper, gold, silver, a
compound thereof, and a combination thereof.
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