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msung ory Suited Over MeV Retroc

sl By Greenthread LLC S

16.  Plaint:iff Greenthread solely owns all nghts, titles, and interests in and to the

2020 Sa
Tir le W

Case 2:19-cv-00147 Document 1 Filed 04/30/19 Page 1 of 57 PagelD #: 1
. Greenthread Patents, including the exclusive rights to bring suit with respect to any past,

United States, 35 US.C. § 1 ef seq. Greenthread alleges that Samsung has infringed and o
UNITED STATES DISTRICT COURT e present, and future mfringement thereof
. continues to infringe, C or indirectly, four Greenthread patents: U.S. Paten
A AL DIt 2 = v v P 17 The Rao "195 patent, entitled “Semiconductor Devices with Graded Dopant
Nos. 8.421.195 ("Rao 1957 or 195 patent ™). 9.190.502 (“Rac "5027 or *"502 patent™), . . . o
Regions.” was duly and legally 1ssued on Apnil 16. 2013, from a patent application filed
8.106.481 ("Rao 4817 or 481 patent™), and 9,647,070 ("Rao 070 or “"070 patent) N . . )
GREENTHREAD. LLC. January 12, 2007, with G.R. Mohan Rao as the named inventor. The Rao "195 patent
a Texas limited liability company, (collectively, the “Greenthread Patents™). copies of which are attached hereto as Exhibits ) o ! o )
claims prionty from U.S. Patent Application No. 10/934 915 (Pub. No. US 2006/0049464
Plaintiff, 1-4, respectively.
Al), filed on September 3, 2004.
V. Civil Action No. 5

2 The Greenthread Patents cover foundational iconductor technologies i . . . . .
Srecniucac ialonls cove lonalsamconqucior fec e 18 The Rao 502 patent. entitled “Semiconductor Devices with Graded Dopant

SAMSUNG ELECTRONICS CO.. LTD..
a Korean business entity, JURY TRIAL DEMANDED
SAMSUNG SEMICONDUCTOR. INC..

the design and manufacture of integrated circuits such as memory, including but not

Regions,” was duly and legally 1ssued on November 17, 2015, from a patent application

a California corporation. limited to DRAM and NAND flash, and image sensors; Specifically. the Greenthread . 1.4 October 16. 2014, with G.R. Mohan Rao as the named inventor. The Rao 502
SAMSUNG ELECTRONICS AMERICA. i ) i i
INC.. :&e{n}gﬁrsk T%Ipcrahon__ and Patents describe semiconductor devices that employ graded dopants and well regions for, patent claims priority from U S. Patent Application No. 10/934.915 (Pub. No. US
IS:EDJNHCONDUCTOR, LLC. a Delaware e.g.. creating elecinic fields for aiding and/or retarding the movement of camriers to and/or 2006/0049464 A1). filed on September 3. 2004
ted liability company.
N from the semiconductor surface to/from the semiconductor substrate. 19 The Rao "481 patent. entitled “Semiconductor Devices with Graded Dopant

3 Samsung has infringed and continues to infringe the Greenthread Patents,

Regions.” was duly and legally 1ssued on January 31, 2012, from a patent application

directly and indirectly. by malang, using, selling. offering for sale. and/or importing mto 1.9 Aygust 27. 2009, with GR. Mohan Rao as the named inventor. The Rao "481 patent

COMPLAINT FOR PATENT INFRINGEMENT

- o L the United States, semiconductor products with infringing graded dopant regions and/or  ¢jajmg priority from U.S. Patent Application No. 10/934.915 (Pub. No. US 2006/0049464
Plamtiff Greenthread, LLC (“Plamntiff” or “Greenthread™), by its attorneys, hereby

electronics products containing the same; and, at least from the date of this Complaint,
alleges patent infingement agamnst Defendants Samsung Electronics Co., Ltd. ("SEC™), P b Al). filed on September 3. 2004.

and its U.S. subsidiaries and related entities Samsung Electronics America, Inc, (“SEA™,  2oucing third parties to use. sell, offer for sale. and/or import into the United States, 20.  The Rao "070 patent. entitled “Semiconductor Devices with Graded Dopant

Samsung Semiconductor. Inc. (“SST"), and Samsung Austin Semiconductor, LLC Samsung semiconductor products with infringing graded dopant regions and/or to make. Regjons.” was duly and legally issued on May 9. 2017, from a patent application filed

(“SAS™) (individually or collectively “Defendants” or “Samsung™) as follows: use, offer for sale. sell i the United States. and/or import mnto the United States November 3, 2015, with G.R. Mohan Rao as the named inventor. The Rao "070 patent
INTRODUCTION electronics products containing the same, with knowledge of the Greenthread Patents and claims priority from U S Patent Application No_ 10/934.915 (Pub. No. US 2006/0049464

I 1 This 1s an action for patent mnfringement under the Patent Laws of the of the third parties” infringement resulting therefrom A1) filed on September 3 2004
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Figure 2.1.3: SDRAM array well structure, SEM cross-section through edges
of SDRAM array in bitline direction, silicon etch.
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Figure 3.2.1: Sense amplify area between two SDRAM arrays,
J.0O.B. Technolc SEM cross-section in bitline direction with Si etch.
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Figure 2.0.2: Process overview, array circuitry (SEM)

117. The Accused NAND Instrumentalities comprise a plurality of well regions.
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United States Patent [

Storical Data

AWV LR e R §

5,501,993

(111 Patent Number:

Borland 451 Date of Patent: Mar. 26, 1996
[54) METHOD OF CONSTRUCTING CMOS 5,160,996 11/1992 Odanaka ........... . 2571375
VERTICALLY MODULATED WELLS (VMW] 5,384,279 1/1995 Stolmeijer et al. w.eronssiorsnens 437/34

[75]

(73]

[21]
[22]

(51]
[52]
(58]

[56]

BY CLUSTERED MEV BILLI (BURIED
IMPLANTED LAYER FOR LATERAL

OTHER PUBLICATIONS

ISOLATION) ATION Diffusion/Implantation, Dec. 1993 “MeV Implantation
Inventor: John O. Berland, South Hamilton Technology Next-generation manufacturing with current-
Mass. ' ' -generation equipment”’ John Ogawa Borland, Ron Koelsch.
brochure pp. 1-8.
Assignee: Genus, Inc,, Sunnyvale, Calif. Fowler, “MosFet Devices with high-gate dielectric integ-
rity”, IBM TDB, vol. 17, No. 1, Jun. 1974,
Appl. No.: 343,116
_ Primary Examiner—Chandra Chaudhari
Filed:  Nov. 22, 1994 Attorney, Agent, or Firm—Nields & Lemack
Int. CL® e censiesse e . HO1L 21/8238
U.Ss. CL . 437!34 43?1’ 154; 437/931 [57 ABSTRACT
Field of St'arch 437{154 934137?:3"134[% 1155[-)? CMOS verlical]y modulated wells are constructed by USing
clustered MeV ion implantation to form a structure having
References Cited a buried implanted layer for laterial isolation.
U.S. PATENT DOCUMENTS
4,710,477 12/1987 Chen ..oemcommsmmasineinen. 43734 21 Claims, 5 Drawing Sheets
11
I

PHOTORESIST >2.0 m

United States Patent |19

Borland

5,821,589
Oct. 13, 1998

(11]  Patent Number:

[45) Date of Patent:

[54] METHOD FOR CMOS LATCH-UP
IMPROVEMENT BY MEVY BILLI (BURIED
IMPLANTED LAYER FOR LATERNAL
ISOLATION) PLUS BURIED LAYER

IMPLANTATION

[75] Inventor: Johm O. Borland, South Hamilion,

Mass.

[73] Assignee: Genus, Ine., Sunnyvale, Calil.

[21] Appl No. 822,537

[22] Filed: Mar. 19,

[51] Imt. CL® ...
[52] US.CL ...

[56] References Cited
LS, PATENT DOCUMENTS
ATL0ATT 121987 CRER e 4377

B=2MeV/3E13 M|\

B=2MeV/
3E13 TO 3E14

1997

v HOLL 29/76; HO1L 29/94

257/369; 257/374; 257/375,
3T0; 438/228; 438/ i"fi 438/529
[58] Field of Search ... RO
7':'.-‘ ‘ﬂ'ﬁ '%'.-‘l." 4\8 228 Wf:

P—WELL LATCH

S 060806 111992 Odanaka e, 2370373
5,202,671 31994 Odanaka ... 437/29
5, 384270 /1995 Stolmeijer et al. . 437/57
5500993 31996 Borland ..o, 437034

OTHER PUBLICATIONS

Diffusion/Implantation, Dec. 1993, “MeV Implantation
Technology Next-generation manufacturing with current-
—generation cquipment” John Ogawa Borland, Ron Koelsch.
brochure pp. 1-8

Fowler, “MosFet Devices with high—gate dielectric integ-
rity”, IBM TDB, vol. 17, No. 1, Jun. 1974,

Primary Examiner—Valeneia Wallace
Antorney, Agent, or Firm—Nields, Lemack & Dingman

[57] ABSTRACT

CMOS vertically modulated wells are constructed by using
a blanket implant to form a blanket buried layer and then
wsing clustered MeV ion implantation to form a structure
having a buricd implanted layer for lateral isolation in
addition to said blanket buried layer.

1 Claim, 4 Drawing Sheets




w NEW Sign Up To Receive Daily Updates

Amend/Correct Docket Control Order. Signed by District Judge Rodney Gilstrap
on 7/8/2020. (ch, ) (Entered: 07/08/2020)

Notice of Filing of Patent/Trademark Form (AO 120) at termination of case. AO
i 120 mailed to the Director of the U.S. Patent and Trademark Office. (ch, )
(Entered: 07/10/2020)

ORDER granting 104 Motion to Dismiss. ORDERED that Plaintiffs claims for relief
against Defendants are DISMISSED WITH PREJUDICE. Signed by District Judge
Rodney Gilstrap on 7/9/2020. (ch, ) (Entered: 07/10/2020)

Joint MOTION to Dismiss with Prejudice by Greenthread, LLC. (Attachments: # 1
Text of Proposed Order)(Morton, Cyrus) (Entered: 07/09/2020)

CLOSED_DATE
DISMISSAL_DATE

FILED_DATE
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Greenthr —vs- Intel/Dell Jan 2022

5:26 7

= JUSTIA

Greenthread, LLC v. Intel
Corporation et al

Greenthread Asserts Rao Patents Against Dell and Intel in Single West Texas Complaint
(/news/69396-greenthread-asserts-rao-patents-against-dell-and-intel-in-single-west-texas-
complaint) Plaintiff:

January 30, 2022 Greenthread, LLC

Texas plaintiff Greenthread, LLC (https://insight.rpxcorp.com/entity/1120895-greenthread-lic) has sued Dell and Defendant: .
Intel (6:22-cv-00105 (https://insight.rpxcorp.com/litigation/txwdce-1160451-greenthread-v-intel)) in a single suit, Intel Corporation, Dell Inc. and Dell

Technologies Inc.
targeting the provision of Intel's 10th, 11th, and 12th generation of semiconductors (Comet Lake, Tiger Lake, and
Case Number:

Alder Lake-series devices), alleged to be incorporated in various Dell laptops (Inspiron, New Inspiron, XPS, New 690220000105

XPS, G15, and Alienware-series products). Greenthread asserts five semiconductor fabrication patents, received
Filed:

from sole named inventor G.R. Mohan Rao, one of the plaintiff's directors. Texas records indicate that this
January 27, 2022

campaign is backed by a funder relatively new to patent monetization.

Court:
US District Court for the Western District of
Texas

Presiding Judge:
Alan D Albright

Nature of Suit:
Patent

Cause of Action:
35 U.S.C. § 271 Patent Infringement

J.O.B. Technologies (Strategic Marketing,
"Sales & Technology)

@ dockets.justia.com

L e .

5:219

Intel Counter Suit

ol T (%)

W NEW Sign Up To Receive Daily Updates

IPR2023-00260 - Intel
Corporation v. Greenthread LLC

Details

PATENT NUMBER

10734481 Q &

APPL. NUMBER

16717950

PETITIONER

Intel Corporation Q

PATENT OWNER

Greenthread LLC @

STATUS

FILING DATE

2022-11-28

INSTITUTION DATE

N/A

TERMINATION DATE

N/A

aA 8 portal.unifiedpatents.com ¢
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Why Chips ACT?
port 83.3% Chips in 2021
pared to 84.5% in 2018

China IC Market vs. China IC Production Trends

—8—China IC Market (5B) —*—China IC Production (SB)

274
280 1 >
540 4 1€ Production Share of China IC Market: 2021-2026EF
2011:12.7% CAGR =8.0%
2200 { 2021:16.7% 5187
3 2026F: 21.2% $150
2160 1
o
(%]
5120 A
= 2021-2026F
z sgo $77 *83 CAGR = 13.3%
80 1 457 62  $63 ' $58.2
$31.2
1 $23.9 $24.2
1 58 §79 s88 $10.3 $112 $13.2 $12.8519:3 °19.3
O i_I - | = ] - 1 - 1 i 1 i ] | ] ] 1 1 1
10 11 12 13 14 15 16 17 18 19 20 21 26F
Year

Source: IC Insights

roduces 16.7% |

Worldwide IC Market ($B) $510.5
China IC Market ($B) $186.5
China-based IC Production ($B) $31.2
% of WW IC Market 6.1%
% of China IC Market 16.7%
China-HQ IC Production ($B) $12.3
% of total China IC Production 39.4%
% of WW IC Market 2.4%
% of China IC Market 6.6%
2018
Worldwide IC Market ($B) 421.7
China IC Market ($B) 155.1
China-based IC Production ($B) 24.0
% of WW IC Market 5.7%
% of China IC Market 15.5%
China-HQ IC Production ($B) 6.5
% of total China IC Production 27.1%
% of WW IC Market 1.5%
% of China IC Market 4.2%

China assembles iPhones, Computers (Apple,

Dell, HP etc.)

US needs not semiconductor chip Act but

assembly of electronic products in US!
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12%

9%

6%

Marketshare

3%

0%

5.1%

3.1%

Chinese Companies' Share of the Total

11.4% 11.3%
10.6%

9.7%

~—ail

Table 2 - Initial Volume Production Comparison between TSMC and SMIC
65nm 40/45nm 28nm 14nm/16nm 12nm 7nm

TSMC Q2 2006 Q4 2008 Q4 2011 Q2 2015 Q4 2017 Q2 2018
SMIC Q3 2010 Q4 2012 Q3 2015 Q4 2019 NA NA

10.1% Lag ay,1Q ay ay ay, 2Q NA NA
Source: The Information Network (www.theinformationnet.com)
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Source: IC Insights
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apable Players at different Process Nodes

Seeking Alpha*

Panasonic Long Ideas <

STM Taiwan Semiconductor Vs. Samsung Vs. Intel:
Battle At The Leading Edge

HLMC Oct. 27, 2022 8:00 AM ET | Taiwan Semiconductor Manufacturing Company Limited (TSM), INTC, SSNLF,
SSNNF | AMD, QCOM, AMZN... | 10 Comments | 12 Likes

UMC Albert Lin, CFA

IBM UMC FinFET

SMIC IBM SMIC FinFET

GF GF GF FinFET SMIC

Samsung Samsung Samsun¢ FinFET Samsung Samsung Samsung Samsur Nanosheet

TSMC TSMC TSMC FinFET TSMC TSMC TSMC TSMC

Intel Intel FinFET Intel Intel Intel Intel Intel

32nm/28nm 22nm/20nm 16nm/14nm 10nm 7nm 5nm 3nm

m
el a—



Technology Node Scaling  nano-sheet

Angstrom era

, Intel
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*Graphics for illustrative purposes only and not to scale.

Key performance booster post 2000 - Strain 51, HKMG, FinFET, DTCO, PowerVia, RibbonFET




a9 United States

a2 Patent Application Publication

HUANG et al.

Ud LU 11U /599541

/—

(10) Pub. Neo.: US 2021/0407999 A1
Dec. 30, 2021

(43) Pub. Date:

(54) STACKED FORKSHEET TRANSISTORS (22)

(71) Applicant: Intel Corporation, Santa Clara, CA

(Us)

(1

(72) Inventors: Cheng-Ying HUANG, Portland, OR
(US), Gilbert DEWEY, Beaverton, OR
(US): Anh PHAN, Beaverton, OR
(US); Nicole K. THOMAS. Portland,
OR (US); Urusa ALAAN, Hillshoro, i
OR (US): Seung Hoon SUNG, (2)
Portland, OR (US}); Christopher M.
NEUMANN, Portland, OR (US); Willy
RACHMADY, Beaverton, OR (US);
Patrick MORROW, Portland, OR

(US); Hui Jae YOO, Portland, OR
(US); Richard E. SCHENKER,
Portland, OR (US); Marko
RADOSAVLJEVIC, Portland, OR
(US): Jack T. KAVALIEROS,
Portland, OR (US); Ehren
MANNEBACH. Beaverton, OR (US)

(21)  Appl. No.: 16/913,796

Lo

01 P

A 202

202

(57

Filed: Jun. 26, 2020

Publication Classification

Int. CI.
HOIL 27/092
HOIL 29/06
HOIL 29/78
HOIL 29/775
HO1L 29/423
US. Cl.

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

HOIL 27/0924 (2013.01). HOIL 29/0673

(2013.01); HOIL 2944232 (2013.01); HOIL
29/775 (2013.01); HOIL 29/7851 (2013.01)

ABSTRACT

Embodiments disclosed herein include stacked forksheet
transistor devices. and methods of fabricating stacked fork-
sheet transistor devices. In an example, an integrated circuit
structure includes a backbone. A first transistor device
includes a first vertical stack of semiconductor channels
adjacent to an edge of the backbone. A second transistor

device includes a second vertical stack of semiconductor
channels adjacent to the edge of the backbone. The second
transistor device is stacked on the first transistor device.
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Intel’s Stacked Nanosheet Transistors Could Be the Next . HK/P-WFM/W-dep W recessand  N-WFM/W dep
Step in Moore’s Law | P-WFM removal

Process that builds two transistors—one directly atop the other—will boost

chip density

By Samuel K. Moore

AEEEEEEEEREER
] o
E T o
= s 2]
~
3 ]
" [ ]
El o
a ]
a &]
n “@
‘ jal
EEEEEREEEER
B EEEEEEREERER
CUT ON THE GATE (A-A} CUT ON THE GATE (B-B)
8
200 204 205 20 2’18 204
- %Z%W 216 208
o ?’ ,_//_, i
At AN i

%
X Sl RN
SN

e ™ 210 < %[
| L, . n B
0 w07t 2 2 23 o g 28 g 27
(i .
Image: Intel .
Contact Resistance Contact Resistance

NMOS and PMOS devices usually sit side-by-side on chips. Intel has found a way to
build them atop one another. compressing circuit sizes. N



Semiconductor Innovations, from Device to System .

~ A
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k|

Yuh-Jier Mi1

Research and Development, TSMC, Hsinchu, Taiwan; Email: yjmii@tsmc.com

Device Architecture Outlook

PPA i
A Contact Resistance

Nanosheet WS, MoS,, WSe,, etc.
TSMC VLSI Sym 2022 Stacked-FET Contacts

> Time

* TMD: transition metal dichalcogenides

Plenary Session #2 2022 Symposium on VLSI Technology and Circuits



Critical Process Features Enabling Aggressive
Contacted Gate Pitch Scaling for 3nm CMOS
Technology and Beyond  iepm-2022 paper 27.1

Chih-Hao Chang, V.5. Chang, KH Pan K. T Lai. J H Lu, JA Ng, CY Chen BF. Wu, C.J Lin. C.S Liang, CP. Tsao, Y.5. Mor. C.T. L,
T.C.Lin, CH Hsieh. PN. Chen. HH. Hsu, JH. Chen, HF Chen, I.Y. Yeh. M.C. Chiang, C Y. Lin. J.J. Liaw, C H. Wang. SB. Lee, C.C.
Chen. HJ Lin. R. Chen. K'W. Chen. C.O. Chui. Y.C. Yeo. KB. Huang, TL. Lee. M H Tsai. K.5. Chen. Y.C. Lu. SM. Jang. and 5-Y. Wu

Tatwan Semiconductor Manufacturing Company. Hsinchu, Tarwan, F.O.C_ email: chihhao chang@tsmc com

100
— . Non-optimized Fin 125 AU K SR
S 80 | 3 130%
E E . Optimlzed Fin s 100 Enlarged CD wi E 2 120%
— B0 F Wod +, Impreved OWVL = 9
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0] l!:]'_*j'-".l -E 50 o ~50% .E %ﬂ
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ﬂ. L L L L 1 L L L L L L 1
-3 70
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Lg (nm) Traditional Contact  SAC SAC

Fig.6 Contact CD and resistance comparison. SAC
disrupts CD reduction trend while providing an
even smaller resistance in this work.

Fig.1 FnFET Lg scaling trend vs DIBL. Fin profile  Fig.,5 Contact resistance and  variation
optinuzation 1s crifical but 1s at the limut for further Lg  comparison. SAC reduces resistance by 45% and

scaling. variation by 50% from traditional contact scheme.

Said to extend FINFET another generation requires lower contact resistance!

J.O.B. Technologies (Strategic Marketing, 14
"“Sales & Technology)
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Gate length scaling beyond Si: Mono-layer 2D Channel :
FETs Robust to Short Channel Eftects Intel IEDM-2022 paper 7.5

C. I Dorow®!. A Penumatcha’. A Kitamural. C. Rogan!. K. P. O'Brien’. 5. Lee!. R. Ramamurthv?, C. -V Cheng?®, K. Maxey!. T. Zhong!,

T. Tronicl. B. Holvbee!, 1. Richards®. A. Oni®. C.-C. Lin!. C. H. Naylor®. N. Arefin*, M. Metz!, R. Bristol!. . B. Clendenning®, U. Avei! N eedS LOW ContaCt ReS i Stan Ce For P M OS

Components Research®. Quality and Reliabilitv?. Technology Development®. Global Sourcing for Equipment and Materials*,
Intel Corporation, Hillsboro, OR 97214, USA
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Fig. 1. 2D mono-layer nanosheet channels allow for ultra-scaled 5
gate lengths and increased number of channels per stack heicht.

3 B @O b
( ) S5nm ALO./HfO, ( )
bilayer (top
Top gate metal (Ti/Au) gate oxide)
HfOZ P Lrsr RS AN -'*.)M ﬁl\\b-f‘!.*\ﬁ e 0.7 nm
(bottom : mono-layer
gate oxide) Bottom gate metal (TiN) MoS, TMID dadamication

M.O.B. Technologies (Strategic Marketing,
e — ales & Technology)
—

— Fig. 6. (a) TEM elemental mapping of double gated device. (b) TMD delamination near S/D contacts.
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Jacob Jensen, Intel, 11T-2022 Sept-2022, TH1.01 paper

Advanced Precision Annealing Needed
* New Material Modification

 Surface Selective Anneals
— Maybe Laser Anneal

* Work on Process Variability
* His Last Comment:. Contact Resistance is more critical than in the past

k\;o.s. Technologies (Strategic Marketing, 16
5 ales & Technology)
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—'BE i i Oh P LT Solubility increases with Temp
0 xeension resisaance [Ohm] B Kennel, Intel, IEEE/RTP 2006
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Figure 1. From (1). Left : N7 Series resistance simulations for a 4 fin PM
parts of the device as function of the fin height. Right : N7 Series resistags
versus contact width for standard epi S/D contacts and wrapped conta

contact resistivities.
_ Rosseel et al., IMEC/ASM, ECS Oct 2016
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Low temperature source / drain epitaxy and functional

silicides: essentials for ultimate contact scaling IEDM-2022 paper 34.1

C. Porret. J.-L. Everaert’, M. Schackers'. L.-A. Ragnarsson', A. Hikavyy'. E. Rosseel’. G. Rengo!. R. Loo’. R. Khazaka’.
M. Givens®, X. Piao’, S. Mertens’. N. Heylen'. H. Mertens®. C. Toledo de Carvalho Cavaleante', G. Sterckx’. S, Brus', A.
Nalin Mehta', M. Korytov', D. Batuk’. P. Favia', R. Langer'. G. Pourtois', J. Swerts’, E. Dentoni Litta and N. Horiguchi*

Atomic concentration (at%)

Imec, Leuven. Belgium. email: Clement Porret@imec be 2ASM. Leuven. Belgium
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VLSI Sym June 2016 BB

Session 7: Contact Resistance Innovations for

/ Suub-10nm Secalina

Paper 7.5: UMC/AMAT ultralow p+ SiGe contact resistivity (5.9E-9Q-cm?2)

Paper 7.1: IMEC/AMAT/Samsung ultralow resistivity contacts (2.1E-9Q-

cm2) SiP =2E21/cm3 + Ge-PAl52.1x109 Q-cm?
Pre-contaCt PAl 750 siGeB + Ge-PAK= 1x109 Q-cm?

Istivity (<1.0E-9Q-cm?2)

Paper 7.3: AMAT 7nm node ultralow n+ con
DSA versus nsec laser anneali

Paper 7.4: GF/IBM canceled: Sub-2x10° Q-cm? N- and P-Contact
Resistivity with Si:P and Ge:Ga Metastable Alloys for FINFET CMOS
Technology

e

Paper 7.4: GF/IBM paper was withdrawn and not reported nor published. The title said “Sub-2E-9 Q-cm”
contact resistivity with S1P and Ge:Ga FinFET. Ultratech sent out a press release announcing their LXA nsec
laser melt system was used, what a mistake! The Applied results in paper 7.3 above and the IMEC results in
paper 7.1 are all better!



FInFET performance with 5i:P and Ge:Group-ITI-Metal Metastable Contact Trench Allovs —
0. Gluschenkov', Z. Lin', H Nimmi®, 5. Mochizuli', J. Fronheiser’, ¥. Miao', J. Li", J. Demarest', C. Zhang',  |EDM-2016 paper 2.7

C.Nn’, B. Li’, A Pefresen’, P. Adusummlli', J. Yang' H. Jagannathan', H Bu', and T. Yamashita'

'IBM Reesearch at Albany NanoTech, 257 Fuller Road, Albany NY 12203, email: oleggia 400 ] 400
2GLOBALFOUNDRIES Inc., 257 Fuller Read, Albany NY 12203 380 (@)PFET . (b) NFET 350
Abstract— We achieved mid-10"" O-cm” n-type S/D contact Sl ey o 1300
resistivity (np.) and 1.9x10° Q-cm” p-type S/D contact Trench epl o g o HERRES -
resistivity (ppc) by employing laser-induced liquid or solid én 200 ] E 200 =,
phase_epitaxy (LPE/SPE) of S1F and Ge:Group-III-Metal . = 150 e
metastable alloys inside nano-scale contact trenches. The & 100 REference e =
Ge:Group-III-Metal alloy allows for a metal-Ge Fermui level paper 2.7 b
S - - , : . 50 {50
pmning effect to lower Schottky barrier height (SBH) while . 1
reducing both bulk and unipolar heterojunction resistances. 45 10 05 00 05 10 15

Correspondingly. large R,y reduction and I3 gain have been

realized in scaled n- and p-FinFETs with the contact length of == . o
less than 20nm. Fig. 7. 14/Vg characteristics of (a) PFET and

Vg (V)

102 b) NFET. Lg at 20nm. and Vs at 0.05V. Both
t S/D e vg ' I | H¥F i je:Group-ITI-Metal and Si:P metastable alloys
Ex-situ clean L correfed 1 mprove electrical properties. NFET and PFET
21 | . . . .
T . 3 5 197 4_255207'6E i devices are the same as in Fig. 5 and Fig. 16.
! In-situ clean . s 7\ ecpectivel
: Low-temperature epitaxy - : A\} fespectively.
b e T e i e e s g ! 8 10 HSFtd B=2E19/cm3
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: e Ge Me
In-situ pre-metal clean = 40 797
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W metal plug and CMP Fig. 12. Active hole concentrations for B a1
Post metal laser annealing Group-IIT-Metal in Ge by Hall measuremen
J.O.B. Te Group-ITI-Metal chemical concentration [M . 2L
"=Sales &1 Fig. 2. Process flow for metastable alloy  is ~1x10%! cm while [B] is ~2x10% cmx®. H 7M (Derk Fieid) EDX (Elemental Mapping)
formation. scattering factor (HSF) is 1.8.



Paper 16.1: Liu of IBMUGE/UTEK reported on their s"rmtaF using UltraTech’s non-melt msec laser (LSA)
versus melt nsec 532nm laser for low n+ and p+ contact resistance.  Fig.2 below shows the process flow of S/D
contact formation by SPE and LPE using an amorphous-5iP pocket on n+ 51P-5/D or amorphous-Ge pocket on
| p+ 51Ge-5/D. The process window for LPE (liquid phase epi) 1s shown in Fig.5 versus Ge content and Table 1
shows actual results for specific laser power levels. Fig 7 shows X-TEM for the n+ contact using S1P with non-
melt msec LSA. Fig 9 below shows n+ contact resistance results with melt laser values nmch lower than non-
melt msec LSA result but vield fails for nsec laser anneal temperatures =1300C due to gate stack damage. Fig 8
shows p+ contact resistance results with non-melt msec LSA showing best result at 800C while all the nsec
laser melt results were worse also for Fig 11. Gate stack wvield failure occurs also at =1300C.
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Fig.? Process flow of 5D contact formation by . = - T
2 ¥ Fig.5 Process window of LPE: a-S1. SiGe.

SPE/LPE.
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Ge-rich Surface Formation by Nanosecond Laser Anneal [
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Figure 4. Evolution of the macroscopic degree of strain relaxation of initially 30 nm
thick Sip gGeo > layers as a function of the energy density, calculated with data obtained
from Figure 3 RSMs. An increase of the relaxation, up to 25%, is evidenced for samples
annealed at 1.70 and 1.80 J/cm?. The open symbol point at 1.80 J/cm? corresponds to
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Figure 2. (a) Evolution of SP2 haze and AFM RMS roughness (10%10 pm? scans) of
initially 30 nm thick SiosGeo2 layers, as functions of laser energy density. A strong
increase of both roughness metrics occurs around 1.55 J/cm?, corresponding to the melt
threshold of the SiGe surface. (b) AFM images (10%10 pm?) corresponding to samples
annealed at 1.42 (regime I), 1.65 (regime IT) and 2.00 J/cm? (regime III).
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Time Resolved Reflectometry with Pulsed
Laser Melting of Implant Amorphized Si, ,Ge,
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T - At S/D rUnetél interface need:
» High Active Dopant Concentration (N ) A
* Minimal Defects / Lateral Uniformity (®g)
* Biaxial-strained SiGe S/D (®g, m*) Silicide

* Increased [Ge] at S/D-contact interface (dg)

Si, Ge,

How do we accomplish this?
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Sub-melt to Threshold for Liquid Phase Epitaxy Reflectivity and Absorption Response to Alloy Concentration
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@Active Layer Parametrics

1 H H H H Electrical Characterization at Atomic-Level Resolution

 Activation Engineering is heeded ~

|

| * Low epiresistivity is needed to drive R;,; down and drive p_down.

|

q X Pp Measuring Activation Depth Profiles in very Highly Doped
RSID oC p p oC e Nﬂ Ultra-Thin Semiconductors at Sub-nm Depth Resolution
(i

Al Joshi (ALP Inc.)

ajoshi@alpinc.net

lon Implantation Technology 2022
28t Sept 2022

* Solution to both is to engineer materials with better electrical performance

* The approach industry is looking at is to increase N, - but adequate feedback is
lacking.

DR _pontact
OR_&T
WR_gclension

g

Parasitic Rs (L-pm)
g

100
Nl B N
Node
“Fin pitch scaling with each CMOS node reduces contact area and drives up
Rec, while narrower and taller fins result in increase in RSD" https://sst semiconductor-digest.com/2014,/12 flaser-spike-
annealing-resolves-sub-20nm-logic-device-manufacturing- 29

F.A Khaja, “"Contact Resistance Improvement for Advanced Logic by Integration of Epi, challenges/
Implant and Anneal Inmovations”, Volume 4, |Issue 48 (Electronics and Photonics) 2019 , pp.

| 2559-2576. Pg. 7




’ Sub-nm Carrier Concentration Profiles @

* Inreality, Process A has higher activation in the near-surface than Process B.

* Bulk data cannot capture near-surface activation which is crucial for good

contacts.
Process A Process B
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s [ 200 8 200 understanding the effects of process on near-surface activation is crucial.
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0 5 10 0 5 10 . co-doping..
Depth (nm) Depth (nm) Pa. 10 Phos+Sb:Ge 38.5 246.3 6.6e14 JI
Ge Contacts Summary: Specific Contact Resistivity ALPro™ Activation profiles
1E+20
B MRCTLM
S ===Phos:Ge ===Phos+Sh:Ge
=]
m
—— T T e ]
3 —q*_—' /‘ o «E
[y+] L] (¥
c olE+19
..but higher contact resistivity S® ——
was measured for the co- 5 —|]..that’s because Near-surface
doped system.. = activation was lower for the
v co-doped system.
3 . 1E+18 . . .
J.0.B. Technologies (Strategic Marketing, Phos:Ge Phos+5b:Ge 0 100 200 300

ales & Technology) Depth (A) Pg. 19



Gate-All-Around Stramed S104Geos Nanosheet PMOS on [
Strain Relaxed Buffer for High Performance Low Power Logic

Application
A Agrawal®, S. Chouksey!, W. Rachmady!, S. Vishwanath?, S. Ghose?, M. Mehta®, T. Torres!, A.A. Oni?,
X. Weng?, H. Li%, D. Merrill?, M. Metz!, A. Murthy? and J. Kavalieros!
!Components Research, Intel Corporation, Hillsboro, OR 97124, USA
?Portland Technology Development, Intel Corporation, Hillsboro, OR 97124, USA
Contact: E-mail ashishl.agrawal@intel.com

IEDM-20 paper 2.2

Abstract— For the first time. we report a short channel high
performance, gate-all-around strained Sip4Geos nanosheet
PMOSFET with aggressively scaled dimensions. We )
demonstrate realization of s-SipsGeos nanosheet with Snm Slﬂ TGEUE SRB

thickness and device with Lg=25nm featuring record high
[oxn=508 pA/um at Iorr,=100nA/pm and Vps= -0.5V. This s _ . -
result is obtained with the combination of (a) novel Si-cap-free S“:'E SRB PP"'IOS o
gate oxide solution featuring thin EOT=9.1A. low Drr and Nt
for s-Sip4Geos channel, (b) record high hole mobility=
450 cm?/Vs owing to compressive strain imparted by Sig7Gegs
strain relaxed buffer (SRB). (¢) low Rext=150 Q-um due to
highly active, strained source/drain SiGe process and novel
p++ cap layer, (d) optimized source/drain tip and junction to
minimize GIDL impact to Iorr. Additionally. the impact of
operating temperature on GIDL and Iorr 1s comprehensively

studied to prescribe optimal Ve range of operation for this SI.DJGE'Q_E SRB

technology.

J.O.B. Technologies (Strategic Marketing, 31
= "=Sales & Technology)
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Laser AnnealmgApphcanns For Advanced FInFETs
S and Beyond

Oleg Gluschenkov, IBM Research, [IT-2022 Sept-2022, TU1.01 paper

o

o

- /

Nano-Sheets and 3-D Stacked Nano-sheets/FInFETs require lower External
Resistance (Contact Resistance) more critical than transistor!

Planar FINFET Nano-sheet 3-D Stacking
Wc/Wg ~1 Wc/Wg ~1/3 Wc/Wg ~1/6
Rext/Rch <1 Rext/Rch ~1 Rext/Rch ~3 Rext/Rch ~3

k‘éo.& Technologies (Strategic Marketing, 32
ales & Technology)
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Strain/Latti aracterizatic
iGe+Ge, SlGe+C Ge+C, Ge+Sn & S|+Ge+Sn
Surface Layers Formed By Implantation With
RTA or Laser Annealing Using SIMS, XPS,
TEM-EDX, XRD and Raman Analysis

[IT-2022 September 29, 2022
John Borland, J.O.B. Technologies, Aiea, HI, USA
Shota Komago, Ryo Yokogawa, Kazutoshi Yoshioka, Naomi Sawamoto and Atsushi Ogura, Meiji University, Kawasaki, Japan
Gary Goodman, Nadya Khapochkina and Temel Buyuklimanli, EAG, Sunnyvale, CA, USA




At IEDM-2022 Tuesday EDS Panel on Materials for Electronic Devices:

| Think Crazy ldeas for University Material Research! —

Qutline

Ction: Lattice Constant Engineering to Replace Epi Buffer Layer
(Power Devices or |-V Solar) or Boost p+SiGe /n+Si Contact Resistance.

— Chemical: SIMS - XPS - TEM-EDX for 2-D mapping
— Strain: XRD - Raman

* EXxperimentation:
— Substrate Wafer: Si-Cz wafers, SiGe-Epi, Ge-Cz wafers and Ge-Epi

— lon Implantation (Ge, Sn & Ge+Sn)
— Anneals (RTA or Laser-melt)

* Results:
— Chemical Analysis: SIMS, XPS and TEM-EDX

— Strain: XRD and Raman
« Summary/Conclusion:

heknowledgements
e o -
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| (a) pMOSFET

///////,//
TEM-

EDX For
3-D

Chemical
Mapping

(b) nMOSFET
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Meiji Univ. July -2012, Intel 32nm Planar
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IMG1(framel)

C-stressor

Implant Strain &
Doping Critical!

————20 nm Si K

20 nm IMG1{framel)

Prof. Ogura, Meiji Univ. 3/1/16

Reveals FinFET As n+S/D and P nSDE! As-SDE
requires
5 G D twist quad-
N.O.B. Technologies (Strategic Marketing, %HG -:CIE 36
ales & Technology) 1111].'?11'1111'!
— T— :

 ———— . —— Front direcoon 20 nm PEK



ECS Transactions, 50 (9) 47-58 (2012)
©@The Electrochemical Society

Stress techniques and mobility enhancement in FinFET architectures

G. Eneman, L. Witters, J. Mitard, G. Hellings', A. De Keersgieter, D.P. Brunco®, A
Hikavyy, B. Vincent, E. Simoen, P. Favia, H. Bender, A. Veloso, T. Chiarella, G.
Boccardi, M. Kim, M. Togo, R. Loo, K. De Meyer', N. Horiguchi, N. Collaert, A. Thean

Imec, Kapeldreef 75, 3001 Leuven, Belgium
" ESAT-INSYS department, Katholieke Universiteit Leuven, 3001 Leuven, Belgium
> GLOBALFOUNDRIES assignee at imec. 3001 Leuven. Beleium

Nitride spacer Nitride
spacer

On n-FinFETs, tensile stressed Contact Etch-Stop Layers (t-CESL)
are less effective than on planar FETs when a gate-first scheme is
used. For gate-last schemes, CESL is as effective as on planar
FETs, moreover a strong boost is expected when compared to gate-
first schemes. CESL becomes very ineffective for layouts with
narrow fin pitches with merged fins: about 3 times lower mobility
increase is predicted than for isolated fins.

Tensile stressed gates are shown to be an effective stressor on gate-
first n-FmFETs, but not on gate-last: in the latter case a slight  Figure 9. (Left) front and (right) backside view of an isolated fin with Si:C (2% C)

mobility degradation is predicted. source/drain. The 30 nm-high Si fin is first recessed by 25 nm, and regrown by 50 nm of
Si:C. Spacers are left at the sides of the fin.

Spacer
on fin
sides

Si:C source/drain_stressors are very effective and show similar
width dependence as on planar FETs. Significant mobility
enhancement is predicted both in 1solated and tight-pitch/merged B e

.~ Spacer

fin configurations. Vertical ::;:,r;'
height=

July 2012 Synopsys Visit said best FinFET results sl
when Fin is completely doped uniformly to
2E18/cm3 and NO extension. Also said from
simulations the only way Intel gets the nMOS Figure 12. (Left) front and (right) backside view of an is=l=t24 fi~ with Si:C (2% C)

0 q - - . lource/drain. A 2:1 Si:C growth anisotropy is assumed, i.e. the vertical thickness of the
device pel’formance IS to use eSIC epl grown in pi:C is twice the thickness deposited on the fin sides. Spacers are removed from the fin

108 14 confined etched out Fin structure with sidewall ™" : : : : 37
kgales& July 2014 WCJUG seminar Victor admitted to me his

- spacer in place! See ECS-2012 IMEC paper. ) )
—-"’ﬁ-&; > Pap simulations were WRONG 2 years ago!




a2 United States Patent

(10) Patent No.: US 7.259.036 B2

N (57

Methods and apparatus are described for irradiating one or

ABSTRACT

more substrate surfaces with accelerated gas clusters includ-
ing strain-inducing atoms for blanket and/or localized intro-
duction of such atoms mto semiconducior substrates., with

additional, optional introduction of dopant atoms and/or C.
Processes for forming semiconductor films infused into
and/or deposited onto the surfaces of semiconductor and/or
dielectric subsirates are also described. Such films may be
doped and/or strained as well.

No Surface Cleaning
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PLAD: Ge=5kV/1E17= 55%Ge
~ PLAD: 5kV/1E16= 20% Ge
> BL: Ge=3keV/SE15— 10% Ge

s=Marketing, Sales &
- lecnology) Borland et al.. IWJT-2013. paper S4-4. p.49 Borland et al.. ECS Oct 2014. paper P7-1771

' -3E15+Ge-3keV/5E16 No Anneal (S8
4————74"—/

s o 7 1E+0IE+01
. ‘\ . o E ; :;
g \ ) \ ‘ W'\W\\“W\‘—“—\\ j : 'S
5 iR . =
® 1E+21 4 \ - 1EX00EZD0
z ; = N ==
g ._ Ge-BL low BC (5E16) 7.5nm deposition
= “ . Ge-BL high BC (5E16 & 2E17) sputter etch limited to 80%
& 1420 't. b w(t,_,_ , Ge-PLAD (Micron) sputter etch I|m|ted to 55%
(o) : i H—" o
(&) { (2
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DAE-02
D3E-03
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Qutline —
* |ntroduction: Strain Characterization
~_~="Chemical: SIMS > XPS > TEM-EDX

— Strain: XRD 2 Raman

« EXxperimentation:

— Substrate Wafers: Si-Cz wafers from Renesas, 45% SiGe-Epi from IMEC, Ge-Epi
from NDL (Taiwan) and Ge-Cz from SMIT

— lon Implantation (Ge, Sn, Ge+Sn, Si & C) by Nissin and SMIT
— Anneals (RTA by Meiji and Laser Anneal by LASSE-Screen)
* Results:

— Chemical Analysis: XPS and TEM-EDX
— Strain: XRD and Raman

e Summary/Conclusion:
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Fig.1: Laser annealing pattern for full wafer (pattern 1) and half wafer (pattern 2) implants.
-
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~ Melt Depth (A) +-308nm —e—515nm —o—Excico —e—Innovavent —
- 13600

2‘2‘82 With Ge-Epi Large _ K
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Qutline ===

» Introduction: Strain Characterization
" _ Chemical: SIMS > XPS > TEM-EDX
— Strain;: XRD =2 Raman

« Experimentation:
— Substrate Wafer: Si-Cz wafers, SiGe-Epi, Ge-Cz wafers and Ge-Epi
— lon Implantation (Ge, Sn & Ge+Sn)
— Anneals (RTA or Laser-melt)

 Results:
— Chemical Analysis: SIMS, XPS and TEM-EDX
— Strain; XRD and Raman

e Summary/Conclusion:
« Acknowledgements
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IMEC 45% SiGe Epi

i P JOB iTechnologies: Sample 1, 0.6J (B) |
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IMEC 45% SiGe Epi=> 1.1% N/ Meii U

0.0 -
100 — ') Raman Analysis
High Ge requires Ga or Al p+ doping ~ 04
8 O and boost contact resistance! B
i I £ -0.6
i ! —— 50 nn = ) ‘
o —=—n0 anneal e ¢ ¢
| 1.0 F
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Fig. 4 Strain in SiGe without C or Ge implantation before and after LA.
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Compare #2 and #10 wafers (S1,Ge,C) o X100,008

%
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v LA=1.7 and 2.4 J/cm?

=The thickness of S1Ge layer and S1 and Ge concentration change
v C concentration does not change depending on LA conditions.
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IMEC 45% SiGe Epi
O p Fig. 5 Comparison of Raman peak shift with and without C implantation

after LA at 1.7 J/em?.




IMEC 45% SiGe Epl 1 vs. element distribution \ﬂq

Ge surface sputtering (high beam current)
v Ge concentration with and without Ge implantation

100 100 [ ; —w/ Ge implantation
= - —no anneal = —no anneal = i _ _
% 80 F —0.6 J/cm? E —0.6 J/cmm? ‘E ; ——w/o Ge implantation
< - —1.7 FHem— = —1.7 J/em? S
Z 60 —2.4 J/cm? = —2.4 J/em? S
5 : £ : g
S 40 f g 40 | g
s L x I £
& - — O - — .

C | I . I: ' K"‘- ' '
0 0 265 285 305 325
0 S0 100 150 200 0 S50 100 150 200 Wavenumbers (cm™)
SPIIﬂEI'lIlg time {5) EPHHE““g time {5] Fig. 6 Comparison of Raman peak shift with and without Ge implantation
the sample without implantation the sample with Ge implantation after LA at 1.7 T/em?.
(process A) (process C)

~ high Ge concentration at the surface (up to 1.7 J/cm?)
» Ge melted into the Si substrate from SiGe layer (at 2.4 J/cm?)
» Ge redistribution was suppressed by Ge implantation

AIMES 2018 (Ei}}
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JOB Technologies: Sample Wf3
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