COLLEGES OF NANOSCALE

SCIENCE AND ENGINEERING
SUNY POLYTECHNIC INSTITUTE

(=

300mm and 450mm Standard Calibration
Wafers

Rand Cottle
CNSE - G450C

SUNY iSsiirore

% s
tsmc
e
fﬁ* GLOBALFOUNDRIES
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Who are we
Objective — need
Scope —Applications
— Metrology Calibration and Matching
— Process Optimization and Monitoring
Roadmap
— Phase 0 — eBeam Prototyping
— Phase 1 —300mm

— Phase 2 —450mm
Work to date

Designing Test structures
Initial Prototyping
Evaluation of data

Optimization for 300 and 450mm Manufacturability.




Who are we?

datera

ISRAELI CONSORTIUM TOUSIGN 52,9M AEREEMENT NTHSUNY POLY CNSE TO
DEVELOP CRITICAL TQO LS FOR INDUSTRY TRANSITION TG 4S0M M TECHMNO LOGY

Partn=rs hipto Qv bpSmndad Calibretio n Nefers Wil Support b e Than 100 Jobs in Raw
Yorkand kmelwith 500 Msret Pote rtisl

Alaniy, WY - Supporting Sovemmar Andrew WL Duomo’s wision flor New York State’s continued lzadership
in the global highetedy sconomy, SUNY Polytedinic Institute's Colleges of Mamoscale Scence ard
Enginesring (SUNY Poly ONSE| and lsraels Metod30 oorsortium todsy jointly anmounced plars to
develop and produce Stamdand Calioration Waasers §SCW] fior use with 200mm and 430mm metrology
ard proo=ss tools. The inftisties will gererate 529 milion in investment 2nd support more than 100
jiois im Mew York and ksrmel.

Todays announoement is an outmrowth of the partnership snnounosd by Sowernar Duoma o n kandy 20,
013 betwesn SUNY Paly CHSE and the lsraeli Offios of the Chief Scentist |OCS] america™s division in
MG TIMOF. Urecher the tramewori of tihis partresrdhip, both sides ans committed to mensrabe sdvancss in
manobechnolory and epand joint nesssnch, dewsioprment and busisss opporturities. The SOW project
mchudes & 515 million oo mirbment froen etrod S0 srd 213 million i products, ssnoioss amd tool time
froen SUNY Polly CHISE.

Establishing industry banchmaris for efficacy is & vital component in the trarsition from 200mm to
430mem walier tachinolomy. Without stamdandization, manufachurans would develop their own calioration
tachiniques, yislding avtended lend times, additional development costs, and unpradictable results. Tre
SUNY Poly CMESE-MetrodS0 punership will dersiop amd produce the worldwide stndard for
semicorductor tool calioration amd matching. Suooesstul completion will ensble an estimaded 230
miillion marioat potertial fior both the 200mm and £30mem dewelopment comeranity.

*Todey's announce mant is & testament to New York”s slobsl lesdership in nanctednology resssndh and
development, a5 envisionsd by Sowemor Andrew Cuomo, and sets the staze for additional eonomic
ard employment cpportunities for both Kew York ard ksreel,” szid Paul Farras, General Mansger of
Siobail 430mm Consortium (S430C) and SUNY Poly CHSE Vios President fior Merufschuring Innovation.
*Tre intermations] expertise repressnted Oy the SUNY Poly CHSE-Metrod30 partrership will ensile
Burther achanoes and maris another milestone in the trarsition to 430mm tadmolosy.”

"W ane pleased to witress the sucomss of this unique oollaboration with SUNY Poly CHSE — & warlkd
remowread ressanch osnber in the field of nanctednalony — in acoelerating innovation and in ereblig
companies in New York and lsrael to commendislize techmolomical solutions in the lobel market,” ssid
£l Hasson, Chiefh Scentist of the Ministry of Economry of the State of Israsl, “We ane looking foraand to
artesring this partnership as & eyvtailyst for eoonomic gprowth in both regions.~

“lsrae] i & workd bescer in ssmiconduchor mebrolory and irspection and our collsboration with SUKY
Poly CHSE, one of the baading RED fadilities in the word, will perente sprificant sdvanoss in £30mm
tachnolomy and provide positine econcmic Impacts in both Mew York and lsrael,” ssid Menadhemn Shoval,
Thsiir of Israal's Metrod30 Consortiom. “We ane thrilled to see the continued growth of its colisboration
With SUNY Poly CHSE and the State of Mew York, and we axtend our gratitude to Sovemor Cuoma and
SUNY Poly President Dr. Alsin Kaloypenos, Onief Scerrtist £y Hasson and Dan Wikrsic — wino is beading the
srmeli Martional Manotschnolomy Initiaties (KK for their ooetiroesd sopport and partrership.

Mztrod30 is an loraeli consortium, cperating under the MAENET program of O0S, which sims to
encourage metrolomy tachnolomy development in lsrael whille preparing for the industry tramsition to
430mm wafler tachnology. Fine companies including Applied haterisls ksmel (AML], Novs, Jondan vallsy,
Mamomaotion and Irnte Israel ke joined tometier 1o Bring forwand the most advanosd dewnslopments in
silicon walsr metrolory. Metnod30 sl indudes 19 ressardeers from d uRieersities Tedhbon, Haits
Umitnersity, BGU and TAL- concucting doperes off projacts in suppaort of the oorsortiom.

The posl of the Magret program, operated by lsraels Ministny of Eoonomy's offios of dhief sciantict
loCs] is to provide = competities position for lsraels industry with regand to sbbe of the art
tachmologies. It & dharbered to initete, puide and sporsor dedicated consortia, based on colisboration
betwesn Israsli industrial companies and academic institubes.

Matrod 30 consortiem members, consisting of ey IDM, equipment makers, and academis, will work
with SUNY Poly CNSE to enabile and validate the most advanosd metrolory tool calibration tangets.
Metrolomy is the sdanos of messurement and, in the semiconductor field, refiers to how devices are
gruzed for eficacy. For the sucomsshl industry trarsition Z00mmn to 430mm techrology, sandand
emicacy levels must be astabiished for better semiconductar metrology and infire proosss control.




300mm and 450mm Standard Calibration Wafers - A
Standard Tool for Semiconductor Metrology Calibration
and Matching

— Metrology Calibration and Matching

Metrology tool companies, as well as Semiconductors manufacturers are sharing the same
problem: Is 'my' Metrology tool calibrated? The tool manufacturer would like to know if the tool
met the expected performances and is ready to be delivered; the IC manufacturers would like to
ensure that a tool is ' back in spec', after PM. Both would like to compare tool-to-tool and even

Fab-to-Fab performances.

— Process Optimization and Monitoring

Evaluating and comparing manufacturing tool performances (Etchers, Scanners etc.) is
complicated by convolving sources of metrology variation with process tool variations. By

developing 'module monitors' with metrology tool companies and semiconductor manufacturers

we can minimize and characterize metrology variance and avoid confounded results.



e Roadmap

— Phase 0: eBeam Prototyping - Ongoing
e Test structures pattern on 3” wafers by e-beam lithography
e 3” wafers mounted on 300 and 450mm wafers for testing.

— Phase 1: 300mm Q4 2014 to Q4 2015

e Optomize test structures for manufacturability.

e Develop integrated manufacturing flow at CNSE’s state of the art
300mm fabs.

— Phase 2: 450mm 2016

e Transfer 300mm manufacturing flow to G450C pilot line



Slide 3

Header TBD.................... . .
JVS - Standard Calibration Features
Target type Target usage Target design
W Pads, 200x200um, 250nm "XRF Module Calibration & Setup the
Thickness Standards
Tool Calibration & Tool-2-Tool
Matching"
W Pads, 100x100um, 250nm "Stage Axes Mapping
Tool-2-Tool Matching"
W Wires, 1000x2um, 250nm XRR Axes Offset Calibration
Tool Calibration
Done
TiN Pads, 50x50um, 500nm XRF Module Calibration & Setup the —_—
Thickness Standards ]
Tool Calibration & Tool-2-Tool :
Matching
TiN Pads, 100x100um, 500nm  Tipad
) _ N4 PAD 500 umX5
Si3N4 Wires, 2000x10um, 50nm * —
XRR Axes Offset Calibration _ Done
Si3N4 Pads, 500x50um, 50nm Tool Calibration & Tool-2-Tool I§
Matching V¢ PAD 2000 umX1
Si3N4 Pads, 1200x50um, 50nm ]g i e SigN4 targets
I
SnAg Bumps:
* Diameter variation :10um, 15um, 20um, 50um, 80um 5 O ol
¢ Height variation:5um, 7.5um, 10um, 25um, 40um ’ going
e 2 bump array types: dense and isolated
Siege target : 2 On going

Pattered structure and pads with known %Ge



Slide 4 Nova - Standard Calibration Features

He Target type Target design

Set of varying pads embedded e Y2Done
inside a large pad DDI.
Thin oxide target-34 L -
S Check sensitivity to XY HE | |
Thin oxide target-45nm static stage position DB“.
Thin oxide target-54nm [ [ | ——
Thin oxide target-108nm
c B m*
Partially etched Oxide grating Check sensitivity to ‘ ! ' )
lines stage static tilt |
' T [ Mraer amcus e
o Oxide on Silicon
Oxide nm
Set of 9 targets with varying 5 3 ian
thickness of SiO2 on Si ' : =
£ e . Y3 Done
Sample Nitride (A) Sputter
thickness(A)
Set of 6 targets with varying . =
thickness of Si02 on Si3N4 on Si ' -
20nm and 40nm Oxide grating 5

line targets




Slide 5

der TBD..vevoervren . .
eader TBD AMIL - Standard Calibration Features

Target type Target design/Results

H&V line edge target V1 BF Spot size & shading

Checkerboard Targets
Target 1 -Checkerboard 3um
Focus & MTF uniformity
Target 2 - Checkerboard 6um

Target 3 - Checkerboard 10um

Null, BF spot, BF shading, focus

HRC target & MTE * Ongoing
H&V line edge target V2 & GF spot size & 5 @ el
Ghost measure target Ghost measure
. . . o it - D
Gain & Shading target Gain & Shading calibration one
N ‘ ¢ Target simulation has
Polarization ‘ been combleted
Polarization targets reflection/transmission P

Target fabrication is
ongoing




Target Production N<OVA

partnering for process control

® Target was designed by Nova so it enables extraction of all system-
dependent coefficients per wavelength and per pad size (several sizes

produced): o e e e

100migpad \ (_]M_"} e 100uwm o i ' 10 Qg
edeg : | L omic by 10mic inner
= __..—-—-—-—'—"'_'_-—'___;—_—_:._,-'-_5:——&,4 centercd inside largfr pad

100

lllllll

Fabrication Center at Ben-Gurion University of the Negev, Israel via

Metro450 consortium. | __ _

} ‘ L :
{ I |
{ i ‘ //
/ - ‘ETRO
. L3

Nova confidential & proprietary information @



Target Initial Tests Results

® The prototype target was measured w/ nova tool.

® Sensitivity of procedure to identify signal variations as spot

scans pad lateral matches theoretical design, thus:
® Validating targets quality.

® Validating the generic methodology proposed in Metro450-
Y1 for target design.

determining pad X-edge using optical means.

® In the lower picture: Same scan but now with additional
wavelength axis added gives ability to accurately determine

optical chromatic aberrations.

® OQverall: Target Enables quantitative assessment of how

signal is contaminated by spot spill-over = Target purpose

achieved.

Nova confidential & proprietary information

Green (model) vs. Cyan (meas.) are one of the
system-only-coefficients whose determination
is required by the target. Their match
corroborate both model and target design.
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® In the upper picture: Signal versus scan along pad (for one/ |
wavelength) showing Capability of ~10nm accuracy in oo
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Different targets
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Applied Materials Confidential
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Resolution pattern

Line width [nm] >
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WP4: Short Summary of Year 2 QWJORDANAALLES

R

0N 4‘"“

JV Targets
] |

— TIN. pad
,&\\\\F.H JRDAN VALLI
W targets £ _ 100umX100um, 50nm
KN
I B
. W wi 1000 X2 , 250 .
Vertical " I - Vertical
500pm
£ W pad W pad W pad £
m um, nm 100um X 100um, 250nm um um, nm (1, ]
é 300umX 300um, 250 500um 500um  S0umX50um, 250 g 8
o - =
e g . o g :
R 500pm 4—.500"““ = E
2% ERe)
£ B x
3 a E
o 3 3 3
Q o = 8
— '5 3 S
W pad ;
SDumiiﬂlzr:‘ISDnm INIV\INN pad
alignment mark 50umX50um, 50nm
so0um Si;N, target
I .
|
” . t l W wire 1000umX10um, 250nm

22 April, 2015 Jordan Valley Confidential Information



Optimization for 300 and 450mm (450
Manufacturability |

Structures divided into two wafers: one FEOL
and one BEOL.

Metal subtractive etch process replaced with
damascene.

Structures being optimized to minimize CMP
dishing.

300mm manufacturing flow being designed for
maximum compatibility with 450mm pilot line.

Only unit process common to both line will be
used.




Summary C450

Target design validation on 3” coupons
wafers is mostly complete.

Target optimization for compatibility with
300mm manufacturing flow is underway.

300mm process integration and prototyping
to be done Q2-Q4 2015

Transfer to G450C 450mm pilot to begin in
2016.
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