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Table YE3 Technology Requirements for Wafer Environmental Col 2014 2015 2016 2017 2018

Year of Production

PRV

A VERY]

PAVERV]

yRvEY]

[AVERY]

ITRS 2013 update

Flash % Pitch (nm) (un-contacted Poly)(f) 20 18 15.9 14.2 12.6
DRAM ¥ Pitch (nm) (contacted) 28 25 22.5 20.0 17.9
MPU/ASIC Metal 1 (M1) %2 Pitch (hm) 24 21 18.9 16.9 15.0
MPU Printed Gate Length (nm) 11 25 22 19.8 17.7 15.7
MPU Physical Gate Length (hm) 18 17 15.3 14.0 12.8

Wafer Environment Control such as Cleanroom, SMIF POD, FOUP, etc....not necessarily

the cleanroom itself but wafer environment.

Critical particle size (nm) [1] N=TFT 142V 170 [ 159 [ 142 | 126 [ 113
Ultrapure Water [29] ﬂ,k = m |

Resistivity at 25°C (MOhm-cm) 18.2 18.2 18.2 18.2 18.2
Total oxidizable carbon (ppb) [22] <1 <1 <1 <1 <1

Non-polar Organics as C (ppb) [41] TBD TBD TBD TBD TBD
Polar Protic Organics as C (ppb) [42] TBD TBD TBD TBD TBD
Polar Aprotic Organics as C (ppb) [42] [43] TBD TBD TBD TBD TBD
Bacteria (CFU/liter) [38] <1 <1 <1 <1 <1

Total silica (ppb) as SiO, [18] <0.3 <0.3 <0.3 <0.3 <0.3
Colloidal Silica (ppb) s SiO2 (add note) )7 TBD TBD TBD TBD TBD
Number of particles >critical particle size (see above) (#/L) [26] /N — T 1 {7 JVO8 | 1000 1000 1000 1000
Dissolved oxygen (ppb) (contaminant based) [16] POE ;gﬁ&i <10 <10 <10 <10 <10
Dissolved nitrogen (ppm) [10] 8-18 8-18 8-18 8-18 8-18
Metals (ppt each) (Co, Cr,Ga,Ge,Mn,Mo,Sr,Ti,) [40] <10 <10 <10 <10 <10
arg]lcal metals (ppt, each) (Ag,Al,Au,Ba,Ca,Cu,Fe,Hf,K,Li,Mg,Na,Ni,Pt,Zn) <1.0 <10 <10 <10 <10
Other critical ions (ppt each) [24] <50 <50 <50 <50 <50
Phosphate as HPO4 (ppt) <20 <20 <20 <20 <20
Boron (ppt) [24 I <50 <50 <50 <50 <50
Liquid Chemicals 35t #& AR

100% IPA: Na, K, Fe, Ni, Cu, Cr, Co, Ca (ppt, each) [28] B Ese | 150 | 150 | 150 | 150 |
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ITRS 2015 version - draft

Table YE3 Technology Requirements for Wafer Environmental Contamination Control

Year of Production 2015 2016 2017 2018

DRAM %2 Pitch (nm) (contacted)

Critical particle size (nm) based on 50% of DRAM 1/2 Pitch (nm (contacted) [1] 12 11 10 9

Metals (ppt each) (As, Ba, Cd, Mn, Pb, Sn, Sh, V) [39], POP <10 <10 <10 <10
Critical metals (ppt, each) (Al, Ca, Cr, Cu, Fe, K, Li, Mg, Na, Ni, Ti, Zn) [39], POP <1.0 <1.0 <1.0 <1.0
Other critical ions (ppt each) [24], POP <50 <50 <50 <50

POPLBHEESN D RIAH

ITRS 2013 update POE 2014 2015 2016 2017 2018
Metals (ppt each) (Co, Cr,Ga,Ge,Mn,Mo,Sr,Ti,) [40] <10 <10 <10 <10 <10
Critical metals (ppt, each) (Ag,Al,Au,Ba,Ca,Cu,Fe,Hf,K,Li,Mg,Na,Ni,Pt,Zn) <10 <10 <10 <10 <10
[40] . : : . .
Other critical ions (ppt each) [24] <50 <50 <50 <50 <50
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ﬁlﬁﬁ;_r_t Defect Inspection on Patterned Wafer Technology Requirements
S 2013 2014 2015 2016 2017 2018 2019 2020

Flash % Pitch (nm) (un-contacted Poly) 18 7 15 14.2 13.0 119 11.9 119

Volume production at 3000 cm?/hr 4 7
(4,3 “300 mm wafer”/hr)

Speed [wafer/hrs]at volume production (IXDR) on Brigthfield tool
Tool matching (% variation tool to tool) [E]

SEMZ{
n Inspection: Defects other than Residue,

Equivalent Sensitivity in PSL Diameter (nm) at 90%
Capture Rate *[F,G]

Sensitivity for voltage contrast application without speed requirement 18
(nm)

Sensitivity for physical defect detection (nm) 1 ’ /f Z

Speed for voltage contrast applications [cm2/hr]

L 300
Speed for physical defect detection [cm2/hrs] H% | El

CoO HARI ($/cm?) 0.388
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ITRS 2015 version — YE draft

%ELECTRICAL CHARACTERIZATION METHODS AND VIRTUAL METROLOGY FOR YIELD
CONTROL

In order to overcome the problems of missing s vity and high effort consuming metrology for yield control

one focus of the YE group will be th ial replacement of physical based metrology to
electrical diagnosis and wirtual metrology wherever feasible. The use of all available data sources and
approaches ata analysis will be further elaborated for yield monitoring. Hereby, a better balance of
Ct/contamination detection and fault diagnostics/control of electrical characteristics should be established

by including statistical and systematic approaches into YE activities.

Furthermore, virtual metrology becomes more and more essential for yield considerations. Virtual metrology i
the defined as the prediction of post process metrology variables (either measurable or non-measurable) using|
process and wafer state information that could include upstream metrology and/or sensor data. Refer to Yield

Enhancement Chapter for more information.

. WAFER DEFECT METROLOGY
Defect metrology continues to be important towards smaller nodes specially considering new yield challenges like
multiple patterning. The main way to detect yield impacting defects in the production is defect inspection. Therefore

lthe most important requirements for inspection and review are now incorporated in the More Moore chapter.

For Heterogenous Integration not small dimensions byt 3D integration is the challenge. To find the right solutions for
€ nspection requirements and challenges will be the focus.

- YIELD MANAGEMENT FOR PACKAGING AND ASSEMBLY

As technology requirements in the assembly and packaging area increases, yield loss and

therefore yield improvement methodologies become essential. In this situation a clear benefit can be drawn
from the experience in the FE.

Yet the most appropriate methodologies have to be selected and FE yield tools need to be adapted to BE

requirements. The task will be to define a dedicated roadmap.

Due to the changed focus of Yield Enhancement several cross TWG activities are envisaged, connections with

More Moore (MM), Heterogeneous Integration (HI) and Heterogeneous Components (HC) are necessary.
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CIA: Characterization, Inspection & Analysis RE. 947, &t
DB: Data base ¥ —2~N—2X

FDC: Fault detection & classification RERH & 95

TSV: Through Si Via SiE @&

WL (-CS) P: Wafer level (chip size) package 2 T /\LXRJIINY =
RST: Remaining silicon thickness 3% & SilE

BWH: Bonded wafer stack thickness &S~ T /\&5tE

BH: Base height = (BWH-RST)

TTV: Total thickness variation R EBEEIES D&

SAT: Scanning Acoustic Microscpy

WECC: Wafer Environmental Contamination Control 7 x —/\IRIR;53H{H
UPW : Ultra Pure Water #8#EK

UF : Ultra Filter IR# 587 1« IV &% —

IPA: Isopropyl alcohol -/ 70/8/ =)

POS : Point of Supply {#§&K1 > b

POD : Point of Delivery 3S2EHRA > b

POC : Point of Connection E&#EK 1> b

POE : Point of Entry AOKRAL > b

POU : Point of Use fERKT > b

POP : Point of Process 7AtAKI b
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