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PERSISTENT POLLUTANTS
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Table ESH4 Chemicals, Process, and Equipment Management Technology Requirements

Application Processes ESH Concems
Memory
Materials

Etch chemistry byproducts,
Chamber Cleaning, Corrosion
Sputter deposition and sputter etch, Etch, Issues, Personal exposure,

STT MRAM Anneal and High Temperature Pinning Abatement technology
RRAM Memory
Cell CVD,ALD Chamber Cleaning

Pb exposure paths, Chamber
FERAM PVD Cleaning
PCRAM PVD Se. Sh exposure paths, Chamber
Logic Materials

InGaAs, InAlAs, InP and etch

I n A S S b waste, Reactivity of precursor

Alternate materal, Delivery system design,
Channel Organ ic metallic exhaust and abatement
Material MOCVD management , Chamber Cleaning

The International Technology Roadmap for Semiconductors 2.0:2015

InGasSh, InAlAs, InP and etch
waste, Reactivity of precursor
matenal, Delivery system design,
exhaust and abatement
management, Sb handling issues

MQOCVD ,Chamber Cleaning
Safe handling procedures and
Epitaxy (CVD) abatement systems

Pattern and Etch process for nanowires Silicon or Ge
Si, Ge, Handling and exposure
CVD for Nanowire growth (catalyst) issues need definition
Carbon Nanotubes exposure
potentiaTEnvironmental discharge
CVD, Plasma CVD and controls
GraEhene, Environmental
discharge and controls , Cu Wastg
CvD product
InGaAs, InAlAs. InGaSb and etch
waste, Reactivty of precursor
material, Delivery system design,
Integration of lll-V and Ge, Epitaxy and exhaust and abatement
MOCVD management, Chamber Cleaning

The International Technology Roadmap for Semiconductors 2.0:2015
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Nowel 2D CvD, MOCVD

Directed Self

Assembly Spin-on and anneal (thermal or solvent)
Spin Coating, Exposure, Track bake,

Nano composite Solvent dewelop, Plasma Etch, Post Etch

Resist Strip

Spin-On Hard

mask Spin-on and anneal (thermal or solvent)
Wet
Wet or ALD

Monolayer

Doping Wet or ALD

The International Technology Roadmap for Semiconductors 2.0:2015

Handling, Exposure and
Environmental discharge controls
are critical for these products

None

Reactivity of Nanoparticles in
organic matrix. Nanoparticle
handling and exposure potential
exposure pathways, exhaust and
waste disposal

Sulfur Dopant Handling
Phosphorous Dopant handling and
disposal

Boron Dopant Handling and
disposal

Ultrathin Cu
barrier layers ALD, PEALD

Interface Cu

Barrier layers cVD

Low K ILD CVD and Wet Processing
Interconnects  CVD and Etch Processing
CVD Chamber

Clean CcvD

Thru -Si Vias Etch

Chip Electrical
Attach Matenals Liquid processing, Anneal

The International Technology Roadmap for Semiconductors 2.0:2015

Reactivity of precursor material,
Delivery system design, exhaust

and_abatement management,
Chamber Cleaning

Reactivity of precursor material,
Delivery system design, exhaust
and abatement management

In Development

Personal exposure Paths
Abatement, GWP reduction, and
Metals chemistries issues
Material usage and GWP
reduction

Graphene/CNT Hybrid
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Concerns for Chemicals used in Hi-tech

» Potential Chemical Bans/Restrictions

» Nanomaterials

as a component of epoxy or solder used in die attach

Metallic nanoparticles (e.g. Cu, Ag), CNTs, graphene, Boron
Nitride nanotubes and nanopatrticles. Their e-waste

» Indium compounds

US NIOSH: Research is needed to evaluate the adequacy of the
current REL for protecting workers from indium-related disease
and whether indium exposure limits, including biological
exposures, should apply to all Indium compounds or be
compound-specific.

» Effective Chemical Exposure Management

rapid assessment methodologies/tool, ESH data for new/
proprietary chemicals, process by-products, exposure and
hazard information, PPE and engineering control

» Climate Change

PFC, N,O, carbon footprint

» Green Chemistry

The International Technology Roadmap for Semiconductors 2.0:2015
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Restriction(PRl) of Chemicals
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v' U.S. has updated its chemicals management law in 40 years.

v" Require chemical manufacturers to test their products for
possible risks to human health and the environment.

v" Allow EPA to request safety data for both new chemicals
and substances that are already on the market.

v Allow EPAto collect fees from industry to pay for chemical

safety evaluations. (ACS C&EN 2016.06.27)
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Next Frontier: Consumer Chemical Safety

In 1996, South Korean(SK) Oxy RB launched a line of
humidifier disinfectants that contained a guanidine
derivative.

The SK government ordered the products off the
market in 2011 after they were linked to an epidemic
of serious lung injuries throughout the country. By
the end of 2015, at least 95 people had died from
exposure to the disinfectants, according to a survey
by the SK Ministry of Environment. Many victims
were children or pregnant women.

RB was not the only company to supply harmful
disinfectants in SK. Products contained two qpprifir
guanidine derivatives—polyhexamethylene guanidine
and oligo[2-(2-ethoxy)ethoxyethyl] guanidinium
chloride—as active ingredients. (ACS CEN 2016.05)
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2. Methods behind the programme — the House of Employability

(according to Juhani Ilmarinen)

BB M AT

1 T2 R/ IR/ P ik B

/R4 G )

F e/ /B AGER B 4 R/
/ T)H A

Source: ISSA, 2006, 2010

SAHTECH 2w 15551

SATETY AND HEALTH TECHNOLOGY CENTER

2016/11/23

16



2014.09 $20E RSB E % 22 < ¢
WSCe %

1))

OW S 1 ik M ER VLR RFERMEER
¥ % A ¢ ®(diversity management) & ™ HEF 1
g > BREEZG P S L—B]%“i%"' R
LIRFLA- B

o0 )ﬁGuy Ryder: #fﬁ«‘f&ﬁv ‘*”Lﬂ—& 22 v e
p:FL LR A Lamald 5 [L0® FE R e 3 1S0

it (ISO 45001) - #:iE% % 7}1‘“1‘*:}&)—% BB R
ga¢g L E g pna e

i 1045001573+ 5020174 & & 4 % -
Sﬂlﬂiﬂﬂam Sy

SAFETY AND HEAL'

2014.09 %205 RFHREX 262 ~ ¢

WSC %
Oc 3+ R - kIR FFHE I E Y
12 A ERET T A;;%«? N ?TEJ_—?]’L ¥ 1R
TRARE G E 0 A HAPF LE e T

OSAP2 P A% AL EAFT R B RE IR B
M2 B3 B Eer g e~ R B R T
FoapR1i kBt AER 2 RS B
EERH B FlZg s f 1 ,ﬁ%‘ré{g‘ (2 B RLPA B o

SAHTEGHazim ey

SATETY AND HEALTH TECH

2016/11/23

17



¥/

Go

BB S BHR (Tracer@ Exposure Assessment, TEA)IR

WRDE » 68 EB R ‘r’ilﬂ?'l "n“ DR RN L (5 A R 5 R
By

EEBEGN - &K 10

EREIE TS :E?tk A
T3 ByFEE

SAHTECHZ: % fFr1 & T 2 (%

A S &
o
EeEamEEs . .

{8 DRSS (Chemical Information Intelligence. CHILLIYR— &t {t BT
8 NOZRETEMRPRALBRHEE - 8TE - ERNERTHEHRYRR

EEEST - AT ST - BS

158 B R T

. Protitd’ [ it 5l

1 ST 175 B R R R AR AT

SEFHOTELEE - oS ERarE -
AFFETIEII TR -

-
EREANKHOETFELE BRRELURBARRER lnl' l'“ v

FEEEERABDHDKE - FHBEER28L -
RIFLIESZE RS -

Sligi=beli

R FRan E'&Q wEEEAL

10 xR e

W REZRH RTINS 8
R PEGTBIRR VV#})?‘G
\

> SFLAMRE  THREEE  EUMSETEER

> —RERCNR « RS I - M TR
» R ERERSCEE - ARBTLRRRE
> ' ERE - B
> FEEPRITRS  ROERTANS
> [BERME  SOSEVER - ﬂkl&!i&mﬁi B
WL
> A SEIRFHHE E |
> ESMEHERE (QSAR) At B BN - EREILEFRUVRSN =
> ICCASERE RS (GPS) RIS - (ERRE WS (CSR) N

<
gz

. HESIERRN

—

Q& KKK

=

LPEEEdEEE <

[T ] @
o

BRI (CSR/TRR

.o
v L I

CHS@ T EEE

%
-

 SIS-REERONS

'<%

_F\'ﬁj Ag':\-m& A-]. e
g

N
i

I N NS

R e
& A v

L EN
o T [T W

o
DAty
3 e

>~

d

7w

\\VP

= >

:%P%

G 8

° Ik AT

— B AR W R
.@u%%ﬂwmg

,ﬁ@fﬁﬁﬁﬁ
o 47 zf 7

TR e
FHAPHEES
Dk ﬁﬁm&i‘aﬁ**m’%“%?p -
%

CET BNCUE £4-F MRS L

o ﬂ?(a I~ #ﬁlf‘ ?*{‘ %)
%@wwmpbﬂvﬁﬁmkh
-thé »»ég;ﬁ;gg g'da}k "% %g;m

CE Y LR REEE
~FE S LRE( R E

- B
#;ﬁt,él °

(0800-300-636)

SATETY AND HEALTH TECHNOLOGY CENTER

2016/11/23

18



