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Clustered Water Formation — IMACS
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SC1 Legacy Cleaning Process
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Current cleaning method RELIES ON ETCHING, which
causes SURFACE ROUGNENING




NGT — ETCH-FREE MEGASONIC CLEANING

yak L
%urface roughness

No loss of topography
No re-deposition of particles




NGT’'s Plug and Play Design
O Integrate with and apply this techﬁ\o'rogy tg,ﬁﬁ(NY tool

platforms--for ALL types of cIe&fMyg*éijféfations

RCA Clean

Post BOE e Pre Metal Etch

Pre Sacrificial Oxide /(. l | W_"Q_CSS-lOOO Poly Gate
Pre Poly Gate ill integrate to

Batch or SWP Pre Photoresist
Post Metal .

Gate Oxide Pre Diffusion




Key Advantages and Benefits

Problem—cCritical Cleaning Solution#-NGT Procgssing

O

Damage to devices due to © No &e\as,dglc,gﬁe to highly

energized A[VACIE
_ Or N6 doss of topography because
Dam_age to devices due to ’ ;\therfé : ;o”rgﬁ’cCtion it
etChlng i i )\I 0X|de ;::“" I:.J_‘:-,Mm s
Ineffective removal of Nano - S AN :
particles below 45nm. ; X qu%ﬁeln‘:ucals—v_lrtually.
Expensive chemicals cor_sté. * m:@ 5 SEQQN.J\' handling costs.
Bulk fill and handling, . ALl

OENO VOCs are generated.

(O-No waste treatment.

A :{jﬁ No metallic ions added during
High-waste treatm nt cosfs. R NGT’s process.

megasonic energy.
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Metal contamination ]is O Cleans surfaces at the
added molecular level.

O No physical limitation to size of
particle due to molecular level
clusters.
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An Ultra-Dilute to Near-Zero Ammonia Process for Particle Removal




Driving Force: Cleaning Beyond 65nm

O As the semiconductor industry evelqps pmcesses
for the 65nm, 45nm and 32nm dbs wafer cleaning
faces new challenges for bot@f IiECgL aﬁd BEOL:

"'H.

‘x,
i
O

fragile device structures a”ncjf\atergal)y

stringent requirements fok clean}ll\ness an‘d material loss

O Current “etching” clgamng m ,_-hod}plogy causes
pattern damage aqd exqes ive materlal loss.




Historical Approach
f'a

O Particle removal by SC1 + Meg. |
>Surface etching to undercut pgrt cleé‘/f

>Megasonic energy to detaelﬁfpbrt{cl)eé’f e

\\ {;I ’i’rf ;JE
RESULTS - (};3 r]}

OLeads to oxide gn(d %ch

OAssociated Wﬂ(h pafte n{hqfé;fhnage
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YEAR

Critical Particle

2007

2008

2009

2010

2011

2012

2013

Diameter (nm)

31.8

28.4

25.3

22.5

20.1

17.9

15.9

Count

5.2

94.8

59.7

5.2

214.3

135.3

170.4

>Measuring bé(ho
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O Achieving low coun

i ].'
2

A

allldiameter particles
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>Without sigﬁn[’icant%&i e or silicon loss.
/s L/

>With minimum-fSur\fa

rog@hness :

i
nm %H bare silicon not yet possible.

>Very little published experimental data correlating small particles
on circuit performance.
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O Three groups are
compared:

Dilute Ammonia
WITHOUT iMACS
"clusters"

Dilute Ammonia WITH ﬁ

IMACS "clusters” ‘«r 5 >
: N ‘
Plain DIW o (:" (77
O All were cleaned'with </,

megasonic @50C for ’H

3min. é,l 1 / (}

NGT'S IMACSSHAS

BEEN ABLE TO CLOSE

THE GAP IN REACHING
100% PRE

PRE Comparisons:
Dilute Ammonia Vs. iMACS

Dilute Ammonia Dilute Ammonia
WITHOUT iMACS WITH iMACS
“CLUSTERS” “CLUSTERS”




Mask PRE of IMACS Vs. Ammonla Vs. SCl -
Meg ON Vs. OFF @ 43nm =

'|

Purpose: Evaluate PRE comparing chemlstry \Anth J\/Iegasom_f"ON or OFF

Megasonic On Vs. OFF by Cleanlng Chemistry

100.0%

N
Cluster

Differential

Power

IMACS-1ppm Ammonia-lppm
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PRE Distribution Compariso

Enhanced iIMACS TM,
45nm Data

i
)
(@]
-]
@
AN
©
E
5}
iz

0.050 0.065 0.090 0.100 0.120 0.200
Particle Distribution (um)




Fundamental Technology Difference

Legacy Approach (Newtonian I?hysmsj
Leads to oxide and S|I|cort|gss 7

5
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Associated with pattern d\am@g]e
100% PRE L J‘ S
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NGT Solution (O(ujantu\'m le mtro Dynamics)
2
NO Device Dam&g(e &

.I"r?
rf’

NO surface etchi g 2o

NO LOSS of lo og?f‘aphy because there is no
reaction with native oxide

100% PRE




Technology Recap

O NO cleaning solution for future(ge‘am@trleébelow
45nm. %

O Current cleaning chemlstryrlg Sflmply”fot good
enough cleaner. ks
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O Current concentrated cleanﬂng 301ut|]6n are not as
effective — as they cauéle S1g 'ﬁcaﬁt device damage
and require addltlcinal S,tep {¢) remove heavy
chemical bunduq% quyl (EIQWn yield and
productivitys. k- 73 ﬁ;ﬁ.

O Current concentrét clﬁ\e“"anmg solutions requires
elaborate soluful) S fo(r‘dlsposal




Conclusions:

O Recent breakthroughs have enablgd\NGT pcf’flne tune
the IMACS "cluster” formation (o achle\}géa 10 fold
increase in activation level. (/; (i

O PRE improves with incr as?d |MN S
activation levels. ﬁ 7

O The ultra-high activat op IQ\/Ee /s
It possible to ellmm
cleaning proceses(j

IMACS cluétefs are , POWERFUL and
ESSENA AL dhoices NOW for the
Semiconductor industry-to lead the way
for a REVOLUTIONARY GREEN dynamic
cleaning process .




