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WHAT IS ONTOS ATMOSPHERIC PLASMA ?

Downstream active radicals  

Å Cool gas (<100ÁC). 

Å No ions, no hot electrons.

Å Outward flow excludes 

atmosphere from process 

zone.

Gas In

Contained
Plasma
Zone

All-Quartz 
Internal Contact 
Surfaces

RF power
13.56 MHz
~80 Watts

Substrate

(Cross-sectional View)

Room 
Ambient

Scan

Typical gap: 1mm
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OTHER ONTOS ATTRIBUTES

Simple,Effectiveand Safe Process

Simple process - no vacuum chamber.

Fast - completes in a few minutes

Downstreamradical chemistry only

Safe for devices and personnel 

ÁNo arc discharges, ions, bombardment,

re-deposition, or spalling particulates.

ÁCMOS safe, compound semiconductor safe. 

ÁNon-toxic, dry process.  OSHA- and EPA-friendly.

ÁCE-Mark (third party inspection)

Easy installation

Á120-240V/50-60Hz power, process gasses, & house exhaust.

SETNA Proprietary 2/15/2017 5



General Overview

Physical Chemistry Insights

11 Specific Applications in Semiconductor Manufacturing

Production Systems for High-Volume Manufacturing

Conclusions

About SETNA

Backup ςCompetitive Advantages of Ontos



QUANTUM ENERGETICS ACTIVATE SURFACE REACTIONS

Helium (our carrier gas) has two metastable
energy levels (21S and 23S) at 19.8 and 20.6 eV.

Once an electron is excited into this state (by 
RF plasma), it can only decay back to ground 
state by physical collisionwith other atoms.  

This occasionally occurs in the gas phase, but 
occurs strongly as the metastable Helium 
atoms contact the substrate surface.

This contact transfers quantum energy directly 
to the surface atoms and provides extra 
activation energyfor surface chemical 
reactions.

[Note: Energy transfer from He 21S and 23S are the principal source of 
excitation for the HeNelaser]
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QUANTUM ENERGETICS ACTIVATE SURFACE REACTIONS

This is somewhat analogous to the surface activation that occurs in R.I.E., 
except there is essentially ZERO kinetic energy transfer occurring, and 
therefore, zero kinetic (bombardment) damage to the substrate.

This is highly desirable for preparing the surfaces of sensitive 
semiconductorstructures. 

Oxide can be reduced from In, Sn, Ni, Cu, Sb, Ag, Au, and more. 
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Similar reactions on Carbon (organics) with ReducingChemistry

QUANTUM ENERGETICS ACTIVATE SURFACE REACTIONS
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QUANTUM ENERGETICS ACTIVATE SURFACE REACTIONS

Similar Reactions On Carbon (Organics) with OxidizingChemistry

The metal atom dangling bond is now terminated with Oxygen!
Possibly a method to control oxidation stoichiometry: Passivation!
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QUANTUM ENERGETICS ACTIVATE SURFACE REACTIONS

Other gasses can be used to passivate dangling bonds against re-oxidation

Typical passivation lasts for many hours on metals;
can last for days on dielectrics, photoresist.
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Dangling Bonds Oxygen-Terminated Nitrogen-Terminated 

ÅUnstable surface.
ÅSuitable only if created 

and maintained in an 
inert environment or 
high vacuum chamber

ÅPhotoresist adhesion
ÅDielectric adhesion
ÅWet etch dielectrics
ÅPassivation
ÅAR coating adhesion
ÅDirect SiO, SiO2 Bonding

ÅEpi Growth
ÅAdhesive Assembly
ÅPassivation 
ÅDirect  S/C Bonding
ÅDirect  Si3N4 Bonding
ÅWire Bonding
ÅBump Bonding
ÅWet etch metals

SURFACE ACTIVATION

Activated surfaces are more receptive to subsequent surface processes

Different types of Activated Surfaces can be achieved with Ontos:

Surface    
Atom

Surface    
Atom

Surface    
Atom

O N
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SURFACE ACTIVATION WITH ONTOS7

Surface energy is a critical parameter for all types of aqueous and adhesive 
processing.
Å Wet etching.
Å Plating.
Å Rinse/clean.
Å Soldering.
Å Adhesives.

Surface energy measurement (water droplet contact angle):

Ontos has provided successful surface activation of: II-±LΩǎΣ LLL-±ΩǎΣ {ƛΣ {ƛhнΣ {ƛоbпΣ  
photoresist, FRB, resins, polymers, Cu, In, Ni, Au, Ag, Al, Sn, SnAg, TiΧ

High contact angle ς
ÅLower surface energy
ÅPoor wetting
ÅPoor cleaning efficiency
ÅLow adhesion

Low contact angle ς
ÅHigh surface energy
ÅBest wetting
ÅBest cleaning efficiency
ÅBest adhesion

Example:  
SnAg

After 
Ontos

Before 
Ontos
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SURFACE ACTIVATION WITH ONTOS7 (EXAMPLES 1/3)

SnAg Nickel

SiO2 Si3N4

untreated After Ontos7 untreated After Ontos7

untreated After Ontos7 untreated After Ontos7
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SURFACE ACTIVATION WITH ONTOS7 (EXAMPLES 2/3)

Copper Aluminum

Photoresist Composite

untreated After Ontos7 untreated After Ontos7

untreated After Ontos7 untreated After Ontos7
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SURFACE ACTIVATION WITH ONTOS7 (EXAMPLES 3/3)

Indium Titanium

Gold Tin

untreated After Ontos7 untreated After Ontos7

untreated After Ontos7 untreated After Ontos7
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1. STARTING WAFER CLEANUP

²ƘŀǘΩǎ ƻƴ ¸h¦w ǎǘŀǊǘƛƴƎ ǿŀŦŜǊΚ
ÅThin organic residue from polishing,

ÅChemical residue from etching,

ÅUncontrolled surface sub-oxides,

ÅAdsorbed water and hydroxyls,

ÅOrganic contamination from packaging, handling, incoming inspection.

.Ŝ ǎǳǊŜ ȅƻǳ ŀǊŜ ǎǘŀǊǘƛƴƎ ǿƛǘƘ ŀ άŎƭŜŀƴ ǎƭŀǘŜέ
ÅOntos removal of atomic-scale contaminants from the wafer surface.

ÅPassivation of the surface against re-getteringof Oxygen, Carbon, H2O, etc.

ÅSurface activation of the wafer for subsequent processes.

ÅLŘŜŀƭ ŦƻǊ ŜǇƛ ƎǊƻǿǘƘΣ ƛƳǇƭŀƴǘΣ ŘƛŦŦǳǎƛƻƴΣ ǇŀǎǎƛǾŀǘƛƻƴΣ Χ

Organics
Sub-oxides

Polishing Residue

OH
H2O

Pristinesurface

Ontos
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2. PHOTORESIST DESCUM AND ACTIVATION

Improve the yield of Photoresist-patterned processes

Ontos removal of photoresist residue from previous mask steps
Replace Oxygen Ash, UV Ozone. 

Descum of new PR pattern: Get excellent wetting
Replace Oxygen Ash(which does not activate and alters linewidth). 

Surface activation of the photoresist for subsequent processes:

Au-Au without Ontos7

Perfect wetting

Ontos
Uneven wetting

Ontos
Pristine surfaceSpotty PR residue

Ontos
Bubbles No Bubbles

No pattern residueBottom pattern residue
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Without Atmospheric Plasma

Entrapped air prevents aqueous 
solution from entering small PR 
features.

2. Activation of photoresist for Wetting

With Atmospheric Plasma

Surface-activated photoresist 
draws plating solution into 
smallest PR features.
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3. GENERAL AQUEOUS PROCESSES

Improve uniformity, eliminate organic-induced non-wetting:

Ontos removal of sub-oxide residue from wafer storage in atmosphere.

Ontos removal of organic residue from wafer storage, handling.

Surface activation of the wafer for perfectly uniform wetting

Au-Au without Ontos7

Perfect wetting,
uniform surface treatment

Ontos

Uneven wetting
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4. DIELECTRIC WET ETCH

Use Ontos with OxidizingChemistry prior to wet etch

Descumthe PR pattern to remove bottom residue.

Activate the surface of photoresist and dielectric for best wetting

Å Improves etching uniformity; no bubbles, no skips.

ÅwŜŘǳŎŜǎ ƴŜŜŘ ǘƻ άƻǾŜǊ-ŜǘŎƘέ ǘƻ ŎƭŜŀǊ ǎƳŀƭƭ ƎŜƻƳŜǘǊƛŜǎΦ

Au-Au without Ontos7

Ontos

PR pattern residue

Non-wetting dielectric surface Activated dielectric surface 
for uniform etching

PR pattern residue gone
Non-wetting
PR surface

Highly-wetting PR surface
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5. METAL LIFTOFF

Use Ontos with ReducingChemistry Prior to Metal Deposition

Descumthe PR pattern to remove bottom residue (without Oxygen!).

De-oxidize the exposed surface for better ohmiccontact.

Activatethe contact surface to improve adhesion of new metal layer.

Au-Au without Ontos7

Oxidation layer Oxidation gone        
Activated surface for max adhesion 

and ohmiccontact

PR pattern residue gonePR pattern residue

Ontos
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6. PASSIVATION OF DELICATE SURFACES

Ontos removes undesirable oxidation, organic contamination, creates a 
pristine surface without surface damage.

Controlledpassivation of the surface with Oxygen or Nitrogen or ??

ÅMesa sidewalls

ÅExposed junction edges

ÅDetector backside surface flatbandadjustment, activated controlled 
surface for backside A-R coat.

Au-Au without Ontos7

Ontos
Reducing 
Chemistry

Ontos Oxidizing 
or Nitridizing

or ?? chemistry

Uncontrolled Oxide, carbon, 
OH, H2h άƴŀǘƛǾŜέ ǎǳǊŦŀŎŜ 
growth

άbŀǘƛǾŜέ ǎǳǊŦŀŎŜ ƎǊƻǿǘƘ ǊŜƳƻǾŜŘ 
without damaging sensitive layer 
surface

Controlled growth of 
surface passivation
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7. PREPARATION FOR PLATING

Use Ontos with reducingchemistry before plating

Descumthe PR pattern to remove bottom residue (without Oxygen!).

De-oxidize the exposed plating base surface for uniform nucleation.

Activate the plating base surface for maximum adhesion.

Au-Au without Ontos7

Oxidation layer Oxidation gone      
Activated surface for uniform nucleation and adhesion.

PR pattern residue gonePR pattern residue

Ontos

Highly-wetting
PR surfaceNon-wetting

PR surface

Ontos

.ǳōōƭŜǎ ŎŀǳǎŜ άǎƪƛǇέ No Bubbles, perfect wetting

No pattern residueBottom pattern residue

Plating solution

SETNA Proprietary 2/15/2017 25



7. PHOTORESIST DESCUM AND ACTIVATION

No wetting of Photoresist or metal pattern
ÅProcess voids
ÅNon-uniformity
ÅTime control issues 

Superb wetting of both Photoresist and Metal
ÅWets smallest features
ÅCross-wafer uniformity
ÅTiming consistency

Positive PR over Cu plating base
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8. PHOTOMASK CLEANING

Removes organic contamination without damaging sensitive mask 
materials. (safe for ALL masking materials, even EUVL)

Enables extreme wetting for aqueous cleaning processes ςspot-free.

Au-Au without Ontos7

Ontos

Ontos

Slightest PR residue inhibits UV transmission 
causes uneven exposure

PR residue removed
Get uniform exposure

Slightest PR residue makes surface 
impossible to wet, poor wet cleaning results

PR residue removed
Mask surface activated for uniform wet clean
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9. METAL-TO-METAL BONDING

Ontos produces a pristine, activated surface for:

Direct Bonding:

ÅSemiconductor-to-semiconductor (at RT)

ÅOxide-to-Oxide (at RT)

ÅOxide-to-Nitride (at RT)

ÅOxide-to-semiconductor (at RT)

Metal-to-metal:
ÅAu ςAu (As low as 100°C)
Å In ςIn (at RT) (see next page)
Å In ςmetal pad (at RT)
Å In ςAg (at RT)
ÅSnAgςCu (at 175°C)
ÅSAC ςCu (at 175°C)
ÅSAC ςSAC (at 175°C)
ÅΧ ƳƻǊŜ

Au-Au with Ontos7

Au-Au bond without Ontos7

Au-Au bond with Ontos7

Gold bump after Pull Test (200°C)
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9. METAL-TO-METAL BONDING (INDIUM BUMPS) 

Indium bump to Indium bump (70µ bumps)

No surface treatment.

Room temperature compression (1g/bump)

No post-bond reflow.

Pull test shows Indium compression but zero 
adhesion

Indium bump to Indium bump (70µ bumps)

Both surfaces Ontos7-treated.

Room temperature compression (1g/bump)

No post-bond reflow.

Pull test shows ideal tensile rupture of Indium.
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9. METAL-TO-METAL BONDING (COPPER 1/2)

4 Cu/Si coupons out of the box

3 coupons hotplate oxidized ï150ÁC, 12 minutes

(Approximately 400 Angstroms)

Control

Control

Atmospheric Plasma reduces Cu Oxide at R.T.

3 scans returns Cu to native state.

No 

scan

1

scan

HP

Ox.

HP

Ox.
HP

Ox.

3

scans

Removing Heavy Copper Oxide at Room Temperature
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9. METAL-TO-METAL BONDING (COPPER 2/2)

Indium to Copper
ÅBoth surfaces treated.

ÅRoom temperature compression.

ÅNo reflow.

ÅShear test shows In bonded to Cu.
Treated 

Copper

Bonded 

Indium

SAC to Copper
ÅBoth surfaces treated.

Å280ÁC thermo-compression in air.

ÅShear test shows SAC bonded to Cu.

ÅVery strong adhesion, bent Cu substrate.

Treated 

Copper

Bonded 

SnAg

SnAgto Copper
ÅBoth surfaces treated.

Å185ÁC  thermo-compression in air.

ÅNo reflow

ÅShear test shows SnAg bonded to Cu.

Treated

Copper

Bonded 

SAC

Bonding to Copper Treated with Ontos 
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9. DIRECT BONDING  

Au-Au without Ontos7

Staged Parts - Surface Condition:

After Ontos Prep with reducing + passivating dry chemistry:

Pristine surfaces
Dielectric and metal cleaned, and passivated with monolayer of Nitrogen  

Ideal for direct bond of dielectric and ohmic contacts

Ontos surface preparation for a W2W or D2W bonding process:

Silicon

SiO2 or Si3N4

Metal contact

Polishing residue,
Organics

Polishing residue,
Organics, Metal Oxide
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10. SURFACE ACTIVATION (CAPILLARY UNDERFILL)

Untreated:
No wetting of the bumps or Si3N4

passivation

Poor wicking and adhesion of 
underfill

After treatment with Ontos:
Using reducing chemistry for bump 
de-oxidation of chip and substrate 
before flip chip.

Superb wetting of both bumps and 
passivation. 

Excellent wicking and adhesion of 
underfill in flip chip gap.

Example: High-density Bumps ( SnAg) on BGA chip (Si3N4 Passivation)
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11. SURFACE ACTIVATION (DIE ATTACH ADHESION)

Ontos7 reducing chemistry creates clean, activated surfaces for 
adhesive bonding:

Ontos7 nearly doubles the shear strength over no preparation;
and does 50% better than Argon plasma.

S
h

e
a

r 
S

tr
e

n
g
th

 (
K

g
) Ontos7

Mil. spec for 
this device

Example: Epoxy adhesion of Si chip to Al2O3 substrate.
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