Role of mask on the contact
etching for 14nm nodes
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Double patterning for contact etching
* Double patterning strategy
Mask Opening
e Comparison between N,/H, vs COS/O,
Silicon oxide etching
* Interaction with OPL mask opening process

Conclusion
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Increase the number of Reduce the transistors Change of contacts
transistors on a chip dimension patterning strategy

Double patterning

First patterning

Si;N,
1. TiN deposition
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Increase the number of Reduce the transistors
transistors on a chip

Change of contacts
dimension '

patterning strategy

Double patterni

First patterning

Si;N,
1. TiN deposition

2. Trilayer line
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Increase the number of Reduce the transistors
transistors on a chip

Change of contacts
dimension '

patterning strategy

Double patterning

First patterning

l,, TiN Hard\mask

-S'//ICO[] adee

%
Si;N,
1. TiN deposition
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2. Trilayer line .
e 3. Post etching of

TiN hard mask
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Increase the number of Reduce the transistors
transistors on a chip

Change of contacts
dimension

patterning strategy

Double patterning
Second patterning
(Cross section)

TiN Hard mask

s

% H
SN, TiN Hard mask
1. Post etching of H
e 2. Trilayer OPL
mask pattern
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Increase the number of Reduce the transistors Change of contacts
transistors on a chip dimension patterning strategy

Double patterning

Second patterning
(Cross section)

TiN Hard mask

M/

o TiN Hard mas
1. Post etching of 2. Trilayer OPL
TiN hard mask mask pattern 3. Post OPL

mask etching
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Increase the number of Reduce the transistors Change of contacts
transistors on a chip dimension patterning strategy

Double patterning

Second patterning
(Cross section)

TiN Hard mask
M/ \/ \/
SizN, Contact vin Hard mas

1. Post etching of 2. Trilayer OPL 3. Post OPL mask .
TiN hard mask mask pattern etching 4. Post Silicon

oxide etching
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Double patterning for contact etching:

OPL stri
P ‘4‘4;{/%5& contact etching

Double patterning \

54800 10.0kV 6.8mm x150k

SEM Top view post contact etching SEM cross section post contact etching
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Increase the number of Reduce the transistors Change of contacts
transistors on a chip dimension patterning strategy

Double patterning

Second patterning
(Cross section)

TiN Hard mask

TiN Hard mask

15N, TiN Hard mas Contact
1. Post etching of 2. Trilayer OPL 4. Post Silicon oxide
TiN hard mask mask pattern 3. Post OPL etching

mask etching
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OPL etching With N,/H, OPL etching With COS/0,(5%)

Etch rate of OPL according the COS ratio
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Consumption of SiIARC Presence of undercut on
sidewalls of OPL mask .

OPL etching With COS/0,(17%)
and shorter over etch

The increase of COS ratio leads a
better conservation of OPL mask.
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observation :

= Presence of Ti elements

EDX analysis for Ti element EDX analysis for S element

EDX analy5|s after OPL etching with N,/H, chemistry :

= No significant TiN sputtering
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Increase the number of Reduce the transistors Change of contacts
transistors on a chip dimension patterning strategy

Double patterning

Second patterning
(Cross section)

TiN Hard mask
M/ \/ \/
Si3N, Contact TiN Hard mas

1. Post etching of 2. Trilayer OPL 3. Post OPL mask
TiN hard mask mask pattern etching 4. Post Silicon

oxide etching
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Etch-stop presence after contact etching
for the OPL opening with COS/0,(5%)
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The contacts are open after contact
etching for the OPL opening with N,/H,
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OPL etching with COS/O0, :

Post contact etching
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EDX analysis after oxyde etching :

TEOS

o

Contact

EDX after oxide etching with COS/0O, (5%) for OPL Opening

Veil formation of TiO,F, on the holes patterned
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OPL etching with COS/0,(5%) OPL etching with N,/H,

No significant TiN
TiN sputtering =» Ti residue 8

sputtering
EDX analysis f LT ; : alysis
Hypothesis : Ti sputtering during |°"Y
OPL Over Etch induces veil
After contact etching fo| formation during SiO, etching
Decrease OE time
Lower OE =» Lower TiN sputtering NO TiOF veil
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OPL etch

N,/H, cos/o,

Straight OPL mask profile
> Increase ratio of COS/0O,

Taper OPL mask profile

Low TiN sputter TiN sputter
Oxyde etch
Veil formation
Correct Etching Etch stop
> At long OE

Contacts open
> At short OE
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