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Agenda

*+ ISDP development in custom built cross flow LPCVD furnace
“* ISDP properties for different process and anneal conditions

s Flexibility to control stress from highly tensile of as-deposited
ISDP film and tuning of stress in a controlled fashion either
slightly tensile or slightly compressive

¢ ISDP thickness considered is 0.3um, 1.5um, 2um and multiple
depositions of 1.5um up-to 7.5um for different MEMS device
applications

¢ Comparison of ISDP stress between standard and cross flow
LPCVD furnace

+s» Conclusions
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Test Wafer Orientation in Cross-flow LPCVD Furnace
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Figure: Test wafer orientation in furnace for ISDP property evaluation
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ISDP Thickness and Stress Measurement

Figure: 46point data per wafer Figure: 334point data per wafer
for raw thickness data analyses for raw stress data analyses
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Impact of Anneal on ISDP Properties
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Impact of Anneal on Surface Roughness of ISDP
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SIMS Analyses of 0.5um ISDP
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a) As-deposited ISDP b) ISDP after O,/N, anneal
Concentration (%) Concentrations (%)
Elements As-deposited ISDP ISDP after O2/N2 anneal
P 0.6% 0.6%
O 0.004 - 0.006% 0.0002%
H 0.01 - 0.002% 0.001%
N 0.00002% 0.00002%
O and H contents significantly drops after anneal
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Impact of Process Conditions on ISDP Characteristics

Main Effects Plot (data means) for Avg dep rate (A/min)

Pareto Chart of the Standardized Effects
(response is Avg dep rate (A/min), Alpha = .05)
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Impact of Process Conditions on ISDP Characteristics

Main Effects Plot (data means) for Average stress (MPa) Pareto Chart of the Standardized Effects
(response is Average stress (MPa), Alpha = .05)
Temperature (C) Pressure(mT)

340 2.45
1

S o i
N B

w

N

o
L

w

o

o
I

N

©

o
L

N
[<2]
o

Mean of Average stress (MPa)

565 570 575 360 400 440 %

20 SiH4 flow-rate (sccm) 1%PH3/N2 flow-rate (sccm) = Factor Name
AB+ A Temperature (C)
3201 /-\' /\ BC B Pressure(mT)
300 i i -
— S, cD C SiH4 flow-rate (sccm)

280+ BDA D 1%6PH3/N2 flow-rate (sccm)
2601 , , , , , 0 2 4 6 8 10 12

238 253 268 31 36 41 Standardized Effect

Figure: Impact of process conditions on as-deposited ISDP (1.5um)

s Temperature Is the main factor of the Pareto to control
stress of as-deposited ISDP and ISDP after N2 anneal

¢ Stress of ISDP after O2/N2 anneal is effected not only by
temperature but also by PH3 flow-rate
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Flexibility to Control Stress
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ISDP after N2 anneal - Different process conditions

Highly flexible process to tune
stress in a controlled fashion
from highly tensile to slightly
tensile or slightly compressive

Raw stress data analyses
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Comparison of Stress of ISDP after O2/N2 Anneal

between Standard and Cross-flow LPCVD furnace
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Cross flow LPCVD furnace shows better stress control of ISDP across
the load and run-to-run as well for as-deposited ISDP and ISDP after
different conditions of anneal for thickness of 0.3um ~2.0um

11




DRTSA

Evaluation of ISDP Properties

Stress Gradient of 2.0um
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ISDP on thermal oxide

?

Cantilever length (um)

3.94MPa/um
-0.4 4.8 949
02T Wafer Awg:3. 94
ISL - — S-D:0.41
sl - — H 72 100%

o 1000

= .00 o W#5_Left B W#5_Center

% ' A W#5_Right o W#5_Top

5 600 - ¢ W#5_Bottom

i)

S ,0f 80

(@]

o 4.00 ‘ i $ ' ! i (] ‘

2 § (R ?

@ 200 ‘ ‘ |
300 350 400

450

Young’s modulus of 2.5um ISDP

Normal

Histogram of Y oung Modulus (GPa)

20

i
@
1

Frequency
=
o

o
1

N

165GPa

-

mmmmmmmmmmm
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Young Modulus (GPa)

mmmmmmm
HHHHHHH

Mean  164.4
StDev  6.598

120

Hardness of 2.5um ISDP

Normal

Histogram of Hardness (GPa)

20+ M

o -

154

Frequency
e
o

Hardness (GPa)

vvvvv

ooooooooooooooooo

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

2.5um as-deposited ISDP properties
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Reduced Young's modulus (Er) of

2.5um ISDP By Nanoindentation 165 4.6
Young's modulus of 2.5um ISDP

E =Er (1+° 157.8 4.4
Hardness by nanoindentation 14.63 0.53
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Conclusions

*» Very low resistivity of as-deposited ISDP of ~2.5m-ohm-cm is
achieved. Resistivity of ISDP is further reduced to 0.6m-ohm-cm
after O2/N2 anneal. Resistivity can be tuned mainly by PH3 flow-rate.

¢ Very low surface roughness of 3.5nm for as-deposited ISDP, slightly
Increased by anneal to 4.7nm enables to pursue subsequent processing
steps for MEMS application without CMP operations

s Highly flexible developed ISDP process enables to tune stress in a
controlled fashion from highly tensile in the range of 228~357MPa to
slightly tensile in the range of 28~ 50MPa or to slightly compressive
In the range of -4 ~ -23MPa

» Flexibility of stress control, low resistivity, and low surface roughness,
thereby avoiding CMP operation make DALSA’s developed ISDP
process ideal structural material for MEMS applications
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