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Plasma diagnostics for production tools
Comparison of complementary methods

Optical emission Self excited electron VI - probe
spectroscopy (OEYS) resonance spectroscopy  (rf voltage and power)
(SEERS), Hercules

Parameters - relative values - absolute values - absolute and relative values
- line averaged - volume averaged - no well define averaging
- intensities of emission lines - plasma bulk power - peak voltage
- identification of species - plasma density - real power in chamber
- characterization of excitation - electron collision rate (not in plasma)
Measurement - optical - electrical, high frequency - electrical, radio frequency
- passive - passive - passive
- non-intrusive - non-intrusive - non-intrusive
Deposition,
contamination - critical - noinfluence - noinfluence
Sensitivity - high - high - low/medium
Endpoint - yes - Yes - (strongly) limited
Base lining, - strongy limeted - yes - limited

tool matching
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Mechanical analogon of nonlinear effect used for SEERS
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Experimental setup

Coaxial sensor and cable

dielectric [RRRower
window /TCP coil
HERCULES
plasma Fast ADC
I 500 MHz, 1 GS/s
50 Ohmsinput
A SEERS
chamber _ —— peak voltage
Process data bank
bottom power
Workshop on Self Excited Electr on Plasma Resonance Spectr oscopy _4- f P. H('jhrsnbann
Infineon Regensburg

8.- 9. June 1999 at Infineon Technologies Dresden



Infineon . . '
lechnologies Plasma diagnostic at LAM TCP" 9600SE

HERCULES - Sensor for LAM TCP 9600SE
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HERCULES - Sensor for LAM TCP 9600SE

- Heleakage flange

| W

Figure 1 shows window plate of the |
TCP-System in section - H

Detail figure: { /
mounted sensor in the He

|eakage flange (principle) |

Contact spring or thread
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Pressure variation
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The relative changes between
processing a production wafer
on awarm and a cold machine
aswell as between running
process at different total
pressure are much more
evident.

The overall curve shape does
depend strongly on total
pressure and on tool condition.
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Al etching - first wafer effect
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Electron density and bulk power vs. TCP power

TCP power effects the
10w density and collision rate of
—&— 00W electrons and therefore the
plasma impedance and the
power dissipation of the
bottom power (capacitive).

100 200 300 400 ® 500 600 Mainly dependent on
collision rate, the bulk power
(bottom)  decreases  for
increasing TCP  power
(>250W). This is the reason
for the plateau in the electron
density.

)
=
o

1

electron density ne [cM™] bulk power Pap [MW cm?]
N

=
(@)

N | N | N | N | N | N | N
100 200 300 400 500 600
TCP - power Prcp [ W]

Workshop on Self Excited Electr on Plasma Resonance Spectr oscopy _9- P. H6hmann
8.- 9. June 1999 at Infineon Technologies Dresden Infineon Regensburg



@eqn | | y
rechnologies Plasma diagnostic at LAM TCP" 9600SE

Al etching in Cl, - first wafer effect

Product wafer - resist mask on Al (appr. 50%)

810°

The behavior of the main
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alot is quite different from
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Wafer fault analysis
Fault: no resist, faultless dashed (reference wafer)
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Al etching-with/without barrier (TiN,Ti)

each curve averaged from five test wafers
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Characterization of chamber cleaning

310’ . .
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Al etching - trend analysis main etch

one ot one point
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Al etching - trend analysis barrier etch

one ot one point
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Al etching - trend analysis collision rate
main etch (Al) and barrier etch (TIN, Ti)
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Key items Results
Monitor / control power coupling into the plasma? Yes
Tool matching? Yes
Long term tool stability? Yes
Developing / optimizing processes? Yes
Controlling chamber cleaning procedures? Yes
Reduction of test- and monitor wafers? Yes
Layer resolution? Yes
demonstrated forTi,
SiO,, ARC and photo resist
Spatial resolution? N o
Detection of tool failure? Yes
(e.g. Cl,-MFC failure)
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Benefit from outfitting LAM™TCP with
HERCULES®/PL

Increasing - overa |l equipment effectiveness
- reliability and uptime
- statigtical analysis
- MTBF
- yield
- throughput

decreasng - cost of ownership (equipment)
- MTBR
- time for equipment base lining
- time for process devel opment
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