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Clfinson Basic Model of HERCULES

Self Excited Electron Plasma Resonance Spectroscopy

Matchbox and generator Hercu ] es equ ivale nt CirCUit

é « w[-/1dt] nonlinearity sheath plasma-wall
% 8y linear ‘part’ of wall sheath

= v Im,  ohmic part of plasma bulk

(ohmic and stochastic heating)
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Measurement principle of HERCULES

rf current
rf voltage

1

FFT

3
Model
SEERS

Coaxial sensor and cable

HERCULES

Fast ADC
500 MHz, 1 GS/s
50 Ohms input

SEERS

peak/de bias voltage

RF power

Process data bank

v

Electron collision rate
Electron density

Bulk power

DC bias voltage

Passive electrical method,

no impact on the plasma
Integral measurement
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Applied Materials MxP+ chamber
with sensof=#

Sensor surface:
anodized
aluminum, similar
to chamber wall.
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(T;,'ﬁneon Correlation between plasma parameters and
9 process parameters: Contact etch at MxP+

Electron collision rate vs. pressure
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2 V parameters, e.g., flow of
g 7] reactive gases =
S - / often strong nonlinear effects
R | | | <
120 140 160 180
pressure [mTorr] E7Izctron collision rate vs. CF4fI§,?8w
& blank -
Variation of “physical” process ) = penemes [
parameters, s 2 19 i 5
e.g., pressure, rf power = B los 82
monotonous response, . SR o )
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M. Sussiek > CF4 flow [sccm]
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(Eﬁpsog Correlations between electron density
and gas flows: Contact etch an MxP+

Electron density vs. CF4flow Electron density vs. CHF3 flow
11.5 11.0
e & blank — & blank
wg 110 patterned g 10.8 M patterned
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g § 10.4
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CF, flow [sccm] CHF;3[sccm]
CF,, CHF;, Ar, O, chemistry: CF,- or CHF.- flow increases
=> higher F- concentration
A. Steinbach => electron density decreases
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(T;,'ﬁneon Correlations between plasma parameters
- and etch results: Contact etch at MxP+
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(fireen | Three examples of long term process monitoring

- Three examples of process and tool
monitoring results are shown now.

- Monitoring of Contact etch process at
an Applied Materials MxP+ chamber.

- Monitoring of the same chamber for
14 months.

- Monitoring of three processes.
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L/ Conditioning effects on long term process stability

Electron collision rate vs. rf hours Step |Prl |Pr2
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© mean of one wafer ~

8 . . . . . T~ Process 2:
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f hours [] deconditioning caused by
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Contact etch at AMAT MxP+ - :
Process monitoring of 3 products covering the Electron C.O.||ISIOn rate Is
period between two wet cleans. very sensitive to etch
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Short term chamber drift and first wafer effect

Electron collision rate vs. wafer

o1 one point - mean _ldletime

“‘” ' of one wafer —A— 0 min

S —— 45 min
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0 4 8 12 16 20 24
wafer

Contact etch at AMAT MxP+

Process monitoring of 3 lots of one product.

Electron collision rate
shows dependence on
chamber idle time.

“First wafer effect”:
Constant chamber
conditions after about
12 wafers !

Expected reasons:
Temperature
equilibrium and gas
adsorption at liner wall.
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: Tool related effects on long term process stability

Collision rate vs. rf hours - Wet clean (WC)
— .. \ T WCL e We2 depending drift effect,
o *o ewes e hardware reason
=, o o '
s s % . (not found yet):
- r: & e - WC1, WC3
Q *. a’o .
@ 751 L chamber drift
9 one point - x
.- |_mean of one ot - WC2, WC4, WC5 stable
0 50 100 150 200 250 300 350 400 450 chamber conditions on
rf hours varying level

Contact etch at AMAT MxP+
Process monitoring of product wafers of one

product for 5 wet clean cycles, more than 6 months.
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Open area impact on plasma parameters

Electron density vs. rf hours
10.5

- One recipe for

two products.

rf hours [h]

Polw i %;h e
:": 10.0 %{ % # & % «—-— Product 1
g 0.5 — } %H&% Product 2
g mean of one lot
20 - o0 250 - Impact of open area

on electron density.

Contact etch at AMAT MxP+

Process monitoring of product wafers of one
product for 5 wet clean cycles, more than 6 months.
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Summary of the 15 process monitoring example

- Conditioning effect

- “First wafer” effect: Temperature drift & gas adsorption
- Impact of chamber kit and wet clean procedure

- Impact of open area

- But no impact of all these variations on yield.

- The monitoring system can detect small process
variations, which can still be neglected by that product.

- This should be the normal situation,
- . the process runs well !
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: Single wafer control of process stability

Electron density vs. wafer Sometime in 1998:
Process o.k.
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Electron density vs. wafer
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MxP+, single wafer pro- | 5 . Process 0.k. again
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B Electron density vs. wafer
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M. Sussiek .. 0 5 10 15 20 25
C. Steuer process variations of one product. wafer
08.06.1999
Page 16 Workshop on Self Excited Electron Plasma Resonance Spectroscopy

. nd
8. - 9. June 1999 at Infineon Technologies Dresden, Germany Process & Tool Momtormg 2 example



(Iofineor - -
9 Time resolved results of single wafer control

=s | Sometime in 1998:
»s | Process o.k.

one curve -
one wafer

b 3 months later:
. Process problem !

.. 12,5
wafer collision rate
= — 12,0

115

Contact etch at AMAT
MxP+, time resolved
single wafer monitoring

11,0

10,5

1S 6 months later:
o Process 0.k. again

collision rate
[10”"s™

Time resolved values of plasma
S Bermhard parameters show process

M. Sussiek

C. Steuer instability of one product in detail.
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(T;ﬁneon Correlation between plasma parameters,
fallures at electrical component test & yield

Standard deviation of Standard deviation of
E . electron density — l’((ajlectron collision rate i Correlation bet\Neen
5 s ool standard deviations of
— 0,8 A =
2 H B o] ﬂ plasma parameters,
Solmm W m |13 [ H & M electrical failure counts
sometime 3 months 6 months sometime 3 months 6 months .
later later later later and yleld.
| @ Observed chamber | | @ Observed chamber |
- Process problem
Mean failures at electric Mean yield at electric ImpaCtS a” Chambers’
component test component test used for Contact etch.
g £ - Process problem
] ﬂ . increases tool related
" sometime | 3 months | 6 months " sometimel 3 months | 6 months dlﬁerences between
A. Steinbach later later later later
S. Bernhard @ Observed chamber @ Observed chamber Chambers-
M. Sussiek @ Mean of other chambers @ Mean of other chambers
C. Steuer
08.06.1999
Page 18 Workshop on Self Excited Electron Plasma Resonance Spectroscopy

o . nd
8. - 9. June 1999 at Infineon Technologies Dresden, Germany Process & Tool Monltormg 2 example



(rfineer | Summary of the 2" process monitoring example

- Plasma parameter standard deviations of one product
correlate with electrical failure counts and yield loss.

- Electron collision rate and electron density at Contact
etch indicate process problems at a pre- process of
this one product.

- A serious process problem was indicated in real time
by plasma monitoring with Hercules.
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(fieon  Real time detection of hardware failure

Electron colision rate vs. date
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(Eﬁggﬁoﬁ.} Comparison between mean and standard
deviation of plasma parameters

Electron collision rate
mean) vs. A
2 (mean) vs. date Standard deviation shows
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(@}Q&Oﬂ Hercules detects arcing inside He feedthrough
of Applied Materials MxP+ chamber

Contact etch at
AMAT MxP+

_ Process instability was caused by
S Bermhard Arcing inside He feedthrough.
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(rfieen Summary of the 31 process monitoring example

- Plasma parameter standard deviations of all kinds of
wafers indicate tool problem.

- Plasma parameters are much more sensitive as
etch rate test on blanket oxide wafers.

- Arcing inside He feedthrough has been detected in
real time, immediately.

- Early tool failure detection allows preventive
maintenance measures and prevents yield loss.
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- Hercules has been used for long term process and tool
monitoring.

- The plasma parameters are real process parameters.
They depend on tool conditions and wafer impacts.

- Therefore plasma parameters can be used for detection
of tool related problems as well as wafer related effects.
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