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APC - off
real time

Ine analysis and
orocess control including alarms
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—  Online Alarm

Product
Parameters

Logistic Data
(Wafer, Recipe)

Data Base

Offline Analysis
Model

&

SEMATECH AEC/APC Symposium Xl
Sept 24-28, 2000, Lake Tahoe, Nevada

APC in high volume production



C';““““" Data reduction — an essential need
~for APC In high volume production

= APC in high volume production creates large amounts of data

. Data reduction is an essential need for off line analysis
and real time process monitoring

= Methods for data reduction:

— Measurement techniques based on physical models

— Calculation of statistical key numbers

Jan Zimpel

Knut Voigtnder — Use of complex process parameters
Fraunhofer Institut

[VI Dresden .

Andreas Steing®h — Model based data analysis
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Features of Hamamatsu MPM spectrometer

#
ttt

Spectral range: 200 - 950 nm
Resolution; < 2 nm
CCD line channels: 1024

Connection to Host PC
via TCP-IP, RS 232

Internal data processing for endpoint
detection; up to 100 endpoint scrip‘s are
available

Digital / analog port's for connection to tool

&
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(e Integration of Hamamatsu MPM spectrometer

application software

4 recipe .
winsock
start/stop . | spectra process step rotocol
v | of number P FAB-LAN

&
Tf tool endpoint : :
interface
SECS | TICsS SECS | Equipment
—

——— passthrough Manager
: server
Equipment
Jan Zimpel ] ] ]
Knut Voigtlander = Tool interface for stand alone endpoint detection
Fraunhofer Institut
IVI Dresden

Andreas Steinbach u Interface for |Og|St|C data

Infineon Dresden

pirk Knobloch e.g., lot and wafer number, recipe, step number

Infineon Miinchen
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< Software solution developed by
—  Fraunhofer Institut IVI Dresden

. FAB LAN
spectral datafromy | | start/st:)p measurement
MPM A —
measurement = Database oriented spectra
component
oy - StOragE and SQL- based
ing| - dpoi i :
sps(i,r(]:?rﬁm v. - :;ntﬁgsr:ts data aCCess for
e T e T - Data visualization
: | process | - Data analysis
:W — e on-line g : d I h '
| spectrum / G ioring o | - En pOInt Synt esIS
nzmped nabse F _~» ™ = - Validation of endpoint
nut Voigtlander : ~ o | : .
Fraunho?er Institut * i i detectlon a|g0rlthm8
IVI Dresden | model
Andreas Steinbach e :
Infineon Dresden D " Matlab _§ ___;
Dirk Knobloch Sy

Infineon Miinchen
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 Data reduction by key number calculation
~with PCA

= Simple key number extraction:
mean, standard deviation, max, min, ...

= Extraction of key numbers using signal decomposition:
— Tschebyscheff functions

— Adjusted signal base (PCA)
Multivariate key number extraction -- Multi Way PCA

Jan Zimpel = Adaptation of a nonlinear parametric signal model

Knut Voigtlé‘mdgr

vibewen . ®  Compromise between efficiency and effort / a-priori knowledge
Andreas Steinbach

Infineon Dresden

Dirk Knobloch

Infineon Miinchen
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(i Principle of PCA — Data cube

Data cube Vertical and horizontal cut
containing spectra through Data cube

wavelength A

@

S : ! time
Jan Zimpel . wafer1...n I ———
Knut Voigtlander wavelength A ' — —
Fraunhofer Institut
IVI Dresden
And Steinbach i i i
ress e = Optical spectra visualized as a ,Data cube*
Dirk Knobloch

e = Optical emission spectroscopy creates very large amounts of data !

24.05.2000 .
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Chimer — Principle of PCA — Matrix calculation

= Split of the original data matrix into orthogonal pattern u; and
orthogonal scores m:

X=MU' = “m; U

I

= Scores represent the weight of the corresponding pattern in the
original data sample

original data: X scores: m base pattern: u,

] o]
Jan Zimpel | SN Y T R
Knut Voigtlander I T 08 [T
Fraunhofer Institut o O VOY Y I \ 008 WWJ
IVI Dresden ) O SO OT Y W | ol ]

. WMM qQ 300 350 400 450 500 550 600 650 700

Andreas Steinbach Y e
Infineon Dresden R T | OWWWWMK
D|rk Kn0b|0Ch ’ Mw >0‘23(;o 350 400 450 500 550 600 650 700 ’
|nﬁne0n Munchen 350 400 450 500 550 600 650 700 750 wavelength
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Application of PCA on DRAM contact etch
at Applied Materials MXP+ chamber

= Contact etch at Applied Materials MxP+ chamber
= Standard oxide etch chemistry, CF,, CHF;, Ar
= Observation of 5 wet clean cycles (WC), about 4000 wafers

= Simple process mix, two different recipes for two high volume
DRAM products mainly

Step Product1l | Product 2
Descum - N2 / Oz descum
Main etch 1 |BPSG etch | BPSG etch
Main etch 2 |-- Nitride etch

&
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Clr;ﬂmn PCA results obtained on DRAM contact etch
— at Applied Materials MXP+ chamber

Matrix X: mean spectra Patterns and scores 1%t to 3 order of WC 2 .. 5
of 4000 wafers | 15t order R |
of 5 wet clean cycles (WC) °
= " stacked
£ mean spectra
; _| of 4000 wafers _ "1 ond orer
b 041 R gm’::
2 0:2: - EI
5 £
J Z l E 0.1 S )
an Zimpe 0 . - ) —
Knut Voigtldnder 300 o % -c% D N A =
Fraunhofer Institut Wavelength [nm] — ‘ I Al
IVI Dresden Pl N il / il
. ‘D @ ol | A
Andreas Steinbach ol sl /
Infineon Dresden 2 - 39order | Gl 3 order
Dirk Knobloch e L R
Iniineon Muncia wavelength [nm] wafer
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< PCA results obtained on contact etch at
~ Applied Materials MXP+ chamber, cont.

= CF,, CHF;, Ar chemistry, two main DRAM products
= Scores of 2%t order of the first observed at wet clean cycle 1

scores of 2st order vs. rf hours = Product 1. high polymerizing

e Product 2: low polymerizing
__product1 | = Scores of 25t order decrease
- | during WC1, caused by:
) ARy S - Increasing light absorption at
S ' polymer layer on the recess
Jan Zimpel %u- . side window
0 | d e _ .
nut voigtandel 5 oroduct 2 And real process drift caused
IVI Dresden a1 | by polymer on chamber wall
Andreas Steinbach one point — one wafer C
Infineon Dresden - . . . . . PrOdUCt dependent mOHItOI‘Ing
Dik Kbl i rfgours"[h] BRI of chamber condition

24.05.2000 .
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(i Multi-Way Principle Component Analysis

/\ D R)\ txn
“ i
! L ML) T
1= e TN
% “wafer1...n fornzl,,N
wavelength A
an 2 = “One way PCA": use of one mean spectrum per wafer
i = Multi Way PCA: Calculation of orthogonal wave pattern u.
N and orthogonal base time signals v; by unfolding the original
nineon Drester data cube in time and wave direction

Infineon Miinchen

24.05.2000 .
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Some examples of key numbers obtained by
Multi Way PCA on contact etch at AMAT MxP+

extr_act_ed | 2 e Y B
basic time signalsv; "™ R N A
> 50 100 150 50 100 150 50 100 150

resulting key numbers vs. wafer

] 4 -
0.1 /q& v o / ztu:u:l vona o
— N v
S oa f\ | 2 2 :u:u:u D00
O 400 500 600 700 8 -E000
= 0.2 —_ % ”:?ﬂl:l] 2000 3000 4000 1|:ll:l:I 2000 3000 4000 1000 2000 3000 4000
CU = 1 -
o Y u ) g_ * “ 0 s e— DW
J Il L
q>) OWOVWWMW%%(WMW - o P _1oa0a -5000 . *
o ot [ ] (b _2 "y
= 300 400 500 600 700 Qo -2000a -oooo
0.15 E X 1|jl{ll:l:I 2000 Z00d 4000 1|:ll:l:I 2000 EI:II:IEI 1000 1000 2000 3000 4000
L2 | | =) x »
) u4 (= d 4000 - -
@ 005 f M bl ~ E 2000
O 0 [ %WWMKJ Jul D 3
N®) 0.05 t™ Y4 a .
B 300 400 500 600 700 “— 3 2000 4
[S) U | O . 100 EIIIIZI oo aooo oo 2000 3000 4000 1000 2000 3000 4000
o 0.1 ] v a O« +
= 0 M““i i MW i L Lk
=S eIy w“. i S -5000
-0.1 ] (&
N -2 10000

300 400 500 600 700
wavelength [nm]

1000 2000 300d 4000 1000 2000 =000 4000 1000 2000 3000 4000

wafer

SEMATECH AEC/APC Symposium XI .
L Sept 24-28, 2000, Lake Tahoe, Nevada Contact etch in AMAT MxP+



—

Infineon

Jan Zimpel

Knut Voigtlander
Fraunhofer Institut
IVI Dresden

Andreas Steinbach
Infineon Dresden

Dirk Knabloch
Infineon Miinchen

24.05.2000
Page 17

Interpretation of key numbers u;v;

= Significant signatures up to PCA = mathematical algorithm, no

10™...20™ order of u; and v, physical or technological input
max. about 100...400 key numbers || =  Advantage: universal, application
= Significant key numbers limited by: to any kind of data possible
— increasing order n Disadvantage: no clear physical
decreasing information content meaning of these key numbers

— redundant signatures Difficult interpretation

v

= [nterpretation of key numbers with help of:
— Physical, chemical, technological knowledge

— Comparison to other measurement techniques,
delivering physical parameters

SEMATECH AEC/APC Symposium XI .
i Sept 24-28, 2000, Lake Tahoe, Nevada Contact etch in AMAT MxP+




Clr;ﬂmn Interpretation of optical key numbers
~ with experience

key number u,;v, vs. wafer
10 = Key number u,;v, shows
reproducible long term drift

/ // between wet cleans.

| i / = Experience  possible reasons:

B | — Light adsorption by polymer,
/ / - growing on recess side window

key number [counts]

| " — Drift of gas composition,

Jan Zi 0 1000 000 3000 4000

Kout Voigtander caused by polymer on the

Vi Drocten & water chamber walls

Andreas Steinbach ) .. )
Infineon Dresden = No influence of power dissipation
Dirk Knobloch here

Infineon Miinchen
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Reference: Plasma parameter measurement

with SEERS

rf current

rf voltage
v

FFT

v
Model

SEERS
v

Electron collision rate
Electron density
Bulk power
DC bias voltage

SEERS = Self Excited Electron Plasma
Resonance Spectroscopy
= ,electrical* plasma measurement technique

Measurement of:
— rf current
— rfvoltage

Real time calculation of plasma parameters:
— Electron collision rate [collisions per sec]
— Electron density [electrons per cm?]
— Bulk power [mW per cm?]
— DC bias voltage [V]

Plasma monitoring system HERCULES, based
on SEERS was used as reference system

ii SEMATECH AEC/APC Symposium Xl
Sept 24-28, 2000, Lake Tahoe, Nevada
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Interpretation of optical key numbers
with comparison to plasma parameters

key number [counts]

«10'Key number u;;v; vs. wafer

2+ e
°
°

: T . : .. : . .:~:
O*’.KO'V. \,'V“.k?"w‘% °

al -

0 50 100 150 200 250

« 10 wafer

300

Y \, \ : ': °. \
: \i \ i §\
\ '\\iqpe pomt one wafer

50 100

<"
4 "

150
wafer

Possible reasons:
— Temperature drift
— (Gas adsorption and desorption

200 250 300

= Short term drift indicated by:

— Optical key numbers,
e.g., UyVy, UV,
— Electron collision rate

_1]

7
S

collision rate [10

10,2

=
o
o

©
©

©
o

©
~

©
N

electron collision rate vs. rf hours
<

1 9y s s ¢ :

; & < . ‘

POV / ‘ o % . .

Wi W, o A s,

1e .Q L ’ ’ ’ :

| one point - - *’fj’%'
5 00

one wafer
15 20 25 30
rf hours [h]

&
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Interpretation of optical key numbers with
comparison to plasma parameters, cont.

key number [counts]

key number u4,v2 vs. wafer

= Product indicated by:

3000 - f | . .
| ; 3 P — Optical key number uy;v,
| “ RN ;?5 Q‘t ﬂ PrOdUCt 1 (no optical measurements available
’ *f* : during the tool failure)
' — Electron density
. 4 Product 2
gg g oot
:g electron density vs. rf hours
b 12
] one point — one wafer * & i -
1DDDDD EDID 1DIDD 15IDD QDIDD 25IDD BDIDD 35IDD 4DIDD g :agi TOOI fallure . ’“
N swcs| detected (Arcmg) PR
wafer o1 e
> Wetclean
Reason: Product 1 —=— “".’/ .
. PrOdUCE 2 ——2—F | *Yeatmeat  *3 ¢ &b od
— Different open area 3 R I
of 2 products 210 50 0
one point —one lot rf hours [h]

&
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Clr;ﬂmn Interpretation of optical key numbers with
~comparison to endpoint signatures

key number ug;v, vs. wafer optical endpoint signal vs. etch time
200 7 7 IE -1:04\
c *1.03
> L—

EI o e- «1.02 -

% o /cs/lm

8 . Fo

|:| -400 | K (7) R1A

8 600 - ' - % 09r

E - E <0.98

= -800 - B —_—

c . S 0971

~ o ne point - _,(_,—J one curve -

£ o * one wafer ’ S % one wafer
Jan Zlmpel 20 a0 60 80 100 120 10 20 20 0 50 0
Falnhofer s wafer etch time
IVI Dresden . . .
Ancreas Scinbec = Key number us;vg corresponds with endpoint time
Infineon Dresden . . . i
Dirk Knobloch = Superimposition of previous processes, depending on lot

Infineon Miinchen
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Topical Example: Chamber comparison at
poly recess etch in Applied Materials DPS

key number [counts]

key numbers vs. wafer
_«i’Chamber B

«* Chamber A~

7 ?Mm 1
st e 1 |
5 L J
L=
4t .
a 4 EIjD 4IjD EIjD
10
o+, ' +
iy 2
-4
200 400 B00
sooo | " ' '
I:I I . 5 o
5000 h * 3
10000 fone point — one wafer
15000 k . , .
a 200 400 GO0
wafer

1

|n\-\

F' p
T

0 ir

it

1 |

U

l':{, 41000 2000 3000 4000

0 1000
wafer

2000

3000

= Measurement at
chamber B several
weeks later.

= Key numbers indicate
other conditions at
chamber B (see 3).

= Reasons not yet
Identified.

&
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@“_‘*“", Summary and outlook

= PCA/MPCA is a universal mathematical method for data analysis and data
reduction.

= Key numbers obtained by application of PCA / MPCA on optical spectra are
complex process parameters, indicating tool and wafer impacts.

= [nterpretation of key numbers is possible by use of:

— extracted spectral wave pattern and basic time signals

— physical, chemical, technological knowledge

— comparison to other process parameters and tool parameters
= Actual evaluation / application status:

Jan Zimpel

Knut Voigtiander — Endpoint detection demonstrated at contact etch processes

Vi Droen & — Application for optimization of endpoint signals and clean processes
nnenoresden = USE for real time process control in high volume production is a great

Dirk Knobloch challenge, due to large number of key numbers and complex interpretation.

Infineon Miinchen
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