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1. Motivation and emergence of a novel method of
mass analysis (ZEISS Process Gas Mass Analyzer) w
relevant for * 7nm technology node”

Process gas control Process control Contamination control
in MOCVD systems in Etch/PECVD/CVD/PVD/ALD, Epi systems in high purity gas supply

4

Contamination control Process control
in EUV optical systems in FIB dual beam systems
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Gas mixtures of advanced processes for “7 nm node” have
basically partial pressures of gas-components with a very

high dynam

ic-range up to 12 orders of magnitude!

Partialpressure/A

Totalpressure,_

Carrier-Gas

(ppmV)10~

[/

(pptV)10™
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2. Technological requirements and performances @
for the semiconductor market

1. High operating EUVL & MOCVD -
: ‘ requirements
pressure with best L

sensitivity
due to pressure stage

e/ E|SS-GAMMA-MS target spec at market
entry in 2015

5. High partial

pressure 2. High measuring speed
sensitivity for 1 spectrum

due to ion trap (prevent parasitic
technology (S/N reacti ons)

ratio)

due to selective accumulation and
simultaneous detection

other MS do not meet all requirements
using the same device!!!

4. High mass resolutiov 3. High mass range

(prevent misinterpretations) due to ionization technology

due to ion trap technology (Fourier (uplasma) and GAMMA-electronics
transformation)
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Classical lon Traps are fantastic instruments - BUT ... @

Parameter Quadrupole FT-MS (World 2)
Traps (World 1) | (ICR, Orbitrap)

mass range 5 ... 1000 m/z 100 ... 5000 m/z

mass accuracy 0.2 m/z 1 ppm

dynamic range ~ 1000 ~ 2000

resolving power ~ 1000 > 10°

Operating pressure < 10-° mbar < 10° mbar

in the analyzer

Source: LABOonline http://www.labo.de
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Both “Worlds” have Benefits m

Quadrupole-Traps FT-MS (ICR, Orbitrap)
ilon accumulation/ storage very high mass resolution
possible for a long period of possible
time resolution/sensitivity scalable
robust / compact design by measurement time T
in-situ MS/MS (ion cooling,
CID, etc.)

Get ALL benefits with the aid of a
» non-destructive ion detection
(Image Current Detection with metal electrodes)!
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If Image Current Detection is so cool,
why doesn’t everybody use it?

actually some do (or have done so):

H. G. Dehmelt, Adv. Atom. Mol. Phys. 3, 53 (1968)
- narrowband

« M. Soni, V. Frankevich, M. Nappi, R.E. Santini, J. W. Amy,
R.G. Cooks, Anal. Chem. 68, 3314 (1996)
- broadband, small detection electrode

« M. Aliman, A. Glasmachers, J. Am. Soc. Mass Spectrom. 10,
1000 (1999)

« W. Xu, J.B. Maas, F.J. Boudreau, W.J. Chappell, Z. Ouyang,

Anal. Chem. 83, 685 (2011)
- high pressure lin. trap, resonant excitation, narrowband
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Crosstalk Compensation is Crucial! m

Ixr~mA > lign~fA

_ C
|| Icomp; “Ixr . bl m=) more than
|| || 11 orders of
magnitude!
Stimulus
|t

_ Qion _ Lipn - At
Cy Cy
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A Very-Low-Noise Charge Amplifier helps

spectral noise density

nV/vHz
w
S

50 100 150 200 250
f (kHz)

Qnoise = 4.5 - 10719 ¢ — 3 elementary charges
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The solution: The novel FT- MS (Zeiss-PGA)

Parameter FT-MS (World 2)  [FT-MS (new)
(ICR, Orbitrap) (Zeiss-PGA)

mass range 100 ... 5000 m/z 5 ...>2000 m/z

mass accuracy 1 ppm 10 ppm

dynamic range ~ 2000 > 108

resolving power >10° > 104

Operating pressure < 10° mbar < 10-° mbar

in the analyzer
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Putting it all together

b !

il electronics

lonization:
* here: El
« optionally: Plasma or Laser

ZEISS, Michel Aliman, SMT 2015-09-07 12



3. Anew Concept and measurement-principle

Zeiss-PGA
(CZ-SMT:
Semiconductor
Manufacturing
Technology)

very versatile — all in 1 instrument:
* ion accumulation
* jon separation
* ion manipulation
» lon detection or mass scanning

From the Classical Paul Trap (QIT) to Zeiss PGA
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Zeiss-PGA Concept and Measurement principle:
Technological requirements need new approaches!

Pressure: :
+ Sampling
~ 50 mbar . achieved
i ' wjth a p-sec Valve
Customer’s
System
@, @9
e o
s U
oj ® °4 990
%@ »
& o
@%@e
© °,
e e
QO OO ~
=t ﬁ
Cl or E oy Total end pl:essure:
Plasma l ! A9~ - 1E-7mba
Pressure stage/  Pumping Plasma
Normed Interface Standard Valve or + System Source/ Or Standard El

lon transfer stage
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PGA measurement principle is based on a FT-QIT which ﬁ
enables a very compact and robust MS-device
Low noise amplifier

(~mA/MHz!) Inoisel

—\x

—
~kV/MHz!
I
[
I
| '! |H|||| N'
Inoise2
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4. Proof of Concept and results of applications

Selected performances of the PGA according to requirements
1,2 & 4 from the PGA achieved after a short measuring time:

1
Here in linear scale within a ppb-Range-Detection and in a
, Single-Shot“ using a 65 milliseconds-FFT-window 5.,
GAMMA for CST1, Single Shot
1 [ a0 I [ [ ! l
4 3

See requirement “1. High operating pressure
(up to 1000 mbar) with best sensitivity”

miz 26.0 See requirement “2. High measuring speed for

| — 1 spectrum (prevent parasitic reactions)”
' miz 46.0
05 /z 29.0 . “ .
o See also requirement “4. High mass
/ ""“3'“\ resolution (prevent misinterpretations)”
m/z 45.0
miz 41.0
v m/z 39.0 miz 47.0 m/z 58.3
m/z 48.0
. v /m’Z 49.0 miz 59.3
m/z 31.0 m/z 57.3 / 1264.3
miz 55.3 \ mizeas 204 ”"295-0\ miz 97.0
W IR '
0 \ | i L e N — T |
30 40 50 60 70 80 90 100

m/z in amu
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Selected performances of the PGA according to requirement 5
from the PGA achieved after a short measuring time:
In logarithmic scale within a ppb-Range-Detection and in a

1
,Single-Shot* using a 65 milliseconds-FFT-window!
5~
1 GAMMA for CST1, Single Shot (log)
F T T | I I | |
- iz 30.0 See also requirement “5. High partial
le-13 mbar__m:20 o o ap moen | PrESsure sensitivity” ppgis< le-15 mbar! 4 :
miz 41.0
& miz230 miz 4500
miz 47.0
0E # Mz 390wy miz 48.0 miz 583 =
. LI K| ¥ymizieo miz 9.3
& mi) iz 57.3
miz 55.3M \ /2 B33 miz Bd.3 iz 950
00T miz 970
Pnoise e:
0.0m
| M‘ } (i { .uH‘l [NTRIAAT] Jm.h ..\.H.h'.ﬂl ﬁ\'ﬂnm ||‘WI|.|
B0 0

|
an 40 a0 70 g

a0 100

m{z in amu
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Scaling Mass resolution using variable observation times Tg
or monitoring ion inter-reactions by shifting the FFT- window

20 See also requirement “4. High mass

resolution (prevent misinterpretations)”
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By removing dominating species we reach

ppb detection limits within milliseconds

Exemplary Use Case

» Detection of BTX spectrum in N2 carrier matrix
(N2 with 50 ppb Benzene/ 53 ppb Toluene / 50 ppb
Xylene) TUV — calibrated

Step 1: Measure

01 |

0.01

0.001 ' 2ull 40 60 80 100

m/z [amu]

Spectrum is
dominated by
peak of N2
carrier gas

Time stamp
30 ms

Step 3: Complete Spectrum

Concentration

4
01k
001§
1E3 )
1E-4 |
1E5 |
1E-6 |
1E7 |
1E-8 f
1E-9

60 80 100 120 140

20 40

m/Z [amu]

Complete
spectrum
computed

10 ppb proven

Time stamp
130 ms

Next: repeat
measurement
every 130 ms
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T
Benzene Toluol
Fragments

100
m/z [amu]

N2 is removed

Spectrum is
re-measured
BTX peaks
become
clearly visible

Time Stamp
100 ms
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Selected performance of the PGA according to requirement m
“highest Dynamic Range(Dynamic > 10el10!)”:
Here 100 pptV Toluene in Nitrogen was measured within 1 second!

1 | ]
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Linearity response of Arsine in ppb-level in H2

70

60 20 — 100 ppb AsH; in H,
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Achieving multiple excitation of the same ion species

0.8 T | r

0.6

amplitude (a.u.)

o
N
T

| | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
time (s)

Keep in mind: even if ions suffer lots of
collisions, they will still be trapped!
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Performing arbitrary broadband selectivity using , old tricks"” m

signal (V)

spec. ampl. (V/Hz)

v

> At

A

[ A v

|
yellow: signal trace
violet: spectrum '| i
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lon Excitation:

broadband
resonant (tickle)

lon species
kick-out

SWIFT (stored

waveform inverse
Fourier transform)
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Performing arbitrary broadband excitation with
better than 0.050 amu resolution in selectivity!

-

-

-

- -

-

OCOOCOCOCOOOOO0O
|

sighal N2 (a.u.)
COO0OO0O0COCOCOCOO~
O=_NWPLPOONOOOO

-

28,8 28,6 28,4 28,2 28 27,8 27,6
lower limit of excitation window (for N2: m/z=28)
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5. PGA Pre-series-Tool:
Ultra-compact analyzer hardware and modular infra-
structure concept

ZEISS Process Gas Analyzer

: \_}\ Vacuum
Analyte | ﬁ> ] gauge
,,,,,, Customer
Main .
unit Pre-Amplifier
Turbo
pump Interface
for valves, etc.
AC Loads,
e.g. Turbopump
Rough
Pum “ .
. 3 19“ Electronics rack
: Customer |
Ethernet-based device, ‘ =
e.g. Laptop .
19" PSU rack
— Main Power =
—\ Supply —] o
L | 110V U
Customer Dimensions: Electronics rack (height = 3x standard rack units, length =

ZEISS, Michel Aliman, SMT 2015-09-07

************** 290 mm), PSU rack (height = 3x standard rack units, length = 415 mm)
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Three configurations available

UHV Configuration Standalone Configuration Mobile device
* Forp < 1E-5 mbar » For pressures up to 1000 mbar » For RGD and process engineers
* To be integrated in HV process = To be coupled to your process » Maximum flexibility

chamber (e.g. UHV processes chamber(e.g. CVD and etch » Based on a cart (under

or as add-on detector in analy- processes, EUVL) development)

tics tools / E-Microscope)

ZEISS, Michel Aliman, SMT 2015-09-07 27



ZEISS Gas Analyzer allows customers to conduct real
time, in line advanced process gas control quantitatively

ZEISS Analyzer Technology

UHV
Configuration

Standalone
Configuration

* For p < 1E-5 mbar

* To be integrated in HV
process chamber
(e.g. UHV processes or
as add-on detector in
analytics tools / E-
Microscope

ZEISS, Michel Aliman, SMT

~ 300 mm

* For pressures up to
1000 mbar

* To be coupled to your
process chamber
(e.g. CVD and etch
processes, EUVL)

Parameter

Lower Detection
Limit

Dynamic Signal
Range

Mass Resolution
m/Am

Customer Input
Pressure

Measuring Speed
for one whole
spectrum

Mass Range

Robustness &
Sensor durability

Dimensions

Tool modularity

Demonstrated
Performance

below 1E-15 mbar

> 1E8

m/Am >> 2000

from UHV to
atmospheric
pressure possible

200 ms possbile

Up to
2000 amu possible

Robust against H2

< 30x30x30 cm

Customer Benefit

Down to a few thousand
molecules measurable

Resolve minute amount of

analyte (< 10 ppb) in carrier
matrix

High accuracy molecule
detection down to isotope level

In-line measurements for
industrial processes

Real time measurement for fast
processes possible

Detect analytes from atoms to
complex molecules

High up-time

In-line capability, flexible
adaptation, modular

Adaptable to specific customer applications
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6. Conclusion and Outlook w
Take-Home Message

QIT combines positive characteristics of ion traps
with advantages of FT instruments

instrument robustness
electrodes as detectors
high sensitivity

= detection limit in the pptV range demonstrated
dynamics enhanced by SWIFT

= individual excitation or kick-out of selected ion species
adjustable resolution

= jon trapping enables long observation times

= multiple excitation possible
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The new ZEISS Gas Analyzer reduces CoO of w
S/C processing systems

Improve Run to Run yield

» Sensitive, fast and robust detection provides real time information
about process drift or endpoint

» Contamination variations can be detected in real time

» The etch or deposition process can be tuned from run to run

Enable optimum cleaning
strategies

+ Sensitive detection of reaction
chemistries, chamber ambient
healthiness enables predictive
cleaning and chamber + Sensitive & fast detection of
conditioning strategy etch end point and

« Cleaning schedule can be CoO of chamber ambient
optimized S/C Processes contaminations levels, thus

+ Cleaning downtime can be Purge time can be adjusted
reduced to the specific conditions of

the chamber

. . Purge time can be
Enables failure localization optimized from run to run

* Fast detection enables downito an absolute
immediate feedback, if process minimum
errors occur

» Failures can be identified and
localized quickly

Reduce process time
buffers
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We make it visible.



