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ZGU - Introduction

Zentrum für Glas-
und Umweltanalytik GmbH

• Founded in 1997 from the TGI laboratory 

(largest glass factory of the GDR)

• Experience from approx. 45 years of glass analysis

• Absolutely independent and neutral

• TÜV certified and DAkkS accredited
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Zentrum für Glas-
und Umweltanalytik GmbH

ZGU - Introduction

Where are we?

In the center of 
Germany

Source: https://www.ilmenau.de/de/buergerservice/leben-und-wohnen/verkehrsanbindung/ 3



ZGU - Introduction

Zentrum für Glas-
und Umweltanalytik GmbH

• XRF - Spectroscopy Analyses
• ICP - OES - Analyses
• LIBS - Analyses
• µRFA - Analyses
• XRD - Analyses
• FTIR (U-ATR) - Analyses
• Wet Chemistry Methods 

• Density-Determination
• Dilatometry
• Viscosity Measurements
• UV-Vis-NIR - Spectroscopy
• Bending Strength Determination
• Glass Fracture Investigations
• Tension Determinations in Glass
• Electric Conductometry in Melts

Portfolio
>200 different analysis methods

*more at www.zgu-ilmenau.de / www.zgu-ilmenau.com
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ZGU - Main topic

Main topic:
Gas content analysis of wafer 
bonds: effects of treatments on 
the bond atmosphere
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ZGU - Content

• What are Gas content analyses?

• Effects from “Bonding Tool” and “kind 
of activation“

• Effects from “High Temperature 
Anneal-Step”
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ZGU - Gas content analysis 

What are Gas content analyses?

qualitativequantitative

determination of gases 
within a cavity

compounds and 
fragments until 
255 m/z possible

determination of the gas 
quantities of H2, CO2, H2O, 

O2, CO, He, SO2, CH4 and Ar

determination of the gas 
pressure in the cavity
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max. 5 cm 

Zentrum für Glas-
und Umweltanalytik GmbH

ZGU - Gas content analysis 

Which components are measurable?

~1 nl
(0.001 mm2)

Ca. 2 days
(extra long evacuation)

~100 nl
(0.1 mm2)

Ca. 1 h

~10,000 nl
(10 mm2)

Ca. 2 h
(reference measurement)

m
ax

. 7
 c

m
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ZGU - Gas content analysis 

Which components are measurable?

Measurable MEMS materials: • Metals 
• Silicon 
• Glass  

Source: https://www.linkedin.com/pulse/8-common-metal-materials-emily-chu; Source: https://www.relay.com.tw/de/product/80V-1-
5A_Solid_State_Relay_Leakage_Current_1nA_in_all_package_types_47pA.html; https://meritsensor.com/de/Produkte-von-LUTEC/s-Serie/
Source: https://www.waferworld.com/post/silicon-wafer-about;  Source: https://www.barlens.com.au/product/wine-glass-breeze-250ml/

Not measurable materials: • Plastics
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ZGU - Gas content analysis 

The Analysis

Sample

• Destructive analysis method 
(only one analysis per MEMS)

• Ultra-high vacuum

• Analysis time between 1 day 
and 1 week, depending on 
MEMS size and order volume
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und Umweltanalytik GmbH

ZGU - Gas content analysis 

For the analysis, the sample will be: • Prepared
• Placed
• Evacuated up to ~2*10-9 mbar
• Broken

and the escaping gases are directed 
into the recipient
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und Umweltanalytik GmbH

ZGU - Effects of treatments on the bond atmosphere

Analysis of Gas Content of MEMS, bonded with 
three different tools and two different activations

Tool 1 with focus on
wet-chemical-activation 

of Wafer surfaces

MEMS 1

Tool 2 with focus on
Ar-plasma-activation

of Wafer surfaces

MEMS 2

Tool 3 with focus on
Ar-plasma-activation

of Wafer surfaces

MEMS 3
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ZGU - Effects of treatments on the bond atmosphere

Tool 1 
wet-chemical-
activation 
of Wafer surfaces

Parameters MEMS 1

C
o

n
te

n
t 

[m
o

l-
%

]

H2 40

H2O 59
He -

CO2 0,073
CO -

O2 0,15
N2 1,1

SO2 -
CH4 -
Ar 0,011

Pressure [mbar] 9,88
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ZGU - Effects of treatments on the bond atmosphere

14



Zentrum für Glas-
und Umweltanalytik GmbH

ZGU - Effects of treatments on the bond atmosphere

H2

H2O

N2

O2 CO2

Ar
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ZGU - Effects of treatments on the bond atmosphere

Tool 1 
wet-chemical-
activation 
of Wafer surfaces

Parameters MEMS 1

C
o

n
te

n
t 

[m
o

l-
%

]

H2 40

H2O 59
He -

CO2 0,073
CO -

O2 0,15
N2 1,1

SO2 -
CH4 -
Ar 0,011

Pressure [mbar] 9,88

16



Zentrum für Glas-
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ZGU - Effects of treatments on the bond atmosphere

Tool 2 
Ar-plasma-activation 
of Wafer surfaces

Parameters MEMS 2

C
o

n
te

n
t 

[m
o

l-
%

]

H2 47

H2O 49
He -

CO2 0,38
CO -

O2 -
N2 (<0,8)

SO2 -
CH4 -
Ar 2,7

Pressure [mbar] 4,27
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ZGU - Effects of treatments on the bond atmosphere
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ZGU - Effects of treatments on the bond atmosphere

H2

H2O

N2
CO2

Ar
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ZGU - Effects of treatments on the bond atmosphere

Tool 2 
Ar-plasma-activation 
of Wafer surfaces

Parameters MEMS 2

C
o

n
te

n
t 

[m
o

l-
%

]

H2 47

H2O 49
He -

CO2 0,38
CO -

O2 -
N2 (<0,8)

SO2 -
CH4 -
Ar 2,7

Pressure [mbar] 4,27
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ZGU - Effects of treatments on the bond atmosphere

Tool 3 
Ar-plasma-activation 
of Wafer surfaces

Parameters MEMS 3

C
o

n
te

n
t 

[m
o

l-
%

]

H2 50

H2O -
He -

CO2 -
CO 5

O2 -
N2 -

SO2 -
CH4 -
Ar 44

Pressure [mbar] 0,011
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ZGU - Effects of treatments on the bond atmosphere
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ZGU - Effects of treatments on the bond atmosphere

H2
CO

Ar
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ZGU - Effects of treatments on the bond atmosphere

Tool 3 
Ar-plasma-activation 
of Wafer surfaces

Parameters MEMS 3

C
o

n
te

n
t 

[m
o

l-
%

]

H2 50

H2O -
He -

CO2 -
CO 5

O2 -
N2 -

SO2 -
CH4 -
Ar 44

Pressure [mbar] 0,011
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ZGU - Effects from “High Temperature Anneal-Step”

MEMS 1 MEMS 2 MEMS 3

Tool 1 Tool 2 Tool 3

Parameters wet-chemical Ar-plasma Ar-plasma

C
o

n
te

n
t 

[m
o

l-
%

]

H2 40 47 50
H2O 59 49 -
He - - -
CO2 0,073 0,38 -

CO - - 5
O2 0,15 - -

N2 1,1 (<0,8) -
SO2 - - -

CH4 - - -
Ar 0,011 2,7 44

Pressure [mbar] 9,88 4,27 0,011

Before High 
Temperature 
Anneal-Step
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ZGU - Effects from “High Temperature Anneal-Step”

MEMS 1 MEMS 2 MEMS 3

Tool 1 Tool 2 Tool 3

Parameters wet-chemical Ar-plasma Ar-plasma

C
o

n
te

n
t 

[m
o

l-
%

]

H2 - - -
H2O - - -
He - - -
CO2 - - -

CO 17 - -
O2 - - -

N2 82 3,9 11,8
SO2 - - -

CH4 - - -
Ar (<2) 96,1 88,3

Pressure [mbar] 0,97 0,31 0,71

After High 
Temperature 
Anneal-Step
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ZGU - Effects from “High Temperature Anneal-Step”

Parameters MEMS 1 MEMS 1

C
o

n
te

n
t 

[m
o

l-
%

]

H2 40 -
H2O 59 -
He - -
CO2 0,073 -
CO - 17
O2 0,15 -
N2 1,1 82

SO2 - -

CH4 - -
Ar 0,011 (<2)

Pressure [mbar] 9,88 0,97

Sample: MEMS 1

Tool: Tool 1

Activation: wet-chemical 

Before After
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ZGU - Effects from “High Temperature Anneal-Step”

Parameters MEMS 2 MEMS 2

C
o

n
te

n
t 

[m
o

l-
%

]

H2 47 -
H2O 49 -
He - -
CO2 0,38 -
CO - -
O2 - -
N2 (<0,8) 3,9

SO2 - -

CH4 - -
Ar 2,7 96,1

Pressure [mbar] 4,27 0,31

MEMS 2

Tool 2

Ar-plasma 

Before After
Sample: MEMS 2

Tool: Tool 2

Activation: Ar-plasma
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ZGU - Effects from “High Temperature Anneal-Step”

Parameters MEMS 3 MEMS 3

C
o

n
te

n
t 

[m
o

l-
%

]

H2 50 -
H2O - -
He - -
CO2 - -
CO 5 -
O2 - -
N2 - 11,8

SO2 - -

CH4 - -
Ar 44 88,3

Pressure [mbar] 0,011 0,71

MEMS 3

Tool 3

Ar-plasma 

Before After
Sample: MEMS 3

Tool: Tool 3

Activation: Ar-plasma
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ZGU - Summary

• The atmosphere inside the bonds depends on the tool, the 
activation and the temperature treatment

• Gases can disappear from the bond-atmosphere during 
temperature treatment (H2, H2O, CO2, CO)

• Gases can also diffuse into the cavity during temperature 
treatment (N2, CO, Ar)

• As a destructive measurement analysis, gas content analyses 
are nevertheless a good way of analyzing the pressures, gas 
contents and changes within the MEMS
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Thank you for your attention!

Zentrum für Glas- und Umweltanalytik GmbH

See you on our homepage: zgu-ilmenau.de
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ZGU - effects of treatments on the bond atmosphere

Tool 1 
wet-chemical-activation 
of Wafer surfaces

After High Temperature 
Anneal-Step

Parameters MEMS 1

C
o

n
te

n
t 

[m
o

l-
%

]

H2 -

H2O -
He -

CO2 -
CO 17

O2 -
N2 82

SO2 -
CH4 -
Ar (<2)

Pressure [mbar] 0,97
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ZGU - effects of treatments on the bond atmosphere
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ZGU - effects of treatments on the bond atmosphere

N2 + CO

Ar

CO

N2
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ZGU - effects of treatments on the bond atmosphere

Parameters MEMS 2

C
o

n
te

n
t 

[m
o

l-
%

]

H2 -

H2O -
He -

CO2 -
CO -

O2 -
N2 3,9

SO2 -
CH4 -
Ar 96,1

Pressure [mbar] 0,31

Tool 2 
Ar-plasma-activation 
of Wafer surfaces

After High Temperature 
Anneal-Step
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ZGU - effects of treatments on the bond atmosphere
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ZGU - effects of treatments on the bond atmosphere

N2

Ar
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ZGU - effects of treatments on the bond atmosphere

Parameters MEMS 3

C
o

n
te

n
t 

[m
o

l-
%

]

H2 -

H2O -
He -

CO2 -
CO -

O2 -
N2 11,8

SO2 -
CH4 -
Ar 88,3

Pressure [mbar] 0,71

Tool 3 
Ar-plasma-activation 
of Wafer surfaces

After High Temperature 
Anneal-Step
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ZGU - effects of treatments on the bond atmosphere
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ZGU - effects of treatments on the bond atmosphere

N2N2

Ar
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