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Surface Analysis Lab

Date:  11/30/16
To:  S. Lengade
Analyst: K. Zhuang   

Reviewer: J. Wensel
Re:  Job #SL161115005 - XPS Analysis of Valence and Core spectra of SD films, Lot # 3407353.043, Process Tool: MMUM450500 
Summary:

The purpose of this analysis was to determine the valence and core spectra of SD films, Lot # 3407353.043, Process Tool: MMUM450500. Of particular interest are 3d and 2p core level spectra of As, Ge and Se in addition to valence spectra. Film stacks on the wafer are bare Si substrate with ~350Å SiSeAsGe film capped with 30Å PVD carbon. 2 of the wafers (09 and 11) have been annealed at 280oC for 30 min in vacuum. A detailed sample description is as follows.

Wafer ID 
Wafer Scribe 

Film 


Anneal
7353-07 
W91UE075ESE4 
~As2Se3 

No
7353-08 
W91UE076ESB3 
9% Ge, SiSeAsGe 
No
7353-09 
W91UE077ESF5 
9% Ge, SiSeAsGe 
Yes
7353-10 
W91UE078ESC4 
18% Ge, SiSeAsGe 
No
7353-11 
W91UE079ESG6 
18% Ge, SiSeAsGe 
Yes
XPS surveys on the surface of the samples detected carbon, oxygen, silicon, germanium, arsenic, and selenium (Figure 1). High resolution C1s, O1s, Si2p, Ge3d/Ge2p3, As3d/As2p3 and Se3d photoelectron peaks along with the valence spectra were acquired. In order to achieve a better energy resolution while maintaining a good signal-to-noise ratio, data acquisition was performed using a pass energy of 69 eV and energy step of 0.125 eV/step (the smallest available for the given pass energy) on the Quantera. Si2p with a modified RSF of 0.317 was used for quantification as Si2p overlaps with Se3p. Ge3d and As3d were used for the SD film composition quantification while Ge2p3 and As2p3 were used for evaluating their chemical states. A summary of the surface elemental concentrations in atomic percent at 45 and 85o take-off angles (TOAs) for the 5 wafers at center is given in the table next.
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TOA (

°

) C O Si Ge As Se

45

84.8 7.5 0.6 ND 3.2 4.0

85

82.3 5.7 0.9 ND 4.9 6.2

45

84.7 7.2 0.6 0.9 2.8 3.8

85

82.0 5.3 0.9 1.5 4.4 5.8

45

85.2 6.2 0.6 1.0 3.2 3.9

85

82.3 4.6 1.0 1.5 4.7 5.9

45

84.0 7.3 0.5 2.1 2.5 3.3

85

81.3 5.2 0.9 3.3 4.0 5.4

45

85.3 5.9 0.5 2.2 2.6 3.5

85

81.9 4.4 0.8 3.4 4.1 5.5

Surface elemental concentrations (atom %)

7

8

9

10

11


Analyzed on the Quantera, ND = not detected

Surface elemental concentrations in atomic percent after excluding C and O at 45 and 85o take-off angles (TOAs) for the 5 wafers at center are also provided below.
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TOA (

°

) Si Ge As Se

45

7.6 ND 40.5 51.9

85

7.4 ND 40.8 51.8

45

7.1 11.2 35.1 46.7

85

6.9 12.1 34.8 46.2

45

7.2 11.0 36.5 45.2

85

7.4 11.7 35.9 45.0

45

6.4 24.8 29.4 39.5

85

6.6 24.4 29.4 39.7

45

5.7 24.5 29.7 40.1

85

6.1 24.5 29.5 39.9

Surface elemental concentrations (atom %) excluding C & O

7

8

9

10

11


Analyzed on the Quantera
Curve-fitting of As2p3 (Figure 2) was performed to separate As into As alloy and As oxide. The resulting As concentrations in atomic percent of As alloy and As oxide at 45 and 85o take-off angles (TOAs) for the 5 wafers at center are provided in the table next. Figure 3 shows an overlay of high resolution As2p3 spectra at 85o TOA indicating the presence of varying amounts of As alloy and As oxide for the 5 wafers at center.
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TOA (

°

) As alloy As oxide

45

44.6 55.4

85

55.2 44.8

45

42.9 57.1

85

49.4 50.6

45

47.9 52.1

85

58.5 41.5

45

36.7 63.3

85

46.8 53.2

45

35.2 64.8

85

55.5 44.5

7

8

9

10

11

Concentrations (atom %) of As in 2 chemical states


Analyzed on the Quantera
Figure 4 shows an overlay of high resolution Ge2p3 spectra at 85o TOA indicating Ge detected is primarily in the form of Ge oxide for the 5 wafers at center. Figure 6 shows an overlay of high resolution Se3d spectra at 85o TOA indicating Se detected is primarily in the form of Se alloy. Figure 7 shows an overlay of high resolution Si2p spectra at 85o TOA indicating Si detected is most likely in the form of Si sub oxide.

Figure 8 shows an overlay of valence spectra at 85o TOA with detailed valence band assignments for the 5 wafers at center.

ASCII data for the high resolution spectra of the samples may be accessed by performing a search on the Nautilus EDC page using the job number, in the event that the customer wishes to perform additional data processing.  
If you have any questions do not hesitate to call X3-4228 or email/page XPS. You can also visit our Web site by opening the following hyperlink: Surface Lab.

Your samples will be retained for a period of one week following receipt of this report. If you requested to have your samples returned following analysis, they will be placed on the return sample rack inside the Surface Lab main entrance. Due to space limitations and volume of through put, if after a period of one week you have not picked up your samples they will be recycled.
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Figure 1 – XPS survey spectra from the surface of the samples.
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Figure 2 – Curve-fitting of As2p3 to separate As into As alloy and As oxide. Charge-shift corrected to C1s at 284.8eV.
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Figure 3 – Overlay of high resolution As2p3 spectra at 85o TOA showing varying amounts of As alloy and As oxide for the 5 wafers at center. Charge-shift corrected to C1s at 284.8eV.
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Figure 3 – Overlay of high resolution As3d spectra at 85o TOA for the 5 wafers at center. Charge-shift corrected to C1s at 284.8eV.
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Figure 4 – Overlay of high resolution Ge2p3 spectra at 85o TOA showing Ge is primarily in the form of Ge oxide for the 5 wafers at center. Charge-shift corrected to C1s at 284.8eV.
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Figure 5 – Overlay of high resolution Ge3d spectra at 85o TOA for the 5 wafers at center. Charge-shift corrected to C1s at 284.8eV.
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Figure 6 – Overlay of high resolution Se3d spectra at 85o TOA for the 5 wafers at center. Charge-shift corrected to C1s at 284.8eV.
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Figure 7 – Overlay of high resolution Si2p spectra at 85o TOA for the 5 wafers at center. Charge-shift corrected to C1s at 284.8eV.
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Figure 8 – Overlay of high resolution valence bands at 85o TOA for the 5 wafers at center. Charge-shift corrected to C1s at 284.8eV.
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