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SummarySummary

• High quality high energy resolution spectra from any insulating material are now routinely 
available by using a “Mesh-Screen Flood-Gun” combination on a PHI 5800 XPS.

• From these high quality spectra we can now resolve many chemical states not previously 
observed by using the previous flood-gun conditions.

• The flood gun conditions that provide near-optimum charge compensation conditions are:
– Maximum current setting:  1.2A
– Bias voltage:  6-8 V
– Much closer proximity of the flood gun to sample

• Optimum conditions require the use of the Mesh-Screen.
• With the mesh-screen flood-gun combination the FWHM of the Si 2p is now in the range 

of 1.2-1.4 eV which is  100% smaller than the usual 2.0-2.8eV range obtained without the 
mesh-screen and the optimized conditions.

• As a measure of the quality of charge compensation, the makers look at the C 1s FWHM 
of the ester peak of PET.  VG guarantees <0.95 eV on their XL system for this peak.  By 
using the mesh-screen flood-gun combination we obtained a C 1s FWHM = 0.85 eV with a 
PE = 23 eV.  If we were to decrease our PE more, then the FWHM will decrease by another 
5-10%.
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ChargeCharge--Compensation Quality versus InformationCompensation Quality versus Information

Both samples are insulators.  Both require charge compensation (charge control).
The spectrum on the left has symmetrical peaks and is from a popular XPS handbook. 

The spectrum on the right has more features.  Why?   The mesh-screen was used.
Reference spectrum suffers from charge broadening  (vertical / horizontal)    

Charge compensation for spectrum on right is better.

Reference: The lowest BE peak at 575.7 eV is the true Cr 2p3 peak in pure Cr2O3, not 576.6 eV, as is commonly 
reported.  The most intense peak at 576.9 eV is due to the presence of “multiplet interactions” (ref.  A.R.Pratt and 
N.S.McIntyre, Surface and Interface Analysis, 24, 529 (1996)).

590 eV 570 eV

Cr2O3
Cr 2p3/2 Cr2O3

sh

Cr 2p3/2Multiplet 
interaction

Reference spectrum from PHI’s 2nd Book

Better resolution is due to 
better charge compensation

True Spectrum of Cr2O3
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C (1s) FWHM as an Indicator of Charge Compensation QualityC (1s) FWHM as an Indicator of Charge Compensation Quality

Metal
Oxide
Ag2O
Cr2O3
Fe2O3
Ga2O3
HfO2
HgO
MnO2
MoO3
Nb2O5
Sc2O3
SiO2
SnO2
Ta2O5
TiO2
Y2O3

Metal
FWHM
1.04 eV
1.33
1.32
1.37
1.40
1.06
1.12
1.01
1.14
1.27
1.25
1.28
1.12
1.02
1.25

Oxygen
FWHM
0.96 eV
1.24
1.05
1.51
1.68
0.96
1.02
1.20
1.36
1.33
1.40
1.29
1.46
1.18
1.30

Hydrocarbon
FWHM
1.10 eV
1.45
1.29
1.48
1.55
1.16
1.21
1.48
1.35
1.45
1.27
1.36
1.56
1.34
1.51

Experimental Observations
1. Metal FWHM is similar to 

O 1s FWHM and also C 1s.

2. Smaller FWHM for C 1s 
correlates with smaller 
FWHM of metal FWHM 
and O 1s FWHM.

3. C 1s FWHM serves 
as a useful guide of the 
quality or goodness of 
charge compensation.

These FWHM are derived from Vol. 2 of the Handbooks of Monochromatic XPS Spectra.  The mesh-screen 
flood-gun combination was used to obtain these values using everyday high energy resolution settings.  
The FWHM shown here are 100-200% smaller than those previously obtained with the PHI-5802 XPS.
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High Energy Resolution Scans on PHIHigh Energy Resolution Scans on PHI--58025802
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Si 2p FWHM = 2.66 eV

Both spectra suffer from differential charging.  The spectrum on the left suffers from vertical 
differential charging which broadens the peak uniformly.  The spectrum on the right suffers from 

horizontal differential charging which produced the shoulder.
 A user with 3 years experience, operated the flood gun in the usual style, trying to achieve
C 1s = 284.8 eV, with less than the max current and without beam alignment.  Here are the
results using the standard aperture traps and without the mesh-screen. 

Peak due to 
horizontal 
differential 
charging

Peak 
broadening 

due to 
vertical 

differential 
charging
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Charge Compensation on PHICharge Compensation on PHI--5802 using 5802 using MeshMesh--Screen FloodScreen Flood--Gun CombinationGun Combination

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  0.0 (0.0) eV
 105 5 18

Sample Description:  FG @ 1.2A Bias 6V Extr 75V X:Y -20:-20 PP/DST

Counts

Binding Energy, (eV)
288 284 280 276 272
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A

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  279.73 1.29 23296.1 90.0%  0.0% 67193.1 100.0%

Peak-Fit Baseline:  282.90 to  277.10 eV
Reduced Chi-Square: 3.004

Poly-Propylene C 1s signal
FWHM = 1.29 eV

Experimental BE = 279.73 eV

After experimenting with various flood gun setting with the Mesh-Screen standing over a piece of 
Poly-Propylene, we found the flood gun needs to set to its’ maximum current setting with a 6-8 

volt bias to produce high quality spectra from insulating materials.

To obtain high quality spectra from 
insulators the surface of an insulator needs 
to have a negative potential that ranges 
from -4 to -8 eV.  This experimental fact 
contradicts the common belief that good 
results can be obtained with a near zero 
surface potential.

MeshMesh--Screen FloodScreen Flood--Gun Gun 
Combination usedCombination usedIP of X
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Si 2p FWHM = 1.33 eV A Recent Result from the Adhesive side of a Label A Recent Result from the Adhesive side of a Label 
containing Silicone Oil using containing Silicone Oil using MeshMesh--Screen FloodScreen Flood--Gun CombinationGun Combination

The experimental conditions needed to collect this high quality spectrum were obtained 
within the normal amount of time (1-2 min.) used for  “Set-up Align”.  

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.8 (0.0) eV
 105 10 5

Sample Description:  Nickel Mesh Charge Compensation Screen used to improve Data Qaulity

Counts

Binding Energy, (eV)
120 116 112 108 104 100 96
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Peak ID Atomic % BE (eV)
O 1s 17.1%  533.40
C 1s 79.7%  285.40
Si 2p  3.1%  103.00

A

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  102.30 1.33 885.968 90.0%  0.0% 536.907 100.0%

Peak-Fit Baseline:  105.20 to   99.40 eV
Reduced Chi-Square: 1.221

MeshMesh--Screen FloodScreen Flood--Gun Gun 
Combination usedCombination used

Si 2p

1.33 eV
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System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -5.5 (0.0) eV
 105 8 22Counts

Binding Energy, (eV)
298 294 290 286 282
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Peak ID Atomic % BE (eV)

O 1s 26.0%  532.70
C 1s 72.4%  286.30
Si 2p  1.6%  102.30

A

BC

D

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  284.90 1.11 6228.01 90.0%  0.0% 9609.39 63.3%
B  286.46 1.15 1976.26 90.0%  0.0% 3155.93 20.8%
C  288.93 0.85 1892.08 90.0%  0.0% 2230.27 14.7%
D  291.69 1.48 93.0755 90.0%  0.0% 191.463  1.3%

Peak-Fit Baseline:  294.40 to  282.20 eV
Reduced Chi-Square: 2.131

The peak area ratios, chemical shifts and π π* band clearly indicate 
that the sample is made of PET (Mylar).

C 1s FWHM = 0.85 eV A Recent Result from the A Recent Result from the Support FilmSupport Film of a Label Tested of a Label Tested 
for the presence of Silicone Oil using for the presence of Silicone Oil using MeshMesh--Screen FloodScreen Flood--Gun CombinationGun Combination

By applying the mesh-screen technology to 
all insulating samples we can now make 
reliable chemical state assignments that 
were not possible before.

π π*
band

C 1s

0.85 eVIP of X
PS International



Example 1:  Chemical States are Now Obvious & ReliableExample 1:  Chemical States are Now Obvious & Reliable

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.4 (0.0) eV
 105 10 5Counts

Binding Energy, (eV)
304 300 296 292 288 284 280
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Peak ID Atomic % BE (eV)
O 1s 29.0%  533.00
N 1s  1.7%  400.20
Ca 2p  0.0%  347.40
C 1s 67.1%  285.00
Cl 2p  0.5%  198.60
S 2p  0.3%  168.20
Si 2p  1.4%  102.60

A

B

C

D

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  284.74 1.31 8887.49 90.0%  0.0% 16225.2 46.6%
B  286.05 1.31 7231.63 90.0%  0.0% 13237.4 38.1%
C  286.92 1.30 1885.25 90.0%  0.0% 3420.01  9.8%
D  289.09 1.29 1058.08 90.0%  0.0% 1904.45  5.5%

Peak-Fit Baseline:  292.00 to  281.00 eV
Reduced Chi-Square: 2.611

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.4 (0.0) eV
 105 10 5Counts

Binding Energy, (eV)
550 546 542 538 534 530 526
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Peak ID Atomic % BE (eV)

O 1s 29.0%  533.00
N 1s  1.7%  400.20
Ca 2p  0.0%  347.40
C 1s 67.1%  285.00
Cl 2p  0.5%  198.60
S 2p  0.3%  168.20
Si 2p  1.4%  102.60

A

B

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  532.25 1.72 15037.4 90.0%  0.0% 36055.3 91.7%
B  533.59 1.29 1819.16 90.0%  0.0% 3260.78  8.3%

Peak-Fit Baseline:  536.40 to  528.40 eV
Reduced Chi-Square: 1.583

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.4 (0.0) eV
 105 10 5Counts

Binding Energy, (eV)
120 116 112 108 104 100 96
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560 Peak ID Atomic % BE (eV)
O 1s 29.0%  533.00
N 1s  1.7%  400.20
Ca 2p  0.0%  347.40
C 1s 67.1%  285.00
Cl 2p  0.5%  198.60
S 2p  0.3%  168.20
Si 2p  1.4%  102.60

A

B

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  102.15 1.38 323.16 90.0%  0.0% 203.24 75.3%
B  103.28 1.30 112.78 90.0%  0.0% 66.7578 24.7%

Peak-Fit Baseline:  106.10 to   98.70 eV
Reduced Chi-Square: 1.166

MeshMesh--Screen FloodScreen Flood--Gun Gun 
Combination usedCombination used

The FWHM in the C 1s spectrum are less 
than 1.5 eV which implies good quality charge 
compensation.  With this condition, we can 
indeed trust that there are two different types of 
silicon chemical as indicated by the two peaks 
seen in the peak-fit of the Si 2p spectrum.

2 peak => 2 types 
of silicone

Si 2p

C 1s O 1s

Si 2p FWHM = 
1.28 eV

C 1s FWHM = 
1.29 eV

Paper Side of Label
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Example 2:   Chemical States are Now Obvious & ReliableExample 2:   Chemical States are Now Obvious & Reliable

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.8 (0.0) eV
 105 10 5

Sample Description:  Nickel Mesh Charge Compensation Screen used to improve Data Qaulity

Counts

Binding Energy, (eV)
304 300 296 292 288 284 280
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Peak ID Atomic % BE (eV)
O 1s 17.1%  533.40
C 1s 79.7%  285.40
Si 2p  3.1%  103.00

A
B

CD

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  284.93 1.12 16021.2 85.0%  0.0% 25681.6 68.5%
B  285.54 1.01 3961.45 90.0%  0.0% 5572.08 14.9%
C  286.58 1.06 2293.08 90.0%  0.0% 3379.11  9.0%
D  289.03 0.94 2191.8 90.0%  0.0% 2856.86  7.6%

Peak-Fit Baseline:  290.90 to  282.20 eV
Reduced Chi-Square: 1.412

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.8 (0.0) eV
 105 10 5

Sample Description:  Nickel Mesh Charge Compensation Screen used to improve Data Qaulity

Counts

Binding Energy, (eV)
550 546 542 538 534 530 526
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Peak ID Atomic % BE (eV)
O 1s 17.1%  533.40
C 1s 79.7%  285.40
Si 2p  3.1%  103.00

A

B

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  532.10 1.13 7442.74 90.0%  0.0% 11727.6 56.6%
B  533.42 1.43 4527.97 90.0%  0.0% 9009.93 43.4%

Peak-Fit Baseline:  536.80 to  528.70 eV
Reduced Chi-Square: 1.791

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.8 (0.0) eV
 105 10 5

Sample Description:  Nickel Mesh Charge Compensation Screen used to improve Data Qaulity

Counts

Binding Energy, (eV)
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Peak ID Atomic % BE (eV)
O 1s 17.1%  533.40
C 1s 79.7%  285.40
Si 2p  3.1%  103.00

A

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  102.30 1.33 885.968 90.0%  0.0% 536.907 100.0%

Peak-Fit Baseline:  105.20 to   99.40 eV
Reduced Chi-Square: 1.221

System Name: PHI MultiPak
Pass Energy: 187.85 eV
Shift (Bias):  -7.8 (0.0) eV
 105 10 5Counts
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O 1s 17.1%  533.40
C 1s 79.7%  285.40
Si 2p  3.1%  103.00
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MeshMesh--Screen FloodScreen Flood--Gun Gun 
Combination usedCombination used
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Example 3:   Chemical States are Now Obvious & ReliableExample 3:   Chemical States are Now Obvious & Reliable

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.4 (0.0) eV
 105 10 5Counts

Binding Energy, (eV)
120 116 112 108 104 100 96
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Peak ID Atomic % BE (eV)

O 1s 25.9%  533.00
C 1s 71.8%  285.00
Si 2p  2.2%  102.60

ALabel    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  101.92 1.36 520.23 90.0%  0.0% 985.719 100.0%

Peak-Fit Baseline:  104.60 to   99.40 eV
Reduced Chi-Square: 1.682

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.4 (0.0) eV
 105 10 5Counts

Binding Energy, (eV)
304 300 296 292 288 284 280
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O 1s 25.9%  533.00
C 1s 71.8%  285.00
Si 2p  2.2%  102.60

A
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D E

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  284.93 1.16 10902.2 85.0%  0.0% 31959.8 62.3%
B  286.50 1.09 3334.71 90.0%  0.0% 9043.59 17.6%
C  288.94 0.88 3285.24 90.0%  0.0% 7183.57 14.0%
D  291.57 0.97 189.147 90.0%  0.0% 454.4  0.9%
E  284.14 1.20 882.21 90.0%  0.0% 2623.34  5.1%

Peak-Fit Baseline:  293.60 to  281.30 eV
Reduced Chi-Square: 2.087

System Name: PHI MultiPak
Pass Energy:  23.50 eV
Shift (Bias):  -7.4 (0.0) eV
 105 10 5Counts

Binding Energy, (eV)
550 546 542 538 534 530 526
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Peak ID Atomic % BE (eV)
O 1s 25.9%  533.00
C 1s 71.8%  285.00
Si 2p  2.2%  102.60

A

B

Label    BE (eV)     FWHM    Height   Gauss  Asymm Norm. Area Rel. Area
A  531.83 1.24 8578.63 90.0%  0.0% 26376.6 52.8%
B  533.40 1.40 6798.45 90.0%  0.0% 23565.3 47.2%

Peak-Fit Baseline:  537.00 to  529.10 eV
Reduced Chi-Square: 1.602

System Name: PHI MultiPak
Pass Energy: 187.85 eV
Shift (Bias):  -7.4 (0.0) eV
 105 10 5Counts
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O 1s 25.9%  533.00
C 1s 71.8%  285.00
Si 2p  2.2%  102.60
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Bottom Side of Support Film
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