PHI VersaProbe Il Scanning XPS Microprobe

Yale West Campus Materials Characterization Core ( )

Yale WEST CAMPUS ywcmatsci.yale.edu



Core Policles

DO NOT let other people use the facility under your account.
DO NOT try to fix parts or software issues by yourself!

« DO NOT surf web using instrument computer!

* Follow checklist and SOP! DO NOT explore program!

 Facility usage time at least twice a month, OR recelve training
again (two practice sessions within one week).
* No trainings on monthly users
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What is XPS? X-ray Photoelectron Spectroscopy

* Photoelectric effect

» A spectroscopy that records the counts of X-ray induced secondary electrons -

photoelectrons as the function of binding energy
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What kinds of samples for XPS?

« Vacuum compatible: low vapor pressure under 108 Pascal
« Conductive or insulating
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‘ How XPS works?

«  XPS detects the number of photoelectrons at different kinetic energies (KE)
« The photoelectron binding energy can then be calculated, characteristic of elements
within the sample volume
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XPS Main Features

« Core level splitting

« Auger peaks
« Stepped background < inelastic secondary electrons
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XPS Peak Notation
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XPS Instrumentation

Hemispherical
analyzer

Detector Lens| ©

Flood gun

UHV chamber
(low 107 - 5x10°8 Pa

Pumps

X-ray
source

holder
PHI VersaProbe Il XPS

Electron energy
analyzer

UHYV system (< 108 Torr)

« Surface clean

« Longer photoelectron path
length

Electron analyzer

* Lens to collect photoelectrons

» Analyzer to filter electron
energies

 Detector to count electrons

X-ray source

« Al Ka 1486.6 eV; Mg Ka,
1256.6 eV

* Monochromated using quartz
crystal

Low-energy electron flood gun

* Insulating samples

lon gun

« Sample cleaning

*  Depth profiling

»  For polymers, cluster ion
sources may be required

“Yale West Campus

9/20

Materials Characterization Core (MCC)
ywcmatsci.yale.edu



X-ray Dual Anode Source
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X-ray monochromator

Electron .
Source s {

Electron
Beam —==

— X-ray Beam

Narrow peak width
Reduced background
No satellite & Ghost peaks

n A = 2dsind

For quartz (1010) surface:
n = diffraction order
d = 0.42 nm (lattice constant)
0 =78.5°
/A =0.83 nm for Al Ka
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Spherical Capacitor Analyzer (SCA)

V,<0
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Pass energy:

E v /4 V,: the median equipotential surface of radius r
=e =
° ° (Q _ %) V: the potential applied between inner (radius b) and outer (radios a) shells
a
Analyzer Resolution: w: entrance and exit slit widths
PN 4 Sa’ da: angular deviation of the electron trajectories at the entrance with
%\ a+bp 4 respect to the center line
Where the mean radius _atb
=T For the PHI SCA: E, = 0.56V and AE = 0.015E,
Typical E, =100eV ——> AE =15¢eV
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Why are we Interested in XPS?

 Surface sensitive technique
e Chemical shift detection = XPS is also named as Electron Spectroscopy
for Chemical Analysis (ESCA)

Typical Analysis Depths for Techniques

TOF- LA- SEM- TEM/
AFM  OP SIMS | Auger XPS TXRF SEM GDMS Raman RBS ICPMS LEXES XRR FTIR EDS SIMS  STEM XRD XRF
Physical Monolayer

Top Surface
3nm
10 nm

m""*"""EEE!EEFEEUD“

Thick Film

1,000 nm

Bulk Substrate

>2,000 nm

Typical Profile Depth Sampling Volume SIMS Depth Profile
l (typical data point)

http://www.eag.com/mc

XPS detects electron signals in the near surface region (0 ~ 10 nm)
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Analytical Resolution vs. Detection Limit

Imaging Techniques

TEM/STEM

4

« XPS resolution can be
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Why XPS is Surface Sensitive?

* Inelastic scattering of photoelectrons

Electrons are extracted
only from a narrow solid angle.

X-ray Beam

X-ray penetration
depth ~1um.
Electrons can be

excited in this |10 nm

entire volume.
10 um- 1 mmdia.
| |
X-ray excitation area ~1 mm-1 cmdiameter.
Electrons are emitted from this entire area
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Electron Inelastic Mean Free Path (IMFP)

« The average distance an electron travels through a solid before losing energy through

inelastic collisions.

“Universal Curve” - 1 (IMFP) vs kinetic
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