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A window to the bulk
HAXPES Lab

 � ZŽďƵƐƚ�ůĂďŽƌĂƚŽƌǇ�ďĂƐĞĚ�,�yW�^�ƐŽůƵtiŽŶ
 � Time scales comparable to synchrotron experiments
 � &ŝǀĞ�tiŵĞƐ�ŚŝŐŚĞƌ�ŝŶĨŽƌŵĂtiŽŶ�ĚĞƉƚŚ�ƚŚĂŶ��ů<α�yͲZĂǇƐ
 � ,ŝŐŚ�ŇƵǆ�ŵŽŶŽĐŚƌŽŵĂƚĞĚ�,ĂƌĚ�yͲƌĂǇƐ�Ăƚ�ϵ͘Ϯϱ�ŬĞs
 � Access to deep core levels 
 � EŽŶͲĚĞƐƚƌƵĐtiǀĞ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�ďƵƌŝĞĚ�ŝŶƚĞƌĨĂĐĞƐ
 � �ƵůŬ�ƐĞŶƐŝtiǀĞ�ƉŚŽƚŽĞŵŝƐƐŝŽŶ�ƐƉĞĐƚƌŽƐĐŽƉǇ

Time scales comparable to synchrotron experiments
&ŝǀĞ�tiŵĞƐ�ŚŝŐŚĞƌ�ŝŶĨŽƌŵĂtiŽŶ�ĚĞƉƚŚ�ƚŚĂŶ��ů<α�yͲZĂǇƐ
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HAXPES Lab
A window to the bulk

Scienta Omicron‘s HAXPES Lab brings hard X-ray 
photoelectron spectroscopy (HAXPES) capability 
directly to the local laboratory environment. This 
ŶŽǀĞů�ƐǇƐƚĞŵ�ƉƌŽďĞƐ�ďƵůŬ�ƐĂŵƉůĞ�ƉƌŽƉĞƌtiĞƐ�ĂŶĚ�
accesses deep core level electrons via photo- 
electron spectroscopy (XPS) without the need 
ĨŽƌ�Ă�ƐǇŶĐŚƌŽƚƌŽŶ�ĞŶĚ�ƐƚĂtiŽŶ͘�hƐŝŶŐ�ǁŽƌůĚ�ĐůĂƐƐ�
technology and expert engineering, the HAXPES 
Lab sets the standard for laboratory based high 
energy photoelectron spectroscopy.

Photoelectron spectroscopy is a well-established 
tool for analyzing a wide range of chemical and 
ŵateƌŝaů�ƉƌoƉeƌƟeƐ͘�dƌaĚŝƟonaů�Ɖhotoeůectƌon�
spectroscopy instruments employ low energy 
yͲƌaǇ�ƐoƵƌceƐ�ůŝŵŝƟng�the�ŬŝneƟc�eneƌgǇ�oĨ�the�
ƉhotoͲeŵŝƩeĚ�eůectƌonƐ͘�>oǁ�ŬŝneƟc�eneƌgǇ�eůec-
tƌonƐ�haǀe�Ɛhoƌt�ŝneůaƐƟc�ŵean�Ĩƌee�ƉathƐ�;/M&WͿ͕�
conĮnŝng�anaůǇƐŝƐ�ďǇ�tƌaĚŝƟonaů�ŝnƐtƌƵŵentƐ�to�
the�toƉ�Ɛeǀeƌaů�nanoŵeteƌƐ�oĨ�a�ŵateƌŝaů͚Ɛ�ƐƵƌĨace͘ 
,�yW�^͕�ƵƐŝng�hŝgheƌ�ŬŝneƟc�eneƌgŝeƐ͕�gƌeatůǇ�
eǆtenĚƐ�the�anaůǇƐŝƐ�ĚeƉth͘�

While HAXPES measurements have been successfully deployed at  
ƐǇnchƌotƌonƐ͕�oďtaŝnŝng�acceƐƐ�to�the�ƌeƋƵŝƌeĚ�enĚ�ƐtaƟonƐ�ŝƐ�a� 
ƐŝgnŝĮcant�chaůůenge͘�dhe�,�yW�^�>aď�ƐoůǀeƐ�thŝƐ�Ɖƌoďůeŵ�anĚ� 
ƐeƌǀeƐ�aƐ�a�coŵƉůete�anaůǇƟcaů�tooů�ďǇ�ďƌŝngŝng�cƵƫng�eĚge�,�yW�^�
ĚŝƌectůǇ�to�the�enĚ�ƵƐeƌ Ɛ͛�ůaďoƌatoƌǇ͘��oŵƉůŝŵentaƌǇ�ƐoŌ�yͲƌaǇ�ƐoƵƌ-
ceƐ�anĚ�chaƌge�neƵtƌaůŝǌaƟon�aƌe�aǀaŝůaďůe͘���coŵƉaƌŝƐon�;Ɛhoǁn�
ůeŌͿ�ďetǁeen�Ěŝīeƌent�ůaď�ƐoƵƌceƐ�hŝghůŝghtƐ�the�ŝnĨoƌŵaƟon�ĚeƉth�
aĚǀantage�the�'a�ƐoƵƌce�ƉƌoǀŝĚeƐ͘�/nĨoƌŵaƟon�ĚeƉth�ŝƐ�ĚeĮneĚ�aƐ�
the�ƌegŝon�ŝn�ǁhŝch�ϵϬй�oĨ�the�totaů�Ɛŝgnaů�oƌŝgŝnateƐ͘��eǇonĚ�thŝƐ�
advantage the monochromated Ga X-ray source provides higher  
flƵǆ�than�aůteƌnaƟǀe�haƌĚ�yͲƌaǇ�ůaď�ƐoƵƌceƐ͘

 

EW4000 Analyser

4-axis Manipulator

High Flux Monochromated Ga Kα Source

• Excillium Metal Jet Technology 
• High flux hv = 9.25 keV for 

producƟve measurement Ɵmes
• HAX9-5 Monochromator with 

<0.5 eV instrument resoluƟon 
• Easy crystal alignment
• Temperature stabilized crystals 

• SoŌware automaƟon
• High precision

Monochromated Al Kα Source

• Al Kɲ @ hʆ = 1.49keV
• surface sensiƟve
• probing with diīerent 

excitaƟon energies.

Dual anode X-ray 
source (Mg/Al)

Charge neutralizer

System Solution

• Fully integrated
• Ease-of-use & throughput
• Full safety interlocks

• High energy analyser
• ResoluƟon ȴE < 100 meV

@ 10 keV
• 60 degrees acceptance angle

Figure 1. HAXPES using the Ga source offers 5x greater information 
depth, providing bulk sensitivity that is unavailable using conven-
tional XPS.

Al Kα X-rays
hν = 1.49 keV

Ga Kα X-rays
hν = 9.25 keV

sample bulk

sample surface

sca�ered electron

free electron

HAXPES Lab:
 � Practical laboratory based HAXPES measurements on  

 synchrotron time scales
 � Sensitive to surface and bulk chemical and electrical properties
 � Proven state-of-the-art technology ensures staying at the  

 forefront of materials research
 � Increased information depth capabilities provide unparalleled 

 opportunities to explore new physics and produce high impact  
 s cience
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Analysis at the forefront of 
materials research 
dhe�,�yW�^�>aď�ƉůaceƐ�the�ƵƐeƌ�at�the�ĨoƌeĨƌont�
oĨ�ŵateƌŝaůƐ�ƌeƐeaƌch�ǁŝth�ŝtƐ�noǀeů�anaůǇƟcaů�
caƉaďŝůŝƟeƐ͘�hnƉƌeceĚenteĚ�ŵeaƐƵƌeŵentƐ�oĨ�
ďƵůŬ�eůectƌŝcaů�anĚ�cheŵŝcaů�ƉƌoƉeƌƟeƐ�aƌe�noǁ�
ƉoƐƐŝďůe͘�hƐeƌƐ�can�eaƐŝůǇ�eǆecƵte�a�cheŵŝcaů�
analysis of real world samples without the need 
Ĩoƌ�ĚeƐtƌƵcƟǀe�anĚ�aƌƟĨact�ŝnĚƵcŝng�ƐƵƌĨace�
ƉƌeƉaƌaƟon�ƐteƉƐ͘�

dhŝƐ�caƉaďŝůŝtǇ�ŝƐ�cƌŝƟcaů�Ĩoƌ�ŵanǇ�hŝgh�ŝŵƉact�
ŵeaƐƵƌeŵentƐ͕�ŝncůƵĚŝng�ƉƌoƉeƌůǇ�anaůǇǌŝng�
ďƵƌŝeĚ�ůaǇeƌƐ�ŝn�eneƌgǇ�haƌǀeƐƟng�ĚeǀŝceƐ�anĚ�
ďaƩeƌŝeƐ͘�^hoǁn�ďeůoǁ�ŝƐ�a�ĚeeƉ�coƌe�dŝϭ^�ƐƉectƌa�
Ĩƌoŵ�a�Ɛŝngůe�cƌǇƐtaů�ƌƵƟůe�ƐaŵƉůe�ǁŝth�a�ďŝnĚŝng�
eneƌgǇ�oĨ�ϰϵϲϵ͘ϳ�es͘ �dhŝƐ�ŵeaƐƵƌeŵent�ǁaƐ�
acƋƵŝƌeĚ�ďǇ�,�yW�^�>aď�ŝn�ϯϱ�ŵŝnƵteƐ͘

dhe�,�yW�^�>aď�ďƌŝngƐ�thŝƐ�neǁ�ŝnĨoƌŵaƟon�to�
researchers while providing total instrument 
eneƌgǇ�ƌeƐoůƵƟon�oĨ�фϬ͘ϱ�es͘ �dhe�ƐǇƐteŵ�can�ďe�
eƋƵŝƉƉeĚ�ǁŝth�a�ŵonochƌoŵateĚ��ů�<ɲ�ƐoƵƌce�
Ĩoƌ�coŵƉůeŵentaƌǇ�yW^�oƉeƌaƟon͘���ƌeaůͲǁoƌůĚ�
,�yW�^�>aď�eǆaŵƉůe�anaůǇƐŝƐ�ŝƐ�Ɛhoǁn�aďoǀe�on�
a�coŵƉůeǆ�oǆŝĚe�tƌanƐŝƐtoƌ�ƐtacŬ͘�dhŝƐ�ƐtƌƵctƵƌe�
exploits the presence of a 2D electron gas at the 
ŝnteƌĨace�ďetǁeen�the�/n2Oϯ�anĚ��nK͘��ů�ϭƐ�ƉeaŬƐ�
aƌe�ŵeaƐƵƌaďůe͕�eǀen�ǁhen�the��ů�ŝƐ�ďƵƌŝeĚ�ϯϯ�nŵ�
ĚeeƉ͘��oƌe�ůeǀeů��ƌ�anĚ�/n�ƉeaŬƐ͕�ƵnŵeaƐƵƌaďůe�
ǁŝth�ƐtanĚaƌĚ�yW^͕�aƌe�eaƐǇ�to�ĮnĚ͘�dheƐe�
ŵeaƐƵƌeŵentƐ�ǁeƌe�taŬen�oǀeƌ�ϮͲϰ�hoƵƌƐ͕�thƵƐ�
Ɖƌoǀŝng�the�ƉƌacƟcaů�caƉaďŝůŝƟeƐ�oĨ�the�,�yW�^�>aď͘

Figure 2 (a) HAXPES Lab provides unprecedented access to deep core levels, as shown in this 
example of a Ti 1s spectrum. (b) Fermi edge of Au shows total instrument resolution <0.5 eV.

(b) Fermi level of Au(a) Ti 1s from rutile TiO2

Figure 3: Complex oxide transistor stack analysis acquired in 2-4 hours. The figures show 
the different core levels (including deep levels) with the Al 1s peaks from 33 nm deep 
clearly resolved. 
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Technical Data
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HAXPES Lab
X-ray source:   Excillum Ga liquid jet
Excitation energy:   9.25 keV
Spot size:   50 μm
Maximun power:   250 W
Total system reolsution: <0.5 eV 
Footprint:   2340*2020 mm
Base pressure:   5*10-10 mbar

EW4000
Energy resolution:   40 meV at 6 keV
    100 meV at 10 keV
Lens acceptance angle:  60º
Angular resolved range:  ± 30º
Angular modes:    ± 30º, ± 22º
Kinetic energy range
Transmission mode:    5 - 10,000 eV
Angular mode:    100 - 10,000 eV
Pass Energy:    10 - 500 eV
Working distance:    40 mm
Slits   9    
Detector type    MCP/CCD camera   
Acquisition modes    Swept, Fixed   
Detector modes    Pulsed, ADC 

Analyzing buried interfaces

dhe�hŝgheƌ�ƉenetƌaƟon�ĚeƉth�oĨ�'a�<ɲ�yͲƌaǇƐ�ŝƐ
exploited by the high intensity of the Excillum Ga
ůŝƋƵŝĚ�ũet�ƐoƵƌce�ƉƌoǀŝĚŝng�the�gƌeateƐt�ĚeƉth
ƐenƐŝƟǀŝtǇ�Ĩƌoŵ�anǇ�ůaďoƌatoƌǇ�haƌĚ�yͲƌaǇ�ƐǇƐteŵ͘
�Ɛ�Ɛhoǁn�ŝn�the�eǆaŵƉůe�at�ƌŝght͕�the�ŵetaů
Ɛŝůŝcon�ƉeaŬ�ŝƐ�ƐƟůů�ǀŝƐŝďůe�thƌoƵgh�ϱϬ�nŵ�oĨ�^ŝK2͘
�heŵŝcaů�ŝnĨoƌŵaƟon�Ĩƌoŵ�ĚeeƉeƌ�ŝnto�the�ďƵůŬ
than�ƉoƐƐŝďůe�Ĩƌoŵ��ů�oƌ��ƌ�ďaƐeĚ�ƐoƵƌceƐ�ŝƐ
ƉoƐƐŝďůe�ŝn�the�,�yW�^�>aď�ǁŝth�eĸcŝent�Ɵŵe
ƐcaůeƐ͘

dhe�,�yW�^�>aď͚Ɛ�coŵƉact�ĚeƐŝgn�enƐƵƌeƐ�
that�ŝt�ŝƐ�an�eĸcŝent�ƐoůƵƟon�Ĩoƌ�ůaďoƌatoƌǇ�
ďaƐeĚ�ŵeaƐƵƌeŵentƐ͘�&aƐt�anĚ�ƐŝŵƉůe�ƐaŵƉůe�
ŝntƌoĚƵcƟon�ŝƐ�ŵatcheĚ�ǁŝth�a�ŵotoƌŝǌeĚ�anaůǇƐŝƐ�
Ɛtage͕�ƌeƐƵůƟng�ŝn�an�eĸcŝent�anĚ�eaƐǇ�to�ƵƐe�
ƐǇƐteŵ͘�^cŝenta�Kŵŝcƌon͚Ɛ�ǁoƌůĚǁŝĚe�Ɛeƌǀŝce�
netǁoƌŬ�ƉƌoǀŝĚeƐ�ƌeaĚǇ�ƐƵƉƉoƌt�Ĩoƌ�oƵƌ�cƵƐtoŵeƌƐ�
ŝn�aůů�ŵaũoƌ�ŵaƌŬetƐ͘�

Figure 4. Si 1s spectra from native silicon with one monolayer of SiO2 compared to spectra 
of silicon with 50 nm SiO2. Measurement time is less than 8 minutes.
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