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Abstract 

Previously we demonstrated the ability to measure submonolayer quantities of 
surface hydrogen on insulating glasses. The present study builds on this by examining 
hydrogen coverages on another insulating material: the technologically important 
diamond (100) surface. The information to be obtained in the present study will allow 
us to deduce the correct structures for the diamond (lOO)-(lXl) and -(2X1) surface 
phases and provide information on the kinetics of hydrogen desorption from the (100) 
surface. Such experiments are essential for a complete understanding of hydrogen 
surface chemistry during the chemical vapor deposition of thin diamond films. This 
report summarizes progress made in FY93 for measuring surface hydrogen 
concentrations on the diamond (100) surface. Although the available LDRD resources 
were insufficient to finish this study in FY93, completion of the study is planned using 
other resources and this detailed report as a reference. 



1. introduction 
Recently we demonstrated the ability to measure submonolayer quantities of surface 
hydrogen on insulating glasses by forward recoil spectroscopy (FRS) using 2-3 MeV 
helium ions [1,2]. The advantages of this technique over other methods for hydrogen 
analysis are: (a) surface hydrogen can be detected and profiled in depth, (b) essentially 
no hydrogen (or host material) is destroyed or displaced, and (c) quantitative 
measurements at submonolayer coverages are possible. The present study builds on 
our previous work by examining hydrogen coverages on another insulating material: 
the technologically important diamond. (100) surface. 
The information obtained in this study will allow us to deduce the correct structures for 
the diamond (100)-(1x1) and -(2x1) surface phases, as well as provide information on the 
kinetics of hydrogen desorption from the (100) surface. These quantitative results are 
essential if a complete understanding of the role of surface hydrogen during the 
chemical vapor deposition of thin diamond films is to be obtained. In particular, this 
research will help bridge a gap that has recently been created between current 
experiment and theory on the structure of the diamond (100)-(1x1) and -(2x1) surfaces. 
To date hydrogen coverages have only been inferred by indirect measurement 
techniques. 
The difference between a mono- and di-hydrated (1x1) surface is 0.5 monolayers (ML) 
of hydrogen (1 ML = two hydrogen atoms per surface carbon), easily resolvable by 
forward recoil spectroscopy (FRS), that permits measurements of < 0.05 ML. By 
measuring the surface hydrogen concentrations the correct surface structures can easily 
be deduced for the (1x1) and (2x1) surfaces. If an intermediate coverage (1 ML > q > 
0.5 ML) is found for the (1x1) surface then a combination of mono- and di-hydrated 
surface states is indicated, as predicted by theory. For the (2x1) surface the absolute 
difference between a mono-hydrated and hydrogen free surface is again 0.5 ML. A 
finding near 0.5 ML suggests the carbon atoms have formed dimers and are 
predominately mono-hydrated while coverages below 0.25 ML would indicate most of 
the surface carbons are dehydrogenated, and carbon-carbon n-bonds have formed. 
2. Experimental Considerations 
To measure surface hydrogen coverages under controlled conditions, an ultra-high 
vacuum (UHV) chamber attached to an accelerator beam line is required. An existing 
Varian UHV chamber has been modified and equipped with the appropriate surface 
analysis equipment required for the experiment. This chamber will be connected to an 
existing beam line of a 4 MV ion accelerator via a differential pumping section. The 
following paragraphs give detailed experimental design/operating procedures for each 
element of the vacuum system. A top view of the UHV chamber is shown in figure 1. 
Except for the sputter ion gun and the 168" Rutherford backscattering (RBS) detector, all 
identified units have their beams or detection axes in the horizontal plane at the center 
of the chamber. The corresponding centerline chamber distances are shown in figure 2. 
The low-energy electron diffraction (ILEED) optics unit is required to establish the 
surface structure and the changes caused by the chemisorption of hydrogen. The 
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particular unit is a Varian 4-grid model. The retractable Faraday cup unit is a copy of 
the Faraday cup design described in reference 2. The only difference is that the present 
assembly can be baked to 200" C. 
2.1 Hydrogen Dosing 
The hydrogen doser consists of a tungsten filament for dissociating the molecular 
hydrogen and a stainless steel tube for delivering the hydrogen to the filament. The 
filaments are hand wound from 15 cm of 1/4 mm diameter wire. The filament is 
mounted to threaded Mo rod for electrical contact. The Mo rod is passed through a 
Macor block that isolates the filament electrical connections from the supporting 
stainless steel tube. The Macor block and the threaded rod are designed to provide 
positioning of the filament to accommodate any filament-to-sample distance. Currently, 
the distance is -2.5 cm when dosing. The dosing assembly is attached to the chamber 
through a flO" gimbaled mount. This allows the filament to be moved away from the 
sample when not in use. The hydrogen (or any other gas from the manifold) is emitted 
to"the chamber through the stainless steel tube via a Varian leak valve. During heating 
of the filament after an air exposure, the specimen surface must hidden from line-of- 
sight of the filament to avoid deposition of evaporated tungsten oxide. Typical 
operating currents needed are 6 to 6.5 amps (-15 VDC) to produce a filament 
temperature (~2000 "C), which dissociates H2 with a suitable cross section. Filament 
power is supplied by a HP high current power supply. The hydrogen needs to be 
continuously leaked into the chamber because it readily adsorbs on the chamber walls. 
It is recommended that cooling be applied to the specimen when the filament is 
operating to keep the surface temperature low. With cooling present the surface 
reached a maximum temperature of 20°C, without the cooling the temperature 
increased to 250' C. 
2.2 Sputter Ion Gun 
An ion sputter gun is needed for surface cleaning. The PHI sputter ion gun is mounted 
above the LEED viewport at a 29" angle from horizontal. The ion gun should not be 
necessary for diamond experiments since the only way to clean diamond is through 
annealing. However, it will be needed if Si is used for an extended period of time. If 
extensive sputtering experiments are under taken, a turbo pump should be attached to 
the chamber to allow dynamic flow of the remove the Ar gas. Currently the gas is 
removed through the roughing manifold. 
2.3 RBS Detector 
A 168" Rutherford backscattering spectroscopy (RBS) detector provides spectra for bulk 
and surface impurity (Z>6, for diamond surfaces) analysis. The 168" RBS detector is an 
Ortec ULTRA (200" C bakeable) surface barrier detector with an active area of 150 mm2 
and maximum resolution of 14 keV for alpha particles. The detector is mounted in an 
aluminum block that is attached to the vacuum side of a 15 cm to 7.0 cm reducing 
flange by two stainless steel mounting brackets. The mounting brackets are located 2.5 
cm above the ion beam axis (Cornel1 geometry) and place the opening of the detector 
15.5 cm from the inside flange edge. Additional holes are provided in the flange to 
move the detector to a height of 0.5 cm above the beam axis if desired. Electrical 
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connections are through a welded BNC feedthrough. The aluminum block allows a 
collimator of any size to be placed in front of the detector. Currently a circular aperture 
of the collimator (0.5 mm thick Mo) has a diameter of 8 mm. An additional collimator 
with an opening of 6.4 mm is available. The detector dark count was tested before entry 
into the chamber and was found to be acceptable. Given the detector geometry, the 
sample-to-detector distance is 12.1 an with an estimated solid angle of 3.5 msr. 
2.4 FRS Detector 
This detector provides energy spectra for forward recoiled hydrogen atoms [l]. The 30" 
FRS detector is also an Ortec ULTRA (200' C bakeable) surface barrier detector with an 
active area of 150 mm2 and maximum resolution of 14 keV for alpha particles. The 
detector is mounted in an aluminum block that fits snugly inside a stainless steel tube. 
The stainless steel tube is welded to the vacuum side of a 7.0 cm BNC feedthrough 
flange. This mounting scheme allows fl.54 cm linear travel of the detector along the 
horizontal axis to the specimen. At the midpoint of travel the detector is located =5 cm 
from the center of the chamber. A rectangular slit collimator (0.5 mm thick Mo) with 
dimensions of 1.25 cm high by 1 mm wide covers the detector. To eliminate scattered 
He ions a 11.90 pm Al stopper foil is inserted between the slit and the detector. The foil 
is actually two 5.95 prn Al foils (manufactured by Goodfellow Industries) Torr sealed to 
either side of an AI support ring. The 5.95 prn A1 foil was supplied by Tom Felter 
(Sandia) and the thickness was determined in house by H+ RBS. This detector geometry 
is expected to give a solid angle of 3.6 msr at 5 cm from the sample. The measured 
energy resolution due mainly to the Al stopper foil is 430 keV using 2.9 MeV He+. 
2.5 Sample Holder 
A Vacuum Generators manipulator with a custom designed sample holder is used for 
sample positioning and heating/coolirig. A schematic af the heater detail is given in 
figure 3. The manipulator provides rotary as well as three degrees of translational 
motion (X, Y, and Z). The rotary motion is constrained to +180" by the stainless steel 
cooling coils attached to the sample foot. Heating of the sample is accomplished 
through a Spectramat E-292 sample heater rated to 1200" C. Heating electrical 
connections consist of a single mini-conflat BNC feedthrough with the stem of the 
heater grounded for return current flow. Typical operating current to reach 1250" C is 
4.25 amps 0 14 VDC. The same Hp power supply used for dosing is also used for 
heating the sample (Note: the rear co&ections on the HI? power supply need to be 
changed when going from sample heating to filament operation). The sample (7 mm 
diameter max. dimension) is clamped on the heater surface using a Mo cap (1/4 mm 
thick) with a 6.4 mm ID opening. A W-5% Re vs. W-Z6% Re thermocouple is placed 
under the Mo cap next to the sample to measure surface temperatures. 
The heater stem is set in a stainless steel block that is screwed to the Z-stage of the 
manipulator. This block is also brazed to a loop in the stainless steel cooling coils. This 
provides a heat sink for cooling the sample when liquid nitrogen is passed through the 
coil assembly. A liquid nitrogen dewar and transfer hose from Cryogenics is designed 
to deliver liquid nitrogen at a pressure of 50 psi. This is adequate to force liquid 
completely through the coils. The liquid exhaust should be adequately vented away 
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from the chamber to prevent partial cooling of chamber walls and possible leaks at 
gasket seals. Normal liquid nitrogen dewars deliver liquid at pressures of 20 psi. This 
pressure may not be adequate to achieve liquid flow through the cooling coils. Active 
cooling must be present when heating the sample! Failure to do this could result in 
heating of the coil braze material to temperatures above the braze melting point. 
3. Results and Discussion 
Initial progress was made with silicon specimens. A Si(100) sample was inserted into 
the holder and was used to trouble shoot the UHV system. Si(100) is similar to 
diamond (100) in that it shows a (1x1) to (2x1) surface reconstruction upon heating, and 
the structural effects of the interaction of the surface with atomic hydrogen is well 
documented. Dosing of the Si(l00)-(2xl) surface with atomic hydrogen returns the 
surface to a (1x1) surface, as is the case for diamond. 
The following experiments were performed: 
(a) Tested the sample heating and cooling system. A temperature range of -125°C to 

1250°C was achieved. 
(b) Checked the LEED system by observing the Si(lO0)-(1x1) to (2x1) reconstruction 

(c) Verified the operation of the filament and gas dosing assembly by dosing the 
at a temperature of - llOO°C. 

Si(100)-(2Xl) surface with atomic hydrogen. We dosed the Si(100)-(2x1) surface with 
120 Langmuir (1 Langmuir = 1x10'6 Torr sec) of (H/H2) at 2x10'7 Torr with and 
without the filament operating. Without the filament there was no change in the 
LEED pattern (i.e. molecular hydrogen does not affect the surface reconstruction). 
With the filament operating, a 120 L exposure resulted in the reconstruction of the 
Si(100)-(2xl) surface to a (1x1) surface. 

4. Summary 
Although no MeV ion-beam data has yet been collected, the UHV analysis system is 
ready to be attached to the analysis beam line of the 4-MV ion accelerator. When this 
system becomes operational, we will analyze the surface hydrogen coverages on 
diamond under controlled and reproducible conditions. The data and results should 
lead to a better understanding of the role of chemisorbed hydrogen in determining 
surface structure and on the growth of CVD diamond films. 
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Figure 1: Top view of the UHV chamber showing the layout of the ion detectors, gas 
doser/filament assembly, LEED optics, sputter gun, and retractable faraday cup. 
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Figure 2: Top view of the UHV chamber showing the centerline dimensions to each 
flange face. 
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Figure 3: Detail of Spectramat E-292 heater assembly. 

8 


