
Scanning Microscopy Scanning Microscopy 

Volume 1993 
Number 7 Physics of Generation and Detection 
of Signals Used for Microcharacterization 

Article 19 

1993 

Surface Chemical Reactions at the Atomic Scale: Gas Reactions Surface Chemical Reactions at the Atomic Scale: Gas Reactions 

with Semiconductors Studied with Scanning Tunneling with Semiconductors Studied with Scanning Tunneling 

Microscopy Microscopy 

R. S. Becker 
AT&T Bell Laboratories 

Y. J. Chabal 
AT&T Bell Laboratories 

G. S. Higashi 
AT&T Bell Laboratories 

A. J. Becker 
AT&T Bell Laboratories 

Follow this and additional works at: https://digitalcommons.usu.edu/microscopy 

 Part of the Biology Commons 

Recommended Citation Recommended Citation 
Becker, R. S.; Chabal, Y. J.; Higashi, G. S.; and Becker, A. J. (1993) "Surface Chemical Reactions at the 
Atomic Scale: Gas Reactions with Semiconductors Studied with Scanning Tunneling Microscopy," 
Scanning Microscopy: Vol. 1993 : No. 7 , Article 19. 
Available at: https://digitalcommons.usu.edu/microscopy/vol1993/iss7/19 

This Article is brought to you for free and open access by 
the Western Dairy Center at DigitalCommons@USU. It 
has been accepted for inclusion in Scanning Microscopy 
by an authorized administrator of DigitalCommons@USU. 
For more information, please contact 
digitalcommons@usu.edu. 

http://library.usu.edu/












R.S. Becker et al. 

dl/dV 

1/V I I I I 

-- -
I I 

--r-7--
-2.0 -1.0 

- · -2x1. 

0.0 

Energy (eV) 

1.0 

---
1 

7--
-1-­
_J __ 

I 
-1--

2.0 

Figure 3. Tunnel junction spectrum of both the 
Si(lll):H-lxl and Si(lll)-2xl surfaces produced by 
electron stimulated desorption. This data is plotted as 
the normalized conductivity, with the vertical scale arbi­
trary. The energy scale designates position with respect 
to the sample Fermi level. The surface energy gap is 
denoted for the hydrogen terminated surface. These 
spectra are acquired at 100 pA demanded tunneling cur­
rent using the interrupted feedback loop method. 

illuminated by the field emitted electrons increases with 
the square of the tip-sample separation. This quantity is 
measured during the acquisition of this data and subse­
quently used to normalize the lxl �~� 2xl conversion 
area. A peak is visible at - 6 e V, with an upturn i.n 
efficiency as the kinetic energy is increased beyond 10 
eV. The peak is resonant with the indirect gap between 
Si-H bonding and antibonding bands, indicating the reac­
tion path is one of promoting an electron from the bond­
ing to the antibonding band. The cross-section for this 
is quite low; approximately 108 electrons are required 
for each surface site converted. Theoretical calculations 
on the Si(l 11):H surface suggest the Si-H <l and <l .. 

bands are separated by approximately 6 eV [12]; how­
ever, no strong bands are present at the r point. For 
these reasons, any resonant condition is expected to be 
broad and weak, as suggested by the data in Figure 4. 
As the electronic kinetic energy is increased significantly 
beyond 10 eV, secondary electrons may be created 
translating the interaction to the low side of the curve. 
Indeed, as the kinetic energy is raised beyond 20 e V, the 
2xl conversion region rapidly extends beyond that illu­
minated by simple geometric considerations, indicating 
that other mechanisms come into play. Nevertheless, 
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Figure 4. Reduced conversion area plotted against end­
point bias for the electron stimulated desorption of 
atomic hydrogen from Si(ll 1). The various symbols 
designate different data runs, while the error bars are 
derived from the total converted areas. 

the presence of the peak in conversion efficiency at - 6 
eV argues against simple heating of the substrate by the 
field-emitted electrons, for, in this case, a monotonically 
increasing conversion area is expected. 

This set of measurements demonstrated the power of 
the vacuum STM to induce simple chemical reactions at 
isolated regions on a sample surface at the atomic level. 
While it is clear that the H-termination is removed by 
the electron bombardment, it is unclear whether all of 
the hydrogen must be eliminated or only a smaller, criti­
cal number density which results in a local configuration 
with a greater unsatisfied dangling bond density than 
may be tolerated. Under these conditions, the substrate 
reconfigures to the 2x 1, desorbing the remaining hydro­
gen in the process since the presence of Si-H bonds are 
inconsistent with the 1r-bonding of the 2xl. It may be 
further instructive to ask what other changes occur to the 
substrate during the electron stimulated desorption of the 
terminating hydrogen. 

Figure 5 shows the final 2x 1 surface after H-desorp­
tion for both flat (a) and stepped (b) substrates. In both 
cases, we see that the surface is divided into domains 
corresponding to the three twinned orientations allowed 
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Figure 5. (a) Flat and (b) stepped Si(l 11) surfaces after electron stimulated desorption from the STM tip. Note the 
greater amount of surface adatoms for the stepped sample which was miscut at 1.25° toward (112). Both images were 
acquired tunneling into unoccupied sample states at +2.0 V bias. 

on a (111) surface. Unlike the 2xl surface created by 
cleavage, where typically only one domain orientation is 
present, the 2x 1 surfaces left after hydrogen desorption 
are broken up into a number of individual domains with 
a typical size of 200 A, with observed upper limit of 
-400 A. Figure Sa is typical of the domain distribution 
for "flat" (vicinality < 0.2°) Si(lll) surfaces, with 
sizes ranging from - 100 A up to 300 A. As expected, 
the domains are distributed equally between the three 
possible orientations. For the vicinal surfaces, typified 
by the image shown in Figure Sb, the domain size is re­
stricted by the mean distance between step risers im­
posed by the misorientation. For the image in Figure 
Sb, the miscut angle of 1.25° toward (112) forces dou­
ble-layer steps an average of 145 A; fluctuations and 
polishing roughness generate situations where the step­
step spacing is both as close as 100 A and as dispersed 
as 250 A. From these considerations, this vicinality is 
just large enough for the presence of the step array to 
influence the 2xl domain distribution. Figure 6 shows 
a set of tunneling images covering a lateral extent of 
- 1000 A where the 2xl structure has been created on 
another substrate misoriented 1.25° toward (112). Anal­
ysis of this image, and others like it, show that the 
presence of the step-array has altered the distribution of 
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2xl domains; the domain comprised of 1r-chains parallel 
to the step risers, D =, is suppressed to the point that 
only 10 per cent of the step risers consist of this 
orientation, while the two domains whose chains 
intersect the step riser at 60°, D 1-, are enhanced, both 
comprising 45 per cent of the step riser. This result is 
a bit surprising in view of the fact that step terminations 
where the 1r-chains are parallel to the step riser are both 
simple in atomic configuration and expected to be locally 
favorable [4]. If the vicinality is increased to 2.5°, the 
D = domains are virtually eliminated. 

Close inspection of the tunneling image in Figure 6 
shows that in many cases the D = domains are larger in 
extent near the upper step riser and attenuated as they 
near the lower step riser. One such region may be seen 
in the lower left of Figure 6. Examination of many such 
images show this as generally true; as the proximity of 
the lower step riser decreases, the D .L domains on ei­
ther side swallow the D = domain. What is most likely 
occurring is an interaction between the anisotropic strain 
fields intrnduced by the presence of the 2x 1 recon­
struction and the step array which breaks the degeneracy 
of the three domain orientations. Calculations by 
Vanderbilt [ 18] show that the 2x 1 1r-chain surface is in 
tension both along and across the chains, but greater 


