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This Letter reports on the early stage of adsorption of 02 on the clean Si(ll0) surface, showing 
a prominent 5 • reconstruction, in ultrahigh vacuum at 300 K, Auger electron spectroscopy 
(AES) and tow energy electron diffraction (LEED) have been used to monitor this solid-gas 
reaction. Careful measurements of the normalized oxygen Auger signal in the low exposure region 
reveal, for the first time, a remarkably fast adsorption of 02 up to - 0.15 monolayer of oxygen, 
the initial sticking probability being about 1, The LEED measurements suggest that those surface 
sites which constitute the additional higher order reconstructions, are highly reactive. 

The S i ( l l 0 )  surface has received cons iderab ly  less interest  than the (111) 
and  (100) surfaces. A n u m b e r  Of ques t ions  have remained  unanswered  con-  
cerning,  e.g., the geometr ic  and  electronic s t ructure  of the S i ( l l 0 )  surface and  
an accura te  descr ip t ion  of  the 02 adso rp t ion  kinetics. Mos t  re levant  to this 
last  r emark  is the enormous  scat ter  in the exper imenta l ly  found  init ial  s t icking 
p robab i l i ty ,  So, ranging from - 6  • 10 -3 [1] via 0.03 [2] to - 0 . 2  [3], as 
de t e rmined  with Auger  electron spec t roscopy  (AES) [1,3] and  different ia l  
re f lec tometry  (DR)  [2]. Unfor tuna te ly ,  the authors  [1-3] d id  not  repor t  on the 
s t ructure  of  their  clean surface. They  all used a di f ferent  me thod  of p repa r ing  
a clean surface which, to our  opin ion ,  leads to S i ( l l 0 )  surfaces each having a 
di f ferent  degree of  perfec t ion  [4] and  reconst ruct ion  [5-8].  

Fur the rmore ,  the exposure  curves for  O 2 on the S i ( l l 0 )  surface, as shown in 
refs. [1-3],  reveal  a s t r iking difference in the ini t ial  s tart  of  the 0 2 adso rp t ion  
measurements ,  i.e., at exposures  of  1, 6 and 100 L, respectively,  S o decreas ing 
in that  o rder  (1 l angmui r  ( L ) =  1 • 10 6 Torr  s). The  exposure  curve as 
measured  by  Ranke  and  Xing [3] is in teres t ing since it exhibi ts  two changes in 
its slope, i.e., at  2 L and  at about  30 L, which is an i n d i c a t i o n  of  a more  
compl i ca t ed  react ion kinet ics  [9,10]. This  result  suggests that  re levant  in forma-  
t ion concerning  the ini t ia l  02 adsorp t ion  stage remains  unno t iced  if the 
exper iment  is s tar ted  at a more  advanced  exposure  [1,2]. The observed scat ter  
in "So" may  thus be a t t r ibu ted  to the difference in the ini t ia l  s tart  of  the 0 2 
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adsorption experiments. The question arises if complementary information 
about the very early 02 adsorption stage can be gained from an investigation 
at exposures below 1 L. 

This Letter deals with the initial room temperature adsorption of 02 on a 
clean Si(l l0)  surface, showing a prominent 5 x 1 superstructure, and special 
attention being focused on the adsorption behaviour in the sub-Langmuir 
region. The work presented in this Letter is part of a more extensive study on 
the adsorption behaviour of 02 and N20 on the Si(ll0)5 x 1 surface at 300 K, 
investigated by DR, AES and low energy electron diffraction (LEED) [9-11]. 
In this paper only the AES and LEED measurements performed at low 
exposures (0-15 L) will be discussed. Our experimental results demonstrate 
that the initial 02 adsorption stage is remarkably fast. 

The experiments were performed in a stainless steel UHV system with 
facilities for DR, AES-LEED,  ion-bombardment and residual gas analysis, 
recently described in detail [4]. A clean Si(110) surface (10 ~2 cm, boron doped 
p-type, 10 x 30 x 0.2 mm 3, purchased from Siltronix) was obtained by cycles 
of simultaneous Ar + bombardment and annealing (600 ~ C) (SIBA) and an- 
nealing (800 ~ C, 60 min). Applying this surface cleaning recipe for the (110) 
surface, reasonably good patterns showing diffuse spots and streaks in ad- 
dition to the prominent 5 x 1 superstructure were reproducibly obtained 
[9-11]. In ref. [4] we have argued that the SIBA treatment leads to clean 
silicon surfaces with probably the best possible degree of perfection. The 
procedures for gas handling, AES-LEED measurements and the determina- 
tion of the fractional oxygen coverage in AES, OAES, as derived from the ratio 
of the oxygen KLL (510 eV) to the silicon KLL (1619 eV) Auger peak-to-peak 
heights in the first derivative (dN(E)/dE) of the energy distribution, can be 
found in refs. [4,11]. 

Fig. 1 shows OAE s versus small 02 exposure. From the slope of this curve it 
has been derived [9,10] that the initial sticking probability for an oxygen 
molecule on the Si(110) surface, So, is near unity. At around monolayer (ML) 
coverage the sticking probability has decreased to about 10 -6, slow sorption 
continuing beyond ML coverage [9,10]. We mean by ML coverage that 
4.8 x 1014 oxygen molecules have reacted with 9.6 x 1014 Si atoms in the 
surface layer. From fig. 1 can also be derived that "So" is about 0.1 if the 02 
adsorption measurement had been initiated at an exposure of 1 L, which is in 
reasonable agreement with the results of Ranke and Xing [3]. An initial 
sticking probability in the range 10 2-10 -3 is obtained if the initial exposure 
would have been 6 L (this work)-100 L [9,10], in accordance with the results 
of Wierenga et al. [2] and Tougaard et al. [1]. These results strongly suggest 
that the large scatter in "So" ([1-3], this work) can be attributed to the 
difference in the initial start of the 02 adsorption measurement and possibly, 
to a lesser degree, also to the difference in the reconstruction of the initial 
clean Si(l l0) surface. At low exposures (0-2 L), i.e., when 0 < ~AES ~-~ 0.15 
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Fig. 1. The fractional oxygen coverage, OArs, as derived from the normalized oxygen Auger signal 
[4,11], versus 02 exposure in the initial adsorption stage. Each data point is taken after new 

exposure on a freshly cleaned surface. 

(fig. 1), the diffuse spots and streaks which are observed in addition to the 
5 • 1 LEED pattern [9,10] - indicative of higher order reconstruction - 
rapidly disappear. Or in other words, the quality of t~e 5 • 1 LEED pattern 
improves. A possible explanation is that in this region 02 mainly reacts with 
those surface sites which constitute the additional higher order reconstructions 
and possibly also with defects o n  our - SIBA - cleaned Si( l l0)  surface. 
Additional evidence from DR measurements in favour of this idea can be 
found in refs. [9,10]. 

In conclusion, the present study demonstrates that careful measurements of 
the normalized Auger oxygen signal in the sub-Langmuir region reveal ad- 
ditional information about the initial adsorption of 02 at the clean Si(l l0)  
surface. It has been shown here for the first time that the initial sticking 
probability of molecular oxygen on this surface is almost 1. A careful 
investigation of the low exposure region should always be an integral part of 
gas adsorption studies on clean silicon surfaces: preliminary results of the 
room temperature adsorption of O2 on Si( l l l )7  x 7, studied by the contact 
potential difference method [12] and NO on Si(100)2 • 1, monitored by 
A E S - L E E D  and DR [13] both show a distinct adsorption behaviour between 
0 and 0.2 L 02 (NO) exposure. 
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