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Atomic scale observations of CVD diamond surfaces by STM 
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The scanning tmmeling microscopy (STM) has been employed to the observations of CVD homoepitaxial 

diamond (001) and (111) surfaces. The dimer type 2x1 reconstructed structure has been observed on (001) surfaces. 

Isolated dimer rows and antiphase boundaries where out of phase dimer rows meet have been observed. These 

features suggest the dimers play an important role for growth of CVD diamond. On (111) surface, monohydride 

1xl structure with 0.25nm spacing was observed. Some adsorbates different from the monohydride structure have 

been found on each terrace. 

1. INTRODUCTION 

In recent years, many studies of the diamond syn­

thesis by chemical vapor deposition (CVD) method 

have been reported. However, the studies of CVD 

diamond surfaces have just started. The studies of the 

surface structure are very important to solve growth 

mechanisms and surface electronic properties for in­

stance. Since the surface energy of diamond is ex­

tremely high, low order index surfaces, i.e. (001) or 

(111) surfaces, tend to appear on diamond poly-crys­

talline films after growth. In other words, it is sug­

gested that these surfaces become smooth in atomic 

level. That's to say, these low order index surfaces are 

proper to apply to the studies of surfaces. 

The 2xl reconstruction has been confirmed on 

CVD homoepitaxial diamond (001) surface by 

RlffiED[l]. The atomic scale observations of the sur­

face by STM have been reported for the first time in 

1991 by Tsuno et al.[2]. But discussions of detailed 

configurations of the surfaces have been just started. 

There are some reports of the diamond (111) sur­

face. Yarnada et al. reported that the clean (111) sur­

face forms 2xl structure and 1xl structure appears 

when the surface is exposed to more than 0.05 mono­

layer of hydrogen atoms. The STM observations have 

been carried out in only a few reportsf3,4]. 

In this report, we have performed the atomic scale 

observations of these low order index surfaces by 

STM, and discussed the more detailed atomic con­

figurations of these surfaces. 

2. EXPERIMENTAL PROCEDURES 

Diamond homoepitaxial films were grown by 

means of a conventional microwave plasma-assisted 

CVD method on high-pressure synthetic type Ib dia­

mond (001) and (111) substrates. The source gas was 

CO (5vol%) diluted with hydrogen. The total gas flow 

rate was 200 SCCM, and the total pressure was 35 

Torr. The substrate temperatures during the deposi­

tion were 8.50T on (001) surface, and 940°C on (111) 

surface. The deposition time was normally 3 hours 

(thickness of the film was about 1t-un). 
STM observations were carried out Wlder atmos­

pheric pressure after deposition. 
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3. RESULTS AND DISCUSSION 

Figure 1 is a typical STM image of the undoped 

homoepitaxial diamond (001) surface. Dimer rows 

elongated to the two equal <110> directions are seen, 

i.e. (001) surface reconstructs to the double domain 

2x1/lx2 structure. Dimer rows were observed repro­

ducibly over all scanned areas. Average terrace size 

of this sample is about lOmn. The distance between 

two dimer rows was measured 0.5 nm corresponding 

to two lattice constants of (001) surface. In this image, 

a dimer row extending to the direction of the row 

(marked "a") is seen, and two dimer rows including a 

few dimers (marked "b") exist stably. These rows (''a" 

and ''b") suggest that the growth of diamond occurs in 

the direction of these rows. We varied the applied tip 

bias voltage in the range from O.lV to -0.1 V during 

the observations, but the images were not dependent 

on the bias voltage. 

Fig. 1. A typical STM image of undoped diamond 

(001) surface. Tip bias and ttmneling current were 

O.IV and 3nA. 

Fig. 2. An antiphase boundary of the diamond (001) 

surface. Tip bias and tunneling current were -0.05V 

and lru\. 

Figure 2 is an image of a discontinuous boundary. 

The line drawn in this figure passes through the dimer 

rows in region ''b", but coincides with the trough he­

tween the dimer rows in region "a". This boundary is 

called an 'antiphase boundary'[5]. The antiphase 

boundary may be formed where the dimer rows of 

each domain meet out of phase during growth, and 

suggests that the epitaxial growth of diamond is 

achieved through the extension of dimer rows. 

Figure 3(a) is a high-resolution image of the step 

edge. The upper terrace is on the left-hand side and 

the lower is on the right-hand side of this image. The 

dimer atoms at the step edge (marked by an arrow) are 

observed to be 0.05nm higher than the adjacent dimer 

atoms in the same dimer row[5]. In typical SThf im­

ages (Fig. 1), symmetric dimers were usually ob­

served, but Fig. :i(a) appeared to be asymmetric. In 

the case of Si (001) surfaces, asymmetric dimers on a 

lower terrace at the step edge have been observed[6}. 

In this reference, the lower dimer atoms at the step 
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(b) 

Fig. 3. (a). A high resolution image ot a step. Dtmer atoms next to the step edge (marked by an arrow) are uplifted. 

Tip bias and tunneling current were 0.05V and 3nA. (b). A schematic illustration of a step including a general un­

derstanding of rela'ii:ation (cross sectional view). 

edge were observed to be lower than the adjacent 

dimer atoms in the same dimer row. Our image of 

asymmetric dimers is consistent with the images in 

this reference, and with the general understanding of 

atomic step structure shown in Fig. 3(b). 

We also performed the observations of (111) 

homoepitaxial films. Figure 4 is a typical SThf image 

of the surface. In this image, atom-like dots are 

clearly observed, and the distance between two near­

est dots is 0.25nm. It corresponds to the distance be­

tween two carbon atoms of diamond (111) ideal sur­

face. Since atomic hydrogen is dense in the deposition 

atmosphere, each dangling bond of diamond (111) 

lxl may be terminated by one hydrogen atom. This 

monohydride model is shown in figure 5[7]. 

In figure 4, some adsorbates are observed besides 

the atom-like dots. Well resolved image of tlli.s adsor­

bates is shown in figure 6. A special feature of the 

adsorbates is its ring-like shape. This ring-shaped 

images are very similar to the SiH3 images on HP­

treated Si (111) surfaces[8]. On the other hand, there 

f-iig. 4. A typical STM. image or undoped diamond 

(111) surface. Tip bias and tunneling current were 

0.05V and lnA. 
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Fig. 5. Structure model of diamond (111) lxl-H. 

Each dangling bond is terminated by one hydrogen 

atom (monohydride model). 

lnm 

Fig. 6. An ring-shaped adsorbates image. These ad­

sorbates are on -v'3x,/;3-R30° positions. 

are some reports suggesting that CH3 radicals can ad­

sorb on the diamond (111) surfaces. From these cir­

cumstance, we speculate the ring-shaped adsorbates 

are trihydride CH3 [7]. Further experiments arc 

needed to determine this structure precisely. 

4. CONCLUSIONS 

Atomic scale observations of homoepitaxial CVD 

diamond (001) and (111) surfaces have been per­

formed by STM in atmospheric pressure. On (001) 

surface, 2xl/1x2 reconstructed structure has been 

observed reproducibly. The following local arrange­

ment have been found in detailed obsen·ations: l)an­

tiphase boundary, 2) asymmetric dimers at step edge. 

on ( 111) surface, monohydride lxl structure has 

been confirmed. However, ring shape adsorbates 

have been observed, and we speculate these adsor­

bates are trihydride CH3. 
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