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 : الملخص
تنممملاث)ا مممي نث)ا ممملتطث ل) ممم  ثثInSb(001)(ثعلمممطث ممم  ثmorphologyتمممحث نممماثتشممملث) ت ممم    ث 

ث(.UHV(ثثفيثظرفثفر)غثفلقث) ي  ي AFMش   رل  لبث) قلةث) ذر   

ثثثX0101ث4  لملثفل ملاث(ثلث ضم ضث 4 نزشم ث) لت م ثثار ملاثذ)لاث  )م ث ثInSb(001)تحثتير ضث)  م  ث
ون (ثدرج ث.ثتحثشلانظ ثعدةث)تل)نثشماث) تر)  مبث) د) قم ث ضجمل)لاث ث01-1تلض ث  اث عتدثزل)  ثشخ (2- حثاي

نلق لاثل) متق ث) ت تل م ثل مذ لث) تشملسث)  م نيث)عتشم د)ثعلمطثز)ل م ث مقل ث)ا ملا.ثن ماثت م اثعتمدثز)ل م ث
درجم (ثث01درج (ث)اث)تجم  ث) تشملسثثعشلد م ثعلمطثش مق ث مقل ث)ا لتم لاث  تشم ثعتمدثز)ل م ث ث44)  قل ث 

ثتشلسث تجهثعلطث ل ثثش ق ث)ا لا.ثلثف رلاثث) تت ئجث ت ءًثعلطثتظر  ث ر)د طثلثه ر رث تيد  ث)   لح.) 
ث
ث

ABSTRACT 
Morphological development on InSb(001)  surfaces, under ion irradiation, has 

been investigated by means of Atomic Force Microscopy in UHV conditions. The 

InSb(001) surface has been exposed to Ar
+
 beam with varying incident angles 

(from 0° to 80° off-normal) for  energy  4.0 keV and fluence 4x10
17

 ion/cm
2
. 

Different kinds of nanostructures, depending on ion incident angle, have been 

observed on the irradiated surfaces such as nanocavities, or nanorings and 

nanodots, preferentially for close to normal incidence, and well-order ripples for 

the oblique incidence. The formation of ripple structures on InSb(001) surfaces as 

a function of the incidence angle has  been observed. The orientation of the ripples 

has been found to be incident angle dependent and it is perpendicular, or parallel 

to the ion beam projection on the irradiated surface for angles of 45° and 80°, 

respectively.. The results have been discussed in terms of ballistic processes of 

sputtering and Bradley Harper theory for surface modifications. 
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     Surface Pattern formation in nanometer-scale on crystalline and amorphous 

solids using ion bombardment has become a topic of rapidly increasing interest. 

However, with the fast-growing interest in nanotechnology, ion beam sputtering is 

frequently regarded as an alternative process for the generation of various 

nanostructured surfaces or interfaces via self organization. One reason is certainly 

the potential of such nanoscale patterns for various important applications in 

contemporary electronics, materials science, molecular biology, medicine. 

Regarding self-organization effects and spontaneous pattern formation during ion 

sputtering, the phenomenon of ripple formation on the irradiated surfaces was 

intensely studied for a last few decades. Since the first detection of ripple 

structures on glass surfaces by Navez et al. [1], ripple formation has been also 

observed for a number of 

different materials [2–12] and became become an active area of research due to its 

possible application in nanotechnology.  

     The main mechanism that determines the surface morphology of amorphous 

solids undergoing oblique ion bombardment was proposed by Bradley and Harper 

[13]. According to the linear continuum model of BH theory the patterning is 

dependent on the curvature dependent sputtering of the surface proposed by 

Sigmund [14], where, valley regions sputter faster than the convex (hill) regions, 

creating a instability on the surface. This instability is opposed by a smoothing 

mechanism, e.g. surface diffusion or viscous flow, both being of thermal [15] or 

ion bombardment origin [16]. The interplay between these two processes governed 

a characteristic wavelength for the pattern [13]. 

      In the present work, we have studied the evolution of the ripple amplitude with 

increasing incident angle for a fixed energy and fluence of the ion beam at room 

temperature. The surface topographies have been investigated by means of Atomic 

force microscopy (AFM). 
 

EXPERIMENTAL 

    All the experiments were performed in the ultra  high vacuum( UHV) chambers 

having a vacuum of about 10
-10

mb. The InSb(100) epi-ready wafers, from Kelpin 

Crystals (Neuhausen, Germany), with sizes of 5x5 mm
2
 are clamped to a 

molybdenum plate with help of tungsten wires. The molybdenum plate is 

supported on the copper holder which can be heated by a resistor heater fixed 

inside the copper holder, the temperature is measured with Chromel-Alumel 

thermocouple fixed on the copper holder. The fresh sample is preannealed at 695 

K for several hours. In order to get well define starting conditions, the InSb sample 

is further sputter-cleaned at 695 K by Ar
+
 ion bombardment for 1 h (using a 0.7 

keV energy ion beam, current about 1.5 μA, rastered over 2 cm
2
, incidence angle 

of ± 60 off-normal), This procedure provides a clean and well-ordered surface 

showing a c(8 × 2) LEED pattern (Low energy electron diffraction) as shown in 

Figure (1) 
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     For surface modification of such pre-prepared samples we use ion 

bombardment with a focused Ar
+ 

beam (the diameter of the beam spot below 1 

mm) scanned over the entire sample area. The G 400 ion source have been used 

which is designed to clean the samples for surface analysis and the surface 

modification.  

 The clean surface was bombarded with 4.0 keV Ar
+
 for the ion fluence of 4x10

17 

ions/cm
2
 at various incident angle between 0

o
 and 90

o
 off-normal at room 

temperature. All measurements were conducted in vacuum by atomic force 

microscopy in contact mode (C-AFM) under vacuum condition (10
-11

 mb) using 

CP Park Scientific Instruments AFM microscope. The average wavelengths (ripple 

like structure) of the surface nanostructures are determined directly from AFM 

topography profiles as well as from 2D self-correlation functions of AFM images. 

   The Atomic Force Microscope is technique that can be used to analyze and 

characterize the samples surface at the microscope level, with very accurate 

resolution ranging from 100 μm to less than 1μm.  The AFM operates as follow, 

an extremely fine sharp tip either come in contact or in very close proximity to the 

sample that is being imaged. This tip is usually a couple of microns long and often 

in the range 100Å in diameter (In this work we used silicon nitrite (SiN) tip with a 

nominal diameter about 10 nm). The tip is located at the free end of a cantilever 

that is 100 to 200μm long. The sample is then scanned beneath the tip. Different 

Forces either attract or repeal the tip. These deflections are recorded and processed 

using imaging software; the resulting image is a topographical representation of 

the sample that was just imaged. If you want to know about the sample rather than 

just a view of its surface, there are different imaging modes that are used for 

different types of analysis. Either different hardware or scanning techniques are 

required to obtain the data necessary for the analysis. The AFM can measure a 

number of characteristic properties of the sample that other forms of microscopy 

cannot reproduce. 

    In the present paper, we report on surface morphology modifications of an 

InSb(001) crystal induced by low-energy Ar
+
 bombardment at various incident 

angle at room temperatures .  
 
RESULTS AND DISCUSSION 
 

    None-contact AFM topography image of the treated  surface show the nice 

terraces (the atomic layers) indicate well-ordered surface showing a c(8×2) LEED 

pattern as shown in Fig.(1). An experimental parameter which is rather easy to 

change in sputtering is the angle of incidence of the incoming ions relative to the 

normal to the average surface configuration, Fig. 2 shows the two dimensional 

view of the surface morphology obtained from the AFM images of InSb(001) 

samples bombarded with Ar
+
 ion at various angles for a fluence of 4x10

17
 ions/cm

2
 

at room temperature. The corresponding surface profile of each AFM image is 
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 indicated at bottom of the image. The created structures is evident in both, the line 

profiles and 2D auto-correlation images on the right corner in the inset of the 

images, which are perpendicular to the direction of incident ion beam at about 45
o 

off-normal and parallel to the ion beam for the angle more than 60 degree. These 

results indicate that ripples appear only for a limited range of incidence angles, 

which, depending on materials and ions involved. 
 

 
 

Fig. (1) Non-contact AFM image and the LEED pattern of the clean surface of 

InSb(001) 

 
The created nanostructures in our experimental work are in the form of ripple 

patterns at about ( =45
o
) ion incidence, with a wave vector oriented parallel to the 

ion-beam direction. Also an alignment of ripple features at near-normal incidence 

( >60
o
) and with the wave vector oriented perpendicular to the incoming ion 

beam appear have been observed. It is worth mentioning that all experimental 

studies reported here follow, as predicted by B-H theory, with the ballistic process 

of sputtering. 

A close view of the morphologies clearly shows a pit and cavity (nanoring ) like 

structure with different dimension depending on the angle of incidence. The period 

of the created nano-wire like structure in this stage of fluence, nanowire known as 

wavelength, is calculated by the line profile as shown at the bottom to the 

corresponding image and also from 2D self-correlation functions of AFM images 

nearly about 100nm.  

The sputtering yield have been calculated using SRIM code simulation [17], for 

the projectile angle of incidence   with respect to the surface normal, is shown in 

Fig.3. Generally, the yield reaches a maximum at angles between 60° and 80° 

before decreasing rapidly at larger angles. This decrease is related to an increased 

reflection of projectiles at near grazing incidence. At a more grazing incidence 

angle, less energy is deposited as the ion beam is reflected off the surface, and the 

yields decrease significantly. The influence of the angle is also governed by the 
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surface structure of the target and the ion mass. For example, the incident angle of 

Ar
+
 ion bombardment which gives the maximum sputtering yield is about 70

0
 in 

this range of incidence angle well order ripple were created along the ion beam 

direction. 

 
 

Fig. 2. Contact AFM images (1x1 μm
2
) of the InSb(001) surfaces modified at 

various incident angle  with 4.0 keV Ar
+ 

beam for the fluence  4x10
17 

ions/cm
2
. The insets in the upper-right corners show 2-D self-correlation and 
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the arrows indicate the ion beam direction. The z-scale profiles taken along the 

line passes through the center of y-axis below each image. The images were 

taken in vacuum environment.  

 

Fig. 3.  Ion sputtering yields from InSb(001) surface, bombarding energy of  4.0 

keV as a function of incident angle   from the surface normal. 
 
 
   The evolution of the surface topography with ion incidence angle for erosion 

with Ar+ ions is quantitatively summarized in Fig. 4 where the dependence of the 

root-mean-square (rms) roughness on  ions is plotted 
 

 

Fig. 4 Variation of RMS surface roughness of the InSb(001) surfaces as a function 

of incidence ion angle where the ion energy is 4 keV and fluence 4x10
17

 ion/cm
2
 at 

RT. 
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The rms roughness can be taken as a measure for the height fluctuation on the 

surface-i.e., the nanostructure amplitude. Generally, at first bombarding ranging 

up to about 30° ion incidence, nanocavity and dots like patterns develop on the 

surface. By increasing the ion incidence angle the amplitude of the ripples nearly 

decrease (45
o 
incidence angle). Also for ion incidence angles between 60° and 80°, 

the surface remains rough but start to smoothing where well order ripples are 

created, especially at 80
o
 of incidence angle. 

 

 CONCLUSIONS 

 In conclusion, detailed studies of the ion-induced surface modification and 

nanostructuring at single crystal InSb (001) surface due to rare gas ion beam have 

been studied in an UHV environment by means of the contact mode atomic force 

microscopy. At the oblique incidence, for angles larger than 60° off-normal, a 

regular pattern of periodic ripples is formed for the ion fluences of 5×10
17

 

ions/cm
2
 at 4 keV ion energy. The RMS surface roughness is found to be angle 

dependent. The ripple wave vector is either perpendicular (for angles of incidence 

larger than 60°), or parallel (for angle about 45°) to the projection of the ion beam.  

The creation of ripple –like structure follow the perdition of Bradley- Harper 

theory. 
 

Acknowledgement 

The authors would like to thank Professor Dr hab Marek Szymonski and Dr 

Franek Krok  at department of physics of Nanostructure Nano technology, 

Jagillonian University, Krakow, Poland for fruitful discussions and support during 

experimental work.  
 

 

 

 

 

 

 

 

 

 

REFERENCES 



 

 
8 

[1] M. Navez, C. Sella, D. Chaperot, Compt. Rend. 254, 240(1962). 

[2] R. Moroni, D. Sekiba, F. Buatier de Mongeot, G. Gonella, C. Boragno, L.    

Mattera,and U. Valbusa, Phys. Rev. Lett. 91, 167207 (2003). 

[3]  F. Krok, S. R. Saeed, Z. Postawa, and M. Szymonski,  Phy. Rev.B 79, 235432 

(_2009). 

[4] D.P. Datta, T.K. Chini, Phys. Rev. B 69, 235313(2004). 

[5] E. Chason, T.M. Mayer, B.K. Kellerman, D.T. Mcllroy, A.J. Howard, Phys. 

Rev. Lett. 72,  3040(1994). 

[6] T.K. Chini, F. Okuyama, M. Tanemura, K. Nordlund, Phys. Rev. B 67, 

205403(2003).  

[7] T.M. Mayer, E. Chason, A. Howard, Phys. Rev. Lett. 76, 1633(1994). 

[8] M.A. Makeev, R. Cuerno, A.L. Barabasi, Nucl. Instr. and Meth. B 197, 

185(2002). 

[9] F. Frost, A. Schindler, F. Bigl, Phys. Rev. Lett. 85, 4116(2000). 

[10] H. Hansen, A. Redinger, S. Messlinger, G. Stoian, Y. Rosandi, H. M. 

Urbassek, U. Linke, and T. Michely, Phys. Rev. B 73, 235414 (2006). 

[11] S. Habenicht, Phys. Rev. B 63, 125419 (2001); S.Habenicht, W. Bolse, H. 

Feldermann, U.  Geyer, H. Hofsass, K.P. Lieb, and F. Roccaforte, Europhys. 

Lett. 50, 209    (2000). 

[12] S. Park, B. Kahng, H. Jeong, A.-L. Barab_asi, Phys. Rev.Lett. 83 (1999) 

3486. 

[13] R. M. Bradley and J. M. E. Harper, J. Vac. Sci. Technol. A 6, 2390 (1988). 

[14] P. Sigmund, J. Mater. Sci. 8, 1545 (1973). 

[15] W. W. Mullins, J. Appl. Phys. 28, 33 (1957).  

[16] M.A. Makeev, A.L. Barasi, Appl. Phys. Lett. 71 (1997) 2800. 

[17] J. F. Ziegler, Nucl. Instrum. Methods Phys. Res. B 219-220, 1027 (2004). 

 

 
 

RReecciivveedd  …………………………………………………………………………………………....………………………………………………..  ((  1144//44//22001100  ))  

Accepted ……………………………………………………...……………... (23/6/2010 )  

 

 

 


