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Preliminary Exploration of Nanoscale Titanium 
Dots using STM 
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J. GOUa, J.  T. XUb, X. L. ZHAOb, L T. CAI‘ and Z. H. LUc 

‘Microelectronics Research Center; Shanghui JiuoTong University, Shanghai, 
l? R. China, bThe State Educution Commission Open Laboratory Films und 

Microfabrication, Shanghui JiaoTong University, Shartghai, I? R. Chinu and 
“The Nurional Laboratory of Moleculur und Bimoleculur Electronics, Southeust 

University, Nunjing, f? R. Chinu 

Quasinanoscale dots on ultrathin titanium film are discussed preliminarily with SPM as fabri- 
cation and analysis tool. The possible mechanisms are suggested and discussed. 

INTRDUCTION 

Various STM-based nanofabrication schemes for future device manufacturing 

have been proposed and examined. Previous work on STM as nanofabrication 

tool include surface modification of H-passivated silicon“’, nanolithography of 

ultrathin polymer resid2’, localized anodization of Ti film13’, and mechanical 

scratch on sample surface, et al. In this paper, we report our results of 

nanoscale dots obtained with STM on ultrathin Ti film 

Sample Preparation and Experiments 

For substrate preparation. 500 nm thick SiOz is thermally grown on (100) n-Si, 

291 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

32
 1

7 
A

ug
us

t 2
01

2 



298 M.  2. TONG et u l  

with p=2-10 Q.cm. Then Ti film was grown on SiOz. The thickness of Ti film 

is about 20 nm. An AFM image of the film suggests its RMS(Rq) is 0.386 nm 

and mean roughness (Ra) is 0.300 nm within an arbitrarily chosen 0 . 9 9 6 ~  

I .05 1 pmZ box. 

Our experiments were conducted on Nanoscope' III S W A F M  system 

from DI Co. operating in air at room temperature. Electrochemically etched 

Par tips were used. The electrolyte is 60: 36. 4 of saturated CaC12 aqueous 

solution: HzO: HCI. Ptlr tips were etched for about 5 minutes and then 

examined. Thus we obtained sharp and symmetrical tips, which is proved avail 

to our experiments. To hrther strengthen the ohmic connection between Ti 

surface and the base, we pasted our sample to the clip with silver glue. 

The sample was imaged at voltage bias = 1.32V and setpoint current = 

1.04 nA. The scan rate is set to 10.2 Hz. For lithography, the STh4 tip is held 

over a specific position and a voltage pulse is applied between the tip and the 

sample for a period of time. 

Fig. 1 (a) An image scanned immediately after lithography is executed on 
our Ti sample. For imaging, voltage bias=1.32V and setpoint current=1.40 
nA. (b) The cross section of the dot in Fig. 1 (a) along ZZ' axis. 

In our experiment, we set the lithography voltage bias = -8.0 V and bias 

time = 600 ms. After lithography, an image was acquired. as shown in 

Fig. I(a). The dot is about 100 nm in diameter and 40 nm in height. Fig. 1 (b) is 

the cross section along ZZ'-axis of the dot we obtained in Fig. I(a). The vertical 

distance of AA' and CC' are 56.005 nm and 16.075 nm, respectively. And the 
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EXP120KATION OF NANOSCALE DOTS USING STM 299 

horizontal distance of BB’ is 92.029 nm. To fbrther reduce the dimension of 

the dots, we changed several vital lithography parameters, such as the voltage 

applied to the tip and sample surface and the bias time. Fig.2 is the image of 

several dots formed under different conditions The smallest feature size we 

acquired is approximately 18.006 nm in height and 47 266 nm in diameter In 

our experiments, we found out that for voltage smaller than a certain threshold 

value, dots cannot be formed despite of long bias time. For our sample and 

STM system, the threshold value is about 5.00 V. The smallest feature size we 

acquired is about 40 nm in diameter and less than 15 nm in height. 

Fig.2 An image of dot array formed under different condition. For the left 
dots, voltage bias time is 400 ms and bias voltage is -8.0 V, -7.0 V, -6.0 V, - 

and bias time is 400 ms, 300 ms, 200 ms, 100 ms, 50 ms, 10 ms, 5 ms from 
top to bottom respectively 

Possible Mechanism 

There are two major factors for our experiment results One is field-induced 

evaporation. According to the tip and sample atom transfer theory[41, when the 

tip and sample distance is close enough and the electrical field is strong 

enough, atoms can either transfer from the tip to sample or in the opposite 

direction. The evaporation field of atoms can be obtained, given the binding 

energy of the atom on the tip, the total ionization energy of the atom, surface 

work function, the atomic radius and tip-sample distance. The other factor of 
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our result is tip-induced anodization’”. In such cases, oxide grows on Ti 

surface through electrochemical reaction. The dimension of oxide is affected 

by surrounding humidity through adsorbed water on Ti surface. Our 

experiment results were obtained in relative humidity above 70%. Since STM 

image is based on the tunneling current between the tip and sample, no current 

white dots in Fig.2 are formed. During imaging scan after lithography, the 

STM tip will crash into the oxide film, which was formed through anodization, 

and scratch the top of the dots. This is the case because the dots are shortened 

in height. As STM gathers data needed for imaging unidirectional, the 

unexpected small dots appear in only one side. The smallest feature size of 

these dots is 30.078 nm in diameter and 8.519 nrn in height 

One issue that greatly reduces repeatability of our experiments is the 

difficulty of imaging poorly conducting film. This is still under research. 
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