
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 10:33
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Fabrication of PdIr-Coated
Conductive Atomic Force
Microscope Tip and its
Application in Nanofabrication
Haifeng Chen a , Jiaqing Song a , Yinchuan Wang a &
Zhongfan Liu a
a Center for Nanoscale Science & Technology (CNST),
College of Chemistry and Molecular Engineering,
Peking University, Beijing, 100871, P.R. China

Version of record first published: 24 Sep 2006

To cite this article: Haifeng Chen, Jiaqing Song, Yinchuan Wang & Zhongfan Liu
(1999): Fabrication of PdIr-Coated Conductive Atomic Force Microscope Tip and its
Application in Nanofabrication, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 337:1, 309-312

To link to this article:  http://dx.doi.org/10.1080/10587259908023439

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908023439
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

33
 1

7 
A

ug
us

t 2
01

2 



Moi Crysi. and Liq. Crysf.. 1999, Vol 337, pp 309-312 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1999 OPA (Overseas Pubitshers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Fabrication of PdIr-Coated Conductive Atomic 
Force Microscope Tip and its Application in 

Nanofabrication 

HAIFENG CHEN, JIAQING SONG, YINCHUAN WANG and 
ZHONGFAN LlU 

Centerfi)r Nunorcale Science & Technology (CNST), College of Chemistry und 
Moleculur Engineering, Peking University. Beijing 100871, l? R. China 

We report a new.conductive AFM tip, which is fabricated by thermal evaporation of 20- 
30nm Pdlr alloy onto commercial silicon nitride cantilcvcrc. With well-controlled evapora- 
tion conditions, a tip with nice electrical conductivity, good mechanical and chemical stabili- 
ties has been prepared. Thus fabricated AFM tips were used to measure electrical propertiea 
of materials with spatial resolution higher than 2nm, and to fabricate nanostructures on 
Zn-doped p-type GaAs (100) and chromium surfaces via field-induced oxidation. 

Keywords: AFM tip; Pd-Ir; Nanofabrication 

INTRODUCTION 

Conductive AFM tips have been instrumental in the study of the electrical 
properties of materials on nanometer scale’-3’. and in the fabrication of 
nanostructures and nanodevices by field-induced processes4~”. In addition 
to heavily doped silicon tips”. many different types of conductive AFM tips 
have becn fabricated using surface coatings such as Ti4’. Au”, AuTi”. 
AuCr”. Pt”. W”.Cr7’. NiCr” and NbN”. 

The requirements for high-performance conductive AFM tips are small 
tip radius. good electrical conductivity. as well as good mechanical. 
chemical and electric field stabilities. Each kind of realistic tips has its own 
limitations. and none seems to be all purpose. For instance. silicon tips and 
tips coated with metals such as Ti. Cr, W. etc may form oxides readily when 
exposed to air. especially in the presence of an electric field. ‘The oxides 
cause the surfaces to be somewhat nonconductive ‘ .2.4).  The tip coatings may 
be worn out easily after several scans if the coating metals are too soft. e.g. 
Au. Ag. If the difference in thermal expansion coefficients between tip and 
the coatings is too large. stresses in the coatings may warp the cantilever. 
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e.g. Al, Ag, and Au. With coatings having small threshold fields for field 
evaporation, the coatings may be deposited onto substrate surface when a 
strong electric field is imposed'). Furthcrmore, large tip radii, due to thicker 
coatings and larger particle sizes of coatings, may result in larger 
magnification factors of the imaged features2) in imaging as well as larger 
minimum linewidth that can be written4) in lithography. 

In this paper, we report the fabrication of a new type of conductive 
AFM tips, which were fabricated by thermal evaporation of a 20-3Onm 
thick layer of PdIr alloy onto commercial silicon nitride cantilevers. With 
well-controlled evaporation conditions, the coating resulted in very little 
increment in tip radius because of small particle size and coating thickness. 
The particle size of the coating was about 3nm measured by STM. The 
SEM pictures showed that a homogeneous and dense coating was formed 
on the tip. We will demonstrate the high performance of the fabricated PdIr 
AFM tips in electrical measurements and nano-oxidation studies. 

RESULTS AND DISCUSSION 

a )  bl  

I .  a) 200nm topographic FIGURE 2, Nwodots fabricated by AFM 
image of sputtered gold film on silicon (Z range 
20nm), performed with a Pdlr-coated Si3N4 probe; 
b) simultaneously acquired current image at a 
500mV bias (Z range 1pA). 

local oxidation of ~d~ (pulse: 3 - 1 , ~  for 
0 . 5 ~ ) .  

With a modified Nanoscope 111 AFM system (Digital Instruments)"'), the 
PdIr-coated Si3N4 tips were used to simultaneously measure the topography 
and current at a constant voltage for a gold surface in air. Fig.la shows the 
200nm X 200nm topographic image of a sputtered gold on silicon. Fig. 1 b 
gives the simultaneously acquired current map at a 500mV tip/sample bias. 
Since the current image was obtained in contact mode AFM, the image 
contrast directly reflects the different conductivity of gold surface. For 
instance, the smallest discernible bright spot is -2nm, originating from the 
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surface region having nice electrical conductivity. As is shown in current 
image, the surface is highly inhomogeneous in conductivity. suggesting the 
occurrence of surface contamination in air. This is consistent with the fact 
that the gold surface has a large surface free energy and thus organic 
molecules in air adsorb on it spontaneously. 

The PdIr-coated tips were also used to fabricate nanostructures on Zn- 
doped p-type GaAs( 100) by AFM anodic oxidation in 35-50% ambient 
humidity. Yig.2 sliows the typical results, which were obtained by applying 
pulse across tip and substrate to induce local oxidation of GaAs surface. 
With pulse duration of 0.5s and a voltage varying from 3V to I IV,  we 
studied the dependence of nanodot dimension on the pulse voltage. As 
shown in Fig.2, the lateral dimension of the dots increases remarkably as 
the bias voltage increases, while the height of the dots increases more 
moderately. Two types of dots were formed in response to different pulse 
voltage. With low pulse voltage, the dots were mound-like, while under 
high pulse voltage the dots were ringlike with the dot center being lower 
than the edge region. This suggests that thc oxidation rate of GaAs not only 
dcpcnds on the strength of electric field, but also on the concentration of 0-. 
Under low voltage, thc dot shape is determined by the distribution of 
clectric field, which leads to mound-like structure. Under high voltage, the 
electric field under the tip is strong enough and the oxidation of GaAs is 
mainly determined by the concentration of 0-. In this case, the diffusion of 
oxygen will becomc the rate-determining step. Because of the shielding 
effect of AFM tip, oxide layers would be formed more easily surrounding 
the tip where the electric field is still larger than the threhold value and the 
ringlike structure is created. 

In addition, we also used heavily doped silicon tip to conduct the 
localized oxidation of GaAs and obtained similar results. This suggests that 

FIGURE 3 a) Nanoscdle dot fabricated by local 
oxidmoil of Cr: h) Fractal structurc fabricated by 
local oxidation ol'Cr. 

FIGLIKE 4. 'The logaritbrnlc dcpcndence of 
pixel distribution function M(r) on scale r 

thc resulted iianostructures by Pdlr tip are originating from localized 
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oxidation of GaAs, rather than a field induced evaporation of PdIr tip itself. 
Figure 3a shows the AFM image of a nanodot fabricated on 20nm 

chromium film on mica using the PdIr tip by applying a pulse of +10V for 
10s in 35% ambient humidity. The size of this nanodot is 140nm in width 
and 12nm in height. When the pulse voltage was increased to 30V, the dot 
size becomes 1 OOpm in width and 300nm in height. 

Intcrestingly when we applied a voltage 15V on the Cr film for 1 Smin. a 
leaf -like nanostructure was created as shown in Fig. 3b. We calculated the 
fractal dimension of the structure using the method described in Ref. 1 I .  
Fig.4 shows the logarithmic dependence of pixel distribution function M(r) 
on scale r. Linear fitting of the data gives the Hausdorf dimension D=l S 2 .  
We believe that the fractal formation of Cr oxides is the direct reflection of 
easy diffusion of oxygen through the boundaries of Cr grains. 

We found that the Pdlr-coated Si,N, tips have excellent mechanical and 
chemical stabilities. No discernible damage was observed by SEM after 
long time use for I-V measurements and repeatedly applying voltages of 
i30V between tip and sample for nanofabrication. 

In summary. a new type of conductive AFM tips has been fabricated 
using PdIr as the coating. These PdIr-coated Si3N, tips have excellent 
stability. good conductivity and relative small tip radii, which have been 
shown to be suitable for measurements of electrical properties on a 
nanometer scale. and for fabrication of nanostructures by field-induced 
chemical oxidation of GaAs and Cr. 
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