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Abstract:A new method to measure the conductivity of conduct ing thin f ilms in a contactless

fashion was demonst rated. A m icrow ave compact equipment working at 94 GHz was used to

measure the amplitude of the reflection coeff icient of the microw ave signal. Indium T in Ox�
ide f ilms having conduct ivity of 8. 20 � 104 ~ 8. 02 � 105 S/ m on the glass subst rates w ere

used as the samples. An evaluat ion equat ion w as built to determine the conductivity f rom the

measured amplitude of the reflect ion coef ficient . The evaluated conduct ivity of conduct ing

thin films agrees well with their actual value.
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1 � Introduction

� � With the development of information technol�
ogy and the requirement of environmental protec�
t ion, thin conducting film has become more and

more important. It has been w idely used as a

transparent elect rode, and a heat_ref lect ing glass.

In order to control the quality of thin conducting

film in the process of manufacturing , a commercial

method to measure its electrical conduct ivity quan�
t itatively is required. Four point probe method is

the convent ional technique for conduct iv ity mea�
surement of thin conduct ing film[ 1�2] . How ever,

the mechanical contact of the probe with a sample

may dam age the sample and is not suitable for on_

line measurement . Coil method can measure the

conductivity of thin conducting film in a contact less

fashion
[ 3_4]

. H ow ever, the close proximity of the

inductive coil to the sample also cannot sat isfy the

requirement of on_line test ing. In this paper, we

demonst rate a new microw ave method by w hich

the conductivity of thin conduct ing film can be

measured.

On the other hand, usually , a network ana�
lyzer is used as the equipment for microw ave non�
destructive test ing. It has a large size and high

price, and is dif ficult to be used in the indust rial

environment. To overcome these problems, we

have developed a com pact equipment working at 94

GH z by which the conduct iv ity of thin conduct ing

film is determined successfully.

2 � Description of the equipment

� � A m icrow ave compact equipment w as designed
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and fabricated for m icrow ave NDT 5. Figure 1

shows the schematic depiction of the m icrow ave

measurement system. T his system is composed of

microw ave compact equipment, computer and x_y_z

stag e. A Gunn_diode oscillator supplies a continu�
ous m icrow ave signal having a f ixed frequency of

94 GH z. A coupler divides the microw ave signal

into a m easurement signal and a reference signal

w ith the pow er ratio of 9: 1. During the measure�
ment , the reference signal is constant and used as a

standard signal to be compared w ith the measure�
ment signal. T he measurement signal is applied to

the sample through a sensor. After interact ing w ith

the sample, the reflected wave is received by the

same sensor. Then both the measurement signal

and the reference signal are guided to a 4_path de�
tecting circuit. By detect ing the two signals in the

circuit, the amplitude rat io of the reflected signal

to the reference signal and phase dif ference between

the tw o signals are measured. T he com pact equip�
ment is 370 mm long, 480 mm w ide and 145 m m

high.

Fig . 1 � Schematic depiction of microw ave measur ement

system.

3 � T heoretical considerations

� � The principle of the technique described here

is based on the interact ion of microw ave w ith thin

conducting film. When a m icrow ave irradiates a

conducting film , a reflect ion w ill be generated on

the f ilm surface. Since the conduct iv ity of the film

is high enough, the reflect ion coefficient of the mi�

crow ave, �, can be expressed as

� =
 -  0

 +  0
, (1)

where

 = (1 + j )
!∀
2#

,  0 =
∀0

∃0
, (2)

In the above equat ions,  and  0 are int rinsic

impedance of the conduct ing film and free space,

respectively; # and ∀ are conductivity and perme�

ability of the conduct ing film , w here ∀0 and ∃0 are

permeability and permitt ivity of free space, respec�

t ively; ! denotes the angular f requency, and j =

- 1 . For nonmagnetic m aterial, w e can approx�

imate ∀ by ∀0. Then, from the above equat ions,

the reflection coeff icient can f inally be w rit ten as

�=
!∃0 - #+ j 2!∃0#

!∃0 + #+ 2!∃0#
� , (3)

From Eq. ( 3) , the amplitude of the ref lect ion co�

eff icient , | � | , is obtained as

| � | =
!2∃2

0 + #2

!∃0 + #+ 2!∃0#
� , (4)

In the case of conducting thin films, # is enough

higher than !∃0. Therefore, Eq. ( 4) can be ex�

pressed as

# =
2!∃0 | � |

2

( 1- | � | )
2 , (5)

4 � Experimental procedure and re�
sults

� � In the experiment , 5 Indium T in Oxide

( ITO) f ilms on the g lass subst rates having conduc�

t ivity of 8. 2 � 104( 8. 2 � 105 S/ m w ere used. Us�

ing the m icrow ave compact equipment, the ampli�

tude of the ref lect ion coef ficient, | �i | , w as mea�

sured for each specimen by an open_ended rectan�

gular waveguide, w ith a standoff distance of 0. 1

mm, w here i denotes specimen number. Table 1

shows the conductivity of ITO f ilms used for the
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experiment and the measured amplitude of the re�

f lect ion coefficient. Because the measured | �i |

takes a raw value which is affected by the operating

frequency and errors int roduced by the equipment,

based on Eq. ( 5) , the relat ionship betw een #i and

| �i | m ay be writ ten as

#i =
C i | �i |

2

( C 2 - | �i | )
2 � , (6)

w here C1 and C2 are constants. Specimens 2 and 4

w ere used to determine C1 and C 2. By solving si�

multaneous equat ions w e obtained C 1 = 1. 414 �

104S/ m and C2 = 1. 045. T hen, subst ituting | �i |

into Eq. ( 6) , the conduct iv ity, #i , w as obtained

for Specimens 1, 3 and 5. Figure 2 shows the rela�

t ionship betw een #i and the actual conductivity,

#a . The conduct ivity of IT O f ilms m easured by

microw ave method agrees well w ith their actual

v alue.

T able 1� Conduct ivity of IT O films and measur ed amplitude

of reflection coefficient

Specimen

number

Conductivity,

#a [ kS/ m]

Amplitude of

the r eflection

coefficient, | �i |

1 82 0. 7385

2 206 0. 8281

3 608 0. 9084

4 673 0. 9128

5 802 0. 9252

Fig . 2 � Relationship between conductiv ity, #i , obtained

by microw ave measurement and actual conduc�

tivity , #a .

5 � Conclusions

� � T he method for contactless measurement of

the conductivity of conduct ing thin films was

demonst rated. By using the microwave compact e�
quipment, the measurement w as carried out suc�
cessfully. The good measurement results show that

the proposed technique is a pow erful tool for the

measurement of the conduct iv ity of conduct ing thin

films.
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