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AMBIENT ENVIRONMENTAL EFFECTS IN MICRO/NANO 
HANDLING

Quan Zhou, Bo Chang, Heikki N. Koivo
Control Engineering Laboratory, Helsinki University of Technology
P. O. Box 5500, FIN-02015 TKK, Espoo, Finland

Abstract
Micro and nano handling are important enabling technologies for micro/nano systems.
Due to the down scaling, adhesion became a serious problem in micro/nano handling.
Ambient environment conditions, including temperature and humidity can influence the
adhesion phenomena at different degrees. There are previous studies of ambient
environment effects in product life cycle, tribological properties, instrument
performances, etc. However, the effects of environmental conditions in robotic micro/
nano handling and assembly are barely researched. This paper reviews the effects of
ambient environmental conditions in micro/nano handling, and present recent studies of
some of the effects. 

1 Introduction
There are many ambient environmental parameters need to be considered in micro/nano
handling, such as temperature, relative humidity, mechanical vibration, electromagnetic
fields, air cleanliness, air pressure, airflow velocity, etc. For example, humidity level can
greatly affect the adhesion forces [1−4]. Relative humidity has also large effects in
microtribological properties and can influence e.g. the performance and reliability of
MEMS motors [5]. It can also affect the surface resistivity of materials [6]. Temperature
has large effects in the properties of components, e.g. piezoelectric actuators and
piezoresistive sensors. It can also greatly influence the alignment of micromechanical
structures. Electromagnetic fields introduce disturbances and can even manipulate the
micro/nano parts [7]. Other parameters may affect the adhesion forces and micro/nano
handling as well: high-frequency mechanical vibrations and low frequency floor
vibrations may disturb the handling process; air cleanliness may alter the static charge of
the parts and tool; airflow may disturb certain handling process; etc. Therefore, the
effects of ambient environment in micro/nano handling deserve serious study.

Even though there are previous studies of environmental effects of ambient
environmental conditions in tribological properties, adhesion forces, instrument
performances, etc., the effects in micro/nano handling was barely studied. Recently, an
environment controlled robotic micro handling system is proposed by the authors in [8]
to study the effects of ambient environment in micro/nano handling. 

This paper reviews the effects of ambient environmental conditions in micro/nano
handling, and present recent experimental studies of some of the effects. Firstly, the
effects of different environment parameters in adhesion force will be briefly
summarized. Then, environmental effects in related aspects of micro/nano handling will
be discussed. Finally, recent experimental studies of environmental influences on micro
handling will be reported and discussed.



2 Environmental Effects in Adhesion Forces

In micro/nano handling, the adhesion forces usually considered include van der Waals,
electrostatic and capillary forces. All of those forces are influenced by environmental
condition at a certain degree.

Capillary forces
When there is moisture in the air, there is always capillary condensation around surface
contact points, e.g. cracks and pores [9]. If the variation of meniscus height around an
irregular contact is small, the capillary force caused by the meniscus is: [6]

(1)

where  is the surface tension of water,  and  are the contact angles of the
liquid on two solid surfaces,  is the mean meniscus height, and  is the area defined by
the wetted/dry border of the meniscus. 

For rough surfaces, the contact between surfaces happens only at isolated “micro
contacts” and so as for the meniscuses. However, the average of the thickness of the
water film on the surfaces and the mean of the height of the meniscuses are functions of
relative humidity [6]. An increase of water film thickness will increase the number of
“micro contacts”, while an increase of meniscus height usually increase the area .
Consequently, the capillary force generally increases with the increase of humidity. Such
trend has been experimentally verified in, e.g. [4]. Moreover,  is a function of
temperature even though the influence is small. The value of  = (74.23, 72.74, 71.19,
69.59) mN/m at 10ºC, 20ºC, 30ºC and 40ºC correspondingly [10].

Electrostatic forces
Electrostatic forces in micro/nano handling arise from an electrostatic charge or contact
electrification [9]. The force follows the Coulomb’s law and is well known:

(2)

where   are charges,  is the distance between the charges,  is the
permittivity of free space, and  is the dielectric permittivity. The dielectric permittivity
between the two plates can be influenced by temperature [11] and humidity [12] if there
is water condensation between the charges. At 20ºC, the values of dielectric permittivity
of vacuum, air (at 1 atmosphere) and water are 1, 1.00059, 80.4 respectively [13].
Moreover, humidity can affect the leakage current and consequently the scale of
electrostatic forces.

Van der Waals Forces
van der Waals force originates from dipole-dipole interactions, and is essentially
electrostatic. There are three important parts: orientation, induction and the dispersion
force, all of them related to dipoles [9]. The energy of all those parts decays at the rate of

. Analytical solutions of a non-retarded van der Waals force between simple
shaped objects are available, e.g. per unit area between two macroscopic plates [9]:

(3)
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where  is the Hamaker constant and  is the distance between the two plates.
When a water film starts forming between the plates at high humidity, the Hamaker
constant will decrease [14]. The Hamaker constant can also be influenced by temperature
[15]. However, such influence is negligible in room temperature. 

Experimental studies
The effects of ambient environmental in adhesion force have been studied by e.g. [1−4].
Fig. 1 presents the experimental results of adhesion force between an AFM cantilever
and silicon substrate under different humidity levels and a constant temperature of

. More details can be found in [4]. The experimental results show that the
influence of humidity on adhesion force is significant, where the increase of humidity
level leads to larger adhesion forces in the configuration.

3 Environmental Effects in Micro/nano Handling Instruments
The influences of ambient environmental conditions on robotic micro/nano handling lie
in two areas. The first is the influence on the performance of robotic instruments, and the
other is the influence on the handling process. 

Modern micro/nano handling systems use smart materials, especially piezoelectric
ceramics extensively. The influences of temperature and humidity conditions on
piezoelectric actuator are very obvious. Temperature changes cause a voltage to appear
between the electrodes of a piezo actuator due to the pyroelectric properties of piezo
ceramic. Moreover, temperature also affects almost every property of piezo ceramics
(elastic, dielectric and piezoelectric coupling) and there is no general trend [16].
Humidity can influence the piezoelectric actuator as well, which is believed to be due to
the increase in the leakage current.

However, relatively little has been reported in the literature. Manufactures have
tested their actuators and provided some guidelines for applying their products e.g. [17]
[18] reported the thermal effect on the ceramic and the temperature dependency of the
actuators. In the literature, [19] reported the influences of temperature to the piezo
resistive sensor; [20] reported the influences of temperature and humidity on a piezo
bender actuator (Fig. 2); [21] studied environmental influences on current control of a
piezo bender actuator. 

Figure 1: Experimental results of humidity influences on adhesion force.
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Besides the influences on the performance of actuators, environmental conditions can
also affect the tribological properties [5]. Additionally, temperature causes deformation
and changes of strain in any mechanical system. Therefore, the performance of an
actuator with moving parts is affected by the environment. [20] studies the temperature
and humidity influences on a piezo ultrasonic motor. The results show that the open-loop
displacement of the motor can have as large as 100% difference under two
environmental conditions, as shown in Fig. 3. 

Another issue to be carefully treated in studying environmental influences is the
calibration of the system. The largest factor is the temperature influence which changes
the mechatronic system in almost every aspect, including at least misalignment of
instruments, change of strain in structure, change of resistance of sensors and wires etc.
Therefore, re-calibration of the whole mechatronic system is a necessity. One of the
benefits that an environment controlled system brings, however, is the stability of the
system when it is calibrated.

4 Environmental Effects in Pick-and-Place Operations

In micro/nano handling and assembly, pick-and-place is one of the most fundamental
tasks. In the pick-and-place operations, adhesion forces and surface tribological
properties have huge influences on the process. Both adhesion forces and the
tribological properties, as discussed earlier, are affected by the ambient environment.
Consequently, the manipulation or handling process is influenced by the ambient
environmental condition as well.

Little has been studied about the environmental influences on micromanipulation and
microassembly. In [8], the influences of the temperature and humidity on pick-and-place
operations have been studied first for a  stainless steel brick and later
for four microfabricated SU8 bricks, which are  uncoated,

 gold-coated,  uncoated; and 
gold-coated. In both cases a stainless microgripper is used to pick and place the parts on
a piece of silicon wafer.

Figure 2: Displacement of a piezo bimorph 
bender of 0.2 Hz triangular wave input at 

different temperature and humidity settings.

Figure 3: Displacement of a piezo ultrasonic 
stage controlled by 10 ms pulse signal at 

different temperature and humidity settings.
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The results using the stainless steel brick show large randomness and it is difficult to
keep the consistency of the test parameters due to the large surface roughness and
geometrical imperfections of the stainless brick. 

The results for the microfabricated parts show improved consistency, as shown in
Fig. 4. The trend can be read from the experimental results showing that the increase of
relative humidity at the same temperature reduces the placement error dramatically. In
the meanwhile, the increase of temperature at the same relative humidity value also
decreases the placement error. However, both trends do not always hold especially when
the absolute error is small, which is believed to be due to the randomness of the process

Among the ambient environmental parameters, some parameters are functions of
each other. An important fact is that the saturation vapour pressure (the vapour pressure
when relative humidity = 100%) is a function of temperature. At the same relative
humidity, there are several times the amount of water in the same volume at  as is
at . Therefore, both trends are believed to be caused by the increase of water
condensation − the increase of capillary forces between the parts in the assembly process
results in a stronger holding between the micro parts and the substrate. Such increase of
capillary force is also experimentally proven, as shown in Fig. 1. 

It has to be noticed that the trends of placement error are valid only for the
configuration in the experiments. However, the influences are rather dramatic, e.g. the
randomness of the placement (standard deviation) for the gold-coated  parts at

 and  is about 100 times the value for the same parts at  and
. 

5 Summary

Ambient environmental effects in micro/nano handling and assembly is dramatic and
need to be seriously considered. The reason for the large influence is that many factors
such as adhesion forces are functions of ambient environmental conditions.

Figure 4: Displacement and angular error of the pick-and-place operations of microfabricated 
parts at different environmental conditions.
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Environmental effects have been carefully treated in the electronic industry.
However, the topic has been insufficiently studied for micro/nano handling and assembly
until very recently, partly due to the relative short history of micro/nano handling and
assembly. To study the effects, an environment control system is needed. The effects of
environmental conditions can be found for both the robotic instruments and the micro/
nano handling processes. Both influences are significant and have to be taken into
account in development of micro/nano handling systems.
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