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The aim of the present work is to fabricate and to research microgrippers (microtweezers) on the basis of
the two-way shape memory effect. TisoNizsCuas alloy (at.%) produced by melt-spinning technique in the form of
layered amorphous-crystalline ribbons at around 40 pm of thickness was used as the base material. The obtained
structural composites were capable of executing reversible bending deformations in a heating/cooling cycle. A
series of microtweezers with the gap adjustable in the range from 5 to 120 um was fabricated. The width of the
gripping parts composed was 400-500 pm and their length was from 650 to 1300 pm depending on the gap value.
Optical and scanning electron microscopes were used to monitor the operation of the tweezers. It has been revealed
that the response speed of the microgrippers essentially depends on the control temperature mode. The optimum
control parameters provide the response time about 1 s by the operation both in the environment and in vacuum.
The complete process of manipulating (gripping-holding-moving-releasing) the carbon fibers at the diameter 10
to 20 um with using the fabricated device was demonstrated.
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1. Introduction

Progress of high technologies has been mainly governed
by creation of radically new advanced materials with
unique physical-mechanical properties. Among these ma-
terials, a special place is occupied by the so-called “smart”
materials which had originated from synthesis of struc-
tural and functional materials together with integrating
the control mechanism. Alloys with shape memory ef-
fect (SME) have proven to be some of the most inter-
esting materials of this class. This results from unique
and peculiar functional features and attendant effects of
the shape memory alloys (SMAs): one-way SME, two-
way SME (TWSME), a record recoverable strain and
a great force by shape recovery, superelasticity, pseu-
doelasticity, high damping power, good chemical resis-
tance and biocompatibility [1-4]. Remarkable properties
of SMAs gave rise to a diversity of successful commer-
cial applications in various industrial branches; first of
all, these are medicine, energetics, aerospace technology,
robotic science, biomedicine engineering [5-14]. Quite re-
cently the successful use of the SMAs was demonstrated
in micro-electro-mechanical systems (MEMS). The abil-
ity of the SME alloys to keep their unique characteris-
tics at a micro-size level makes it possible to create on
their base most miniature actuating devices: microgrip-
pers, microswitches, microvalves, micropumps, microsen-
sors [15-29]. In these units the actuators with reversible
SME, manufactured entirely of SMAs as well as of com-
posites based on SMAs, can be used.
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Double-contact devices, such as microtweezers, are
very popular instruments for manipulation and research
of individual microstructures [30-33]. The use of two tip
effectors offers perceptible advantages for the attainment
of more stable and reliable gripping of microobjects dur-
ing transportation, installation and measurement.

The work is aimed at manufacturing and investigation
of the microgrippers (microtweezers) based on composite
amorphous-crystalline ribbons of the TiNiCu alloy, pro-
duced by rapid quenching of the melt and possessing the
TWSME.

2. Experimental

As a material for the development of the microgrip-
per, the TiNiCu alloy thin ribbons, produced by melt-
spinning technique, were used. The alloy ingots were
made of super-purity metals with sixfold remelting in an
arc furnace in an argon atmosphere. The ingots were
melted down in a quartz crucible in a helium atmosphere
and extruded through a narrow nozzle in the crucible to
the surface of a quickly rotating copper wheel. Variation
in quenching process parameters enabled to change the
melt cooling rate in the range 10*-10° K /s, as well as the
thickness and the width of the ribbons.

The microstructure of the samples was studied using
the scanning electron microscope (SEM) FEI Quanta 600
FEG. Investigation into roughness of the ribbon surface
was carried on the profilometer Veeco Dektak 150.

The microwelding technique with the pulse duration of
0.4 s at the voltage about 90 V was applied to join the two
separate ribbons at manufacturing of the microtweezers.
To form the microtweezers contour, the mechanical mini
cutter SBR-8, operating on the model of guillotine and
enabling the precision cutting of thin materials, was used.
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Operation of the microgripper, namely its closing and
opening, was provided by heating and cooling it with a
temperature control module based on the Peltier element.
The module was governed by a controller, that is a preci-
sion programmable device with the bi-directional (heat-
ing and cooling) proportional-integral-differential (PID)
regulation. The controller allows it to maintain a spec-
ified temperature with high accuracy and to fulfill the
given program of heating/cooling in time.

To monitor a variation in the ribbon shape and the
operation of the microtweezers, the optical microscope
Digi Scope II v3, which makes it possible to carry out
both video filming and photographing, was used. The
microtweezers characteristics were investigated in the en-
vironment and in the SEM chamber.

3. Results and discussion

3.1. Research and selection
of the amorphous-crystalline ribbons
of the TiNiCu alloy

It is well known that rapidly quenched alloys of quasi-
binary system TiNi-TiCu with a high content of cop-
per (over 17 at.%) possess a high liability to amorphi-
sation and exhibit a clearly pronounced SME after heat
treatment [34-38]. In this study the alloy with 25 at.%
copper was chosen for development of the microtweez-
ers. Previously it has been ascertained that in this alloy
at the melt cooling rates in the range 10*-10% K/s the
amorphous-crystalline ribbon with a sharp interface, sep-
arating the amorphous and crystalline states into layers,
is formed, i.e., the ribbon is a laminated structural com-
posite [39-41]. A series of samples of rapidly quenched
composite ribbons, in which the thickness ratio between
the amorphous and crystalline layers was varied due to
the variation in the melt cooling rate, were produced in
the work. The electron-microscope image of the represen-
tative cross-section of the amorphous-crystalline ribbon
are shown in Fig. 1, the mean values of thicknesses of the
crystalline and amorphous layers (d., and dg,,, respec-
tively) are given in Table I. A decrease in the cooling rate
from 6.5 x 105 down to 3.8 x 10° K/s leads to an increase
of the crystalline layer thickness from 5.40 to 9.80 pm.

All produced samples of the laminated amorphous-
crystalline composites exhibit TWSME with bending de-
formation in the initial state after the quenching. Real-
ization of the effect is illustrated in Fig. 2: at the heating
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above austenite transformation finish temperature, Ay,
of the crystalline layer the sample assumes the shape close
to a ring, and when cooled below the martensite transfor-
mation finish temperature, My (to the ambient temper-
ature), it passes into a straight state. In Ref. [39] nature
of TWSME in the layered amorphous-crystalline ribbon
is explained with the model, according to which the crys-
talline layer proves to be stretched after the quenching
process. If such a composite be heated above the tem-
perature Ay, then, due to realization of SME the crys-
talline layer would tend to compression, which can result
in bending of the composite like a bimetallic plate. At
the cooling, due to elasticity of the amorphous layer, the
composite returns to the original state. It has been estab-
lished that at varying temperature in the transformation
interval the reversible change of the ribbon shape can be
cyclically repeated more than 20000 times.

The minimum bending radius R,,;, with manifestation
of TWSME in the samples, prepared at different cooling
rates, was measured. The reversible bending strain of the
samples on realization of TWSME was estimated using
the expression: & = (depr + dam)/(2Rmin). The obtained
data for some samples are given in Table I.
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Fig. 1. SEM image of the characteristic cross-section
of the layered amorphous-crystalline ribbons of the
Ti50Ni25CU.25 alloy.

Parameters of the rapidly-quenched amorphous-crystalline composites TABLEI
with the different ratio between the thicknesses of amorphous and crystalline layers
No. der [pm] dam [pm] der/dam Rumin [mm)] & (%] Lmin [mm]

1 5.40 24.09 0.18 9.5 0.155 1.38

2 6.52 25.20 0.21 9.3 0.171 1.37

3 7.71 35.01 0.22 12.9 0.166 1.61

4 6.56 24.71 0.23 8.8 0.178 1.33

5 7.03 24.69 0.25 8.7 0.182 1.32

6 9.80 29.96 0.33 8.1 0.242 1.28

7 8.31 24.15 0.35 6.3 0.258 1.12
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The carried out researches of the amorphous-
crystalline ribbons make it possible to preliminarily eval-
uate the geometric parameters of the microtweezers on
their basis. In this case, it is necessary to take into ac-
count the characteristic size of the investigated microob-
jects, which determines the initial magnitude of the mi-
crogripper gap. In this paper, the task was to create the
microtweezers for manipulating objects up to 120 ym in
size. It is suggested that the microgripper will comprise
two ribbons moving toward each other during the opera-
tion, therefore, each of them has to move its free end at
least by 60 pum to provide a full closing of the microgrip-
per by the heating.

To select the optimum amorphous-crystalline ribbon
of all the produced, the value of the ribbon displace-
ment was estimated by means of the scheme shown in
Fig. 2. Since the ribbon is bent during the heating,
taking the shape close to a ring, the specified displace-
ment Az of the ribbon at some distance L away from
the fixed point A defines the minimum length L,,;, of
the working part of the microtweezers. The design for-
mula for estimation may be derived from geometry of the
scheme: L = R x arccos(1 — Az/R). The values of Ly,
at Az = 60 pm, obtained for the samples in hand, are
presented in Table I.

Fig. 2. The appearance of the ribbon exhibiting the
TWSME, and scheme for calculating the ribbon dis-
placement.

In addition, when choosing the ribbon, its quality was
taken into account, first of all, its thickness homogeneity
and surface roughness. The surface of the samples was
examined over the width of the ribbon on its both sides;
at least six measurements were made at different places.
Typical profiles of each side of the ribbon are presented
in Fig. 3. On the contact side of the ribbon there are
surface defects associated with the surface quality of the
quenching wheel, as well as with the possible influence
of nonstationarity of the melt jet, for instance, with the
possible ingress of gas into the area between the wheel
and the melt or the appearance of whirls in the moving
melt. The noncontact (free) side has a relatively lesser
roughness, but its thickness from the ribbon centre to
the edges decreases by several ym. As a result, it has
been obtained that for the contact surface of the ribbons
the average deviation R, falls in the range from 0.63 to
0.85 pm, root-mean-square deviation R, = 0.87-1.05 pm,
for the noncontact surface R, = 1.25-1.75 pym, R, =
1.35-1.62 pm.

The performed investigations and estimations have re-
sulted in the selection of the sample No. 5, possessing
the optimum combination of mechanical (shape mem-
ory) and surface properties for making the microtweezers.
The width of the ribbon comprised 1200 pm, the mea-
sured temperatures of the start and the finish of shape
recovery of the ribbon with the SME at heating were
T = (48.240.5) °C and Ty = (57.1£0.5) °C, respectively.
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Fig. 3. The surface profiles of the contact (a) and the

noncontact (b) sides of the TisoNizsCuzs alloy ribbon.

3.2. Manufacturing and investigation
of the microtweezers

For manufacturing of the microtweezers it was neces-
sary to provide a joint of the two individual ribbons with
a gap in such a way, that by heating they would bend in
opposite direction and close, taking up fully the gap. The
following procedure was used for this purpose. The two
ribbons were superimposed, between them a spacer was
placed. The spacer was made of the TiNiCu alloy amor-
phous ribbon, which did not exhibit SME with heating
and cooling, and in so doing, did not inhibit any oper-
ation of the tweezers. Next the ribbons were joined by
microwelding, forming a three-layer sandwich (Fig. 4a).

For the formation of the shape of the microtweezers
and its miniaturization, an extra machining was made.
The three-layer microtweezers produced were cut on both
sides up to the required width (400-500 pm). In so doing,
the gripper had parallel faces of its moving parts (jaws)
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and enabled it to reach optimum characteristics. The
thickness of the spacer set the initial value of the gap
between the jaws, which varied in the work in the range
from 5 to 120 gm. The length of the microgripper jaws
depended on the gap size and comprised 650-1300 pm
(Fig. 4b, c).

(2) Microwelding  Composite ribbon

Amorphous ribbon

Fig. 4. The sketch of the microtweezers (a) and the
SEM images of mirotweezers in the open (b) and closed
(c) state.

To determine the time and temperature characteris-
tics, the microtweezers were fastened in the temperature
control module (TCM) between two silver plates installed
on the Peltier element. The temperature was monitored
by a thermistor mounted on one of the plates. The device
construction provided a good thermal contact of all ele-
ments, and under the experimental conditions, there was
virtually no temperature gradient between the location
of the thermistor and the microtweezers.

The temperature dependence of the response time
(closing and opening) of the device was measured in the
SEM and in the environment using the procedure de-
scribed in [42]. At first the initial temperature 77 < My
is set at the device, then the temperature is raised up to
the preheating temperature 75 < Ts. To close the mi-
crotweezers the temperature is increased up to the tem-
perature T3 > T. Finally, the temperature is decreased
down to T7, the gripper thereat opens. Then the operat-
ing cycle of the device can be repeated if necessary.

The correlation between the response time of the
tweezers and the set temperature conditions was deter-
mined in the work. In so doing, both the temperature 75
at the constant T3, and the temperature T3 at the con-
stant T were varied. It has been ascertained that with
increasing the temperature T3 to 71 °C the response (clos-
ing) time of the microtweezers decreases down to 1 s, and
the further increase of T3 does not result in a perceptible
decrease of the response time. It has been shown that
the preheating of the sample can be advisable, as the re-
sponse time is prone to decrease with a growth of T5. At
the same time the attainment of the minimum response
time should not lead to the false response, which could be
observed at T, close to T, as well as to an excessive over-
heat of the device, caused by a too high temperature T3.

Fig. 5.
fiber.

The process of manipulation of the carbon

Based on the data obtained, the optimum operation
mode of the microtweezers was selected: the preheating
temperature To = 45 °C and the overheating temperature
T3 = 71°C, the time of the closing thereat makes up 1.1 s,
the time of the opening — 1.7 s. It is important to notice
that in the vacuum conditions the time characteristics of
the microtweezers have turned out to be the same, as in
the environment.

To demonstrate the process of manipulation of mi-
croobjects, the TCM with the installed microtweezers
was fastened on the mechanical 3D manipulator, mak-
ing it possible to move the microtweezers at accuracy as
high as 5 ym. As an object of the manipulation, a car-
bon fiber of diameter from 10 to 20 ym was used. Video
recording of the process was carried out with the opti-
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cal microscope, the camera report is presented in Fig. 5.

Thus,

using the developed microtweezers, the complete

technological process of manipulating the microobject is
realized: gripping—holding—moving-releasing.

4. Conclusions

The present work deals with the development and
investigation of the microtweezers based on composite
amorphous-crystalline ribbons of the TiNiCu alloy. The

main

1.

results of the work reduce to the following:

The melt spinning technique was used to produce
a series of layered amorphous-crystalline compos-
ites of the TisoNigsCuss alloy (at.%), exhibiting
the two-way shape memory effect, with the differ-
ent thickness ratio of the amorphous and crystalline
layers.

. The produced structural composites were a base for

manufacturing of a series of microtweezers with the
gap adjustable in the range from 5 to 120 um, the
width of the gripping parts was 400-500 pm and
their characteristic length was from 650 to 1300 pm
depending on the gap value.

. It has been revealed that the time characteristics of

the microtweezers essentially depend on the control
temperature regime. The optimum control param-
eters provide the response time (closing and open-
ing) of the microtweezers as high as 1.1 s and 1.7 s,
respectively, by the operation both in the environ-
ment and in vacuum.

. The feasibility to manipulate microobjects (the car-

bon fibers at the diameter 10 to 20 pum) with using
the fabricated device was demonstrated. The mi-
crotweezers developed may be used, in particular in
microelectronics, robotics or microbiology, for the
gripping and the moving of microobjects of various
origin of size 5 to 120 pm.
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