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Abstract. Pick-and-place of micro/nano sized objects means handling of very
tiny and very different in properties objects having specific behavior. Besides
formal requirements of assembly processes, the tools for controllable manipula-
tion with these objects should not affect the examined micro/nano environment,
i.e. should be “small and passive” in any sense. Despite of the recent progress,
most available micro-grippers are still suffering of high voltage power supply
required, short lifetime, low detection sensitivity and high price.

Prototypes of a newly designed micro-gripper, having advantages over the
existing analogues, have been developed, experimentally studied, and presented
in this paper. The envisaged microgripper is of normally-closed type with
thermo-mechanically driven actuator and piezoresistive arm-displacement feed-
back. The thermo actuator is placed between gripper’s arms and consists of
double-folded highly-doped compliant silicon beam. As low average voltage vs.
arm displacement value as 1V/um, was experimentally measured.
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1 Introduction

Formal requirements and design trade-off for pick-and-place micro assembly for
microgrippers are well described elsewhere [1]. One of the important characteristic
features is to provide feedback during manipulation with micro/nano sized objects and
to achieve handling of very small and different in properties objects having specific
behavior, respectively. Besides controllable manipulation with different in properties
objects, these tools should not affect the examined micro/nano environment, i.e.
should be “small and passive” in any sense. That is why a variety of grippers dedi-
cated for different applications have been developed during the recent decade [2], [3].
Despite of the progress, most available microgrippers are still suffering drawbacks
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like: high voltage power supply required, short lifetime, low detection sensitivity and
high price. In some cases embedded feed-back sensors are integrated but in general
they are non-linear and have low detection sensitivity.

Microgrippers with thermo-mechanical actuation have been considered as one of
the promising solutions for bio-medical applications [4]. At the same time, due to the
high dissipated power in small-size tools, this type of microgrippers suffers of addi-
tional problems like: 1) it is easy to overheat the handled object if non-proper design
is used; 2) due to elevated temperatures of operation there is a feed-back sensor
parameter drift.

2 Design Considerations of Thermo-mechanically Driven
Monolithic Microgripper

To overcome the above mentioned obstacles in further development of monomorph
compliant microgripper, subject of this paper, following considerations are taken into
account:

- in order to manufacture prototypes of a gripper with embedded feed-back sens-
ing, a single-crystal silicon raw material was preferred. A piezoresistive sensing
method of arms deflection was selected. Piezoresistors are self-aligned to sidewalls of
both gripper’s arms and are located close to their fixed ends, where the stress due to
deformation reaches it’s maximum value. Thus, a maximal sensitivity of the deflec-
tion sensing was achieved;

- it was considered as a very important factor to get low voltage durable devices, so
electrostatic and piezoelectric actuation options were rejected. Thermo-mechanical
actuation was chosen because it has several advantages like: low-voltage, low-power
supply, it is step-less and hysteresis-less method, no technology complication due to
the actuator integration, etc.

- power on-time and total heat dissipation, respectively, have been reduced via
choosing normally closed type of a microgripper. Further, in order to provide simple
layout, a design with thermo-actuating elements placed between gripper’s arms has
been considered for experiments reported;

- since gripper’s arms are moving in the plane of substrate, heating element should
be designed to avoid off-plane bending. That’s why a monomorph actuator element
was preferred. In this particular case a highly doped diffusion heater was used for
thermo-actuator element. Since the coefficient of thermal expansion of silicon is as
low as 4.2 .10 °C'1, the length of the heated element should be maximized in order to
achieve sufficient end-effector opening range. In the current embodiment the length
of the double-folded compliant mechanism is 425 pm. Furthermore, a specific geome-
try, providing mechanical amplification of thermally-driven displacement, has been
used;

- any overheating of the handled object is further suppressed by placing the
monomorph actuator at a maximal distance of gripper jaws and, additionally,
griper’s arms were designed to have as large as possible surface area for intense
heat dissipation.
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3 Description and Principle of Operation

Microgripper shown in Fig. 1 consists of a body / and two symmetrical arms, 2 and
2’ respectively, each of them having thickness between 12 pm and 15 pm and located
on the top surface of the body at a distance of 520 pm from each other. Arms have
also deformable parts 3 and 3’ where piezoresistors 4 and 4’ are embedded on their
sidewalls thus sensing lateral deflections of the arms. The distance between two jaws
of the gripper 5 was set to about 10 um. The arms have been provided with square-
shaped hollows 6 which give extra heat dissipating surface and reduce heat transfer
from the body to the jaw’s area, where the manipulated object have to be in contact
with the gripper. Special care was taken to get stiff arm-construction and to prevent
it’s bending elsewhere, besides deformable parts 3 and 3’, so arm-elements 7 have
been added.
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Fig. 1. Schematic layout of thermo-mechanically driven monolithic micro-gripper

When DC current in the range of 5-30 mA is supplied to terminals H, and H, of
heavily diffusion-doped silicon heating element 8 with resistivity of 200-250 €, the
Joule heat causes temperature rise. The heated compliant element having 425 pm
length and sheet resistance of 6 /O, consists of three parts with flexible joins
(hinges): two symmetric beams 8 and a central part 9, with both outer ends of this
compliant mechanism being fixed. Due to compliant design, thermal expansion is
converted into part 9 translation movement at off-substrate edge direction and its
movement is transferred by transmission beams /0 to gripper arms causing jaw’s
opening. Regulating the heating of the compliant element, one can set the gripper
opening at desirable width. Once the power supply is interrupted, due to heat ex-
change with environmental media, griper comes back to closed position.

Embedded piezoresistors, which are sensitive to in-plane movement of gripper
arms, are located into deformable area of the arms’ fixed end. These resistors are
connected with metal tracks /7 to Ry, R, and R; pads. Thus, the end-effector move-
ment causes a changing piezoresistor value. In this way, arm-end position sensing and
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controllable manipulation of the objects could be achieved. The maximum value of
the gripping force is defined by the stiffness of the deformable parts 3 and 3’ of the
arms, but a range of intermediate forces is achieved via permanent heating during
object handling, as well.

4 Microgripper Prototype Processing

The monolithic gripper prototypes have been micro machined by using double-side
polished n-type (100) silicon wafers with a resistivity of 4-6 Q.cm and TTV < 2um.
Fig. 2 shows a drawing of gripper arm cross-section. Gripper’s micromechanical
elements are made by means of combination of dry surface and wet bulk micro-
machining processes as an integral part of recently developed technology for lateral
actuated MEMS manufacturing. P-type diffusion resistors 4 and 4’ are self-aligned to
sidewalls of deformable part 3 of gripper arm. In order to provide piezoresistive prop-
erties of diffusion layers, the sheet resistivity was set at range of 250 + 20 Q/o and the
resistors have been oriented in [110] direction. Piezoresistor’s non-rectifying contacts
are provided by overlapping of it’s both ends with heavily doped p+-areas /3 and this
structure is completely electrically insulated by silicon dioxide layer /4. A contact via
15 have been opened through the insulating layer to make available galvanic contact
of metal tracks // with above mentioned both piezoresistor’s ends.

13
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Fig. 2. Cross-section of gripper arm with sidewall embedded piezoresistors on deformable part

5 Results

5.1 Prototypes of Thermo-mechanically Driven Monolithic Microgripper

Fig. 3 shows a Scanning Electron Microscopy photograph of microgripper prototype
which is dedicated to bio-medical applications. The gripper has been implemented as
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a monomorph compliant mechanism and special care was taken for reducing tem-
perature in the area of jaws 5. Despite high temperatures required for thermo-
mechanical actuation, this particular design provides high heat resistance along the
grippers’ arms and large sidewall area for heat exchange with environmental media.
At the same time the design provides sufficient mechanical stiffness of the micro-
gripper arms 2(2°).

Fig. 3. SEM photo of thermo-mechanically Fig. 4. SEM photo of micro-gripper’s com-
driven monolithic gripper pliant mechanism with thermo-mechanical
actuator

The scanning electron micrograph (Fig. 4) shows the above mentioned compliant
mechanism in more details: right part is the heavily doped heater § and left part is the
translation transmitting beams /0. Since cross-section area of heating element 8 is
changing along it’s length, the resistance of the flexible joints (hinges) // is higher
than resistance in the rest parts of it. In order to avoid overheating in these areas,
additional metal shunts: central /2 and outer /2’ are provided. Shunts are made of the
same thin film material as metal wiring and for these particular prototypes metal layer
was 0.8 pum thick aluminum (Al).

5.2 Electrical Measurements

To determine the deflection of the gripper’s arms, the heater is power supplied by a
DC current as shown in Fig. 1. Heating power was determined by measuring the volt-
age drop over the monolithic heater.
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Fig. 5. Piezoresistor value change vs. Heating power

Fig. 5 shows a typical plot of measured piezoresistor values vs. applied heating
power. Three distinguished regimes are observed depicted in the three distinctive
branches of the curve. The first one (A) is when the heating power is between 0 to
approx. 50 mW which shows a linear increasing resistance. Similar behavior could be
observed for the third range (C) between 70 and 140 mW. For the middle part (B) of
heating power between 50 and 70 mW a saturation behavior was found. It was found
that latest range corresponds to heating of compliant central part 9 (Fig. 4) up to 660
°C, and melting of the central aluminum shunts /2. Optical microscopy observations
confirm this hypothesis but more detailed studies of this region of heating power will
be conducted further.

5.3 Mechanical Behavior of Micro-gripper

The opened and closed jaws of the gripper are visualized on Figures 6 and 7.

Fig. 6. Photo of closed microgripper jaws Fig. 7. Photo of opened microgripper jaws
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6 Thermal Behavior: FE Simulation and Experimental Results

Experimental measurement of temperature distribution over the monolithic micro-
gripper surface was not available within present study, thus the computer simulation
3D model has been derived and extruded from the photolithography masks. The con-
trol equations consist of the steady-state Conductive Media DC (emdc), General Heat
Transfer (htgh) and Solid Stress-Strain (smsld) from the Model Navigator tool of
COMSOL Multiphysics. The relevant boundary conditions have been selected and
adapted to the experimental results shown in Fig. 8. One observes that saturation
temperature within the region of gripper’s jaws, shown in Fig. 9 could reach 460°K
for as low heating power as 20mW. Thus, bio-compatible manipulations (T< 315°K)
with present microgripper are limited to short power on-time cases, only.
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Deformation: Displacement

Fig. 8. Temperature distribution over the

micro-gripper at typical conditions
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tempe-rature as a function of applied heating
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Figs. 10 and 11 represent a comparison of the computer simulation data for micro-
gripper’s arms displacement -- see Fig. 10, with the experimentally measured results
shown in Fig. 11. One concludes a good agreement between the values of microgrip-
per jaws opening measured with the values predicted via computer simulation.

Finally, let us stress that the experimentally measured average value of the coeffi-
cient between the electrical voltage applied and each arm displacement is 1 pm/V,
which demonstrates that indeed low voltage operation control of the action of the
monolithic thermo-mechanically driven micro gripper has been achieved within the
realization suggested.

7 Conclusion

In the current article a low voltage monolithic microgripper with thermo-mechanical
actuator and piezoresistive deflection feedback has been developed and the results of
an initial study of its characteristics have been reported. The experimental results
obtained demonstrate a concept proof.

A detailed study of heat transfer dynamics and forces [5] acting between and on the
jaws of the gripper are under development in the case when there is or there is no
object of a particular shape — spherical, ellipsoidal, etc., between them. This force will
depend on the material of the jaws, on the roughness of their surfaces, on the possible
inclination between them, on the environmental conditions in which the gripper is
working, etc. Further development is also performed aimed to integrate the micro-
gripper suggested into a robotic pick-and-place system for individual cell handling.

Acknowledgements. Authors are thankful to Mr. J. Kirov and Mr. P. Pavlov from
AMG Technology Ltd. for processing the prototype and measurement of samples.

The partial financial support of grant TK171/08 of Bulgarian NSF is gratefully
acknowledged.

References

[1] Mayyas, M., Zhang, P., Lee, W.H., Shiakolas, P., Popa, D.: Design Tradeoffs for Electro-
thermal Microgrippers. In: Proceedings 2007 IEEE International Conference on Robotics
and Automation, Roma, Italy, April 10-14 (2007)

[2] Andersen, K.N., Carlson, K., Petersen, D.H., Mglhave, K., Eichhorn, V., Fatikow, S., Bag-
gild, P.: Electrothermal Microgrippers for Pick-and-place Operations. Microelectronic En-
gineering 85, 1128-1130 (2008)

[3] Mglhave, K., Hansen, O.: Electro-thermally Actuated Microgrippers with Integrated Force
Feedback. Journal of Micromechanics and Microengineering 15, 1265-1270 (2005)

[4] Solano, B.P., Gallant, A.J., Wood, D.: Design and Optimization of a Microgripper: Dem-
onstration of Biomedical Applications Using the Manipulation of Oocytes. In: Proceedings
DTIP - 2009, Rome, Italy (2009)

[5] Dantchev, D., Kostadinov, K.: On the Environmental Influence on the Force Between Two
Metallic Plates of a Gripper Immersed in a Nonpolar Fluid: the Role of the Temperature
and the Chemical Potential. In: Proceedings of the 4M/ICOMM International Conference
on Multi-Material Micro Manufacture (4M/ICOMM 2009), Karlsruhe, Germany, Septem-
ber 23-25, pp. 297-300 (2009)



	Low Voltage Thermo-mechanically Driven Monolithic Microgripper with Piezoresistive Feedback
	Introduction
	Design Considerations of Thermo-mechanically Driven Monolithic Microgripper
	Description and Principle of Operation
	Microgripper Prototype Processing
	Results
	Prototypes of Thermo-mechanically Driven Monolithic Microgripper
	Electrical Measurements
	Mechanical Behavior of Micro-gripper

	Thermal Behavior: FE Simulation and Experimental Results
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




