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Abstract: The novel design of a sensing microgripper based on silicon-polymer electrothermal actuators and
piezoresistive force-sensing cantilever beams is presented. The actuator consists of a silicon comb structure
with an aluminum heater on top and filled polymer in between the comb fingers. The sensor consists of a
silicon cantilever with sensing piezoresistors on top. A microgripper jaw displacement up to 32 ?m at a 4.5-
V applied voltage is measured. The maximum average temperature change is 176 ?C. The output voltage of
the piezoresistive sensing cantilever is up to 49 mV at the maximum jaw displacement. The measured force
sensitivity is up to 1.7 V/N with a corresponding displacement sensitivity of 1.5 kV/m. Minimum detectable
displacement of 1 nm and minimum detectable force of 770 nN are estimated. This sensing microgripper can
potentially be used in automatic manipulation systems in microassembly and microrobotics. [2008-0064]. ??
2008 IEEE. 
Author  Keywords:  Electrothermal  actuator;  Microgripper;  Piezoresistive  sensor;  Polymeric  actuator;
Sensing microgripper  
Index Keywords: Actuators; Alumina; Electrostatic actuators; Microactuators; Polymers; Sensors; Silicon;
Electrothermal actuator; Microgripper; Piezoresistive sensor; Polymeric actuator; Sensing microgripper;
Grippers 
 
Year: 2008 
Source title: Journal of Microelectromechanical Systems 
Volume: 17 
Issue: 6 
Page : 1546-1555 
Cited by: 13 
Link: Scorpus Link 
Correspondence  Address:  Chu  Duc,  T.;  Faculty  of  Electronics  and  Telecommunication,  College  of
Technology,  Vietnam National  University,  Hanoi,  Viet  Nam;  email:  trinhcd@vnu.edu.vn  
ISSN: 10577157 
CODEN: JMIYE 
DOI: 10.1109/JMEMS.2008.2007268 
Language of Original Document: English 
Abbreviated Source Title: Journal of Microelectromechanical Systems 
Document Type: Article 

http://www.scopus.com/inward/record.url?eid=2-s2.0-57449087815&partnerID=40&md5=11852a50b555ba040013ec5f9c6084d1


1.

2.

3.

4.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Source: Scopus 
Authors with affiliations: 

Chu Duc, T., Faculty of Electronics and Telecommunication, College of Technology, Vietnam National University, Hanoi,

Viet Nam 

Lau, G.-K.,  School of Mechanical and Aerospace Engineering, Nanyang Technological University,  Singapore 639798,

Singapore 

Creemer,  J.F.,  Electronic  Components,  Technology  and  Materials  Laboratory,  Delft  Institute  of  Microsystems  and

Nanoelectronics,  Delft  University  of  Technology,  2628  CT  Delft,  Netherlands  

Sarro,  P.M.,  Electronic  Components,  Technology  and  Materials  Laboratory,  Delft  Institute  of  Microsystems  and

Nanoelectronics,  Delft  University  of  Technology,  2628  CT  Delft,  Netherlands  

References: 
Carrozza, M.C., Dario, P., Jay, L.P.S., Micromechanics in surgery (2003) Trans. Inst. Meas. Control, 25 (4), pp. 309-327 

Menciassi, A., Eisinberg, A., Carrozza, M.C., Dario, P., Force sensing microinstrument for measuring tissue properties and

pulse in microsurgery (2003) IEEE/ASME Trans. Mechatronics, 8 (1), pp. 10-17. , Mar 

Kim, D.H., Lee, M.G., Kim, B., Sun, Y., A superelastic alloy microgripper with embedded electromagnetic actuators and

piezoelectric force sensors: A numerical and experimental study (2005) Smart Mater. Struct, 14 (6), pp. 1265-1272. , Dec 

Greitmann, G., Buser, R.A., Tactile microgripper for automated handling of microparts (1996) Sens. Actuators A, Phys, 53

(1), pp. 410-415. , May 

Molhave, K., Hansen, O., Electro-thermally actuated microgrippers with integrated force-feedback (2005) J. Micromech.

Microeng, 15 (6), pp. 1256-1270. , Jun 

Beyeler, F., Neild, A., Oberti, S., Bell, D.J., Sun, Y., Dual, J., Nelson, B.J., Monolithically fabricated microgripper with

integrated  force  sensor  for  manipulating  microobjects  and  biological  cells  aligned  in  an  ultrasonic  field  (2007)  J.

Microelectromech.  Syst,  16  (1),  pp.  7-15.  ,  Feb  

Chu Duc, T., Lau, G.K., Sarro, P.M., Polymeric thermal microactuator with embedded silicon skeleton: Part II - Fabrication,

characterization, and application for 2-DOF microgripper (2008) J. Microelectromech. Syst, 17 (4), pp. 823-831. , Aug 

Chu Duc, T., Creemer, J.F., Sarro, P.M., Piezoresistive cantilever beam for force sensing in two dimensions (2007) IEEE

Sensors J, 7 (1), pp. 96-104. , Jan 

Chu Duc, T., Lau, G.K., Creemer, J.F., Sarro, P.M., Electro-thermal microgripper with large jaw displacement and integrated

force sensors (2008) Proc. 21st IEEE Conf. MEMS, pp. 519-522. , Tucson, AZ, Jan. 13-17 

Chu Duc, T., Lau, G.K., Wei, J., Sarro, P.M., 2D electro-thermal microgrippers with large clamping and rotation motion at

low driving voltage (2007) Proc. 20th IEEE Conf.MEMS, pp. 687-690. , Kobe, Japan, Jan. 21-25 

Chu Duc, T., Lau, G.K., Sarro, P.M., Polymer constraint effect for electrothermal bimorph microactuators (2007) Appl. Phys.

Lett, 91 (10), p. 101. , 902-3, Sep 

Lau, G.K., Goosen, J.F.L., van Keulen, F., Chu Duc, T., Sarro, P.M., Polymeric thermal microactuator with embedded silicon

skeleton: Part I - Design and analysis (2008) J. Microelectromech. Syst, 17 (4), pp. 809-822. , Aug 

NANO SU-8 2000 Negative Tone Photoresist Formulations 2002-2025, , www.microchem.com, MicroChem Corporation,

Newton, MA, Online, Available 

Chuang, H.M., Tsai, S.F., Thei, K.B., Liu, W.C., Anomalous temperature-dependent characteristics of silicon diffused

resistors (2003) Electron. Lett, 39 (13), pp. 1015-1016. , Jun 

Wortman, J.J., Evans, R.A., Young's modulus, shear modulus, and Poisson's ratio in silicon and germanium (1965) J. Appl.

Phys, 36 (1), pp. 153-156. , Jan 



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Creemer, J.F., French, P.J., The saturation current of silicon bipolar transistors at moderate stress levels and its relation to the

energy-band structure (2004) J. Appl. Phys, 96 (8), pp. 4530-4538. , Oct 

Feng,  R.,  Farris,  R.J.,  Influence of  processing conditions on the thermal and mechanical  properties  of  SU8 negative

photoresist  coatings (2003) J.  Micromech.  Microeng,  13 (1),  pp.  80-88.  ,  Jan 

Feng, R., Farris, R.J., The characterization of thermal and elastic constants for an epoxy photoresist SU8 coating (2002) J.

Mater. Sci, 37 (22), pp. 4793-4799. , Nov 

Gukrin, L.J., Bossel, M., Demierre, M., Calmes, S., Renaud, P., Simple and low cost fabrication of embedded microchannels

by using a new thick-film photoelastic (1997) Proc. Transducers, pp. 1419-1422 

Shackelford, J.F., Alexander, W., (2001) CRC Material Science and Engineering Handbook, , 3rd ed. Boca Raton, FL: CRC

Press 

Chinmulgund, M., Inturi, R.B., Barnard, J.A., Effect of Ar gas pressure on growth, structure, and mechanical properties of

sputtered Ti, Al, TiAl, and Ti3Al films (1995) Thin Solid Films, 270 (1-2), pp. 260-263. , Dec 

Zinovev, V.E., (1996) Handbook of Thermophysical Properties of Metals at High Temperatures, , Commack, NY: Nova 

Mankame, N.D., Ananthasuresh, G.K., Comprehensive thermal modelling and characterization of an electro-thermal-

compliant microactuator (2001) J.  Micromech. Microeng, 11 (5),  pp. 452-462. ,  Sep 

Huang, Q.A., Lee, N.K.S., Analysis and design of polysilicon thermal flexure actuator (1999) J. Micromech. Microeng, 9 (1),

pp. 64-70. , Mar 

Chronis, N., Lee, L.P., Electrothermally activated SU-8 microgripper for single cell manipulation in solution (2005) J.

Microelectromech. Syst, 14 (4), pp. 857-863. , Aug 

Chu Duc, T., Creemer, J.F., Sarro, P.M., Lateral nano-Newton force-sensing piezoresistive cantilever for microparticle

handling (2006) J. Micromech. Microeng, 16 (6), pp. S102-S106. , Jun 

Gere, J.M., (2004) Mechanics of Materials, , 6th ed. Belmont, CA: Brooks/ Cole 

Jaeger, R.C., Suhling, J.C., Carey, M.T., Johnson, R.W., Off-axis sensor rosettes for measurement of the piezoresistive

coefficients of silicon (1993) IEEE Trans. Compon., Hybrids, Manuf, 16 (8), pp. 925-931. , Dec 

Harley, J.A., Kenny, T.W., 1/F noise considerations for the design and process optimization of piezoresistive cantilevers

(2000) J. Microelectromech. Syst, 9 (2), pp. 226-235. , Jun 

Yu, X., Thaysen, J., Hansen, O., Boisen, A., Optimization of sensitivity and noise in piezoresistive cantilever (2002) J. Appl.

Phys, 92 (10), pp. 6296-6301. , Nov 

Nanver, L.K., Goudena, E.J.G., van Zeijl, H.W., Optimization of fully-implanted NPNs for high-frequency operation (1996)

IEEE Trans. Electron Devices, 43 (6), pp. 1038-1040. , Jun 

Chu Duc, T., Lau, G.K., Wei, J., Sarro, P.M., Integrated silicon-polymer laterally stacked bender for sensing microgrippers

(2006) Proc. 5th IEEE Conf. Sensors, pp. 662-665 

Sperling, L.H., (2006) Introduction to Physical Polymer Science, , Hoboken, NJ: Wiley 

van Zanten, J.H., Wallace, W.E., Wu, W., Effect of strongly favorable substrate interactions on the thermal properties of

ultrathin polymer films (1996) Phys. Rev. E, Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top, 53 (3), pp. R2053-R2056. ,

Mar 


