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Abstract:  
We have previously proposed an arrayed vertical motion system 

based on a tulip-shaped electrostatic clutch for producing 

haptic displays. The system has an advantage in that it is able to 

individually operate arrayed minute projection with 

high-power and large strokes (Output: 600 mN and 

displacement: 60 µm). This time, We added a new electrostatic 

latch mechanism to the system to individually control the 

projection state. We used MEMS technologies to fabricate a 4x4 

array electrostatic latch mechanism. The total size of the 

mechanism was 6.0 x 6.0 x 0.5 mm. We evaluated the 

relationship between the applied voltage and a holding force of 

a few mN was obtained for the spring device. 

1. INTRODUCTION

Among the many types of micro-sized actuators have been 

proposed and applied to MEMS devices, and various types 

of power sources, such as electrostatic- [1-2], thermal- [2-7], 

magnetic- [8-9], piezo-electric- [10-15], and optical-force 

[16], have been used for their operation. Miniaturized 

actuators are also expected to produce a new type of haptic 

display for blind people and for internet shopping to transmit 

product information (for example, text and surface condition 

of a product).  

Makishi, et al. developed a small-sized actuator based on a 

shape-memory alloy spring and produced a palm-top sized 

haptic display system for use of blind people [9]. The total 

size is 25 x 25 x 80 mm. The arrayed pins are individually 

driven up and down in a vertical direction. However, the 

system has disadvantages in that the size is still large and the 

structure is complicated. Gu, et al. proposed a braille display 

based on a piezoelectric type actuator [10]. This system can 

drive up its pins large power and large strokes. This method 

does not enable a reduction in the total size of the system 

because the micro actuator is enlarged to put out large power. 

Yoshikawa, et al. proposed a novel type of mm-sized haptic 

display [7]. They used micromachined beam structures and 

deposited a shape-memory alloy film on it to reduce the size 

of the display. The device can be used in tactile displays for 

internet shopping. The displacement and generative force  

produced are 30 µm and 4.2 mN, respectively. The device 

has an advantage in that it can drastically reduce the volume 

of the system, however, the device’s actuation method has to 

be improved to generate a larger force. MEMS technologies 

are now able to produce micro-sized actuators an arrayed 

manner for haptic displays. However difficulties will be 

experienced when trying to obtain relatively large generative 

forces required to operate haptic display applications if the 

Fig. 1 Schematic view and Principle of proposed arrayed vertical motion 

system. 

size of the total system becomes smaller. 

We previously proposed a novel type of arrayed vertical 

motion system to overcome this problem [17] (Fig.1).

The system consists of an arrayed end-effecter element, a 

clutch mechanism as the force and displacement transmitter, 

and a single mm-sized actuator as the large power and 

displacement generator, as shown in Fig. 1(b).  

The micro-machined clutch device selectively connects the 

power output from the mm-sized actuator to the arrayed 

end-effecter element. The operation principle of the system 

is as follows: First, the clutch mechanism moves a block by 

using a tulip-shaped electrostatic actuator (Fig. 1(b-3)). Next, 

the mm-sized actuator lifts the power transmitter. When the 

block of the clutch mechanism meets the mesa structure of 

the arrayed end–effecter element, the power and the 

displacement of the mm-sized actuator is transmitted to the 

end-effecter element (Fig. 1(b-4)). Figure 2 shows the 

schematic view and the photograph of fabricated 

“Tulip-shaped electrostatic clutch device”. We are 

confirming this device drives by 180V. 
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Fig. 2 Schematic view and fabricated “Tulip-shaped electrostatic actuator”. 

The system is therefore able to obtain a large generative 

force because it uses a conventional mm-sized actuator and 

is able to drive the arrayed end-effecter individually by using 

a selective connection on the electrostatic clutch device.  

However, all the projection once move down (initial state) 

when the system drives different end effecter element. The 

system has the drawback that it no able to move up the end 

effecter element at different timing. The system has a 

drawback in that it cannot to move up the end-effecter 

element at different timings. In this paper, we added a new 

electrostatic latch mechanism on the system so that the 

projection state could be controlled individually. 

2. WORKING PRINCIPLE AND FABRICATION

The electrostatic latch mechanism to individually control the 

projection state during vertical motion is shown in Fig. 3. 

The mechanism was placed on the system and basically 

consists of an electrostatic latch plate and projection pins. 

The motion of the end-effecter element is transmitted to a 

projection pin, and the pin is held on the latch plate by using 

electrostatic forces (Fig. 3(b)).  

The electrical potential of the projection pins is zero 

because we applied +V and –V to each electrode 

respectively.  

(b) Lift up all transmission

(d) Left side block moves

(c) Go down all transmission

(e) Lift up all transmission

Projection pin

Latch plate
latch electrode

(a) Right side block moves

+V-V

+V-V

+V -V

+V-V

Fig. 3 Principle of arrayed vertical motion system with electrostatic latch 

system.

The system is, therefore, able to actuate different projection 

pins by keeping the previous state (Figs. 3(c), 3(d), and 3(e)).  

We used MEMS technologies to fabricate the electrostatic 

latch mechanism. The process to fabricate the latch 

mechanism is shown in Fig. 4. We formed a recessed Si 

structure by applying KOH anisotropic wet etching (Figs. 

4(a) and 4(b)). A SiO2 layer was used as a masking material. 

An etched depth of 56 µm corresponded to the stroke of the 

projection pin. We used a glass plate as an insulator to form 

the electrode pattern for the latch. The holes were formed on 

a glass plate by using a mechanical drill, and the Cr/Au 

electrodes were patterned by using a lift-off process (Figs. 

4(c) and 4(d)). Two substrates were bonded together by using 

a glass adhesive. We coated the bonded structure by using 

parylene film to form an insulation layer on the surface (Fig. 

4(e)). The base of the projection pin was separated by 

mechanical dicing (Fig. 4(f)), and the cylinders were placed 

into the hole in the glass plate (Fig. 4(g)).  

Figure 5 shows the dimensions and photographs of each part 

in the fabricated electrostatic latch mechanism. The diameter 

and length of the cylinder were 300 µm and 600 µm, 

respectively. We formed a 4x4 array electrostatic latch. The 

total size was 6.0 x 6.0 x 0.5 mm.  

3. LATCH PERFORMANCE

We evaluated the relationship between the applied voltage 

and the electrostatic holding device (Fig. 6). The load was 

applied to one end of a beam, and the relationship was 

calculated from the deflection of the beam. The experimental 

results are shown in Fig. 7.  

The force increased proportionally with the square of the 

applied voltage, and a holding force of a few mN was 

obtained for the spring device. We then theoretically 

calculated the relationship between applied voltage and the 

electrostatic force to compare with the experimentally 
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Fig. 4 Fabrication process of electrostatic latch system. 

obtained force values. 

The projection stand grips the latch plate by electrostatic 

force. When the latch electrode and the stand have stuck 

completely smoothly and ideally, the gripping power is 

shown by the next expression (1). 
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When, gripping power F, electric constant 0, area S, voltage 

V, relative permittivity d, insulating layer thickness d. 

However, a minute gap exists because the latch plate and the 

projection stage surface are rough. Therefore, the gripping 

power is shown by the next expression (2) when assuming 

that there is a constant gap between the latch electrode and 

the stand. 
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When, relative permittivity air and air gap dg.
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Fig. 5 Fabricated electrostatic latch system. 

We then theoretically calculated the relationship between 

air-gap and the electrostatic force. The model used in the 

calculation and the obtained results are shown in Fig. 8. 

The force obtained in the experiment was 2.48 mN when the 

applied voltage was 100 V. By using the obtained results and 

information from the graph, we assume that there is almost 

3.43 µm gap between the latch that we can reduce the gap by  

improving the surface flatness of the latch plate to increase 

the electrostatic gripping force. 

The developed electrostatic latch mechanism will be 

mounted on arrayed vertical motion systems, as shown in Fig. 

9, in the future works.  

4. CONCLUSION

We added a new electrostatic latch mechanism to the system 

to control the projection state individually. We used MEMS 

technologies to fabricate a 4x4 array electrostatic latch 

mechanism. The total size was 6.0 x 6.0 x 0.5 mm. We 

evaluated the relationship between the applied voltage and 

the electrostatic holding force by using a double cantilever 

spring device. The force proportionally increased 

proportionally with the square of the applied voltage, and a 

holding force of a few mN was obtained for the spring 

device. 
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Z stage1

+V -V

Frame

Latch plate
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Z stage2

Optical displacement sensor

Projection stand

Fig. 6 Experimental set up 

Fig. 7 Relationship between voltage and electrostatic force.

Fig. 8 Relationship between air-gap and electrostatic force. 

Arrayed vertical motion

             system

Fig. 9 Electrostatic latch mechanism mounted on arrayed vertical motion 

systems.  

ACKNOWLEDGEMENTS

We would like to thank Dr. Nobuaki Kawahara, Mr. Yukihiro 

Takeuchi, and Mr. Junji Oohara, of DENSO Corp. for their 

useful suggestions and their help with our experiments. This 

work was supported by the 21st COE Program (Micro- and 

Nano-Mechatronics for Information-based Society) 

REFERENCES

[1] Bullen D and Liu C 2006 Electrostatically actuated dip 

pen nanolithography probe arrays Sensors Actuators 

A 125 504–11 

[2] Suh J W, Glander S F, Darling R B, Storment C W and 

Kovacs G T A 1997 Organic thermal and electrostatic 

ciliary microactuator array for object manipulation Sensors 
Actuators A 58 51–60 

[3] Singh J, Gan T, Agarwal A, Mohanraj and Liw S 2005 

3D free space thermally actuated micromirror device Sensors 
Actuators A 123–124 468–75 

[4] Chen W-C, Chu C-C, Hsieh J and Fang W 2003 A 

reliable single-layer out-of-plane micromachined thermal 

actuator Sensors Actuators A 103 48–58 

[5] Noworolski J M, Klaassen E H, Logan J R, Petersen K E 

and Maluf N I 1996 Process for in-plane and out-of-plane 

single-crystal-silicon thermal microactuators Sensors 

Actuators A 55 65–6 

[6] Jain A, Qu H, Todd S and Xie H 2005 A thermal 

bimorph micromirror with large bi-directional and vertical 

actuation Sensors Actuators A 122 9–15 

[7] Yoshikawa W, Sasabe A, Sugano K, Tsuchiya T, Tabata 

O and Ishida A 2006 Vertical drive micro actuator using 

SMA thin film for a smart button MEMS2006 Technical 
Digest pp 734–7 

[8] Feustel A, Krusemark O and M¨uller J 1998 Numerical 

simulation and optimization of planar electromagnetic 

actuators Sensors Actuators A 70 276–82 

[9] Makishi W, Iwami K, Haga Y and Kawasaki M E 2001 

Batch fabrication of SMA actuated pin display for blind aid 

Technical Digest of the 18th Sensor Symposium pp 137–42 

-497-



[10] Wei G, Zhu X, Futai N, Cho B S and Takayama S 2004 

Computerized microfluidic cell culture using elastomeric 

channels and Braille displays Proc. Natl Acad. Sci. 101 

15861–6 

[11] Lam K H, Wang X X and Chan H L W 2006 Lead-free 

piezoceramic cymbal actuator Sensors Actuators 

A 125 393–7 

[12] Zhang D-Y, Ono T and Esashi M 2005 

Piezoactuator-integrated monolithic microstage with six 

degrees of freedom Sensors Actuators A 122 301–6 

[13] Kim K Y, Park K H, Park H C, Goo N S and Yoon K J 

2005 

Performance evaluation of lightweight piezo-composite 

actuators Sensors Actuators A 120 123–9 

[14] Kim Y-S, Nam H-J, Cho S-M, Hong J-W, Kim D-C and 

Bu J U 

2003 PZT cantilever array integrated with piezoresistor 

sensor for high speed parallel operation of AFM Sensors 

Actuators A 103 122–9 

[15] Juuti J, Lozinski A and Lepp¨avuori S 2004 LTCC 

compatible PLZT thick-films for piezoelectric devices 

Sensors 

Actuators A 110 361–4 

[16] Ha J-L, Kung Y-S, Hu S-C and Fung R-F 2006 Optimal 

design of a micro-positioning Scott–Russell mechanism by 

Taguchi method Sensors Actuators A 125 565–72 

[17] H. Sasaki, M. Shikida,and K. Sato, “A force 

transmission system based on a tulip-shaped electrostatic 

clutch for haptic display devices”, J. Micromech. Microeng., 

16, pp. 2673-2683, 2006. 

-498-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00540068006500730065002000730065007400740069006e00670073002000610072006500200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200036002e003000200061006e00640020006d0061007400630068002000740068006500200022005200650071007500690072006500640022002000730065007400740069006e0067002000660069006c0065007300200066006f00720020005000440046002000730070006500630069006600690063006100740069006f006e002000760065007200730069006f006e00200034002e0030002e>
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




