
The Japan Society for Precision Engineering

Kudan Seiwa Building, 1-5-9 Kudan-kita, Chiyoda-ku, Tokyo 102-0073, Japan
Phone: 81 3 5226 5191, Fax: 81 3 5226 5192, http://www.jspe.or.jp

 JSPE  

 
 
 
 
 

Introduction of JSPE Technology 
Awards 2009 

 
1. Ultrasonically assisted dicing technology for 
semiconductor device 
Xiaoming QIU, Souu KUMAGAI, Fumiteru TASHINO, 
Naritoshi OZAWA (DISCO CORPORATION) 
In order to dice difficult to process materials such as 
glass, ceramics, metal and composites, the new 
dicing approach has strong expectations. By way of 
theoretical analysis, experiments, and optimizing the 
structure of the air spindle and blade, an 
ultrasonic-wave air spindle was developed, which is 
able to rotate at high speed and make the very thin 
blade vibrate only in its radial direction. Combined 
with the development of a non-contact power supply, 
automatic amplitude measuring system, a dicing saw 
which can effectively utilize the ultrasonic-wave 
vibration was realized. Dicing tests were carried out 
and the processing resistance could be significantly 
reduced, while the feed speed could be greatly 
increased when ultrasonic-wave vibrations were 
applied in the dicing process. The test result also 
indicated that the ultrasonic-wave vibration could 
effectively prevent the blade from glazing and 
improve dicing quality. 

 
Fig. 1 The vibration mode of the ultrasonic-wave air 

spindle developed 

2. Development of Ultra-high Accuracy Wire 
Electrical Discharge Machine “ UPN-01” 
Yoshiyuki TAKASE, Shigeyuki NANJYO, Toshitake 
MAIDA, Shuji SASAKI, Hisashi ONODERA (Makino 
Milling Machine Co., Ltd.) 
UPN-01 is the world’s first horizontal wire EDM 
machine that uses a wire electrode diameter of only 
0.015 mm. As electronics components become 
miniaturized and multi-functional, it becomes 
necessary for precision machinery to produce precise 
molds and precise shape. 

For example in high-precision mold industries, 
connector parts, IC-lead Frame, Micro gears uses a 
maximum wire diameter of only 0.10 mm or less and 
demands machining accuracy of 0.001 mm or less. 
When these parts are fabricated from design 
blueprints, machining tolerance becomes tighter and 
the accuracy and error margin of the Machine used is 
utmost important. In addition, part processing time 
might require 100 hours or more, making it necessary 
for automatic 24 hours 7 days a week operation.  
Our company foresees this demand and need in the 
market by launching the world’s first wire EDM 
machine that is able to machine with diameter of 
0.015 mm wire and slit width of only 0.0169 mm. As a 
result, Micro gear of only module 0.018 in size 
becomes possible.  
Research and development in wire cut machine has 
resulted in achievement mentioned above. 

 
Fig. 2 UPN-01 

3. Linear motion ball guide for superior rigidity 
and running accuracy in a narrow range 
Hiroshi FUNAHASHI, Hiroshi NIWA, Tohru 
TAKAHASHI, Katsuya IIDA, Hiroyuki KISHI (THK Co., 
Ltd.) 
In a previous study, we found that optimizing the 
shape of the crowning machined to the ends of a 
carriage raceway is an efficient method of enhancing 
the running accuracy of a linear motion ball guide 
(LMBG) in a narrow range. In this study, we attempt 
to design an ideal LMBG for further improvement of 
the running accuracy. 
On the basis of theoretical and experimental studies, 
we concluded that for a given carriage, the smaller 
the ball, the higher is the running accuracy in a 
narrow range. Furthermore, it has been theoretically 
clarified that the rigidity increases when the number 
of balls is increased for the purpose of decreasing the 
load per ball. Thus, in the optimum design, the size of 



 

the balls should be decreased to the maximum 
possible extent, and the number of balls in the 
carriage should be increased so that the running 
accuracy is enhanced in a narrow range. However, 
under these conditions, the load ratings may 
decrease. Therefore, we devised an 8-row LMBG 
which has double raceway by comparison with a 
common 4-row LMBG. This arrangement is expected 
to help enhance the running accuracy in a narrow 
range, as well as the rigidity and load rating. 
Figure 3 shows the novel LMBG developed on the 
basis of the abovementioned idea. The running 
accuracy in a narrow range was enhanced to 8 nm, 
although the existing LMBG was up to about 30 nm. 
In addition, both the rigidity and load rating were far 
higher than the linear motion roller guide. 

 
Fig. 3 Newly developed Linear Motion Ball Guide 
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1. Study on the Copper-Chemical Mechanical 
Polishing Method Using Water-Soluble Fullerenol 
Slurry -Investigation of Polishing Performance- 
Hideyuki TACHIKA, Yasuhiro TAKAYA, Terutake 
HAYASHI, Hiroki TANADA, Ken KOKUBO and 
Keisuke SUZUKI 
Chemical mechanical polishing (CMP) is a key 
process used for the multilayer copper interconnects. 
In recent years, the most common problem 
encountered in this regard is the inability of 
conventional abrasive grains to adapt to the next 
generation semiconductors owing to their large 
particle sizes. Hence, this study proposes a 
water-soluble fullerenol (C60(OH)36) as a novel 
abrasive grain for Cu-CMP because of its 
advantageous features such as high water solubility 
and uniformity of particle size (1 nm); further, there is 
no risk of contamination of the metal when using 
C60(OH)36. In this paper, the excellent grain abrasive 

properties of C60(OH)36 and its chemical affinity for 
copper are reported. It is experimentally confirmed 
that owing to its high chemical reactivity, a slurry 
containing C60(OH)36 can be used to improve the rms 
surface roughness from 20 to 0.5 nm. 

   
 (a) (b) (c) 

Fig. 4 Birds-eye views of the copper surface (a) initial 
roughness, (b) polished surface using C60(OH)26, (c) 
polished surface using C60(OH)36 

2. High-accuracy displacement metrology and 
control using a dual Fabry-Perot cavity with an 
optical frequency comb generator 
Youichi BITOU 
A displacement metrology and control system using 
an optical frequency comb generator and a dual 
Fabry-Perot cavity is developed with sub-nm 
accuracy. The optical frequency comb generator has 
expanded the displacement measurement range and 
the dual cavity system has suppressed the 
environmental fluctuation. We evaluated the absolute 
uncertainty of the developed displacement 
measurement system to be approximately 190 pm for 
the displacement of 14 µm and the accurate 
displacement control using a phase-locked loop was 
demonstrated with a resolution of approximately 24 
pm. 
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Fig. 5 Schematic layout of the laser-frequency-based 
displacement measurement system using a dual FP cavity 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


